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LECTURES AND COURSES January 1, 1979 - June 30, 1980 

1. Elementary courses in general phonetics 

One semester courses (two hours a week) in elementary general 

phonetics (intended for students of phonetics and linguistics and 

for students of foreign languages other than English, French, Ger­

man, Modern Greek, Italian, and Russian) were given by Niels Rein­

holt Petersen. There was one class in the spring semester 1979, 

one in the autumn semester 1979, and one in the spring semester 

1980. 

A course in general and French phonetics including practical 

exercises in the language laboratory (three hours a week) in the 

spring semester 1979, and courses in general and French phonetics 

(two hours a week) in the autumn semester 1979 and in the spring 

semester 1980 were given by Oluf Thorsen. 

Courses in general and German phonetics (two hours a week) 

were given by John J~rgensen in the spring semesters 19·79 and 1980. 

A course in general phonetics for students of Modern Greek 

(two hours a week) was given in the autumn semester 1979 by John 

J~rgensen. 

A course in general phonetics for students of Italian (two 

hours a week) was given in the autumn semester 1979 by John J~rgen­

sen. 

A course in general and Russian phonetics (two hours a week) 

was given in the autumn semester 1979 by Peter Molb~k Hansen. 

2. Practical exercises in ear-training and phonetic transcription 

Nina Thorsen gave a course for more advanced students (two 

hours a week) in the spring semester 1979. 

Birgit Hutters gave a course for beginners (two hours a week) 

in the autumn semester 1979, and a course for more advanced stu­

dents (two hours a week) in the spring semester 1980. 

Oluf Thorsen gave a course for advanced students (two hours a 

week) in the autumn semester 1979. 

These courses form a cycle of three semesters, and are based 

on tape recordings, as well as work with informants (on the advanced 

level). 
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3. Phonology 

Lisbeth Str~jer gave a course for more advanced students (two 

hours a week) in the spring semester 1979. 

J~rgen Rischel (Institute of Linguistics) gave a course for 

advanced students (two hours a week) in the spring semester 1979. 

Peter Molb~k Hansen gave a course for beginners (two hours a 

week) in the spring semester 1980. 

Una Canger (Institute of Linguistics) gave an introductory 

course in general linguistics (two hours a week) in the spring 

semester 1980. 

4. The physiology of speech 

Birgit Hutters gave a course in instrumental physiological 

phonetics (two hours a week plus individual exercises) in the 

spring semester, 1979, and a course in the physiology of speech 

(two hours a week) in the autumn semester, 1979. 

Peter Holtse gave a course in instrumental physiological 

phonetics (two hours a week plus individual exercises) in the 

spring semester 1980. 

5. The acoustics of speech 

Nina Thorsen gave a course in the acoustics of speech (two 

hours a week) in the spring semester, 1980. 

Peter Holtse and Niels Reinholt Petersen gave a course in 

instrumental acoustic phonetics (four hours a we.ek plus individual 

exercises) in the autumn semester, 1979. 

Preben D~mler and Nina Thorsen gave a course in elementary 

mathematics and electronics (two hours a week) in the autumn 

semester, 1979. 

6. Other courses 

Eli Fischer-J~rgensen gave courses in German phonetics (two 

hours a week), one in the spring semester 1979, and one in the 

spring semester 1980, and a series of lectures on Sound Change 

(two hours a week) during the autumn semester 1979 and the spring 

semester 1980. 
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Oluf Thorsen gave courses in French phonetics (two hours a 

week), one in the spring semester 1979, and one in the spring se­

mester 1980, and a course in the theory and practice of the lan­

guage laboratory (one hour a week) in the spring semester 1980. 

Nina Thorsen gave a course in English phonetics (two hours a 

week) in the autumn semester 1979. 

Birgit Hutters and Nina Thorsen presided at a series of 

seminars for advanced students on topics in experimental phonetics 

(two hours a week) in the spring semester 1980. 

Peter Holtse and Birgit Hutters presided at a series of 

seminars for advanced students on topics in experimental phonetics 

(two hours a week) in the spring semester 1979. 

Peter Holtse and Niels Reinholt Petersen gave an introductory 

course to the computer system of the laboratory (two hours a week) 

in the spring semester 1980. 

Henning Spang-Hanssen (Institute of Applied and Mathematical 

Linguistics) gave a course in statistics (two hours a week) in the 

autumn semester 1979. 

Christian Becker-Christensen gave a course in the phonology 

and phonetics of Danish (two hours a week) in the spring semester 

1979. 

7. Seminars 

John J~rgensen discussed the concept of marking and its appli­

cation. 

Eli Fischer-J~rgensen gave a lecture titled: "What is charac­

teristic of the human language - particularly in comparison with 

that of animals?". 

Niels Reinholt Petersen lectured on the perception of sound 

duration. 

Paul Erik Spliid and Erik Andersen gave a lecture on the 

acoustic basis of phoneme perception. 

Eli Fischer-J~rgensen gave two lectures on the history of 

linguistic and phonetic research in Denmark. 

Zyun'ici Simada gave a lecture titled: "Physiological cor­

relates of Japanese accent patterns". 

Seiji Niimi lectured on problems in EMG recordings and pro­

cessing and on pharyngeal adjustment in Japanese vowels. 
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Peter Molb~k Hansen gave a lecture on syllable structure as 

a factor in sound change. 

Linda Waugh gave a lecture _titled: "The sound shape of lan­

guage". 

Henning Andersen lectured on marking and hierarchy in phon­

ology. 

George Allen gave a lecture titled: "The development of rhythm 

in children's speech". 

Ved Kumari Ghai lectured on vowel length and stress in Dogri_ 

Eli Fischer-J~rgensen presented and discussed the results of 

an investigation of the perception of stress in Dogri by Danish 

listeners. 

8. Participation in congresses, symposia, meetings, etc. 

Eli Fischer-J~rgensen participated in "Phonologietagung'' in 

Vienna June 28 - July 7, 1980. 

Nina Thorsen participated in "Institute of Acoustics, Autumn 

Conference'', Windermere, November 2-4, 1979, and gave a paper: 

"Intonation contours in declarative sentences of varying length 

in ASC Danish'', in a symposium on "Internordisk sprogforstaelse" 

(Internordic language comprehension) at Rungstedlund, March 

24-26, 1980, in "llemesJournees d'Etude sur la Parole", Strasbourg, 

May 28-29, 1980, where she gave a paper: "Perception de l'intona­

tion - Exp~riences sur le danois (parole naturelle)'', and in the 
112nd Symposium on the Prosody of Nordic Languages", Trondheim, 

June 19-21, 1980, and gave a paper: "Intonation contours and 

stress group patterns in declarative sentences of varying length 

in Advanced Standard Copenhagen Danish". 

Nina Thorsen and Niels Reinholt Petersen participated in 

"'Time' in the Production and Perception of Speech: An Interdis­

ciplinary Colloquium", held in the Phonetics Department of Kiel 

University, February 22-24, 1979. 

Eli Fischer-J~rgensen, Birgit Butters, Niels Reinholt Petersen 

and a number of students participated in the "Seventh Swedish­

Danish Symposium" at Lund, April 25-26, 1980. The following papers 

were given: Niels Dyhr: "A pilot investigation of the Fo pattern 

in American English", Peter Molb~k Hansen: ''Syllable structure as 

a factor in some Danish sound changes", John J~rgensen: "The terms 

intensive/extensive in Hjelmslev's theory of language'', and Niels 
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at Bruxelles, May 14-16 1979, and in June 1979 he presided at a 

one-week seminar on registration methods in phonetics at the Phon­

etics Laboratory, University of Riyadh, Saudi Arabia. In February 

1980 he gave 18 lectures and a course in clinical glottography at 

El Nasr Specialized Hospital, Ain Sham University, Cairo. 

The Ninth International Congress of Phonetic Sciences was held 

in Copenhagen, August 6-11 1979. The congress was organized by a 
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Danish". 
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(ARIPUC 14, 1980) 

INTONATION CONTOURS AND STRESS GROUP PATTERNS IN DECLARATIVE SEN­

TENCES OF VARYING LENGTH IN ASC DANISH
1 

Nina Thorsen 

Abstract: Four subjects'recorded eight non-compound declarative 
sentences, containing from one to eight stress groups. 
Acoustic analysis reveals a tendency for fundamental 
frequency range to increase with increased utterance 
length, but in a non-linear and seemingly random fash­
ion. The increase is brought about by higher starting 
points as well as lower ending points in the longer ut­
terances. Concomitant with the range increase we find 
a decrease in overall downdrift in the longer utter­
ances, but degree of downdrift is not simply inversely 
related to utterance length. With four and more stress 
groups the intonation contour is decomposed into pro­
sodic phrase groups, i.e. the contour contains discon­
tinuities in the shape of partial resettings. The pro­
sodic phrase group boundaries are determined by but do 
not exactly coincide with major syntactic boundaries, 
and the data present an argument in favour of a hypoth­
esis of prosodic categories as distinct entities with 
a non-isomorphous relation to syntactic structure. 

1. Introduction 

The relationship between stress and fundamental frequency (Fo) 

and the intonation contours of various types of short sentences in 

Advanced Standard Copenhagen (ASC) Danish have been described else­

where (Thorsen 1978, 1979b). For the purpose of the present paper 

only a few points need be repeated: Stress in ASC Danish is sig­

nalled mainly by Fo. In neutral speech a stressed syllable will be 

(relatively) low and followed by a high-falling tail of unstressed 

syllables, i.e. the stressed syllable is one that is jumped or 

1) Revised and expanded version of a paper published in ARIPUC 
• 13 (1979), p. 1-7. Instead of referring extensively to vol. 

13, I have chosen to repeat some passages from the earlier version. 
An abbreviated edition of this paper will appear in the proceedings 
of the "2nd Symposium on the Prosody of Nordic Languages, Trond­
heim 19-21 June 1980". 
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glided up from, depending on the segmental composition, cf~ fig. 1 

(full lines). The unit which carries this Fo pattern consists of 

the stressed syllable plus all succeeding unstressed ones, irre­

spective of intervening syntactic boundaries within the simple 

(i.e. non-compound) sentence. It is termed a stress group (SG). 

(A detailed account of the stress group and its tonal properties 

can be found in Thorsen 1980b - this volume, sections 2 and 7.) 

The Fo patterns of SGs are predictable and recurrent entities 

(though allowing for certain context dependent modifications), 

wherefore the intonation contour may be defined solely in terms of 

the stressed ~ll~~les. (This does not necessarily mean that the 

course of the unstressed syllables is irrelevant, e.g. for the 

perception of intonation contours but it is, strictly speaking, 

redundant, cf. Thorsen 1980a.) This concept of intonation contour 

is different from the current 'topline' or 'baseline' concepts: 

To Bruce (1979) and Garding (1979) (Swedish) the overall contour 

of an utterance is determined by a topline (connecting local Fo 

15 
semitones 

10 

5 

--- --- -------.......... --- 2 

' ' ' 3 

0 100 200 

Figure 1 

A model for the course of Fo in short sentences in ASC Danish. 

time 
300 (cs) 

1: syntactically unmarked questions, 2: interrogative sentences 
with word order inversion and/or interrogative particle and non­
final periods (variable), 3: declarative sentences. The large 
dots represent stressed syllables, the small dots unstressed ones. 
The full lines represent the Fo pattern associated with stress 
groups, and the broken lines denote the intonation contours. Ze­
ro on the logarithmic frequency scale corresponds to 100 Hz. 
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maxima) as well as a baseline (connecting local Fo minima)-, with 

the topline declining more rapidly than the baseline. Maeda 

(1977) (American English) and Fujisaki et al. (1979) (Japanese) 

attribute the downdrift in declarative sentences to a baseline, 

but Fujisaki et al.'s baseline (termed the 'voicing component') 

is an abstraction in the sense that it need have no direct physi­

cal representation in the Fo course which is the combined result 

of the voicing and accent control mechanisms. 't Hart and Col-

lier (1975) (Dutch) have the baseline (connecting Fo minima) as 

determinant of the declination in declarative sentences. Brecken­

ridge and Liberman (1977), Pierrehumbert (1979), and Sorensen and 

Cooper (1980) (American English) let the topline (connecting local 

Fo maxima) determine the downdrift (but, apparently, the maxima 

always coincide with the stressed syllables of the utterance). 

Sternberg et al. (1980) (American English) define the downdrift 

in terms of the stressed syllables, but presumably this would be 

identical to a topline (their test material contained no unstressed 

syllables). Neither a topline (connecting local maxima) nor a 

baseline (connecting local minima) will serve as useful determi­

nants of the overall contours in ASC Danish because they are both 

highly dependent upon the stress group composition, i.e. on the 

number of unstressed syllables (if any) in the SG, cf. fig. 1: 

The baseline may be but is not invariably coincident with a con­

nection of the stressed syllables (if, e.g., the first SG contains 

more than two unstressed syllables); the topline may be but is 

not invariably coincident with a connection of the first post-tonic 

syllables (if, e.g., the second SG contains no post-tonic): in 

both instances the base- and toplines would steer a zig-zag course 

downwards. (Furthermore, there are individual differences in 

stress group patterns: compare fig. 3 (JR) to figs. 2, 4, and 5 

and note that JR's unstressed syllables transgress the intonation 

contour in several instances.) A line connecting the stressed 

syllables, however, will always exhibit a smooth and gradual 

course. Furthermore, in an experiment where subjects had to iden­

tify utterances as interrogative, non-final, or declarative, sole­

ly on the basis of their fundamental frequency course, it turned 

out that the distribution of subjects' responses was more closely 

correlated with the stressed syllables in the stimuli (Thorsen, 

1980a) . 
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In simple sentences in ASC having no more than three SGs, 

the intonation contours were found to approach straight lines whose 

slopes varied according to sentence type. Declarative sentences 

have the most steeply falling contours at one extreme and syntac­

tically unmarked questions have level contours at the other. In 

between are found various syntactically marked questions as well 

as non-final clauses, with a tendency for a trade-off relationship 

between syntax and intonation contour: The more syntactic infor­

mation is contained in the sentence about its interrogative or non­

final function, the more declarative-like is its intonation con­

tour, and vice versa, cf. fig. 1 (broken lines). 

The literature on intonation contours in sentences of vary­

ing length is generally only concerned with declarative utterances. 

There seems to be consensus on an overall downdrift being charac-
, 

teristic of such utterances, i.e. downdrift is a global rather 

than local phenomenon, but descriptions vary with respect to the 

extent and shape of the declination. A majority of the authors 

cited above adhere to the simplest possible model where range is 

constant over utterances of different length and consequently the 

rate of the downdrift is inversely proportional to the length of 

the utterance it spans. This is true of Bruce (1979) and Garding 

(1979), the numerous works of Cohen, Collier and 't Hart, explic­

ited in 't Hart (1979), Weitzman (1970) (Japanese, cited from 

Ohala 1978), Hirose (1971) (Japanese, cited from Ohala 1978), 

Silverstein (1976) (Hausa, cited from Ohala 1978), Sternberg et 

al. (1980), and Maeda (1977); Pierrehurnbert (1979) finds support 

for this model in perceptual experiments. McAllister (1971) and 

Sorensen and Cooper (1980) find that range increases with in­

creased length: the longer utterances start higher than the 

shorter ones, whereas the lower limit is nearly constant. (An 

examination of Sorensen and Cooper's data reveals, however, that 

in addition to the range variation, there is also a slope varia­

tion: the longer utterances have less steep slopes than the short­

er ones.) 

McAllister (1971), Fujisaki et al. (1979), and Sorensen and 

Cooper (1980) deviate from most other writers on the subject who 

describe the downdrift in terms of straight lines. Common to 

their descriptions is a more rapid decline in the early part of 

the utterance. 
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For ASC Danish I have previously hypothesized (1979b) that 

range would be constant over utterances of different length, and 

that slope would vary inversely with length, and the stressed 

syllables between the first and last ones would be equidistantly 

spaced on the (logarithmic) frequency scale. The experiments re­

ported below were designed to test this hypothesis. 

2. Material, subjects, and procedures 

2.1 Material 

Since declarative sentences have the widest range (cf. 

fig. 1), differences in slope would be most easily detected in 

them. Accordingly, eight simple statements were made up, contain­

ing from one to eight stress groups, all variations on the same 

theme (~ denotes the stressed vowels and the vertical bar denotes 

the boundaries between noun phrase and verb phrase, between verb 

phrase and (compound) complement, and between the two complements): 

1. Til Thisted. 

2 . Tukke I skal til Thisted. 

3 . Buster skal rned bussen til Thisted. 

4. Kisser skal med bussen til "Ki.lden" i Th1sted. 

5. Lissi skal med bussen til festen I pa "Kilden" i Thisted. 

6 . Anita skal med bussen til festen for Kisser I 
pa "Kilden" i Thisted. 

7. Hutters I skal med bussen I til festen for Kisser og Lissi I 
pa "Kilden" i Thisted. 

8. Knudsen og Bitten I skal med bussen I til festen for 

Kisser og Lissi I pa "Kilden" i Thisted. 

(Sentence no. 8 translates as follows: Knudsen and Bitten are 

taking a bus to the party for Kisser and Lissi at "Kilden" in 

Thisted.) The stressed vowels are all short, high (except [e] 

in 'festen'), and surrounded by unvoiced obstruents (except [I] 

in 'Kilden' and 'Lissi', and [n] in 'Anita' and 'Knudsen') in or­

der to facilitate the subsequent interpretation of the tracings 
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(cf. Thorsen 1979a). Note that the syntactic boundaries all 

occur after the first post-tonic syllable in the stress groups. 

The sentences were mixed with a material recorded for a 

different purpose, being evenly distributed over two full pages 

of recording material, which appeared in three different randomi­

zations, each being read twice (on two separate occasions), giving 

a total of six recordings of each sentence by each speaker. 

2.2 Subjects 

Four phoneticians recorded the material, three ASC speakers 

(NRP male, BH and NT female) and one with a slightly more conser­

vative pronunciation (JR male). 

2.3 Procedures 

The recordings were made with semi-professional equipment 

(Revox A-77 tape recorder, Sennheiser MD21 microphone, larynx mi­

crophone) in a quasi-damped room at the Institute of Phonetics. 

The tapes were processed by hard-ware intensity and pitch meters 

(F-J Electronics) and registered on a Mingograph (Elema 800). 

The signal from the larynx microphone was processed in the hold 

mode. This, in combination with adjustment of the zero-line to 

the lower limit of the subject's voice range and full exploitation 

of the record space of the mingograph galvanometer, yields a good 

solution of the frequency scale, generally allowing for a measur­

ing accuracy of 1 Hz for males and 2 Hz for females. 

Fo of each of the vowels and syllabic consonants was measured 

at 2/3 of the distance from vowel/consonant onset (cf. Rossi 1971, 

1978) which was an uncontroversial procedure since all the vowels/ 

consonants had monotonically falling movements, excepting a few in­

stances where the first post-tonic was rising-falling and was meas­

ured at its maximum. The distance in time of each of these points 

from the onset of the first stressed vowel was also measured. The 

average Fo measurements were converted to semitones (re 100 Hz) and 

a correction made for intrinsic Fo level differences between stressed 

[ 1u], [ 1e], and [ 1 i ], in accordance with Reinholt Petersen's (1978) 

results: [ 1s] is raised by 1.2 semitones; [ 1 u] is lowered by 0.5 

semitones with BH and NT, and by 0.25 semitones with NRP and JR. 

No correction was attempted for the unstressed vowels or syllabic 

consonants, cf. Reinholt Petersen (1979). The standard devia-



7 

tions on the mean Fo values are generally small. E.g. in the 

longest sentence (no. 8) they range between 2.5% and 3.5% of the 

mean for the stressed vowels and between 3% and 4% of the mean 

for the unstressed vowels/syllabic consonants. This means that 

production stability is rather great and the figures to follow 

must be fairly reliable indications of subjects' behaviour. 

3. Results 

Stylized Fo tracings of the eight sentences are depicted in 

figs. 2-5 for individual subjects, the grand mean in fig. 6. 

It is immediately clear that range is not constant over the utter­

ances, nor are the stressed syllables equidistantly spaced on the 

frequency scale. (Note that in some stress groups with NRP and BH, 

namely the last but one in sentences 4-8, a syllable is apparently 

missing. These were instances where the Fo maximwn was only 

reached in the second post-tonic vowel, which is the one shown in 

figs. 2 and 4. The behaviour of syllables with assimilated schwa 

and syllabic consonants are the object of a separate investiga­

tion, see Thorsen, forthcoming.) 

3.1 Range 

Range may be defined in different manners, but no matter 

what definition we choose, the hypothesized constancy is lacking. 

3.1.1 Range determined by the stressed vowels 

Fig. 7a depicts the variation in range as defined by the in­

terval between the first and the last stressed vowel. Although 

there is an overall trend for range to increase with increased 

number of SGs, range does not increase monotonically with length. 

Combining this information with the fact that the longer utter­

ances seem to be composed of two and three gradients, respectively, 

with partial resettings between them (located at the broken lines 

in figs. 2-6, see further below), a relationship between range 

variation and the number of partial resettings of the intonation 

contour suggests itself: introducing a partial resetting might 

decrease the range. Sentences 2 and 3 contain no discontinuity, 

sentences 4-6 contain one, and sentences 7 and 8 contain two par-
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C 

NT 

mean 

BH 

number 
of stress 

2 3 4 5 6 7 8 groups 

Range of fundamental frequency in seven declarative utterances, 
containing from two to eight stress groups, depicted as a function 
of the length of the utterance (i.e. number of stress groups). 
Four subjects and their grand mean (crosses). In (a) range is de­
fined as the interval between first and last stressed vowel meas­
urement in each utterance; in (b) range is defined as the inter­
val between the first post-tonic vowel in the first and last 
stress group in each utterance; in (c) range is defined as the 
interval between the absolute Fo maximum (i.e. the first post-ton­
ic vowel in the first stress group) and the absolute Fo minimum 
(i.e. the last stressed vowel) in each utterance. (NT's Fo mini-

mum is constituted by the last post-tonic vowel and the curve is 
identical to the one in (b) .) Zero on th~ logarithmic frequency 
scale corresponds to 100 Hz. 
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tial resettings. Range increases, as expected, from 2 to 3; it 

does not decrease from 3 to 4 (except with BH); it decreases 

through 4 to 6 (except with BH); it increases from 6 to 7 with 

NRP, JR, and the mean and decreases (as hypothesized) with BH and 

NT; it increases, as expected, from 7 to 8. 

Concludingly, it seems that range increases with increased 

number of SGs, but in a non-linear and apparently random fashion, 

except possibly with BH whose variation is so slight, however, as 

to be nearly constant (she also has the smallest range of all sub­

jects). The average dispersion in range is 2.8 semitones, i.e. 

the largest average range is 2.8 semitones (corresponding to 58%) 

larger than the smallest one. 

3.1.2 Range determined by the post-tonic vowels 

Fig. 7b depicts the variation in range as defined by the in­

terval between the first post-tonic vowel in the first and last 

SGs, respectively. The mean is closer to a straight line than in 

fig. 7a, which is mainly due to the smoother curve of JR. BH 

again (and now rather pronouncedly) follows exactly the pattern 

outlined above with increases from 2 to 3, from 4 through 6, and 

from 7 to 8, and decreases between 3 and 4, and 6 and 7. Note 

that the range spanned by the post-tonics is greater than for the 

stressed vowels, which is a reflection of the fact that the rise 

from stressed to post-tonic decreases from the earlier to the la­

ter parts of the utterance, cf. fig. 1, a phenomenon similar to 

the commonly noted faster decrease of toplines than baselines, cf. 

Garding (1979), Breckenridge and Liberman (1977), and Sorensen and 

Cooper (1980). Interestingly, this faster decrease is carried by 

the unstressed syllables in ASC Danish, but by the stressed syl­

lables (the topline) in American English. The average dispersion 

in range is 2.3 semitones, corresponding to 30% of the smallest 

one. 

3.1.3 Range determined by the absolute Fo maximum and minimum 

Fig. 7c depicts the variation in range as defined by the in­

terval between the maximum, i.e. the first post-tonic vowel in the 

first SG, and the minimum, i.e. the last stressed vowel (except 
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that NT's minimum is the last post-tonic vowel, cf. fig. 5, and 

her curve is identical to the one in fig. 7b). The pattern rather 

resembles that of fig. 7b, cf. above. The average dispersion 

in range is 2.5 semitones, corresponding to 31% of the smallest 

range. 

3.1.4 Starting and end points 

The variation in range may be due to variation in starting 

and/or end points of the contours. Fig. 8a depicts the frequency 

of the first stressed vowel as a function of number of SGs in the 

utterance, and fig. 8b shows how the first post-tonic vowel in 

the first stress group varies with length. If we disregard sen­

tence no. 1 which obviously groups itself with the endpoints 

(cf. fig. 8c and d) we note a slight trend towards higher starting 

points with the longer utterances, but the curves are not monoton­

ically rising with higher sentence number and the fluctuation seems 

to be random, as was the case for range variation (except, possib­

ly, again for BH). Concomitant with higher starting points, we 

find a (stronger) trend towards lower end points in the longer ut­

terances (fig. 8c and d - stressed and post-tonic vowels, respec­

tively) but there is a tendency for endpoints to stay constant from 

sentence no. 4/5 and upwards, which is probably a reflection of a 

physiological constraint. 

3.1.5 Range - conclusion 

The hypothesized constancy of fundamental frequency range 

over utterances of varying length is refuted by the data. The 

largest average range is nearly 60% greater than the smallest one, 

if range is defined in terms of the stressed vowels, and about 30% 

if range is determined by the post-tonic vowels or by the absolute 

Fo maxima and minima. 

The increase in range with longer utterances is brought a­

bout by a combination of higher starting and lower end points and, 

contrary to the results of McAllister (1971) and Sorensen and 

Cooper (1980), up to five stress groups the end points decrease 

more than the starting points increase. 
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containing from two to eight stress groups, depict­
ed as a function of length of the. utterance (i.e. 
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4. Intonation contours 

4.1 Overall downdrift 

It is apparent from figs. 2-6 that the intonation contours 

are not straight lines, i.e. the medial stressed vowels do not 

occur with equal semitone intervals, and the irregularity gener­

ally sets in with four and more SGs. Nevertheless, when the least 

squares regression line slopes (which may be taken as an expression 

of the overall downdrift) are calculated for the stressed vowel 

data points of figs. 2-6 they come out with correlation coeffi­

cients generally at or above .95, cf. table 1, and any further 

statistical treatment will hardly disclose the regularities that 

can be observed in the intonation contours any more succinctly 

than mere visual inspection will do (see further below). Slopes 

and correlation coefficients have also been calculated for the 

data points constituted by the first post-tonic vowel in each 

stress group (the "topline"). These latter slopes turn out 

(as expected) to be steeper than the corresponding stressed vowel 

slopes, cf. section 3.1.2. 

The information in table 1 is displayed graphically in figs. 

9 and 10. In fig. 9 the overall downdrift stressed vowels (a) 

as well as post-tonic vowels (b) is depicted as a function of 

number of SGs in the utterance, and in fig. 10 as a function of 

the actual duration, i.e. the time interval between the first and 

the last vowel measurement. In both instances, but most evidently 

in fig. 10, overall downdrift is seen to decrease asymptotically 

with increased length (minor fluctuations occur with JR), approach­

ing a mean value of about -2 and -2.5 semitones per second 

{stressed and post-tonic vowels, respectively). Pres~ably, this 

non-linear decrease in the steepness of the slope of the overall 

declination is a pertinent feature of longer utterances. A linear 

decrease would result in zero declination, which is incompatible 

with declarative sentences. The preservation of an overall 

downdrift is secured through a widening of the range. However, 

there are physiologically determined upper limits to a subjects 

total range, and theoretically we might envisage declarative ut­

terances that are long enough to jeopardize the downdrift. But 

I think this problem is purely academic: spontaneous speech rare­

ly contains utterances as long as, say, sentences 7 and 8 that do 
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not have internal clause boundaries or breath group pauses, which 

presumably both could lead to a decomposition into what might be 

termed intonational phrases, each with its own intonation contour 

(downdrift). Even for read speech, sentences 7 and 8 are rather 

long and it is conceivable that if subjects were compelled to ex­

pand them even further, they would indeed introduce pauses at con­

venient places. 

4.2 Prosodic phrase group boundaries 

If we term discontinuities those places in the contours 

where the slope of the line connecting two stressed vowels is 

less steep than the preceding as well as succeeding slopes, then 

sentences 2 and 3 contain no discontinuity, sentences 4, 5, and 6 

contain one, and sentences 7 and 8 contain two, for individual 

subjects as well as the mean, denoted by the broken lines in figs. 

2-6. (Whether sentence 6 with NT actually has the discontinuity 

in the indicated place is debatable according to the defini­

tion just given, it occurs rather between the third and fourth 

stressed vowels.) Thus, the longer utterances seem to be composed 

of two and three, respectively, prosodic phrase groups, the bound­

aries between which coincide with major syntactical boundaries, 

viz. before the (compound) complement and between the purpose and 

place complements. Note that these prosodic phrase group bounda­

ries are not accompanied by pauses but seem to be caused by the 

syntactic structure per se, as pointed out also by e.g. Cooper 

and Sorensen (1977) and Fujisaki et al. (1979). The degree of re­

setting of the intonation contour at these boundaries is slight 

with BH and NT, somewhat larger with NRP and JR where it takes the 

form of actual rises across the boundary in most instances. (In­

cidentally, the cross-boundary rises exhibited by NRP and JR are 

not indicative of a sentence accent or the like: all the utter­

ances were perfectly neutral and contained no perceptual trace of 

extra prominence anywhere.) 

Due to the particular behaviour of the post-tonic syllables 

(cf. section 5 below) the prosodic phrase group boundaries cannot 

be detected in the "topline" in the same manner as in the intona­

tion contour proper. 
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4.3 The shape of the downdrift 

Even though straight lines are good approximations to the 

overall downdrift of the stressed syllables (cf. the high correla­

tion coefficients in table 1), it is also apparent from figs. 2-6 

that with some of the utterances by NRP, JR, and BH (but not NT) 

the trend is towards greater declination in the early part of the 

utterances: sentences 3-8 by NRP, 3-5 and 8 by JR, and sentence 

8 by BH (and sentences 3-5 and 8 of the grand mean). This is in 

line with the results of McAllister (1971) and Sorensen and Cooper 

(1980). 

The "topline" does not show the same trend, partly because 

pre-boundary post-tonics exhibit higher rises (cf. section 5 be­

low), partly because the rise in the final stress group is consid­

erably smaller than in preceding stress groups with NRP, BH, and 

NT (where it actually falls) and thus the steepest "topline" dec­

lination is located towards the end of the utterances. 

In order to compare the Danish to Fujisaki et al.'s Japanese 

data, we should look at individual gradients ('voicing components'): 

the second prosodic phrase group of sentences 5-7 and the first and 

second one of sentence 8 contain more than two stressed syllables 

and could thus exhibit an exponential decay. NRP shows a tendency 

for such a decay in two instances (sentence 5, and the first gra­

dient of no. 8) but quite the reverse in the second prosodic phrase 

group of sentences 7 and 8. JR has a tendency for asymptotic decli­

nation in sentence 5 and the first gradient of sentence 8, but a 

reversal in 6 and 7, as well as in the second gradient of no. 8. 

BH exhibits faster decays at the end of the prosodic phrase groups 

in sentences 5-7 as well as in the second gradient of no. 8, a 

pattern repeated by NT. Exponentially decaying "toplines" are 

equally scarce. 

4.4 Intonation contours - conclusion 

The hypothesized simple inverse relationship between intona­

tion contour declination and utterance length is not supported by 

the data. At and above 4 stress groups, the intonation contour, 

as defined by the stressed syllables, is decomposed into prosodic 

phrase groups, with partial resettings of the contour between them. 

However, an overall downdrift is preserved, which does become less 
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steep with increased length (although the relationship is not a 

linear one), and which, further, exhibits a tendency towards expo­

nential decay, i.e. greater declination in the beginning of the 

utterance. 

5. Stress group patterns 

On the basis of the 1978 analysis of ASC Danish, the stress 

group was defined as a stressed syllable plus all succeeding un­

stressed syllables, irrespective of intervening syntactic bound­

aries within the simple (i.e. non-compound) sentence. Thorsen 

(1980c) corroborated this definition: word boundaries (which 

were simultaneously noun phrase-verb phrase boundaries) do indeed 

seem to be immaterial for the Fo patterns of stress groups in ASC 

Danish. (JR was also a subject for that investigation and a res-

ervation had to be made for more conservative variants of Danish 

since word boundaries left a clear trace in his utterances.) 

However, the sentences for the 1978 and 1980c materials were com­

paratively short, containing three and four SGs, and they exhib­

ited no intonation contour discontinuities. It is conceivable 

that syntactic boundaries, when they co-occur with prosodic phrase 

group boundaries, as in sentences 4 through 8 in the present in­

vestigation, will break up the regular Fo pattern. 

The syntactic boundaries always occur after the first post­

tonic syllable in the utterances; accordingly, we might expect 

the relationship between the first and second post-tonic in SGs 

before and after phrase boundaries to be different. For instance, 

the fall from first to second post-tonic could be smaller before 

the boundary, and thus the second post-tonic could be comparative­

ly higher, in anticipation of the "rise" performed by the succeed­

ing stressed syllable, to which it is affiliated syntactically. 

Or the fall from first to second post-tonic could be (substantial­

ly) larger, bringing the second post-tonic below the level of 

the succeeding stressed syllable, in imitation of the way sentence 

initial unstressed syllables behave (cf. fig. 1). No such dif­

ferences appear: the fall from first to second post-tonic seems 

completely unaffected by the discontinuities in the intonation con­

tour and the syntactic boundary per se cannot be made responsible 
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for any changes in stress group patterns. This is not to say that 

the phrase group boundary does not affect the stress group pattern: 

it does only the variation is not located at the syntactic 

boundary. Inspection of figs. 2-6 reveal a consistent trend for 

the rise from stressed to post-tonic (which belong to the same word 

in all instances) to be greater in pre- than post boundary posi­

tion. In sentences 5 and 6, and at the first boundary in 7 and 8, 

the rises can be compared directly, since the post-tonic syllable 

is carried by a syllabic [n] in all cases (' ... bussen til 
' f~sten ... ' - [ 1husn d5e 1tes~n]). The average rise is 2.8 semi-

~ ' C) ' 

tones before the boundary, as compared to a rise of 1.9 semitones 

after the boundary, i.e. a difference of nearly 1 semitone. 

Now, greater pre- than post boundary rises do not in themselves 

prove a boundary effect, because progressively decreasing magnitude 

of the rise to the post-tonic is a feature also of statements with­

out any phrase group boundaries, cf. fig. 1. Due to differences 

in the segmental composition of the post-tonic syllable in the 

stress groups (which entails possible differences in intrinsic Fo 

levels) part of the following argumentation is qualitative only. 

First of all, it does seem that a difference in the magnitude of 

the pre- and post boundary rises of one semitone is rather more 

than one would expect between neighbouring stress groups in a long 

statement without any prosodic phrase group boundaries, cf. fig. 1. 

Secondly, the pre-boundary rises seem to be rather high also in 

comparison to the preceding rise: In sentence 8, the first prosod­

ic phrase group's second and third stress groups both have syllabic 

nasals for post-tonics, and the pre-boundary rise is larger than 

the preceding rise with all subjects (the difference is 0.8 semi­

tones in the grand mean). In the second prosodic phrase group in 

sentences 7 and 8, the two stress groups under scrutiny both have 

vowels in their post-tonics, [ i Jin the pre-boundary stress group, 

[A] in the preceding one, and although an unstressed [ i J may have 

an intrinsically higher Fo than an unstressed [A], this alone does 

not seem sufficient to explain the increase we get in the pre-

boundary rise (in sentence 8 the pre-boundary rise is 0.5 semitones, 

in sentence 7 0.8 semitones higher than the preceding one - grand 

mean). In the first prosodic phrase group in sentences 6 and 7 

the two rises are of very nearly the same magnitude. The first 

post-tonic is carried by a vowel, [a] and [A], respectively, the 
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second one by a syllabic nasal, and if we assume that an unstressed 

syllabic nasal has a lower intrinsic Fo than unstressed vowels, then 

the pre-boundary rise is even more "excessive". 

On the whole, it seems safe to conclude that the prosodic 

phrase group boundary results in a comparatively higher rise to the 

post-tonic in the preceding stress group. The cause of the greater 

pre-boundary rise may be sought in either of two processes (or in 

a combination of them): it is a signal for the prosodic phrase 

group boundary, and thus controlled by the speaker, or it is an 

automatic consequence of the higher position of the succeeding 

stressed syllable, i.e. the higher the following stressed vowel, 

the less of a fall must be executed by the preceding Fo pattern 

and, consequently, the higher the rise may be from the preceding 

stressed vowel. The latter explanation would be identical to, and 

could be taken as further support for, the explanation offered pre­

viously (Thorsen i979b, 1980a) for the fact that the magnitude of 

the rise from stressed to post-tonic vowel varies with intonation 

contour, i.e. we get higher rises on less steep contours, cf. fig. 1. 

Note that in this investigation JR does not deviate from the 

three ASC speakers as far as syntactic boundaries and fundamental 

frequency are concerned. His stress group pattern deviates from 

those of the other subjects by having more steeply falling unstressed 

syllables, but there is no trace of a syntactic boundary signalling 

in his traces. I am inclined to think, now, that the word bound­

ary signalling he performed in the previous (1979c) experiments does 

not constitute an example of a difference between ASC and more con­

servative variants of Danish. Rather, it demonstrates that it is 

possible for a speaker to signal word boundaries, also with funda­

mental frequency, if he so desires, a possibility which presumably is 

also open to ASC speakers. 

In sununary, if the results of the present investigation can 

be extended to cover simple sentences in general, they present an 

argument in favour of a theory expounded in Selkirk (forthcoming) 

that prosodic categories (in casu: stress groups and prosodic 

phrase groups) are distinct entities in the phonology that do not 

have an isomorphous relation to syntactic structure. Rischel (1972) 

argues in a similar fashion: Danish stress is best represented in 

a hierarchy (a tree structure) which is not necessarily congruent 

with the syntactic structure. The autonomy of prosodic struc-
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ture does not, of course, deprive it of a relation to syntax (cf. 

the questions posed below), on the contrary, prosodic categories 

can be seen as reconciling the syntactic structure to the phonetic 

output (in casu: the course of fundamental frequency). 

6. Discussion 

The purpose of the investigation was not to investigate the 

interplay between syntax and prosodic structure as such. Never­

theless, the tendencies that emerge raise some interesting ques­

tions concerning the hierarchy and domain of syntactic boundaries 

vs. the inherent features of declarative intonation. In this ma­

terial, the syntactic boundary before the (compound) complement 

seems to be more manifest than the noun phrase/verb phrase bound­

ary. The constituent which varied most in number of stress groups 

was the complement: What would the contours have looked like if in­

stead the noun phrase and/or the verb phrase had varied? E.g. is 

the tendency towards a faster declination early in the utterance 

an inherent feature of declarative intonation or is it an artefact 

of the material that would disappear if the noun phrase or verb 

phrase were longer? With a short complement but a long noun phrase, 

would a prosodic phrase group boundary be introduced after the 

noun phrase, and would the verb phrase and complement merge into 

one prosodic phrase group? If the second of the two complements 

had consisted of only one stress group, would it have had to merge 

prosodically with the preceding complement in order to preserve a 

final declination? And where would the first complement be cut up 

then, if four stress groups are the maximum in a prosodic phrase 

group (compare sentence 6 and 7)? Or is the final declination 

dispensable as long as there is an overall downdrift in the utter­

ance? How do clause boundaries manifest themselves? When unac­

companied by pauses, will they exhibit greater amounts of resetting 

than do clause internal boundaries? And will they affect stress 

group patterns? 
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CONTRIBUTIONS TO DOGRI PHONETICS AND PHONOLOGY1 

Ved Kumari Ghai 2 

Abstract: The present paper deals with some selected problems of 
Dogri phonetics and phonology. Section 1 contains a 
general introduction. Section 2 contains a formant 
analysis of oral vowels (2.2), a discussion of the 
distinctive features of vowels, in particular the re­
lative constancy of the concomitant features length and 
centralization (2.3), a statement of the distribution 
of vowel phonemes with a discussion of the occurrence 
of peripheral (long) vowels before geminated consonants 
(2.4), and a discussion of the phonological interpreta­
tion and the phonetic manifestation of pairs of the 
type [ 1 galn:J [ga 1 In: J as a difference in length or 
stress. Section 3 treats the problems of consonant 
gemination and consonant weakening with an account of 
the historical background (3.2), and a discussion of 
the relation to syllable division (3.3) and of the 
interpretation of one of the grades as basic (3.4). 
3.5 and 3.6 deal with the phonetic manifestation of 
consonant gemination and weakening, respectively. 

1. Introduction 

1.1 Previous treatments 

Dogri belongs to the Indo Aryan language family and is spoken 

in the Jarnrnu province of Jarnrnu and Kashmir State in India. Ac­

cording to the Census of India 1971, it has nearly 1.200.000 speak­

ers. Grierson (in "Linguistic Survey of India" vol. IX (1916) has 

1) This study was undertaken at the Institute of Phonetics, Uni-
versity of Copenhagen, under the supervision of professor Eli 

Fischer-J~rgensen and was supported by a grant from the Danish 
Ministry of Education. I am very grateful to professor Fischer­
J~rgensen for her able guidance and for her keen interest in the 
completion of the project. Thanks are also due to professor J~rgen 
Rischel (Institute of Linguistics), and to staff members of the 
Institute of Phonetics: to Birgit Hutters and Niels Reinholt Peter­
sen for various helpful suggestions, to Svend-Erik Lystlund for 
technical help, to Nina Thorsen for improving the style of the 
paper, and to Else farkmann for typing the manuscript. Michael 
Bundgaard, Niels-J~rn Dyhr, Kirsten Morsing, and Eva Rosenvold have 
helped making and measuring spectrograms, calculating averages, and 
drawing figures. 

2) Professor of Sanskrit, on leave from Jarnrnu University. 
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given a brief description of Dogri and has grouped it with Panjabi. 

Gauri Shankar (1931) has given a description of Dogri with a small 

vocabulary and four pages of connected text in phonetic transcrip­

tion. The monograph points out some linguistic phenomena in which 

Dogri differs from Panjabi and lists a number of words which have 

different phonetic realizations in Dogri and Panjabi, but does not 

specify which sounds are phonemically distinct. In 1965 appeared 

a Dogri grammar in Hindi, written by Bansilal Gupta (1965), which 

gives a brief account of Dogri sounds. A more detailed descrip­

tion of Dogri has been given by Ujjal Singh Bahri in his paper 

"Phonology of Dogri" (1969). The paper is based on an auditory 

study of tape recordings made in various parts of Jammu Province. 

He gives a detailed articulatory, auditory, and phonological de­

scription of Dogri sounds. His description, however, differs from 

the present description on some points, which will be discussed 

in later paragraphs. 

I have chosen to treat some selected problems of Dogri phon­

ology and phonetics more thoroughly, and mention others very brief­

ly. The subjects treated in more detail are the system of oral 

vowels, the problems of quantity and stress, consonant gemination 

and consonant weakening. The tonal system and its phonetic mani­

festation has been treated in a previous paper (Ghai 1968). 

1.2 Informants and material for the present investigation 

The phonetic part of the present work is based on tape re­

cordings by six informants, three male (RN, SL, and SD, aged 62, 

30, and 32, respectively) and three female (CS, AS, and VG, aged 

40, 23, and 48, respectively). VG is the author. They all speak 

Dogri as their first language. 

The recordings of the first five informants were made in the 

studio of Radio Kashmir of Jammu, on a professional tape recorder 

at a speed of 7~ i.p.s., whereas the recordings of VG were made in 

a sound-treated room at the Institute of Phonetics in Copenhagen. 

The recordings consisted of lists of words which were all 

11 son.e:n: spoken in a carrier sentence, genera y: os •·· 'he 

... heard', but in some cases: jas ... karadi:hi: 'Jes was 

doing' (used for verbs). Moreover, the subjects read a short con­

nected text composed by the author, and a story. Each of the word 

lists was read five times by each informant. AS, however, only 
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read the lists three times and she did not speak all the words, so 

she has been left out in various averages. 

List I consisted of the following words, quasi-randomized, as 
1 

shown: 

ta 1-la.: la 1da.: 1gal(a) 1da.:bba.: qapph(a) 9a:f-(a) 

ga 1 la.: 

pa 1 la.: 

la 1ka.: 

ba 1sa.: 

sa 1da.: 

sa 1ta.: 

ka 1sa.: 

ba 1ga.: 

da 1ba.: 

ka 1qo.: 

ka 1ta.: 

:J.a1ta.: 

da 1kha.: 

ta 1kho.: 

ca 1tha.: 

9a 1pha.: 

ba 1tha.: 

sa I kha.: 

ka 1 ra.: 
1gala.: 
1pala.: 
1 lakka.: 
1bassa.: 
1sadda.: 
1 I agga.: 
1kassa.: 
1baga.: 
1dabba.: 

I ka99a.: 
1 katta.: 
1:J,itta.: 
1pakha.: 

I tokha.: 
19appha.: 
1pakkha.: 

la 1ga.: 

la.:g(a) 

gal I (a) 
1 1a.:9ge 

I I a.: ga.: 

ga.: I (a) 
1 go: I I i : 
1 lagg(a) 
1 go: I i : 

lag/j.ag 

ba.:9(a) 
1sati: 
1bagga.: 
1ba.:g9e: 
1bag(a) 

:J.a1da.:i 
1:J.oda.: 

dabb (a) 

J-a d (a) 
1 :J.a.: d d i : 

.J.add (a) 

I Ja.: da.: 

kci:d(a) 
19o:99a.: 

:J.a.:t (a) 

I :J.O.: t ta.: 

da.: kh (a) 

dakh (a) 

t~kh (a) 

tu:ph 
1tappha.: 
1mattha.: 
1 to:pha.: 
1tala.: 

I pat a.: 
1kacca.: 
1 kaca.: 
1 b o: I i 

po I I (a) 

sat (a) 
1to:kha.: }ag9(a) 

kha 1ba.:r 1patta.: 

takkh(a) 1bo:lli: 
1katha.: Ja9(a) 
1c:>:tha.: 1satt(a) 

c:>:th (a) pol (a) 
1kattha.: 1capal (a) 

1cappal (a) 
19aH.(a) 
1katana. 

:J.ed (a) 

ka 1tanna. 

}add (a) 

gatt (a) 

List I was mainly intended for the analysis of consonants, 

vowel length, and stress. 

List II consisted of the following words: 
1 ko Ii: 1 ko: I I i : ko I (a) ta.: I (a) 

'9o:99a. 90 1da.: . k:>:l(a) ti:l(a) 
1 ko I I i: 1te: I la.: te:f (a) ku: I (a) 
1tLlla.: 1bo:bbo: ta I (a) t L I (a) 
1kLIO.: 1ke:lla.: ko I (a) 1kLlla.: 

'gocjcja.: 1 kob bi : te: I (a) 

This was a supplementary list intended for a spectrographic 

analysis of vowel quality and of vowel length. A few words were 

taken from a third list, set up for a different purpose. 
---------------------------~--------------------------------------
1) The transcription used in this list and in the rest of the 

paper is a phonemic notation with some redundancy, e.g. both 
vowel quality (centralization) and vowel length are indicated (see 
the discussion in section 2.) (a) in parentheses indicates an op­
tional sound. It is always possible to pronounce an [a] after a 
final consonant. 
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2. Vowel system, quantity and stress 

2.1 ~he vowel phonemes of Dog~i 

Dogri has 10 oral and 5 nasal vowel phonemes, which can be 

set up in the following preliminary system: 

u i u 
0 e: 5 

e a 0 a. 

E: :> 

a. 

For the oral vowels the following commutation series can be given: 

t t: I {a) 'match stick',. te: I {a) 'oil', t t I {a) 'sesam', 

te:r{a) 

t:>: I {a) 

'to swim', ta I {a) 

' to hurry ' , t o : I ( a ) 

'to fry' , ta.: I (a) 

'to weigh', to I (a) 

'to cleanse', 

'equal ' , t u : r: (a) 

'to fill'. The distinction between the nasal vowels can be shown 

by the words sara.: 'inn', sari: 'name of tree', paru: 'last year', 

[pare:~ pare: J 'away', [ro: ~ r5:] 'wood', and the distinction 

between oral and nasal vowels can be shown by the pairs akkhi: 

'eye' vs. akkhi: 'eyes', ku: 'say' vs. ku: 'warping of the cot', 

:J.o.: get e:: 'the boy' (oblique form) vs. :J.o.: get e: 'the boys', s:>: 

'hundred' vs. s5: 'oath', to.: 'heat' vs. ta.: 'them'. Bahri states 

that all ten oral vowels have nasal counterparts, but according to 

my own observations, there is free variation between [e:] and [e:] 

and between [o:J and [5: ], and to~ do not show phonemic nasali­

zation; when nasalized they are always followed by a nasal con­

sonant, at least in the underlying form. In the case of the other 

vowels there is commutation between nasalized vowel and vowel plus 

nasal consonant (see later). The nasal vowels will not be treated 

in any detail in this paper. 

2.2 Acioustic analysis of vowel quality 

A spectrographic analysis by means of the Kay Elemetric 

Sonagraph has been made of the ten oral vowels in the words 

ti:l{a), tLl(a), te:l(a), te::J{a), tal(a), to.:l{a), k:>:l(a), 

ko:l(a), kol(a), ku:l(a) spoken five times in the frame 

os ••. so~e:o.:· by the four informants RN, SD, SL, and VG. 
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The reason for choosing·~ before rounded back vowels and t before 

front and unrounded open vowels was that these combinations give 

shorter formant transitions and thus facilitate the measurement 

of the vowel targets (but l may have raised F 2 of the short vowel 

o somewhat). Both wide band and narrow band sonagrams were made 

of all vowels,. and in some dubious cases also sections. 

For the unrounded vowels the frequency of formants 1, 2 and 

3 were measured, for the rounded back vowels only F 1 and F 2 could 

be measured since F 3 was (as it is normal for these vowels) too 

weak to be identified. Formants 1 and 2 of a: were sufficiently 

wide apart to be measured accurately for RN, SD and SL; but VG's 

vowels presented some difficulties in this respect. The exact lo­

cation of F 1 in high vowels and ~he separation of F1 and F 2 in 

~:,£and£= presented the expected difficulties, and particularly 

F 2 in~: o o: was dubious in many cases, so that the measurement 

of these formants must be taken with some reservation. SL's F 2 
was very weak in these vowels. The high F of VG's voice also 

0 . 

presented difficulties for accurate measurements. The wide band 

sonagrams in most cases resulted in higher values than the narrow 

band spectrograms. The frequencies given are averages of the two 

measurements, except for the higher formants of front vowels which 

could be measured only on the wide band spectrograms. 

The average formants of the ten vowels are given in table 1, 

and the frequencies of F1 and F
2 

of individual tokens have been 

plotted in figs. 1-4. A logarithmic frequency scale has been used. 

Table 1 

Averages of vowel formant frequencies in mono-
syllables for four subjects (N = 5) . 

RN SL SD VG 

ti:l(e) Fl 285 291 286 266 

F2 2255 2070 2285 2865 

F3 3150 2538 3025 3287 

tLl(a) Fl 358 423 370 361 

F2 2095 1785 2140 2520 

F3 2580 2470 2590 2990 
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Table 1 (continued) 

RN SL SD VG 

te:l(a). Fl 343 372 351 363 

F2 2225 1975 2175 2635 

F3 2920 2555 2720 3095 

tc:J(a) Fl 673 576 639 804 

F2 1781 1454 .1586 1851 

F3 2450 2655 2705 2755 

. ta.: I (a) Fl 684 597 780 860 

F2 1096 1161 1135 1220 

F3 2388 2625 2785 2666 

tal (a). Fl 645 556 720 874 

F2 1141 1188 1162 1544 

F3 2562 2688 2725 2688 

ku: I (a) Fl 279 346 314 321 

F2 613 663 704 583 

ko I (a) Fl 364 392 336 350 

F2 706 883 705 720 

ko: I (a) Fl 348 395 352 377 

F2 649 779 648 715 

k::>: I (a) Fl 579 499 539 588 

F2 956 953 945 991 

2.3 Distinctive features of the vowels 

On the basis of the auditory impression and the acoustic ana­

lysis the following features were set up to distinguish the vowel 

phonemes of Dogri: ± high, ± back, ± round, ± long ( or ± peripheral) , 

and ±nasal. The distribution of the features is given in Table 2. 

-I 
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F1/F 2 plot (logarithmic scale) of vowels in monosyllables. 
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F1/F 2 plot (logarithmic scale) of vowels in monosyllable$. 
Subject so. 
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Fl/F2 plot (logarithmic scale) of vowels in monosyllables. 
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figure 4 

Fl/F2 plot (logarithmic scale) of vowels in monosyllables. 
Subject VG. 
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Table 2 

Distinctive features of Dogri vowels 

e € Q ::> 0 u a 0 T € Q, ::> u 
high + + + + 

low + + + + + + + 

back + + + + + + + + + 

round + + + + + + 

long + + + + + + + + + + + + 

nasal + + + + + 

As for vowel height, I follow Chomsky and Halle (1968) in 

setting up two binary features, +high/-high and +low/-low. Lade­

foged (1975) finds that the auditory property vowel height, as 

used in D. Jones' cardinal vowel quadrangle, is better correlated 

with the acoustic difference lower vs. higher first formant than 

with the articulatory feature "highest point of the tongue", where­

as Mona Lindau (1977) has shown that the auditory impression cor­

relates well with both the acoustic and the articulatory facts. 

I have regarded .Ll and fil as +high, although Jd.1. comes 

rather close to o and o: on the vowel charts. Auditorily it 

sounds higher, and for RN and SD it has a clearly weaker F2 than 

o:, which may make the perceptual difference greater than shown 

by the frequencies of the formants on the chart. e:, ~' Q:, ~ 

are considered to be +low. The back low vowel ::>: is not as low 

as the front low vowel e: (which might also be transcribed [re:]), 

but it is lower than u:, o:, and ~. It is separated from Q: 

by the feature +round. a is evidently a low vowel in Dogri. 

It is heard by trained ph~neticians as an [Q]-sound. 1 

As for ± back, I consider it also as binary. Here there is 

a clear correlation between the auditory impr~ssion and the front/ 

back position of the tongue, and also with the acoustic differences 

1) Bahri uses the terms high-low. But he also talks of close-
open (this seems to be a subdivision) and in some cases of 

compact-diffuse .(the meaning of these latter terms is not clear. 
They are at any rate not used in the sense coined by Roman Jakob­
son (1952). 
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in F2. The more fronted the vowel, the higher F2. Of Oogri 

vowels, I have regarded 

fil as +back. 

i : e : l - - - ~ as -back, and a a.: J: o o: 

As for rounding, ~ ~ 2..:. J: are rounded. The others are 

unrounded. The only unrounded and rounded vowels of the same 

height and backness are a.: and J: • 

The feature ± long is concomitant with the feature ± peripheral 

which is normally called tense/lax. I have regarded ±long as·the 

distinctive feature and± peripheral as a redundant feature which, 

however, helps a lot in the perception of the difference. On the 

whole, the short vowels ~ £ ~ are generaI,ly centralized to some 

extent in the Fl-F2 vowel diagram, but the centralization is not 

as obvious as in the case of e.g. German lax vowels (Hans-Peter 

J~rgensen 1969). One informant only (SL) has clearly centralized 

L and o. 

As regards ~ and .Q., they obviously have a higher Fl (i.e. 

they are lower) than l..: and u: , respectively: ~ is much closer 

to e: for all four informants, and in the case of SL even lower, 

and Q is closer to o: than to u: (perhaps with the exception 

of SO). As for the second formant, t and _o are also more 

centralized than i: and-~ . But they are not so clearly 

distinguished from ~ and o: . Only SL, who has evidently 

centralized ~ and £., has no overlapping between ~- and e: , 

o and o. RN has a slight overlapping between £ and o: , and 

VG and SL have extensive overlapping both for .l.. and e: and 

o and o: (SD also u: and Q), although the sounds were 

spoken in test words in the same surroundings (but VG has a stronger 

F2 in _o: than in .Q.. For one informant (SO), who has a par­

ticularly extensive overlapping, we tried to replace F2 by F2-Fl 

(following Ladefoged 1975 and Mona Lindau 1977), but this did not 

improve matters. As e: has a higher F3 than ~' we also tried 

!or one informant to replace F2 by a weighted average of F3 and F2 

according to Gunnar Fant's older formula (Fant 1959), but this gave 

only a very slight improvement. It must therefore be stated that, 

although there is a clear tendency to centralization for Land 

~, there is some qualitative overlapping with e: and o: . 

As for ~, it is more centralized than a.: , vertically for 

SO and RN, horizontally for VG, and in both dimensions for SL, but 

both SL and SO show some overlapping. 
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Moreover, a test carried out with four trained Danish phoneti­

cians listening to the first recording of list II, spoken by RN, 

SL, SD, and CS, showed that they had obvious difficulties in identi­

fying the centralized vowels, although all are familiar with German. 

kol (a) was heard as ko: I (a) in all (3 x 4) cases (with one exception), 

ta I (a) as ta.: I ( a) (one listener heard a mid [a-]), and t LI { a) as 

te: I (a) in 8 out of 12 cases. 

Thus the difference centralized-peripheral is not consistent 

and cannot be regarded as the only determining factor. 

The difference of duration is, however, consistent. The so­

called non-peripheral or lax vowels are always shorter than the 

corresponding peripheral or tense vowels in similar environments. 

In monosyllabic words, the duration of the long vowel is generally 

more than twice the duration of the short vowel, for SL slightly 

less than that {see table 31 ). The relative duration of the vowels 

_!_ ~ ~ compared to ~ .£.:.' .9:.= lies between 3 5 % and 4 2 % for RN, SD 

and VG and at 54%-55% for SL. In disyllabic words, the vowels are 

shortened (table 4 shows this for some vowels) and still more so 

before geminated consonants, but the relations are maintained (see 

table 5), and SL has in this case the same relative difference as 

the other informants. 

Table 3 

Average vowel duration in monosyllabic 
words in CS. (N = 5) 

RN SL SD VG 

ti:l(a) 24.5 16.6 34.5 26.4 
te: I {a) 25.5 15.6 35.6 27.1 
te:f{a) 25.4 18.8 35.8 27.8 

·ta.: I (a) 28.1 19.0 38.3 29.8 
ku: I {a) 23.9 17.6 35.0 (42.3) 
ko: I {a) 25.8 17.5 36.1 25.4 
k~: I (a) 25.4 17.1 36.8 25 .. 8 
tLl(a) 9.8 8.7 14.6 10.0 
ko I (a) 10.6 9.5 14.2 8.9 
ta I (a) 10.8 10.4 16.1 12.5 

% tLl(a)/ti:l(a) 39 52 42 38 
kol (a)/ku: I (a) 44 54 41 ( 21) 
tal (a)/ta.: I (a) 38 55 42 42 

1) VG's examples of [ku: I (a) J were taken from a different re­
cording where she spoke more slowly. 



tLlla,:-

k LI IQ: -

kobbi:-

ko I Ii: -

gocj 90,: -
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Table 4 

Average vowel duration in cs in some di­
syllabic words (N = 5) 

RN SL SD VG 

fa,: da,: 14.0 12.8 18.2 18.8 

b o: I i : 11. 6 12.5 20.0 16.6 

k L I a,: 8.0 6.2 11.0 6.5 

ko Ii: 7.2 5.4 10.2 7.5 

Table 5 

Average vowel duration in disyllabic words 
before geminate consonants in cs (N = 5) 

RN SL SD 

te:lla,: 4.5 - 11. 3 4.5 - 9.1 6.0 - 14.0 

ke:lla,: 4.3 - 10.6 4.3 - 10.0 5.4 - 14.5 

bo: bbo: 5.6 - 11. 4 4.3 - 9.8 6.3 - 14.0 

ko: I I i: 4.2 - 10.4 3.9 - 10.4 6.3 - 14.2 

go:990,: 4.8 - 9.8 4.7 - 10.2 6.2 - 13.5 

grand mean 4.7 - 10.7 4.3 - 9.9 6.0 - 14.0 

% short/long 44% 43% 4.3% 

VG 

4.0 - 10 .. 0 

3.5 - 11.0 

4.0 - 11.0 

4.0 - 11.0 

4.0 - 11.0 

3.9 - 10.8 

3.6% 

The feature ±long used here corresponds to Bahri's central/ 

peripheral 1 . He describes L £: u: as tense, Lo: as lax, but 

does not state anything about a,: ~= a o regarding tenseness/ 

l&xness, so it is not clear whether the term tense used by him 

corresponds to peripheral or not. According to my description, 

o: is +long and may be regarded as redundantly peripheral and 

tense, but not as lax. 
-~----------------------------------------------------------------
1) He considers this difference as more stable than the differ-

ence of duration. In my 1970 paper I described the difference 
i:-L and u:-o as a length difference but a-a,: as a differ­
ence in vowelguality. But Bahri is certainly-right in grouping 
Lo a together. As mentioned above, in this paper both quality 
and length are indicated (redundantly) in the transcription. 
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Besides acoustic and auditory factors, there is another reason 

why I prefer the feature ± long. It appears that vowel quantity 

plays a role in the formation of rules for stress in Dogri. Stress 

in Dogri is predictable in some cases and unpredictable in others. 

All Dogri syllables can be placed in one of the following three 

grades: Light: a syllable ending in a short vowel; medium: a syl­

lable ending in a long vowel, or ending in a short vowel checked by 

a single consonant; heavy: a syllable having a short voweJ .checked 

by two consonants, or a long vowel checked by one or two non­

syllabic consonants. 

Rule I: If there is one heavy syllable in the word, it is 

stressed. Two heavy syllables do not occur consecutively in Dogri 

in simple words. ba 1 :J.a.:r, ka 1patt, 1 :J-a.:ddi:, ca- 1 10.:kki:. Forms 

like* ba}}a.:r * ka.:patt , * ea.: la.:kki: cannot occur in Dogri. 

Rule II: When there is more than one medium syllable (and no 

heavy syllable) in a word, the last but one of the medium syl-

lables is stressed. 1 }a.: do.:, mare 1 :J-a.: do.:, 1 bagga.:, 1 }a.: get, 

b a 1 :J-a.: r € • 

Rule III: When there is one medium syllable preceded by one 

or two light syllables, the stress is unpredictable and phonemic. 
1 baga.:, ba 1 ga.:, 1 pagata.:, paga 1 ta.:, 1 raso:, ra 1 so. 

The fact that in these rules each peripheral vowel ( .!._: e: 

e:· a.: ~= 9~ u: ) behaves like one non-peripheral vowel (~£a 

+ one non-syllabic, speaks in favour of the description of the 

former as long and the latter as short. Thus, both phonetic·and 

phonological arguments speak for considering length and not cen­

tralization as the relevant feature. 

_As regards the relationship of short vowels to long vowels, 

they are grouped traditionally as ~ .L:._, ~ ~, a a.: . They are, 

no doubt, related historicall~ but now, by being lowered and 

centralized, Lo have come phonetically closer to e: o: than 

to l.:. u: . 

Moreover, there are various related words in Dogri in which 

there is morphological alternation of long vowels with short vowels. 

Here the long, -low, -high vowels ( ~ o: ) alternate with short 

-low, -high vowels ( Lo), while the +low long vowel ( a.: 

alternates with the +low short vowel ( ..2.). 
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Long vowel in transitive verb 

90:b (a) 

kho: I (a) 

ke:r(a) 

re:r(a) 

pa.: I (a) 

go.: I (a) 

'to dip' 

'to open' 

'to fell' 

'to push' 

'to bring up' 

'to cause to melt' 

Long vowel in noun 

90:bba.: a dip 

co:r(a) 

do.: I (a) 

ba,:dda.: 

so: kka.: 

a thief. 

grinded beans 

an increase 

drought 

Short vowel in intransitive 
verb 

sJob (a) 

kho I (a) 

kLr(a) 

rCr(a) 

pal (a) 

gal (a) 

'to dive' 

'to be _opened' 

'to fall' 

'to crawl' 

'to be brought up' 

'to melt' 

Short vowel in verb 

9obba. 

co r (a) 

da I (a) 

bad (a) 

sok (a) 

past of verb <job 
• to dive 

to be stolen 

to grind 

to increase 

to get dry 

So it seems more reasonable to group L-e: and o-o: to­

gether by regarding them as -low and -high, and to group a with 

a.: and regard both of them as +low. 

2.4 Distribution 

On the basis of their behaviour in the syllable structure 

of the language, long and short vowels also form two distinct 

groups. The short vowels, viz. Lo a occur initially and medial­

ly but do not occur finally, where they may be considered to be 

neutralized with • i: (e:) , u: (o:) and zero, respectively. There 

are a few functional words in which they appear finally, e.g. 

ka. 'that', jL 'that', ko. 'about', ea 'in', Ja 'from', 

but these words are short forms of ke:, je:, ku:, ba.c, kaf 

and are pronounced frequently in full form. a appears phonetic­

ally as a vocalic release in some cases, especially after geminated 

consonants or consonant clusters in final position, but it is not 

phonemic in this position and often alternates with zero. The 

other short vowels ~ 2. do not occur in this position. Long 

vowels, i: e: e: a.: ~= o: u: , occur initially, medially, and 

finally, but they do not occur in the first syllable of simple 

di$yllabics with closed final syllable which have a vowel of the 

same group in the second syllable, nor in trisyllabic words with 

a long vowel in the second syllable. 
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Dogri short and long vowels occur in the following syllabic 

patterns: 

(C) V 

(C) V: 

(C) VC 

(C)V:C 

(C)VCC 

(C) V: CC 

cvcv 
(C)VCV: 

CV:CV 

(C)V:CV: 

(C)VCVC 

(C)VCV:C 

(C)V:CVC 

CV:CV:C 

cvccv 
(C)VCCV: 

CV:CCV 

(C)V:CCV: 

(C)VCCVC 

(C)VCCV:C 

(C)V:CCVC 

CV:CCV:C 

CVCVCV: 

CVCVCCV: 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

only in a few functional words (ci, Ja, 
etc.) 

'come' , b a.: 'breeze'. 

ma I (a) 
po I (a) 

'paste' , m L I (a) 
'bridge' . 

'meet', 

mi:l(a) 'mile', 
me: I (a) 'dirt' , 
an ima 1 s ' , t => : I ( a ) 

me: i (a) 'union' , 
ma.: I (a) 'herd of 

'weight', mu: I (a) 
' hurry ' , t o : I ( a ) 
'beginning'. 

galt(a) 'wrong·•, pol I (a) 

o.:lt(a) 'condition'. 

'address', poja.: 

1 pa.: I a.: 'cold' . 
1kadar(a) 'respect'. 

ba 1za.:r(a) 'market'. 
1 }a.:gat(a) 'boy' 

1bagga.: 'whitish', 'pot:J-a.: 

1 bo: I I i : 
ke: I I a. 

' speech' , go: 9 9 a.: 

1khe:Hal 'distressed'. 

'softness'. 

'arrived'. 

'knee'. 

mar 1Ja.:d 'propriety of conduct'. 
1 a.: I san ( a) 'lazy woman', a.: kkhan 'saying' 

1cakala.: 'bread-board'. 

ca 1 kanna. 'watchful'. 

This distributional description is at variance with Bahri's 

assertion that peripheral vowels do not appear before geminates. 

However, as shown in table 5 the difference of duration is pre­

served before geminates, and even if all informants are taken to­

gether, there is no overlapping at all between single to~ens of 

the two vowel categories {see fig. 5); exactly the same 
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Figure 5 
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15 CS 

15 ea 

Duration of central (-----) and peripheral (--) vowels before 
1eminated consonants. Five informants (N=23) combined (for 

bagga: /ba: ggE:: six informants) (N=28~26). 
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picture was found for the word pairs dabbQ:/dQ:bbQ:, sottQ:/ 

so:ttQ:, gottQ:/go:ttQ:, 9obbQ:/do:bbQ:. Thus, when length is 

taken to be the distinctive feature, it must be stated that long 

and short vowels are kept clearly apart before geminates. 

As for the difference in quality, the vowels are not con­

founded more often than in monosyllabics. The word pairs kol Ii:/ 

ko:lli:, go99Q:/go:99Q:, kobbi:/bo:bbo:, tLIIQ:/te:IIQ:, kLIIQ:/ 

ke: I IQ:, and baggQ:/ba:ggE: were measured for the informants 

RN, SL, SD and VG. As far as the words with .£ and o: are 

concerned, SL and RN have slightly more overlapping than in the 

monosyllabic words, VG approximately the same, but she has always 

a stronger F2 in o: than in £. SD has no overlapping (in 

contradistinction to his monosyllabic words); the members of all 

three pairs are kept apart by means of F2, but the relation of 

F2 in o: and o has been reversed in the pair kobbi:/bo:bbo: 

in which o: has a higher F2 than o. 

The words with e: and L are kept apart by means of F2 by 

all informants (for SD and VG there is overlapping in the mono­

syllabic words). F2 of kLI IQ: is somewhat uncertain but lower 

than in ke: I IQ: . The formant averages of tLI IQ:/te: I IQ: are 

given in table 6 together with the formant averages of the pair 

baggQ:/bQ:gge:. This latter pair is kept more clearly apart 

than t a I ( a ) / t Q : I ( a ) but a in I b a g g Q : is shifted upwards . in 

the vowel chart, i.e. it has a much lower F1 and a somewhat lower 

F2 than in tal (a). The shift in F2 is due to the place of arti­

culation of the surrounding consonants: in tal (a) the two dentals 

have a raised F 2 , whereas ··i in baggQ: lowers F2 . As for F1 , 

the main reason is that a is much shorter in baggQ:, and in 

position between two stops it becomes less open. This.lax vowel 

is very much influenced by the surroundings, particularly when it 

is shortened. The placement of a in the charts figs. 1-4 must 

therefore be taken with some reservation. 

In any case, the two types of vowels are kept clearly apart 

as far as length is concerned, and at least as much as in mono­

syllabics as far as quality is concerned. Now it is possible that 

Bahri would not deny that the words mentioned above tave peri- • 

pheral vowels (although he speaks of neutralization before 

geminates), but that he considers the following consonant not as 

geminate, but as fortis. For a further treatment of this problem, 

see section 3. 
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Table 6 

Average formant frequencies in Hz of the first vowels 
in I t L I I a,:, I t e : I I a,: and I bag g a,: , b a,: g g E : ( N = 5) 

RN SL SD VG 
1tLIIQ: Fl 381 373 345 385 

F2 1915' 1615 1995 2250 

F3 2560 2515 25 70 2917 

1te: Ila,: Fl 353 381 349 422 

F2 2195 1910 2188 2383 

F3 2750 2580 2713 2942 

1bagga,: Fl 540 506 546 686 

F2 1017 1073 1055 1260 

bo,:ggE: Fl 698 678 711 892 

F2 1100 1120 1190 1365 

2.5 Phonological interpretation of the contrastive types 
1galo,: - ga 1 lo,: 

2.5.1 The problem 

In section 2.3 it was stated that there is a consistent length 

difference between peripheral and centralized vowels and that this 

difference is more stable than the difference of quality. There 

is, however, also a difference of duration within the group of 

peripheral vowels in open final position, and there is quite a 

number of minimal pairs, e.g. (in narrow phonetic transcription): 

1 parati: 
1 tala,: 

1gala,: 

I b&go,: 

A. B. 

'carpet' d(a) 1ri:· 'daughter of husband's 
younger brother' 

'filling of earth' p(a)ra 1ti:· 'brother's daughter' 

'sole of shoe' t (a) 1 I a,:· 'water pond' 

'throat' 

'to flow' 

g(a) 1 1a,:• 

b(a) 1go,:• 

'to say' 

'cause to flow' 



1 paro.: 
1pala.: 
1 raso: 

'to fill' 

'to be brought 

'live up' 

(imp• V •) 1 
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p(a) 1 ra.:· 

p(a) 1 1a.:· 

r(a) 1so: • 

'cause to fill' 

'to make one drink' 

'kitchen' 

Besides the difference of vowel length -in the second syllable, 

there is also a difference of stress. Whereas the first syllable 

is stressed in the words in column A, the second syllable is stress­

ed in the words in column B. Moreover, [a] of the first syllable 

is shorter and may be optional in column B, but·not in A. 

The problem is how to explain these forms phonologically. 

It is possible to set up four different solutions. 

(1) The first vowel ( ~) may be regarded as long in words 

in column A and as short in words in column B. It means setting 

up a short-long opposition in a central vowel or splitting a 

into two phonemes, one in the group of central vowels and another 

in the group of peripheral vowels. 

(2) The first vowel ( Q) may be regarded as being present 

in words in column A, and as being absent in words in column B. 

This means that ~ in words of column Bis considered as a non­

phonological svarabhakti vowel which may be inserted to avoid 

heavy consonant clusters in the surface form. Then there will be 

no need to set up a short/long opposition in peripheral vowels. 

(3) The second vowel (a.: ..L:_ .£:._)maybe regarded as:normal 

long vowels in words in column A and as over-long /a.:· i: • o:·/ 

in words in column B. Thus, central vowels will always be short, 

but there will be an opposition between longer and shorter periph­

eral vowels in final, open syllables. 

(4) The difference of stress may be regarded as phonemic. 

Thus, stress is on the first syllable in words in column A and 

on the second syllable in words in column B. 

2.5.2 The solutions 1 and 2 (a) 

Solution (1) is rather impracticable on the following grounds: 

Firstly, the difference of duration in the two types of -~ is 

small, generally 2-3 centiseconds, i.e. much smaller than the 

normal minimal difference between long and short vowels (cf. tables 

3-5). Phonetically, a is always short and in this respect be­

haves like t and £. Moreover, a length difference in .2.. 
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would be in contradiction to the general concomitance of length 

and quality. a is certainly not peripheral phonetically, and 

phonologically it evidently behaves as a central vowel. The syl­

labic structure of Dogri does not tolerate two peripheral vowels 

in a disyllabic word with closed second syllable. As .~ appears 

in such words with a peripheral vowel, it must be regarded as non­

peripheral. Words like* bn:dn:m, *jn:gn:t cannot occur in Dogri, 

but badn:m and jn:gat do occur. 

Moreover, there are various related words in Dogri in which a 

morphological alternation of peripheral vowels with non-peripheral 

vowels occurs. The vowel~ appears as a non-pertpheral vowel in 

such alternations (see 2.3). 

Solution (2) is also faced with difficulties. 

First of all, the deletion of a in the phonological form 

of words in column B will lead to the occurrence of a large number 

of strange consonant clusters which do not otherwise occur in Dogri. 

Initial clusters in Dogri consist of stop+~' r or l· 

Final clusters in Dogri consist of (1) flap ~r lateral+ stop, or 

sibilant or nasal, (2) sibilant+ stop or nasal, (3) nasal+ stop. 

Deletion of a will give rise to 

Voiced stop+ voiced stop 

Unvoiced stop+ unvoiced stop 

Voiced stop+ unvoiced stop 

Unvoiced stop+ voiced stop 

Aspirated stop+ unaspirated stop 

Unaspirated stop+ aspirated stop 

Stop+ lateral 

Lateral+ stop 

Sibilant+ stop 

.stop+ sibilant 

such initial clusters as 

bagn: ➔ bgn: 

tapn: ➔ tpn: 

gatn: r (a) ➔ gtn: r (a) 

tabeln: ➔ tbelo.: 

khato.: i: ➔ khta,: i: 

takhn: ➔ t klia,: 

taln: ➔ t I a,: 

latn:,:-(a) ➔ .tto.: r (a) 

sakn: ➔ ska,: 

kasn: ➔ ksn: 

Moreover, there seems to be a phonological distinction between stop 

consonant+!, and stop consonant+ a + r in a few cases, e.g. 

taro.: 'cause to swim' and tra,: 'fear'. 

Secondly, a occurs in free variation with ~ n: in a re­

stricted number of words, but not in others. 



1phLra.: 

1 1 Lkha.: 

1tokha.: 

past form of verb 
'to walk about' 

past form of 
'to reach' 

past form of 
'to write' 

past form of 
'to smoke' 
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pht 1 ra.:· '\, pha 1ro.:· 
'to make one move about' 

po 1 }a.:· '\, pa 1 +a.:· 
'to make one reach' 

IL 1 kha.:· 'v la 1kha.:· 
'to make one write' 

to 1kha.:· 'v ta 1kha.:· 
'to make a thing smoke' 

If /a/ is regarded as absent in words in column B, it cannot be ex­

plained how some words may also insert L or ·o in consonant 

clusters. L and o cannot be determined by the surroundings. 

Thus, neither the interpretation of 2. in / 1 g a _I a.:/ as long, nor 

the interpretation of a in /ga I I a.:/ as non-p_honemic .can be con­

sidered to give a satisfactory soluti?n of the proqlem. 

2.5.3 Solutions 3 and 4 (stress or quantity) 

Solutions (3) and (4) are both plausible. The problem is that 

stress and vowel length co-occur, and it is difficult to decide 

which is the independent variable. 

An argument against choosing stress as the relevant property 

is that stress is in most cases predictable (see 2.3). The only 

word types where it is not predictable are those under discussion 

here, i.e. disyllabic words with a light+ a medium syllable 

( dari: ) or.trisyllabic words with two light syllables+ a medium 

syllable ( pagata.: ) . Moreover, non-Dogri speakers, also trained 

phoneticians, tend to hear the difference as one of length only, 

perceiving the second syllable as stressed in both types. A test 

with disyllabic Dogri words of different types has been carried out 

by Eli Fischer-J~rgensen. It consisted of 26 words said five times 

each by VG in a frame with non-final intonation, and 16 of the same 

words said three times as the last words in a frame with final in­

tonation. The listeners were Danish phoneticians and students. 

of phonetics, 14 in the first case and 8 in the second. The re­

sult was that, when said with non-final intonation, the words 
1 pala.:, 1 dari:, 1 kera.:, 1 kari:, 1 kari:, 1 para.: showed a great 

majority (90%) for stress on the second syllable, whereas with 

final intonation the words with high tone ( 1kari: and 1kara.: 

were heard as stressed on the first syllable (90%). 1pala.: had 

a small majority for first 1~tt•~d~~ ~~~~ E %) , but 1p~ra.: 

K0BENHAVNS UNIVERSITET 



52 

with falling tone was still heard as stressed on the second syl­

lable (92%). Eli Fischer-J~rgensen, who listened to the recordings 

of all informants, also heard the type 1caca: as stressed on the 

second syllable in all cases. But this, of course, does not prove 

that, from the point of view of Dogri structure, the stress is 

not on the first syllable. The reaction of the listeners may be 

due to the fact that they were not accustomed to hearing the type: 

stressed·syllable with short a + unstressed syllable with longer 

full vowel and often rising pitch, which is a very rare type, at 

least in European languages. (With final intonation, the second 

vowel was shortened ~o that the difference of length was small, 

and it was also somewhat lower in frequency.) 

An argument against choosing length is that we wo~ld thus 

get three degrees of length in vowels. This is not a very strong 

argument, though, since there would only be two degrees in each 

position: long and overlong in open final syllable, short and long 

elsewhere, but it is, at any rate, not possible to identify the 

final vowels in words like 1 dari: and 1 pala: 1 raso: with 

short centralized vowels. 

The strongest arguments, however, come from.two facts of 

Dogri phonological structure, which point to stress as an indis­

pensable part of the phonological system: (a) stress determines 

the place of the word tone, (b) it must be taken into account in 

the rules for nasalization. - The present writer has therefore 

chosen stress as the distinctive difference of the two word types. 1 

(a) __ Tone_and_stress: Dogri has tonal distinctions and there is 

mutual interaction between stress and tone. Dogri has three phono­

logically distinct tones: 

I. Neutral tone, which is unmarked, often slowly rising. 

II. Falling tone, which starts at a point generally higher 

than the middle of the voice range of the speaker and 

then falls to the lowest point, from where it generally 

rises somewhat again. 

III. Rising tone, which starts at a point generally lower than 

the middle 6f the voice range and then rises to the 

highest level or at least to a level higher than the 

middle of the voice range (it may fall somewhat again at 

the end). -----------------------------------------------------------------
1) Bahri does not treat this problem, but he puts a stress mark 

in words of the type da 1ri: (with even tone), which indi­
cates that he is of the same opinion. 
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I. ra.: 'opinion' I. ka.: r 'work 

II. ra.: 'tune' II. ka.: r 'house' 

III. ra.: 'way' III. ka.: r 'line' 

These are word tones in the sense that only one significant 

tone occurs on a simple word. They can, however, be described as 

syllabic tones in the sense that the start of the tone may occur 

on any one of the syllables in a polysyllabic word, while other 

syllables are adjusted to the starting point and the end point of 

the tonebearing syllable. The position of tone is thus distinctive 

and which syllable of the word will carry the tone is determined 

by stress. Thus all words which are placed in column A have the 

start of the tone on the first syllable peak, and words in column 

Bon the second syllable peak. This difference is more clearly 

perceived in the case of falling and rising tones: 

'para.= 
1 kar;a.: 

A 

'read' 

'boil' 

pa '-ra.: 

ka 1 ra.· . . 

B 

'teach' 

'frying pan' 

Historically, the tones in Dogri are connected with aspira­

tion and stress accent of classical Sanskrit (OIA) and Prakrits 

(MIA). If the aspiration (generally voiced) followeq a stressed 

vowel, it gave rise to a rising tone, and if it preceded a stressed 

syllable, it gave rise to a falling tone. This phenomenon is seen 

even now in new loanwords which Dogri has borrowed from Hindi or 

Urdu. The following two words of Hindi are realized with two dif­

ferent tones in Dogri, due to their difference of stress: 

Hindi D09:ri 

sva 1 bha.v 'nature' -+ sobo.: 
1 sabha. 'meeting' -+ saba.: 

The Urdu word 1subah 'morning' is realized as sob a.: in 

Dogri. Tone alternations in such word pairs as laba./laba., ka90.:/ 

ka9a.:, para.:/para.: are easily explained by stress, which preceded 

aspiration (historically) in one case and followed it in another. 

From a synchronic point of view, it can be stated that stress is 

significant in all these cases and is realized phonetically by 

duration and pitch movement. 
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It might be possible to set up underlying forms with aspira­

tion in all such words where low or high tone appears in surface 

forms and derive the surface forms by means of the following rules: 

1. The aspirated g occurring as an independent consonant o~ 

as part of a voiced aspirated consonant disappears when followed 

by a stressed vowel in the same syllable or any following syllaple, 

giving rise to low tone on that syllable. 

I 'hQ:rll ' 'garland' u:r 

lba 1hu:rl b a.; r 'season' 

lga 1 hu:rl ' 'a village given in donation' gu;r 

lsarna 1 }hu: I s arna }a.; 'to make one understand' 

I 1a 1bhu: I labo..: 'to cause to find out' 

I pa I rhu: I ' 'to teach' paru: 

Iba I dhu: t)U: I bado.:r:iu: 'to cause to increase' 

2. If a voiced aspir~te is not preceded by a vowel, the voiced stop 

also loses its voice. 

j 1ghu:rl ko..: r 'house' 

I 1bhu:rl ' 'weight' pQ:r 

l 1bhru:I ' 'brother' p rQ :_ 

3. The aspirated g, occurring as an independent consonant or as 

part of a voiced aspirated consonant, disappears when a stressed 

vowel precedes it in the same syllable or any preceding syllable, 

giving rise to a high tone on that syllable. 

I 1ku:hrj k a.: r 'line' 

I 1bQ:hrl b a.: r 'outside' 

I I IQ: b h I I a.: b 'profit' 

1
1 labbhQ: I labbQ: 'found out' 

j I sarna }hQ: I sarna j.Q: 'understanding' 

I 'parhu: I 
, 

'to study' pa,:Q: 

1
1 lo:hu: I I OQ: 'iron' 

I I IQ: h I I a.: 'use' 

1) Vertical lines are used to indicate underlying forms. 
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But even if these historically induced underlying forms are 

not set up, stress must be considered phonemic in Dogri since the 

place of tone is distinctive. 

(b) __ Nasalization_and_stress: The phenomenon of nasalization in 

Dogri is also related to stress. Nasalization is phonemic in final 

open syllables but is predictable and non-phonemic in other cases. 

/ba.:/ 'wind' /ba.:/ 'water reservoir' 

/ja.:/ 'go' (2nd person) /ja.:/ 'go' (1st person) 

/ta.:/ 'heat' /ta.:/ 'then' 

/ ku :/ 'speak' /ku :/ 'I should speak' 

/ma I na.:i 'console' (imp.) /ma 1no.:/ I I should console' 

/ka 1ma.:/ 'earn' /ka 1ma.:/ 'I should earn' 

But nasalization is predictable in other positions. A stressed 

vowel followed by a nasal consonant belonging to the same syllable 

or the following syllable is allophonically nasalized, and if it 

is followed by an unstressed vowel, that vowel too is nasalized. 

['ja.:n] / j a.: n/ 'life' 

[ 'ja.:I)] /ja.:1)/ ' (I) will go' 

[ I mano.:] / 1mana.:/ 'refuse' 

[ I jamo.:] / 1jama.:/ 'addition' 

[ 1du:1JO.:] / 1du:r)a.:/ 'double' 

But this allophonic nasalization does not occur in a stressed vowel 

following a nasal consonant. 

[da 1ma.:k(a) J 
[ta 1mo: I (a) J 
[sane:r(a) J 

'brain' 

'money given at the marriage ceremony' 

'brightness' 

Moreover, a cluster consisting of a homorganic nasal plus a 

consonant tends to be simplified word-finally and when preceded by 

an unstressed vowel and followed by a stressed vowel (the preceding 

vowel is always nasalized). In the cluster of a homorganic nasal 

with a velar and a palatal stop, the velar nasal and the palatal 

nasal are preserved, while the stop is lost (a); in other cases 

the nasal consonant disappears, while the other consonant is pre­

served (b). 
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(a) / 19i:l)g/ [ 1dT:I)] 'boasting' 

/sap J./ [ 1sarJ 'evening' 

/ral)ga.: i / [ra 11)o.:i] 'dyeing' 

(b) /gan90.: i/ [ga 1
9a,:iJ 'repairing' 

But the cluster is not simplified when a stressed vowel precedes 

it as in 1gan90.:, 1ganda.:, 1ba.:ndar. 

Thus, both non-phonemic nasalization and simplification of 

clusters with nasals are determined by stress. 

As mentioned above, the place of tone is also determined by 

stress, and these two factors together form, in my opinion, a 

strong argument for regarding stress as part of the phonological 

system of Dogri. 

2.6 Phonetic analysis of the problematic word types 

2.6.1 Duration 

A phonetic analysis of syllable duration in types A ( 1gala.: 

and B ( ga 1 la.: ) supports the interpretation of the difference as 

one of stress. 

Ten words from list I could be compared pairwise in this re­

spect, viz. 1gala.:/ga 1 la.:, 1palo.:/pa 1 la.:, 1baga.:/ba 1ga.:, 1 pakha.:/ 

pa 1 kho.:, and 1 pata.:/ka 1 ta.: . These words were spoken five times 

each by the informants RN, SL, SD, CS and VG, and three times each 

by AS (AS did not read the pair 1 pata.:/ka 1 ta.: ) . Moreover, the 

following words, spoken five times by VG (in the test list) could 

be compared pairwise: pera.:/pa 1 ro.: and 1 kara.:/ka 1 rQ:. 

All segments of these words have been measured in centi­

seconds on the basis of mingogram recordings comprising a duplex 

oscillogram, two intensity curves, highpass filtered at 500 and 

2000 Hz, a high fidelity intensity curve, and a pitch curve. Since 

the words were spoken in the frame os(a) so~e:a.: , the initial 

consonant could also generally be delimitated. It gave, however, 

some problems that the speakers sometimes made a short pause after 

the word os(a) of the frame, which could not be distinguished 

from a voiceless closure. For initial stops the measurement of 

the initial consonant is therefore somewhat uncertain. But the 

delimitation of vowels and medial consonants did not generally pre­

sent any serious problems. The start of the medial consonant was 
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taken to be at the point where the oscillations of the duplex 

oscillogram are diminished abruptly, where the intensity curve, 

correspondingly, decreases abruptly, and where the pitch curve 

drops out or decreases abruptly. This point also corresponds to· 

the c~ssation of the vowel formants on the spectrograms. The 

closure of stops is reckoned from this point to the explosion, 

and th~ aspiration (or, for unaspirated stops, "the open interval") 

is reckoned from the explosion to the steep rise of the intensity 

curve for the next vowel. 

Averages were taken of the five recordings for each informant 

and differences between the averages of the word pairs calculated. 

Table 7 contains the average durations of the segments of each 

word for all informants combined and the differences between the 

corresponding averages for each word pair. 

The significance of the overall averages can be judged by 

looking at the separate averages. For each segment of a given po­

sition (e.g. the first consonant in type A words), there are 31 

averages (viz. 6 informants x 5 words (minus one for AS, plus two 

for VG), which can be compared with the corresponding 31 averages 

for word type B. 

The main difference obviously lies in the second vowel. It is 

longer in type B words than in type A words, the average differ­

ence for al~ words being 8.7 cs. This difference is evidently 

significant. It is valid in 30 out of 31 pairs of averages (CS, 

who has spoken very quickly and shortened the final vowels, so 

that she has an average difference of only 2.5 cs, has one average 

without any difference, but even she has no overlapping in single 

tokens with the exception of the word pair 1 pakhn:/ta 1 khn:). 

The preceding consonant of the second syllable is also slight­

ly longer in type B than in type A words. This difference is small, 

0.8 cs on the average, but it is stable and is valid for ~6 out of 

31 pairs of averages (in two pairs there is no difference, and in 

three cases the relation is inverted). This means that it is not 

only a question of the duration of the second vowel but one of 

syllable length, which indicates that it is a manifestation of 

stress. (The difference in the total length of the second syl-

lable in type A and type B words is 9.7 cs.) 
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Table 7 

Average durations (in cs) of segments and syllables of 
word types A and B for all informants combined. 

N. cons. vowel l.syll. cons. vowel 

1 g a I a.: 23 10.2 6.6 16.8 4.9 11. 3 

ga 1 1a.: 23 10.6 4.5 15.1 6.0 19.4 

diff. 
-0.4 +2.1 +l. 7 -1.1 -8.1 A-B 

1 pa I a.: 23 13.1 6.2 19.3 4.7 11.9 

pa 1 lo.: 23 12.2 3.4 15.6 6.2 18.5 

diff. 
+0.9 +2.8 +3.7 -1.5 -6.6 A-B 

1baga.: 23 11. 3 7.9 19.2 4.4 12.3 

ba 1ga.: 23 10.7 6.2 16.9 5.5 20.4 

diff. +0.4 +1.7 +2.1 -1.1 -8.1 A-B 

1pakha.: 23 13.0 6.2 19.2 9. 3 12,2 

ta 1 kha.: 23 11.8 4.9 16.7 10.1 19.5 

diff. +l. 2 +1.3 +2.5 -0.9 -7.1 A-B 

1pata.: 20 14.8 7.0 21.8 6.7 14.5 

ka 1ta.: 20 11. 7 3.8 15.5 7.5 20.8 

diff. +3.1 +3.2 +6.3 -0.8 -6.3 A-B 

nly 

I para.: 5 12.5 9.8 22.3 2.0 17.7 

pa 1 ra.: 5 12.3 7.0 19.3 2.0 34.2 

2.syll 

16.2 

25.4 

-9.2 

16.6 

24.7 

-8.1 

16.7 

25.9 

-9.2 

21.5 

29.6 

-8.1 

21. 2 

28.3 

-7.1 

19.7 

36.2 

diff. +0.2 +2.8 +3.0 0 -16.5 -16.5 A-B 

A 

B 

Piff 

I karn: 5 

ka 1 ,:-a.: 5 

diff. 
A-B 

erence A-B 
een all words betw 

combined. 

14.2 

13.2 

+1.0 

+1.0 

9~2 23.4 2.0 17.7 19.7 

7.6 20.8 2.2 27.0 29.2 

+1.6 +2.6 -0.2 -9.3 -9.5 

+2.2 +3.2 -0.8 -8.9 -9.7 
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This is supported by the relations between the first syllables. 

Here the vowel is also longer when stressed, i.e., it is longer in 

type A than in type B words. But the difference is considerably 

smaller than in the second syllable (2.2 cs on the average), which 

·may be explained by the fact that the vowel is short and cannot be 

lengthened so much. There is generally a much larger scatter 

of the values in long vowels than in short vowels. In a quantity 

opposition, the short member may be considered as a point, whereas 

the long member is stretchable (Lehiste 1979, p. 36). The small 

oifference is, however, very stable. It is valid in 28 out of 31 

pairs of averages and evidently significant. (It was mentioned in 

2.5 that the vowel may disappear completely in type B words. In 

the present material this has, however, happened in only four 

single tokens, spoken by VG.) 

As for the initial consonant of the first syllable, the dif­

ference is not stable. It is longer in type A than in type B words 

in 21 out of 30 pairs of averages but, as mentioned above, the de­

limitation has not always been quite certain. The difference adds, 

however, to the difference of the syllables, the first syllable 

being longer in type A words than in type B words in 27 out of 30 

pairs of averages (in one case the first consonant has not been 

measured because of a long pause). 

Type A ( 1galo.:) is not a very common word type in Dogri. 

When the first syllable is stressed, the following consonant is 

often geminated. There are thus more pairs like 1 baggo.:/ba 1 go.: 

(the type 1bagga: will be called type C in the following). The 

duration of the second vowel in 12 such pairs has been measured 

for the subjects RN, SL, SD, CS and VG. 

The difference between the final vowels in type C (e.g. 
1 bagga:) and B (e.g. ba 1 ga:), viz. 9.0 cs (all subjects combined), 

is practically the same as the difference found between type A 

(e.g, 1bago.:) and type B, viz. 8.9 cs. 

As for the vowel of the first syllable, there is hardly any 

difference between Band C. This is, however, due to the fact 

(mentioned in 2.3) that vowels are shortened before geminated 

consonants. This appears very clearly from a comparison between 

triplets such as I bago.: (A), ba I go.:· (B), 1 bagga: (C). There are 

fou+ such comparable triplets in the material, viz. 



A 

1bago.: 
1pekho.: 

I pato.: 

1 katho.: 

60 

B 

ba 1go.:· 

ta 1 kha.:· 

ka 1to.:· 

ca 1tho.:· 

C 

1baggo.: 
1pakkho.: 
1 katto.: 
1 kattho.: 

The duration of the first vowel was measured for the subjects 

RN, SL, SD, CS, and VG. 

For all subjects combined, the difference between A and Bis 

2.1 cs, and the difference between A and C is 2.2 cs. This means 

that on the average the vowel is shortened ·to the same degree when 

unstressed and when followed by a geminated consonant, and the 

reason why~ in C ( 1baggo.:) is not shortened compared to B 

(ba 1go.:) (the difference is 0.1 cs only), although it is followed 

by a geminated consonant, is that it is stressed. Stress has thus 

the same influence here as in the preceding cases. 

Other examples in the material, where only A and C or Band C 

can be compared, support this result. The difference in duration 

between the first vowels in A and C (i.e. vowels in stressed syl­

lables before single or geminated consonants) is on the average 2.7 

cs for the pairs 1kaco.:/ 1kacco.:, 1koli:/ 1kolli: and 1kLI0.:/ 1kLllo.:, 

and almost the same (2.7 cs) before final geminate (sat(a)/satt (a), 

}ad (e) / :J.add (a), po I (a) /po I I (a), :J.ag (a)/ :J-agg (a), ga :J-(a) /gaj.:J-(a)). 

In the case of two long vowels it is slightly larger, viz. 3.6 cs 

for I b o: I i : / 1 b o: I I i : and 1 :J-o.: d a.:/ 1 }a.: d d a.: . Moreover, as was the 

case in the triplets, the first vowel has practically the same 

duration in types Band C, the general average of the difference 

for the pairs la 1ko.:/ 1 1akko.:, ba 1so.:/ 1basso.:, ka 1so.:/ 1kasso.:, 

da 1bo.:/ 1dabbo.:, ka 19n:/ 1ka990.:, 90 190.:/ 190990.:, 9a 1pho.:/ 19appha.:, 

sa 1 do.:/ 1 saddo.: being only 0.1 cs. 

2.6.2 Intensity 

As for physical intensity it is a general experience that it 

does not have much to do with stress. This is also the case here. 

Both type A and B may have higher intensity either on the first or 

on the second syllable, and there is no evident relation with 

stress, except to a certain extent for VG, whose first syllable 

in type B (ga 1 lo.:) is often much weaker than the second syllable, 
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whereas the relation is variable and the difference between the 

syllable peaks smaller in type A. This may be due to the fact that 

her first vowel is often particularly short in type B. More often 

there is a certain correlation between intensity and pitch, par­

ticularly so that high pitch is combined with high intensity, but 

there may, on the other hand, be a definite drop in pitch, e.g. 

in tone 2, without any corresponding drop in intensity. 

2.6.3 Pitch 

There is often a close correlation between pitch and stress. 

This is, e.g., the case in Danish. In Dogr.i, which is a tone lan­

guage, one cannot expect t~ find a consistent relation in pitch 

between stressed and unstressed syllables. But, as mentioned in 

2.5, according to the auditory impression the position of tone in 

disyllabic words is determined by stress, so that the tone move-

ment starts in the stressed syllable. This impression is, on the 

whole, confirmed by a phonetic analysis {carried out by Eli Fischer­

J~rgensen). It is particularly evident for tone 2 and 3. In the 

list used for testing stress perception, VG had spoken the words 
1kara.:, ka I ro.: and 1 para.:, pa '-ro.: five times each. In the case 

of tone 2 {the high rising tone), it is very clear that the pitch 

movement takes place on the stressed syllable. In 1 kara.: the first 

syllable is high rising, and the second syllable still higher, but 

level, or slightly rising {or, in final position, rising-falling), 

in ka 1 ro.: the first syllable is level {or slightly rising or fal­

ling), and the second syllable starts slightly higher and is 

strongly rising {see fig. 6). 

In the case of tone 3 (the falling-rising tone), a consider­

able part of the fall takes place on the stressed syllable. In 
1 para.: about half of the fall takes place on the first syllable, 

and the second syllable continues the steep fall and then rises 

again (there is only one case in which most of the fall takes place 

on the second syllable) . In pa 1 ro.:, on the other hand, which has 

stress on the second syllable, the first syllable is level or 

slightly falling, and the second syllable starts at the level where 

the first ends and shows an extensive and rather slow fall, fol­

lowed by a steep rise (which is less pronounced in final position) 

(see fig. 6). 



62 

tone 1 tone 
A 

2 tone 3 

N 300 
:I: 
C 

~/ t.f' 250 

~ 
I 

200 I 
I 

160 

1pala.: I para.: 1 karo.: 

tone 1 tone 2 tone 3 
B l I 

N 300 I 
I I 

C I 

u..0 250 I 

fk
':-_~-

200 , 
I , 

160 

(g)a 1 1o.: pa 1 ro.: ka 1 r6..: 

Figure 6 

Tracings of -words with tone 1,2, and 3 with stress on the first (A) 
and the second (B) syllable, spoken by VG. The tracings of six vowels 
are superimposed. Line-up point: start of the second syllable. The 
medial consonant is traced in broken line. 
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This analysis is corroborated by other words of the list. 

There are four more words with high tone and stress on the first 

syllable: 1 khfra: looks like 1 kara, having rising pitch on the 

first syllable and high pitch on the second, 1 k~: la: has strong 

rising pitch on the first a:,while the second syllable starts at 

the level where the first ends and is slightly falling, and in 
1 kCI la: the first vowel and the following! have rising pitch and 

the second syllable falling or level pitch. There are also four 

words with low tone and stress on the first syllable. 1p1ra: and 
1 pa:ra: have the whole of the fall on the first syllable (it should 

be noted that rand I are very short), whereas po: Ii: and tll la: 

have fall on the first vowel, continuing in!, and the rise start­

ing in the second vowel. Of the words from list I which were 

compared for duration, two have falling tone, namely 1 pakha: and 

ta 1 khQ:. Here VG has not much of a fall in the first syllable of 
1 pakha:, and also the second syllable is level, but it is obvious-

ly lower, whereas in ta 1 kha: the first may be slightly falling, 

but the second syllable starts at the same level as the first and 

is falling. SD has a clear difference, most of the fall being on 

the first syllable in 1 pakha:, the second being rising or falling­

rising, whereas in ta 1 kha: it is true that the first syllable is 

also falling, but the second syllable starts higher and has a much 

more extensive fall. SL has a similar, but less clear difference 

(the second syllable of ta 1 kha: may start at a lower point than 

the first). RN has a clear fall in the first syllable and a lower 

start of the second syllable of both words, but in 1 pakha: the 

second syllable is rising, whereas in ta 1 kha: it continues the 

fall before rising. As for AS and CS, they do not have much pitch 

movement in these words, and the first syllable is generally level, 

so that the fall is on the second in both cases, but in type B 

the pitch generally starts higher in the second syllable than in 

the first, whereas in type A it is the opposite. This difference 

is, however, not consistent. 

As for tone 1 (the neutral tone), the relation to stress is 

less clear. In some cases it is, however, evident. VG's neutral 

tone normally has a rising pitch movement, starting at a much 

lower pitch than the high rising tone, and generally beginning 

with a small fall. If the first syllable is stressed (type A), 

the lowest point is in the vowel of that syllable; if it is un-
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stressed, the lowest point is in the second syllable, i.e. the 

rise has its starting point in the stressed syllable (see fig. 6). 

This is particularly clear in the words from the test list. This 

means that if the first syllable is stressed, the whole second 

vowel is rising; if the second syllable is stressed, the second 

vowel starts with a fall and then rises. If the intervening con­

sonant is voiced and has a certain length (e.g. l), then it can be 

clearly seen that it is rising after a stressed first vowel and 

falling after an unstressed first vowel. (This, by the way, is 

in complete accordance with the pitch movement of l in Danish 

( 1bi I ist vs. bi I I ist) .) The same description is valid for the 

words 1galQ:/ga 1·1Q: and 1palQ:/pa 1 IQ: in list I. It is also valid 

for the same words spoken by RN, and partly for SD and SL; for 

the latter two informants there is some overlapping, and SL's 

curves are, on the whole, very flat. For CS it is only valid for 
1galQ:/ga 1 IQ:, for AS no clear difference can be seen. In the 

pair 1bagQ:/ba 1 gQ:, VG, RN, and SD show falling-rising pitch on 

the last Q: when it is stressed, exclusively rising pitch when it 

is unstressed. For 1patQ:/ka 1tQ: the difference is that the first 

syllable is lower than the second in 1patQ:, whereas it is higher 

in ka 1 tQ:, and the second syllable is falling-rising in the latter 

word, which again means that the lowest point is in the stressed 

syllable. This is valid for VG, RN, and SD, but for SL and CS it 

is only a tendency, and for AS no difference could be seen. 

On the whole, it must be stated that the most adequate de­

scription of the relation between stress and tone is that the pitch 

movement starts in the stressed syllable, whereas the most exten­

sive movement may be in the second, unstressed syllable if the 

first syllable is stressed and has a short vowel. In a few cases, 

however, e.g. 1pakhQ:/ta 1 khn: in RN's pronunciation, where the 

first syllable has falling pitch in both words, it might be more 

adequate to say that it is the nucleus of the tone that is on the 

stressed syllable. This problem deserves a more thorough investi­

gation. 
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3. Consonant gemination and consonant weakening in D.ogri 

3.1 Introduction 

. al There exists in Dogri an opposition between geminate con-

sonants and single consonants in intervocalic and final positions. 

Some single consonants are weakened in these positions to such an 

extent that they change into fricatives, flaps, or semivowels. 

This phenomenon, which has been referred to casually in previous 

descriptions of the language, has been studied further in this 

paper. 

Dogri has twenty-eight consonants: 

Velar Palatal Retrofl·ex Dental Labial 

Stops, voiceless k C t t p 

Stops, voiceless, kh eh th 
' aspirated 

th ph 

Stops, voiced, g } 9 d b 
unaspirated 

Nasals I) n I) n m 

Flaps r: r 

Lateral 

Sibilants I s 

Semi vowels j 

h 

All consonants except I) l ~ can occur in initial position. All 

consonants except the semivowels l ~ can occur in final position. 

All consonants except J L r I) l ~ can be geminated in medial and 

final positions. In final positions they are often followed by 

[a],which is not phonemic. The phonemic status of his doubtful 

as it occurs only in a few forms of :the verb 'to be' in the past 

tense, where it can be regarded as an allophone of th, and in one 

word, pthn, where it occurs in free variation with the dental si­

bilants. The following minimal pairs show the contrast between 

geminated and single consonants after short (central) and long 

(peripheral) vowels. 

-------------------------------·------------------------------------
1) The term "geminated consonant" is used in this paper as a com­

mon designation both for long consonants distributed on two 
syllables (geminates in the narrow sense) and for final long con­
sonants. 



After short vowels: 

1 kacca.: 'unripe' 
1patta.: 'leaf' 
1bagga.: 'whitish' 
1 kat t ha.: 'catechu' 
1sadda.: 'invitation' 
1 rassa.: 'rope' 

pol 1 (a) 'softness' 
1 cap pa I (a) 'sandal' 

After peripheral vowels: 

1 }a.: d d i : 'freedom' 
1si :tta.: 'was sewn' 
1bo:lli: 'speech' 
1ke:dda.: 'in prison' 
1 ra.:}}e:gi: 'to the king-

dom' 

3.2 Historical background 
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1 kaca.: 'bad' (man) 

I pat a.: 'address' 
1bago.: 'to flow' 
1 kat ha.: 'story' 
1sada.: •·always' 
1 rasa.: 'soup' 

pol (a) 'bridge' 
1 capa I (a) 'naughty' 

I }a.: d i : 'much' 
1 s i : ta.: a name 
1 bo: I i: 'deaf' (woman) 
1 ke:da.: 'good manners' 
1 ro.: }€: g i : 'to the king' 

It may be of some interest to know the historical development 

of geminated and weakened consonants. Ancient Indian works on 

phonetics, while describing various types of combinations of con­

sonants, refer to two types: "darupinda", which refers to the com­

bination of stop+ semivowel (literally: 'block of wood which can 

easily be broken', and "abhinidhana" ('close contact'), which re­

fers to the non-release of a consonant when followed by a stop or 

a pause. Abhinidhana is described as the checking of a consonant 

making it obscure, weakened, deprived of breath and voice. The 

sound which follows the closure of an unreleased stop is called 

"dhruva" (literally: 'continuance'); it is audible in the case of 

voiced stops but not audible in the case of a voiceless stop 

(Allen, 1965). 

This indicates that in Old Indo-Aryan there existed consonant 

clusters of the type stop+ stop, and it was observed that the 

first member of the cluster could not be released and hence lacked 

some of its features like aspiration and voice. This obscure and 

unreleased pronunciation of the first consonant of the consonant 

cluster resulted in assimilation of consonant clusters in Middle 
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Indo-Aryan languages like Pali and Prakrits. The explosive con­

sonant completely overpowered the implosive if the latter original­

ly belonged to a similar category or a weaker category. If the 

first member belonged to a stronger category, then the second 

member was assimilated to the first one. The order of dominance 

which is found in consonant assimilation is: 1. Stop, 2. Sibilant, 

3. Nasal, 4. !, 5. ~, 6. i, 7. r. Thus we find such assimilation 

as: 

OIA 

bho.kto. 

utpo.lo. 

so.pto. 

so.rpo. 

co.kro. 
, . 

ro.sm1 

0: t mO: 
ko.lyo. 

mu I yo. 

pu,:iyo. 

co.tu~ko. 

bho.tto. 

uppo.la 

so.tto. 

so.ppo. 

co.kko. 

ro.ssi 

o.tto. 

ko.l lo. 

mu I I o. 

PUQQO. 

co.ukko. 

MIA 

'cooked rice' 

'lotus' 

'seven' 

'serpent' 

'wheel' 

'rope' 

'self' 

'tomorrow' 

'price' 

'good deed' 

'square courtyard' 

These geminated consonants have been simplified in Hindi and 

many other modern Indian languages with a compensatory lengthening 

of· the preceding vowel if it was short in Middle Indo-Aryan. 

Panjabi, Lehanda and Dogri have retained these geminated consonants. 

In Dogri, this tendency to gemination has been further extended 

to certain morphophonemic forms. A single consonant of the base 

form is generally changed into a geminated consonant in inflec­

tional forms if the suffix begins with a vowel and if the syllabic 

pattern of the word permits consonant gemination, i.e., if the 

consonant is preceded by a stressed vowel. Thus, historically, 

consonant gemination is to be traced back to assimilation of con­

sonant clusters, but now it has become a part of the syllable 

structure of Dogri. 

As regards weakening of intervocalic consonants, the tendency 

is seen even in OIA. Rgvedic spelling "l" for intervocalic "d" . . 
and "lh" for dh and occurrence of "n" for n in Sthanu indicate . . . . 
this weakening {Bloch, 1965). This tendency of weakening inter-
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vocalic single consonants increased in the MIA stage along with 

the tendency of assimilation of consonant clusters. Weakening 

appeared in the form of voicing of intervocalic unvoiced consonants 

and vocalization of intervocalic voiced consonants. 

OIA MIA 

janati janadi 'knows' 

QkQSQ QgQSQ 'sky' 

kQroti kQrQdi 'does' 

mQti mQdi 'intelligence' 

Change of dental~ to retroflex, flapped n as a form of weakening 

is also very common. 

In some Prakrits like Mahara~trI, the original unvoiced stops 

were first voiced and thereafter vocalized, thus merging with the 

original voiced stops. OIA kapi, Mahara~~ri kai. 

This development does not seem to have affected the Prakrits 

from which Panjabi and Dogri are derived. 

As regards Dogri, it shows a peculiar development of weak 

consonants to fricatives. Sanskrit had no fricatives except~ 

and the voiceless sibilants. As regards MIA, the voiced consonants 

which were changed to glides might have passed through an inter­

mediate fricative stage which is not recorded in writing (Bloch, 

1965). North Western Prakrits of the Kharosthi documents found in 

Central Asia, however, show the change of the intervocalic con­

sonants t ~ t t £ into voiced consonants~ l 9 i ~, and t ~ t £ 
(and also~ l d ~ (?)) further become spirants 1 i (l) i ~ 

(Burrow, 1937). It appears that just as Dogri has preserved some 

of the peculiarities of the Prakrits of Asokan inscriptions dis­

covered in North West India at Shahbazgarihi and Mansehra, similar­

ly it has developed fricative-like pronunciations of weak conso­

nants due to its relationship with North Western Prakrits. The 

area was under the influence of Iranians for some time, and it is 

possible that North Western Prakrits developed this tendency due to 

the influence of Iranian. Opposite to the Middle Indo-Aryan in 

which there is a tendency to assimilation, the Iranian preserves 

both consonants by changing stop+ stop into fricative+ stop. 

The following related words show this difference: 



OIA 

bho.kto. 'cooked rice' 

so.pt a. 'seven' 

po.kvo. 'ripe' 

dugdho. 'milk' 

vikto. 'empty' 

k~ubdho. 'angry' 
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MIA Iranian 

bho.tto. 'cooked bo.xt 'fate' 

so.tto. 'seven'rice' ho.ft 'seven' 

po.kko. 'ripe' puxt 'strong' 

d u d d ha. 'milk ' duxto. 'milk' 

bixt 'empty' 

o.s u ft a. ' angry' . 

Dogri has borrowed various Persian words. While initial fricatives 

in such words are changed to stops in Dogri, medial fricatives 

are generally preserved. 

It is interesting to find that some Dogri words show a two­

way treatment of OIA consonant clusters, one showing assimilation 

of the unreleased consonant to the released one, and the other 

showing preservation of both consonants by fricativizing the first 

member. 

OIA bho.kto. 

Dogri pett (a) pay (a) t {a) 

(cooked rice) (worshipper) 

OIA rakto. 

Dogri ratt {a) 

(blood) 

ray(a)t(a) 

(a disease) 

3.3 The relation to stress and syllable division 

An initial consonant evidently belongs to the following vowel, 

and a final consonant belongs to the preceding vowel. An inter­

vocalic consonant can belong either to the preceding vowel or to 

the following vowel or to both vowels. In a word like bago.:, 

the consonant may belong to~ and thus behave like a final consonant 

detached from the last vowel bag/a.: [ 1bavo.: ]. It may belong to the 

final vowel a.: and behave like a syllable-initial consonant: ba/go.: 

[ba 1go.: ]. It is also possible that it may belong to both vowels. 

In such a case, the consonant is geminated and the syllabic boundary 

falls in the middle of the geminated consonant: beg/go.: [ 1bag:o.: ]. 
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Intervocalic consonants in Dogri, when preceded by a stressed 

vowel, are generally simultaneous members of two syllables and 

belong to the preceding as well as to the following vowel. Thus, 

consonant gemination is closely related to the problem of stress 

in Dogri. 

Stress in Dogri is predictable in some conditions and unpre­

dictable in others (see above). In disyllabic words, the con­

sonant of the second syllable can be geminated if stress falls on 

the first syllable. 

In trisyllabic words, the initial consonant of the second 

syllable may be geminated if the first syllable is stressed; the 

initial consonant of the third syllable may be geminated if the 

second syllable is stressed; but no consonant in the word·can be 

geminated if the final syllable is stressed. 

Thus the favourable environment for gemination of consonants 

is: 

1 (C) V 1 pall(a) 'softness' 
1 (C) V - V: 1baggQ: 'whitish' 
1 (C) V - vc 1 cakkar (a) 'circle' 
1 (C) V: - vc 1 go.:H-ar(a) 'carrot' 

I (C) V - VCV: 1cakkar£: 'circle' (oblique form) 

(C) v 'cv - ca 1 tann(a) 'conscious' 

(C) v 'cv - V: ka 1tannQ: 'trousers' 

(C) V 1CV: - V: ca 1 1Q:kki: 'cleverness' 

A consonant cannot be geminated in such an environment as: 

(C) V - V: ba 1gQ: 'flow' 

(C)V '- V:C b a 1 }Q: r (a) 'market' 

(C) V - V:CV: ba 1 :J-o.:r£: 'market' (oblique form) 

(C) VCV 
I 

V: paga I tQ: 'pay off' -

Words longer than trisyllabics are generally made up of two or 

more units and each unit bears stress according to the pattern 

to which it belongs. 
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3.4 Basic grade 

Another problem is to decide as to which should be considered 

the basic or unmarked consonant grade in Dogri? Are (geminated) 

consonants shortened under certain conditions, or are (single) 

consonants lengthened under certain conditions? Generally, that 

form is considered unmarked which occurs in a wider environment, 

while the marked form occurs in a limited environment (Fischer­

J~rgensen, 1975). This is difficult to decide for Dogri conso­

nants since we find them in strong grade (phonetically) in initial 

position, in weak grade in final position (with a few exceptions 

in which the non-phonemic~ generally appears at the end), and in 

both strong and weak grades in medial position. Phonetically, 

[g] of 1galo. and 1baggo. is strong, but [y] of bo.:g and 1bago.: is 

weak. When we examine the problem by taking stress into considera­

tion, we find that single consonants can occur both after stressed 

vowels and unstressed vowels, while the geminated consonants can 

occur after stressed vowels only. According to this criterion, 

the single consonant can be considered basic, but it is notable 

that intervocalically, geminated consonants are far more numerous 

than single ones. 

3.5 The phonetic manifestation of consonant gemination 

The duration of single and geminated consonants of words in 

lists I and II has been measured on the basis of mingographic re­

cordings for 5 informants (RN, SD, SL, CS, VG), who read each list 

five times. For details of the recordings and measurements, see 

1.2 and 2.5. The difference of duration between geminated and 

single consonants is presented in table 8. Table 8 presents 

average durations of single and geminated consonants for the sub­

jects RN, SL, SD, CS and VG. The table shows that geminated con­

sonants are approximately twice as long as single consonants. The 

averages are based on the following words, spoken five times each: 

Voiceless, unaspirated stops: 

single: 1cepel(e), 1sati:, 1pato.:, ka 1ta.:, se 1to.:, :J-a1ta.:, 
1kaco.:, le 1ko.:, sat(a) 

geminated: 1cappal(a), 1patto.:, 1katta.:, 1 ::I-Ltto.:, 1kacco.:, 
1 1akko.:, 1sett(a) 
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Voiced, unaspirated s!:9-ps: 

single: de 1bo.:,. 1Jo.:do.:, la 1do.:, sa 1do.:, ka 1qo.:, go 1qo.:, 
1 bago.:, ba I go.:, }ad (a), ge :J. (a), :J.eg (a) 

geminated: 1debbo.:, 1do.:bbo.:, 1seddo.:, 1 :J.o.:ddi:, 1kacjcjo.:, 
1gocj90.:, 190:990.:, 1baggo.:, 1bo.:ggE::, :J-add(a), 

ga:J.:J.(a), :J-agg (a) 

Voiceless aspirated stops: 

single: 1to:pho.:, da 1pho.:, 1 katho.:, ce 1tho.:, ba 1tho.:, . . 

geminated: 

Laterals: 

single: 

geminated: 

1 pekho.:, 1 tokho.:, de I kho.:, se I kho.:, ta I kho.:, 

tu:ph(e), C:):th(e), tokh(a), do.:kh(e) 
1deppho.:, 
1pakkho.: 

1 tappho.:, 1 kettho.:, 1c:):ttho.:, 1mettho.: 
• • I 

1 b o : I i : , 1 ko I i : , 1 k L I a,: , po I ( e) 
1bo:lli:, 1ka:llo.:, 1ko:lli, 1kolli:, kLllo.:, 

pol I (e) 

The averages are thus general averages comprising words of 

different types. They have been combined because there did not 

seem to be any consistent differences between them. There are, 

however, some exceptions: RN's single final aspirated stops are 

shorter than his single medial aspirated stops. The former have 

an average duration of 7.7 cs, the latter 12.0 cs. The same is 

true of SL. His final aspirated stops have an average duration 

of 5.8 cs, and his medial aspirated stops of 8.6 cs. All subjects 

except CS have a somewhat longer duration of aspirated medial 

stops in stressed than in unstressed syllables. As all examples 

of the geminated stops are medial, and these words are stressed 

on the first syllable, it might therefore be more adequate to com­

pare them with single medial stops following a stressed vowel only. 

This will not, however, make a great difference. The averages 

for single aspirated stops would be for RN: 11.1 cs (vs. 10.1), 

SL: 8.1 cs (vs. 7.8), SD: 8.0 cs (vs. 9.7), CS: 10.5 cs (vs. 10.4), 

and VG: 9.5 cs (vs. 10.8), and the general average will be 9.5 cs 

(vs. 9.9). SD, SL, and CS also have a shorter dafter a stressed 

vowel, but, as there is only one word of this type, it changes the 

average only slightly. The averages given in the table can there­

fore be considered as quite representative of the relations be-
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Table 8 

Duration of single and geminated consonants in 
cs for five informqnts 

Unvoiced Voiced Unvoiced 
unaspirated unasp. aspirated 1 

sing. gem. sing. gem. sing. gem. sing. 

45 35 55 60 70 30 20 
( SL 4 0) (SL 45) 

7.9 14.6 5.4 9.2 10.8 18.1 4.8 

54 59 60 41 

8.0 13.3 4.3 8.1 7.8 12.7 5.0 

60 53 61 45 

7.7 16.1 5.4 12.5 9.7 16.7 4.3 

48 43 58 31 

7.6 13.7 4.9 10.3 10.4 15.8 5.5 

55 48 66 52 

8.6 15.3 5.2 13.6 10.6 17.9 5.8 

56 38 59 34 

8.0 14.6 5.1 10.7 9.9 16.2 5.1 

55 48 61 41 

gem. 

30 

11. 6 

11. 2 

13.9 

10.6 

17.2 

12.9 
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tween single and geminated stops. A comparison with a number of 

the same words found in the continued text for RN and SD showed 

very similar values. 

It appears from table 8 that voiceless stops are longer than 

voiced stops for all informants, and aspirated voiceless stops 

longer than unaspirated ones, except for SL _(the aspiration has 

been included in the measurements. The closure of the aspirated 

stops is slightly shorter than that of the unaspirated stops). 

There is very little overlapping between the individual means for 

voiced and voiceless consonants, more for aspirated vs. unaspirated 

ones. 

According to Bahri (1969, p. 83), geminated consonants appear 

after central vowels (~ £ ~) only, and on p. 92 he states that 

stops "are lenis in medial position after class I vowels (~ £ ~) 
unless geminated, while all the stops are comparatively tense when 

occurring under high or low tone or with peripheral vowels". This 

seems to indicate that he would only recognize one type of stop 

(relatively fortis) after peripheral vowels. But, as mentioned 

in 3.1, there are - according to my observations - word pairs of 

the type 1 :}a.:di:/ 1 }a.:ddi:, 1 si•:ta.:/ 1 si:tta.:, 1 kc:da.:/ 1 ke:dda.:. 

In order to deny the existence of such pairs, one might propose 

three different arguments: 

(1) It might be maintained that the vowels before geminated 

consonants are always central. This is what Bahri says on p. 93 

but, as it was shown in 2.3, there is a clear distinction between 

central and peripheral vowels in pairs like 1bagga.:/ 1ba.:gge:, 
1 kt. I I a.:/ 1 ke: I I a.: , etc. 

( 2) One might also maintain that the type fa.: di:, i.e. 

peripheral vowel plus short lenis consonant, does not exist. In 

the present material there are only few words of this type, but 

there are some obvious examples with voiced consonants. The words 

ba.:g(a), la.:g(a), and kn:9(a) have short consonants in the pronun­

ciation of the five main informants (RN, SD, SL, CS, VG) (see 

table 9). A comparison with table 7 shows that the duration of 

the final consonant corresponds to the average duration for single 

voiced consonants, and they agree with the duration of e.g. din 

:J-e d ( e) ( general average 5. 2 cs) as compared to fed d ( e) ( 11. 7 cs) . 

There is one example of final t (Ja.: t ( e)) ( 6. 7 cs) , which shows 

the same (cp. table 7 and the general average duration of set (e) 

(7.9 cs) as compared to satt (a) (14.9cs). 
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Table 9 

Duration of signle and geminated consonants 
in CS after peripheral vowels. 

RN SL SD VG CS 
grand 
mean 

ba.:g (~) 3.5 4.4 4.0 5.0 3.4 4.1 

la.:g(a) 4.6 5.6 5.2 5.6 4.3 5.1 

ka.:9(a) 4.8 2.0 4.0 4.4 4.2 3.9 

:J.a.:t (a) 6.4 5.0 5.0 9.6 7.6 6.7 

fa.: do.: 4.2 3.6 4.0 4.2 3.8 4.0 

:J.a.: d d i : 12.2 9.8 12.2 13.6 11. 3 11. 8 

la.:ga.: 9.4 8.0 11.8 8.2 8.4 9.2 

la.:gge: 10.8 9.9 12.6 12.4 10.6 11. 3 

Medially the pair 1:J-a.: do.: (4. 0 cs) ;'}a.: dd i: (11. 8 cs) shows a 

very clear contrast in consonant length, which may be compared to 

90 1 90.: (4.7 cs)/ 190990.: (12.7 cs) of table 9. The pair 11a.:ga.:/ 
11a.:gge: is, however, somewhat different. The g of 1 1u:.ga.: (9.2 cs) 

is closer to that of 110.:ggc: (11.3 cs) and 11agga.: (11.3 cs) than 

to that of I laga.: (5.6 cs). Only CS and VG have no overlapping 

between I I a,: g a, and 11 a,: g g e : , and SL and SD have considerable over­

lapping. For this word pair, thus, there is a tendency to con­

fusion. 

The material does not contain any examples of unaspirated 

voiceless stops after peripheral vowels (it was recorded before I 

had read Bahri's paper), but there are a few examples of aspirated 

stops after peripheral vowels, viz. 1 to:pha.:, 1 to:kha.:,and 1 c~:thn:. 

The latter two were pronounced with geminated stop by all infor­

mants. As for to:phn:, two informants had clearly a short con­

sonant: SL 7.2 cs (his general average of aspirated single con­

sonants is 8.1 cs) and VG 10.4 cs (general average 10.6 cs), but 

SD (15.4 cs) and CS (14.0 cs) have durations corresponding to 

their geminated aspirates, and RN's duration is in between his 

single and geminated aspirates, but he has an example of .eg after 

a which is almost as long (14.4 cs) and which overlaps extensively 

with 1to:pha.:, but which is distinguished from 1qapphn: (16.6 cs). 
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On the whole, the duration of the aspirated stops varies much 

more than the other consonants, and in this case there really seems 

to be a tendency to confusion in medial position after peripheral 

vowels. However, final aspirates as in c::>:th, do.:kh,and tu:ph 

have, for all informants, the same short duration as those of e.g. 

tokh, but .the absolute measures are somewhat uncertain here be­

cause of the difficulty of delimitation from the followings of 

the frame sentence. 

As for the consonant l, there is a clear distinction of short 

and long l after peripheral vowels, cf. table 8. 

Thus, single consonants, also stop consonants, are distin­

guished from geminates after peripheral vowels, although there 

seems to be some confusion for medial aspirates and in the case 

of !l in 110.:go.:. 

(3) One might maintain that the so-called geminated consonants 

after peripheral vowels are not really geminates but only fortis 

consonants, and this is what Bahri seems to ascertain on p. 92. 

That would probably mean that they should not be much longer than 

the single consonants but articulated with more force. Table 10 

shows consonant durations for eight triplets (five of them with 

stops) of the type 1bago.:/ 1baggo.:/ 1bo.:gge:. All subjects have 

been combined since there is no consistent difference between them. 

Table 10 

Duration of geminated consonants in cs after short (central) 
and long (peripheral) vowels compared to single consonants 
in triplets. 5 subjects (RN, SL, SD, VG, CS) combined 
(for the first two triplets 6 subjects (+AS)). 

da 1bo.: 4.9 1 dabbo.: 11.4 1do.:bbo.: 10.8 
1bago.: 4.4 1baggo.: 12.9 1bo.:gge: 11. 2 

':J-a.:do.: 4.0 1 Jadd(a) 11. 7 1 fa.: d d i : 11. 8 

go'ga.: 4.7 19°~90.: 12.7 'go:990.: 10.7 

ca 1tho.: 11.8 1 kattho.: 17.8 1c::>:ttho.: 15.6 
1kLIO.: 5.3 1 kLllo.: 14.5 1 ke: II a.: 12.5 
1 ko I i : 5.9 1 ko I I i : 15.4 1 ko:lli: 13.3 
1 b o: I i : 5.0 1pol I (a) 11. 8 1bo:lli: 11.5 
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Table 10 shows that the geminated consonants are indeed slightly 

shorter, on the average, after peripheral than after central vowels 

(except 1 }n:dn:/}add(a)). Of 42 pairs of averages (5 informants 

x 8 pairs+ 2 for AS), 32 show a higher average value after a 

central vowel. This may not be due to pure chance; consonants 

often tend to be slightly shorter after long vowels than after 

short vowels, but this is a perfectly well-known compensation phe­

nomenon which does not justify :•.ascribing them to two different 

phonetic categories. Moreover, there is extensive overlapping be­

tween single tokens. This is shown in fig. 7 for some of the 

triplets, all subjects combined; the other triplets look the same 

(there is slightly less overlapping in ktl ln:-ke: I IQ:). The over-

lapping is not due to the combination of subjects. When the con­

sonants are compared for each subject separately, there is over­

lapping in 38 of 42 pairs (the exceptions are VG ktl ln:/ke: I IQ: 

and kol Ii :/ko: 11 i: and CS kt I IQ:/ke: I In:). 

The pairs dobbn:/do:bbQ:, kobbi:/bo:bbi:, sottn:/so:ttn:, 

gotta:/go:tta: and tLI la:/te: I la: show similar relations. On the 

other hand, it appears clearly both from table 9 and fig. 7 that 

geminated consonants after peripheral and central vowels are clear­

ly distinguished from single consonants, even for all subjects 

combined. 

3.6 The phonetic manifestation of consonant weakening 

As mentioned in 3.1, there is a tendency to weakening of 

single intervocalic and final consonants in Dogri. 

consists mainly in (1) a shortening of the closure, 

This weakening 

(2) sometimes 

a slight voicing of unvoiced stops, and (3) fricativization. 

Aspirated unvoiced stops and unaspirated voiced stops are 

more prone to this weakening than unaspirated unvoiced stops, which 

are relatively resistant. Retroflex consonants also seem to be 

less prone to weakening, but retroflex 9 may become a retroflex 

flapped [r], and dental~ may become a retroflex flapped [Q]. 

The palatal affricate eh may be weakened to [JJ. 
In the following, the analysis will be restricted to labial, 

dental and velar stops, and only part of the material has been 

included. For each subject two examples of each consonant were 
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bined (N = 23 - 28). 
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analysed in word initial stressed position and, as far as possible, 

one example for each of the following positions: word initial un­

stressed position, syllable initial stressed intervocalic position, 

syllable initial unstressed intervocalic position, and final posi­

tion (in some cases no examples were available in the material). 

The results are given in table 11 for the informants RN, SL, SD and 

VG combined. The word phQr was taken from a different list spoken 

in a somewhat slower tempo. For kh in stressed word initial posi­

tion, only two informants had examples and only one example of each 

word. For the word tc:phQ:, the duration measurements of SD and 

CS have been left out since they evidently pronounced it with ge­

minated consonant. For voiced stops and unvoiced unaspirated stops 

only the total length, i.e. closure plus open interval, is given 

since the open interval is short and not influenced by the weaken­

ing. The individual averages of the open interval are 1.0 - 2.2 cs 

for the voiced stops (shortest for~, longest for~, but often it 

cannot be measured at all), and 1.0 - 3.2 cs for the unvoiced un­

aspirated stops (shortest for£, longest for~). In the case of 

the aspirated stops, both closure and aspiration are given, but in 

some cases they could not be distinguished so that the averages 

for total length may be based on more individual averages than 

those for closure and aspiration. In final position it was some­

times only possible to measure the closure for some informants, 

and only the total length for others (the number of individual 

averages included is in these cases indicated in parentheses, see 

e.g. co:th in table 11). 

3.6.1 Shortening 

It appears from table 11 that consonants are shortened in 

intervocalic and final positions. This is true of all subjects, 

but VG has relatively little shortening in unvoiced unaspirated 

stops. For unvoiced unaspirated stops and voiced stops it is the 

closure which is shortened as long as they remain stops, whereas 

the short open interval remains unchanged. This corresponds to 

what is found e.g. in many Germanic languages. But it is a char­

acteristic feature of Dogri that the same is the case for aspirated 

consonants: the closure is shortened, but the aspiration remains 

almost the same. In Germanic languages, on the contrary, the aspi­

ration is normally very much reduced in unstressed intervocalic 
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Table 11 

Examples of shortening and fricativization of stops in medial 
and final position. Averages for five informants (RN, SL, SD 
CS, and VG) combined. The ciphers under fricativization indi­
cate the number of cases (listening results for fricativiza­
tion in parentheses). (N generally= 25.) 

fricativiz . fricativiz . 
position cons. word CS - ? + cons. word CS - ? + 

stress. I pat to.: 14.2 25 
b 

1baggo.: 12.4 25 
word-in. p 1pato.: 13.3 25 1 bago.: 10.7 25 

unstr. 
pa I I a.: 12.0 23 b ba 1ga.: 10.6 25 word-in. p 

stress. 
b da I bo.: 5.5 9 2 14 p - (8 16) syll-in. 1 

unstr. 1 capa I (a) 7.8 19 5 1 
b 1 debak (a) 4.7 25 

syll.-in. p (23 2 ) (25) 

stress. t 
It app ho.: 13.0 25 d 

1dabbo.: 12.2 25 
word-in. 1to:pho.: 13.4 25 1 do.: kh (a) 10. 7 25 

unstr. t ta 1kho.: 11.5 25 d da 1kho.: 11.0 25 word-in. 

stress. t sa I to.: 8.2 23 2 d la 1do.: 5.9 18 5 2 
syll.-in. (23 ) (23 l 1) 

unstr. t 1 sat i: 9.2 22 3 d I }o.:do.: 4.0 2 7 16 
syll.-in. (13 l 11) 

final Jo.: t (a) 7.3 
16 7 2 d }ad(a) 5.1 8 3 14 

t (24 l ) (13 9 3) 

stress. 
k 

1kacco.: 13.8 25 I gaH-e 12.0 25 
word-in. 1kaco.: 13. 6 25 g 1galo.: 10. 8 23 2 

unstr. 
k ka I ro.: 11.6 25 ga 1 lo.: 10.9 .25 word-in. g 

stress. 
k la 1ko.: 8.6 25 ba I go.: 5.4 

12 4 9 
syll.-in. g 

(11 2 12) 

unstr. 
k 1bago.: 4.5 1 3 21 - g (1 1 23) syll.-in. 

final k 1 debak (a) 7.0 17 3 5 bo.: g (a) 4.0 7 7 11 
g 

(7 12 6) 
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Table 11 (continued) 

posi- word 
CS cs open CS fricativization 

tion 
cons. clos. interv. total - ? + 

stress. ph pha.: r 13. 4 7.5 (20.3) 19 
word-in. 

stress. ph 9a 1pha.: 6.6 5.2 11.4 14 6 5 
syl 1.-in. ( 9 4 12) 

ph 5.7 7.0 12.8 16 1 8 
unstr. 1to:pha.: (12 1 12) 
syll.-in. 

final ph tu:ph(a) 4.4 10.3 8 7 10 
(2) (3) (5 20) 

stress. th tho: 10.7 7.6 18.3 23 
word-in. 

stress. 
th ea I t ha.: 4.9 6.9 11.8 22 3 

syll.-in. (22 2 • 1) 

unstr. 
th 1 kat ha.: 4.0 5.9 9.9 17 5 3 

syll.-in. (19 2 4) 

final th co:th (a) 6.3 8.8 22 2 1 
(3) (2) (2) (21 2 2) 

stress. kh 
kal I (a) 10.0 6.5 16.5 2 

word-in. 1khabar 9.0 8.8 17.0 2 
--
unstr. 

kh kha 1ba.:r 8.0 6.8 14.7 22 3 word-in. 

stress. 
kh da 1kha.: 4.4 7.4 11.8 11 3 11 

syll.-in (11 1 13) 

unstr. kh 1pekha.: 8.8 1 3 21 
syll.-in. (2 1 22) 

final kh tokh (a) 9.9 10. 6 12 5 8 
(3) (2) (12 6 7) 



82 

position, so that they become practically unaspirated. 

There is also a tendency to shorten consonants in unstressed 

position. In eight out of eleven comparable pairs, four or five 

subjects have shorter consonant in unstressed position, but the 

difference is smaller than that due to position. 

3.6.2 Voicing 

In medial and final position after a vowel the first 2-4 cs 

of a voiceless consonant are normally weakly voiced. That is, how­

ever, not specific for Dogri. It is rare that the whole consonant 

gets voiced, but it happens in many examples of dabak (t} and in 

cape I (2), particularly in the pronunciations of SD, CS and SL. 

It also happens in some cases of tu:ph(a}~ to:phn:, and }n:t (a). 

3.6.3 Fricativization 

3.6.3.1 Acoustic investigation 

The most characteristic feature of Dogri consonants is the 

tendency to fricativization in medial and final position, partic­

ularly of aspirated and voiced stops. The analysis of this phe­

nomenon was concentrated on acoustic curves since, for all in­

formants except VG, only tape recordings were available. Acoust­

ically, fricativization should turn up as a weakening of the ex­

plosion of the stops and as fricative noise or voiced higher com­

ponents during the closure of voiceless and voiced stops, respect­

ively. As it is difficult to get a reliable measure of the in­

tensity of the explosion which is very weak anyhow in voiced stops, 

particularly in~, the investigation was concentrated on the ap­

pearance of high noise or higher voiced components during the 

closure. For this analysis the mingographic recordings of all in­

formants were used. They contained an intensity curve with high­

pass filtering at 2000 Hz (with a steepness of 18 db/octave) added 

especially for this purpose. High components were expected to 

show up in this curve, and low frequency noise in the intensity 

curve high-pass filtered at 500 Hz. The analysis of the curves, 

however, turned out to be difficult. In the first place, the 

weakening of stops is a gradual phenomenon and one may find all 

intermediate steps between firm closure and full fricativization, 

not only in the time dimension (treated in the preceding paragraph 
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as shortening of the closure), but also in the intensity of the 

noise. Thus, there will be cases of doubt, and no real quantiza­

tion is possible. But the fricativization showed up very clearly 

in VG's curves. Fig .. 8 contains some clear examples: there is 

noise during the whole medial consonant in / 1pakha:/[ 1paxa:J 

(fig. 8a) but not in / 1 pakkha:/[ 1 pak:ha:] (fig. 8b), and there 

are high frequency components and high intensity in the /g/[y] of 

/ba 1ga:/ but not in the /b/[b] (fig. Be). 

However, for the other informants there was noise or, more 

often, a mixture of noise and voiced consonants where it was not 

expected. To clear up this problem, a number of spectrograms were 

taken, and after a thorough comparison of mingograms and spectro­

grams, Eli Fischer-J~rgensen came to the conclusion that in most 

cases of noise during the closure in the intensity curve filtered 

at 2000 Hz, this apparent noise had nothing to do with the con­

sonant but was due to a continuation of the vowel formants in the 

beginning of the consonant, caused by some phenomenon of resonance 

during the recording. This conclusion was based on the following 

facts: 

(1) The noisy components were not only found in the con­

sonants expected to be weakened but also in unvoiced stops and in 

voiced and voiceless geminates. 

(2) The noise started immediately after the vowel and de­

creased in intensity during the following 5-10 cs. 

(3) Its intensity depended on the relative intensity of the 

preceding vowel, and it was particularly strong for the subjects 

SD and CS, who have read the text in a relatively loud voice. 

(4) The spectrograms showed that it was mostly found at the 

level of the (strong) first formant of the vowel. 

(5) There was nothing to be seen at the frequencies of ex­

pected consonant noise, and it cannot be taken for preaspiration 

either, since aspiration noise ,is always weak at the frequency of 

the first formant (but strong in this case) and stronger at the 

frequency of higher formants. For an example, see fig. 9a 

fa:tta: spoken by SD, and the corresponding spectrogram fig. 10a. 

This type of noise should therefore be disregarded in the 

interpretation of the curves, and the preliminary results of the 

acoustic analysis were revised by Eli Fischer-J~rgensen. All noise 

following immediately after the vowel and showing decreasing in-
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tensity, found in the intensity curve filtered at 500 Hz, which 

contained most of the resonance of the first formant, was dis­

regarded. 

With low formant 1 the resonance turns up in the curve high­

pass filtered at 500 Hz only, but after Q: and~ (with relatively 

high first formant) and particularly after Q: (with a strong 

second formant around 1100 Hz), it is also found in the curve high­

pass filtered at 2000 Hz, and it is difficult to distinguish be­

tween real consonant noise and the noise due to resonance, partic­

ularly in the cases of short closure. 

The words utilized for the analysis of shortening were also 

utilized for the analysis of fricativization. In table 10, in 

which the durations are indicated, there is a column for frica-

tivization. "-" means "no indication of fricativization", "+" 

means "clear signs of fricativization", whereas"?" means "prob­

lematic", i.e. some very weak noise is seen in the high-pass 

filtered curve, or there is strong noise, particularly in the 

start, and at the same time a clear explosion showing that it is 

not so probable that the consonant is weakened or, in the case of 

voiced stops, it may simply be an intermediate case. 

A number of cases have been controlled by means of spectro­

grams, but it was not possible to make spectrograms of all examples. 

There may therefore be some cases of noise all through in the 

mingograms which are marked"+" but should have had a"?" or a 

"-" and, inversely, cases which have got a 11
-

11 instead of a"?" 

or"+", because the noise was so weak that it did not show up in 

the curves, or it was mixed up with the noise due to resonance. 

Therefore, the results of a listening test with one Danish phon­

etician, who listened to each word several times, has been added 

in parentheses. Here, "-" means "definitely stop", "+" means 

"definitely fricative", and"?" means "doubt". 

It appears from table 11 that the agreement between the 

acoustic analysis and the listening results is sometimes very good, 

sometimes relatively poor. In the latter cases it is not always 

easy to say whether the curves or the listening is more reliable. 

For word initial stops no weakening was found in the curves. 

There is only one word (kha 1bQ:r) which seemed to have some noise 

in the start of the initial kh in a few cases (by mistake, this 

word and the word 1sati: were not listened to). Moreover, the~ 
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in 1 galn: looked slightly fricativized in a few cases (it stood, 

exceptionally, after an 1 of the frame), but it was heard as a 

stop. On the whole, all initial stops were heard as stops, and no 

listening results are added for these consonants in table 10. 

Medial voiceless unaspirated consonants are very rarely 

weakened, but the final stop in }n:t(a) showed noise in the mtngo­

grams in various cases. It was, however, heard as a stop. The 

listening results turned out to be correct in a number of cases 

which were controlled by means of spectrograms showing that the 

noise was due to a continuation of the first and second formants 

(see fig. 9b and the corresponding spectrogram fig. 10b). On the 

other hand, the strong noise of the s of the frame (where there is 

no intervening~), following relatively weak noise, may contribute 

to hearing a stop. 

The aspirated consonants are often fricativized in medial po­

sition, particularly .E!l and kh. As for the labial consonant E!l, 
a fricative (generally a bilabial[~]) was heard in quite a number 

of casesi: corresponding to dubious intensity curves or even to an 

apparent closure. This was particularly the case for SL. This 

may be due to the fact that the noise of a bilabial fricative may 

be rather weak, so that it does not show up in the curves, not even 

in the spectrograms. Where it does show up (see to:phn, fig. lla), 

it can be distinguished from aspiration by its higher frequency; 

moreover, the fact that it is strongest in the middle of the con­

sonant distinguishes it both from the resonance phenomenon, which 

is strongest in the beginning of the consonant, and from aspira­

tion, which shows up at the end. 

The dental aspirate does not tend much to fricativization, 

and there is very little disagreement with the listening results 

for this consonant. There are several cases with strong but de­

creasing noise going all through the closure in the intensity curve 

high-pass filtered at 2000 Hz, but showing a clear release. They 

are heard as stops, and spectrograms show that the decreasing 

noise is due to a continuation of the vowel formants, cp. e.g . 

.CS's ca 1 thn: (fig. llb and the corresponding spectrogram fig. 12b) 

versus SD's 1kathn: (figs. llc and 12c), which has some real high 

frequency noise and is heard approximately as [ 1 kaeten:J. 

The velar stop kh is the one that is most often fricativized, 

and for this consonant there is good agreement between listening 
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Mingograms of (a) 1to:phn: spoken by VG, (b) ca 1thn: spoken by CS, 
and (c) 1katha: spoken by SD. 1: duplex oscillogram, 2: intensity 
curve HP filtered at 500 Hz, 3: intensity curve HP filtered at 
2000 Hz, 4: intensity curve full frequency range, and 5: funda­
mental frequency curve. 
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CS, and (c) 1 ket ho.: spoken by SD. 
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results and acoustic analysis. The frication noise is generally 

rather strong. In some cases where a stop is listed, it was af~ 

fricated rather than aspirated._ 

Voiced medial and final stops are often fricativized. The 

agreement between acoustic analysis and listening is very good for 

~and~ {it was, howe~er, very diffic~lt to come to a decision 

about the final~ in bo.:g{a)). In the case of 1 ~~:do.; and Jad{a) 

there is an obvious discrepancy, more stops being heard than ex­

pected on the basis of the curves {as on the whole in the case of 

dental consonants), but the stops heard seemed very short. In 
1 fo.:do.:, like in fo.:t{a), the consonant is preceded by a very 

sonorous vowel, and in some cases the transition from the conso­

nant to the following vowel was very abrupt and the pitch curve 

had a dip like in stops. Thus, there were probably more stops than 

shown by the ciphers for the acoustic analysis, but a quick move­

ment of the tip of the tongue may, on the other hand, give the im­

pression of a stop even if there is not full closure. 

In most cases there is more fricativization {and more shorten­

ing) in unstressed than in stressed syllables, both according to 

the acoustic analysis and to the listening results, cp. the medial 

consonants of 1bago.: vs. ba 1go.:, 1Jo.:do.: vs. la 1do.:, 1debak vs. 

da 1bo.:, { 1katho.: vs. ca 1tho.:), 1pakho.: vs. da 1 kho.:, but in to:pho.: 

vs. 9a 1pho.: it is rather the other way round. 

The weakening of single consonants might be seen as a means 

to avoid confusion with the geminated consonants. However, as seen 

in table 7, the difference in duration is smallest for aspirated 

stops, and just in this case there is also less difference in 

fricativization: 1 to:pho.: is weakened both by those who pronounce 

the Eh as a single and as a geminated consonant, and SD has com­

plete fricativization of geminated E.E.Q in 1 9appho.:, 1 9appha, and 
1tappho.: and an obvious affrication of kkh in 1pakkho.:, and SL has 

a rather weak E.E.Q in some examples of 1 9appho.: and 9appha. 

3.6.3.2 Prospects of a physiological analysis 

It would have been of interest to undertake a physiological 

analysis of the weakening phenomenon. This was only possible in 

the case of VG, and such an analysis was planned but postponed 

till after the acoustic analysis, and then it was too late. The 

only investigations undertaken were a fiberoptic analysis of£, 
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£!:! and Q, and a registration of intra-oral pressure of a word list 

with labials and dentals spoken in the frame ku:sE: gala:ya:. 

A preliminary analysis of the fiberoptic investigation, undertaken 

by Birgit Hutters, showed that the glottis is wide open in 12!!, 
apparently still more open than in the strongly aspirated Danish 

stops, although the aspiration is not quite as long as in Danish 

(for VG around 6-8 cs in the present material). In the unaspirated 

E the glottis is much narrower, but somewhat more open than in 

Danish voiceless b. The wide opening of the aspirated consonant 

seems to be preserved in the positions of weakening ~a 1 pha:, which 

is in good agreement with the preservation of aspiration found in 

weak position for all informants. 

A preliminary analysis of the intraoral pressure curves under­

taken by Eli Fischer-J~rgensen showed that in initial position 

aspirated consonants had slightly shorter closure but a somewhat 

higher intraoral pressure than unaspirated consonants (which may 

be due to the wide open glottis). The voiced consonants band d 

have a much slower rise of the curve, but it may attain the same 

level as in the voiceless unaspirated stops at the very end. 

Only labials were used in a list of words with stops in different 

positions. Neither stress nor position seemed to influence the 

intra-oral pressure of E, and stress did not influence the intra­

oral pressure of initial £!2 or Q either. Nor was there any con­

sistent difference between single and geminated stops. But medial 

and final weakened£!:! ( 1 tc:phQ:, tu:ph(a)) and Q ( 1 dabn: and, 

partly, gE:b(a)) had a lower intra-oral pressure than initial .eJl and 

£, and since the glottis opening was found to be the same in 
1 phn:r and ga 1 phn: (and must be practically the same in initial 

and medial Q), this points to a larger opening at the lips. The 

different degree of weakening also influenced the pressure in 
1 dabn vs. da 1 bn and 1 }n:dn: vs. sa 1 da:. The relations between 

stress and duration and between stress and pitch movement mentioned 

above were fully confirmed in this material. 

A palatographic analysis might throw some light on the 

weakening of the closure of lingual consonants, registration of 

lip pressure might give some information for the labials, and air­

flow curves might give good information about the degree of open­

ing. But this must be done some time in the future. 
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A PILOT INVESTIGATION OF THE F PATTERN 
0 

IN AMERICAN ENGLISH 

Niels Dyhr 

(ARIPUC 14, 1980) 

Abstract: Fourteen declarative sentences were recorded by one 
native speaker of American English. The F0 pattern 
(the F0 movement within the stress group) was investi­
gated, and· a model was proposed. This model was com­
pared to one based on identical material, but with a 
British speaker. 

1. Introduction 

In British English and "East Coast American English", the 

stressed syllables have a higher fundamental frequency than the 

unstressed ones (Fry, 1958, Lieberman, 1960). Bolinger (1970) men­

tions, however, that in other types of American English a pattern 

may be found in which the fundamental frequency is lower in the 

stressed syllables than in the unstressed ones. The purpose of 

the pilot experiment reported below was to examine instrumentally 

this opposite F
0 

pattern. 

2. Procedure 

The test material consisted of 14 declarative sentences, each 

consisting of a test word (either a natural word or a nonsense -

but possible - word) embedded in a carrier phrase. To avoid the 

influence of intrinsic F differences among vowels, the material 
0 

was constructed in such a way that each test sentence contained 

either low or high vowels throughout. 

The test material contained the following stress combinations: 

Stress on the first, second, third, and fourth syllable in the 

test word, followed by zero, one, and two unstressed syllables. 
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Figure 1 

American model based on sentences with natural words. • indicates 
stressed syllable, O unstressed syllalbe, --a series of unstress­

. ed syllables. 
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Figure 2 

British model based on material identical with that of the American 
model. See further legend of figure 1. 
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The material was recorded ten times by a twenty-two year old 

American male speaker, born and raised in California. 

Tracings of the F movements were made, and superimposed on 
0 . 

one another. Average F curves were drawn by hand. A quantitative 
0 

measure for the central tendency of the F
0 

level in the vowels was 

obtained by measuring the average F
0 

curves at a point two thirds 

from the vowel start, cf. Rossi (1971). 

3. Results 

It was found that in the natural words all the stressed syl­

lables had a lower fundamental frequency than the unstressed ones. 

For the nonsense words the pattern was the opposite. This seemed 

to be due to the fact that the speaker, who had had no phonetic 

training, was unable to pronounce the nonsense words without em­

phasizing them. This change of pattern did not occur at the word 
1 boundary, but at the stress group boundary (except when these co-

incide) - i.e., the F
0 

pattern did not change before the stressed 

syllable in the nonsense word, even when the stressed syllable was 

the last one in that word. This seems to indicate that the F pat-o 
tern is controlled, not by the word, but by the stress group .. 

The results for the natural words can be described by the 

model shown in figure 1. 

The model based on the data from the American speaker can be 

compared to one based on an identical test material, but with a 

British speaker, figure 2. It is evident that, apart from the op­

posite F
0 

pattern, a definite sentence nucleus (focus) is found 

only in the British model, which also has a greater F variation 
0 

than the American model. 

It must be pointed out that, considering the very restricted 

material, the present result should be viewed with care. A pre­

liminary examination of data obtained for another American (Wis­

consin) speaker, however, seems to be in good agreement with the 

tendencies outlined in the present paper. 

------------------------------------------------------------------
1) The stress group is defined as a stressed syllable plus the 

following unstressed ones. 
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(ARIPUC 14, 1980) 

AN ACOUSTIC INVESTIGATION OF INTRINSIC VOWEL DURATION IN DANISH 

Michael Bundgaard 

Abstract: The duration of twelve short and long stressed vowels 
in disyllabic nonsense words, embedded in a carrier 
sentence, recorded 10 times by each of five speakers, 
was measured. The vowels can be grouped (roughly) in 
five tongue height categories, and duration was found 
to increase significantly from category 1 (highest) 
through 5 (lowest), in about 1 cs steps. Unstressed 
vowels show the same tendency but the increase in dura­
tion with lower tongue height is considerably smaller. 
Variation in speaking rate (even rather considerable) 
did not significantly influence the relationship between 
high and low vowels. In contradistinction to earlier 
investigations, it seems that the difference in duration 
between long and short vowels is constant over different 
tongue heights, i.e. V h t = v1 - b, where bis a s or ong 
constant (approximately 5 cs). 

1. Introduction 

Intrinsic vowel duration is the object of several investiga­

tions in several languages: Danish - Fischer-J~rgensen (1955 and 

1964), German - Maack (1949), English - Peterson and Lehiste (1960), 

and Thai - Abramson (1962). All agree that there_is a univ~l 

tendency for vowels with hi h tongue position to be of shorter 
--

duration than vowels with lower ton~e position, everything else 

being equal. 

Various explanations for this correlation between tongue height 

and vowel duration have been offered. Fischer-J~rgensen (1964) pre­

fers the hypothesis, advanced by Jespersen (1926), that low vowels 

require more time for the speech organs to reach their target po­

sitions than do high vowels. Lindblom (1967) adheres to the same 

theory, and in his model of lip and jaw co-ordination vowel dura­

tion increases as a function of increased jaw opening. The jaw is 

described as a damped spring-mass system, where the differences in 
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_'.)\~1-vl-t_ 
duration are due to inertia in the system, but on a higher level 

of production control, different vowel qualities are presumably 

normally programmed with equal durations. 

The purpose of the present investigation is to examine the re­

lationship between tongue height and vowel duration in Danish 

vowels in stressed (and unstressed) syllables, and to investigate 

the relation between long and short vowels. Danish vowels have 

been accounted for in these respects previously by Fischer-J~rgen­

sen (1955, 1964) and by Holtse (1977), and my experiments are in­

tended as a supplement to their investigations: The speakers in 

this study are all fairly young, and they speak Advanced Standard 

Copenhagen Danish (ASC - see Basb~ll 1968). Fischer-J~rgensen's 

subjects all belong to an older generation, and both her and Holt­

se's subjects represent different dialects. Holtse's study ex­

amines only 4 vowel qualities, Fischer-J~rgensen's includes 10, 

whereas 12 vowel qualities are involved in this material. 

2. Experimental procedure 

2.1 Material 

The material consists of 12 long and 12 short vowels: 

[ i : e: E: : a3: a. : y: ~: ce: u : o: :)+ : 'D: J 
.L ..I.. ..L ..L ..l. ...J... 

[ i 1 e E: a a y ~ ce u 0 :) + /\+ J 
...J... ..L ...J..._ ...L _L T 

According to Thorsen and Thorsen (1978), these vowels can be placed 

in the Cardinal Vowel Diagram as seen in fig. 1. 

Long and short vowels in ASC Danish have not been subjected 

to acoustic analysis, but the quality differences between long and 

short is generally considered to be very small in ten of the twelve 

pairs above. The difference is greater between [ai:] and [a], and 

between [n: J and[/\], but with regard to tongue height I shall 

assume that they are close enough to be treated as pairs. The 

listing and pairing is made on pur~ly phonetic grounds. Thus, 

[ai:, a: J and [a, a] are variants of /a:/ and /a/, respectively, 

-------------------. -------------------------------~-------------~ 
1) The diacritics (except the length mark) are omitted in the 

following. 
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u 

0 

D 
A 

Figure 1 • 
The positions in the Cardinal Vowel diagram of the vowels used 
in the experiment. 
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[o, J] are variants of /o/, [J:, n:] are variants of /J:/, and 

[A] is the phonetic realization of /J/. 

The 24 vowels occurred in nonsense words of the type: 1 bVba 

and were embedd~d in a frame sentence: 

'Trykket i bVba ligger pa f~rste stavelse.' 

(The stress in 1 bVba is on the first syllable.) 

In a small supplementary material one of the subjects read the 

words bi 1 biba and ba 1 baba - in the same frame sentence - to ex­

amine the relationship between tongue height and duration in un­

stressed vowels. To avoid a rhythmic reading of the text, 14 dum­

my sentences were mixed with the test sentences, in such a way 

that no more than 5 test sentences appeared in succession, and 

every page started and ended with at least one dummy. The 24 + 14 

sentences were arranged in 5 different randomizations in a list 

which was read twice, yielding a total of 10 readings by each sub­

ject. 

2.2 Subjects and recordings 

Five subjects, two males (NRP, MB) and three females (KM, ER, 

NT), aged between 24 and 38, read the material. They are all 

phoneticians and they all speak ASC Danish. 

The recordings took place in a sound treated room at the 

Institute of honetics with professional equipment (Revox A700 

tape-recorder, 7~ i.p.s., Sennheiser MD21 microphone, Agfa PE36 

tape). The ten readings were obtained in one recording session 

which lasted from 20 to 30 minutes. This may be an upper :limit 

before fatigue effects occur, but none of the subjects complained 

and they all declared that it was an easy task. 

3. Registration and measurements 

The same tape recorder was used for recording and replay. 

The tapes were processed by intensity and pitch meters (F-J Elec­

tronics) and registered on an Elema 800 mingograph at a paper speed 
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1 of 100 mm/sec., cf. fig. 2. One intensity curve is high-pass 

filtered at 500 Hz, integration time 2.5 ms, logarithmic display, 

the other has full frequency range, inteqration time 2.5 ms, and 

linear display. A short integration time facilitates an accurate 

segmentation, which is crucial for duration measurements. 

Segmentation, however, is not the only problem in vowel dura­

tion investigations. One must also decide on a definition of vowel 

beginning and end: Peterson and Lehiste (1960) regard the aspira­

tion of preceding stop consonants as being part of the vowel. 

Fischer-J~rgensen (1964) considers the vowel to start where the 

higher formants appear in the spectrum which is also the procedure 

adopte? by Holtse (1977), and I have used the same criterion so 

that the previous and present results for Danish may be directly 

compared. Accordingly, the vowels are considered to begin where 

the high-pass filtered intensity curve rises sharply. This is 

approximately 1 cs after the oscillations start - and it corre­

sponds to the point in time on sonagrams where the higher formants 

appear. 

The vowels terminate where the intensity curves start to drop 

sharply. There were, however, several cases where this point was 

difficult to establish: when the following~ was voiced in the 

beginning of the closure. I had expected that the high-pass 

filtered intensity curve would eliminate this voicing, but it did 

not do so completely, and since this curve did show normal de­

creases for nasals (in the dummy sentences), this energy cannot be 

due to deficient filtering (but it can be due, at least partly, to 

the logarithmic display): Fig. 3 shows mingograms and sonagrams 

of 1 by:be and bi 1 biba, respectively, which clearly demonstrate that 

e.g. the interval with lower, but level, intensity in! in fig. 3c 

must be due to the energy in the 'voice bar'. 

Measurements were made in whole millimeters (centiseconds), 

i.e. the measuring accuracy is ±0.5 cs. 

1) The paper speed was checked intermittently throughout registra­
tion, and turned out to be constant, with distances between 

the 1 Hz pulses of exactly 100 mm. • 



104 

MingCXJraph 
F

0 
rreter 

duplex 
oscillogram 

Q_9 intensity 
HP filtered 
at 500 Hz 
log. 

Intensity intensity 
meter HiFi lin. 

' 

Figure 2 

Block diagram of the experimental set up. 
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Figure 3 

Mingogram (a) and spectrogram (b) of the word 1by:ba, and mingo­
gram (c) and spectrogram (d) of the word bi 1biba. 
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4. Statistical treatment 

Each subject is treated separately. A one-way analysis of 

variance was performed to find out whether the durations obtained 

for the different vowels belong to the same or to different popula­

tions. Further, a multiple comparison procedure - Sheffe's method 

- (Ferguson 1971) was employed in which each vowel quality's mean 

value is compared to every other mean (within each of the two 

length categories). This was done in order to single out the pos­

sible effect of rounding and place of articulation. For the two 

unstressed vowels a Student's t-test was run. 

5. Results 

5.1 Speaking rate 

Though no variation in speaking rate was observed during the 

recordings with any subject, it is of course possible that such a 

variation exists and that it will influence vowel durations. If 

vowel duration and speaking rate are correlated, and if it is a 

linear relationship, then homogeneity of the data (within as well 

as across subjects) can be achieved by applying a simple scaling 

procedure to the data. 

Rather than measure the total duration of the utterances as 

an expression of speaking rate, the duration from the explosion 

of the utterance-initial 1 to the beginning of the first vowel in 

"f~rste" was measured, in order to eliminate, to the extent that 

it is possible, an intra-utterance rate variation effect. There 

was a clear tendency in the material that the last word varied 

more in duration than did other words in the test sentences, but 

this difference has been eliminated in the expression for speaking 

rate. Only utterances with l, ~,and~ were measured. 

Fig. 4 depicts the results for each subject and each vowel. 

Note that the duration of the test vowel has been subtracted from 

the entity which expresses speaking rate in order to eliminate a 

"double" effect from any correlation betwe·en vowel duration and 

speaking rate. Apparently, .duration and rate are n?t correlat~d, 

neither within, nor across subjects. E.g. NRP has a rather great 

variation in speaking rate, but his vowel durations are nearly 
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Vowel duration plotted· as a function of speaking rate for the 
vowels i, a, and u. Filled and open triangles indicate long and 
short vowels, respectively. The derivation of the.expression for 
speaking rate is explained in the text. 
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constant. NT and NRP have somewhat longer vowels than the other 

subjects, but NT has the highest speaking rate. KM has the second 

highest speaking rate, but the shortest vowel durations. Of course, 

it is true generally that vowels are longer at lower speaking rates. 

That no such correlation could be established in the present ma­

terial must be due to the fact that the differences in speaking 

rate (and thus in the test vowel) are small in relation to measuring 

accuracy. Therefore, there is no reason to perform any weighting 

of the data. 

5.2 Vowel duration and tongue height 

5.2.1 Stressed vowels 

In table 1 are given the means and standard deviations for 

every vowel and every subject, as well as the grand mean for 

every vowel. The information is displayed graphically in fig. 5. 

It isJi ediately apparent that the length opposition is the main 
o.' { 

determinant of vowel duration, but tongue height does indeed also 

have a considerable influence, to the effect that the duration of 

short and long vowels is overlapping, i.e. short low vowels may e 

of longer duration than long high vowels: Four subjects have short 

£ longer than_!_:_, one has short A longer than u:. ER and MB even 

have£ longer than o: and~:. 

Normally, four tongue heights are distinguished in Danish, 

high/semi-high/semi-low/low, but in this investigation, in analogy 

with Reinholt Petersen's (1977) results for differences in intrinsic 

fundamental frequency level in Danish vowels, five heights are 

distinguished here: 

1. y u 

2. e ~ 0 

3. E: ce =:> 

4 . a/ffi: A/D: 

5. a 

The vowels have been grouped, in table 1 and fig. 5, according to 

length (short/long) and in three series of unrounded front, rounded 

front, and back vowels, and within each series according to tongue 

height. The tendency for duration to increase with increased 
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Table 1 

Means and standard deviations for short and long vowels for the 
individual subjects and for all subjects pooled. The leftmost 
column gives the F-values obtained in the one-way analyses of 
variance applied to the data of each subject. 

I 
i e E a/re a y rp ~ u 0 F 

. x 9.9 11.1 12. 3 13.8 14.6 10.5 12.2 12.8 10.7 11. 7 12.6 13.7 30.64 
short 0.74 0.74 0.82 0.63 1.08 o. 71 1.40 0.63 0.95 0.68 0.70 0.68 s 

- 14.6 15.9 17.4 17.8 19.3 15.4 16.3 17.4 15.7 16. 2 18.1 18.5 12.60 X long s o.97 0.88 0.70 1.14 0.82 1.90 1.25 0.70 0.82 1.32 0.99 0.85 

- 9.6 10.5 12.6 13.6 14.0 10.0 10.6 12.4 9.3 9.9 12.1 14.1 28.75 X short 0.70 0.53 1.27 0.52 1.05 0 0.70 0.52 1.25 0.32 0.57 1.10 s 
- 16.1 16.1 17.1 18.3 19.6 15. 7 16.5 17 .. 3 14.0 15.5 17 .8 17.6 13.17 X long s 1.10 0.88 0.88 1.16 1.57 0.68 1.18 0.68 0.94 1.43 1.40 0.97 

- 9.4 10.5 10.9 12.6 13.1 9.4 9.9 10.8 8.9 9.7 9.9 12.6 32.75 short X 
s 0.97 0. 71. q~32 0.52 0.86. 0.70 0.32 0.63 0.74 0.68 0.74 0.52 
- 12.7 13.2 14.3 15.2 16. 3 12.5 13.4 14.9 12.8 14.3 13.9 14.5 17.12 

long X 
s 0.95 0. 9'2 0.48 0.78 o .52· 1.08 0.97 O.S.7 0 .63 0.48 0.57 1.43 

- 9.6 9.8 11.3 12.7 13.8 9.2 9.5 11.8 ·9.2 8.5 10.9 12.7 30.51 X short 0.70 0.42 0.48 0.48 0.79 0.63 0.97 0.79 0.92 1.18 0.74 0.68 s 
- 13.0 14.0 14.9 15.7 17.3 13.3 14.4 15.0 13.5 13.5 15. 3 15.2 10.26 

long X 
s 0.67 0.94 0.99 0.68 0.48 1.16 1.43 1.25 1.08 1.18 1.83 1.03 

- 9.0 lo.O 11.6 13.5 14.3 8.8 9.5 11.0 9.1 10.7 11.6 12.9 26.64 X short 0.94 1.25 0.52 0.85 0.82 0.79 1.08 0.82 0.88 0.68 1.35 0.74 s 
- 13.8 14.5 15.6 17.4 17.6 12.8 13.7 16. 7 13.9 14.8 16.1 17.4 13.47 

long X 
s l.o3 1.52 1.35 1.07 l.08 0.42 0.67 0.68 1.45 1.14 1.60 0.84 

- 9.5 10.4 11.7 13.2 14.0 9.6 10. 3 11.8 9.4 10.1 11.4 13.2 short X 
Grand s 0.33 0.51 0.70 0.55 0.57 0.67 1.13 0.87 0. 72 1.14 1.06 0.63 
rrean - 14.4 14.7 15.9 16.9 18.0 13.9 14.9 16. 3 14.0 14.9 16.2 16.6 long X 

s 1.37 1.24 1.35 1. 35 1. 37 1.50 1.45 1.23 1.07 1.05 1.75 1. 70 
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tongue height number is clear within each series, - there are only 

6 mean values out of 120 that oppose this tendency, and no excep-
~ . 

tions are found in the grand mean. 

The linear dependency of vowel duration upon tongue height 

may be expressed as follows: 

Durationv = b +a• (tongue height) 

where a and bare constants, and tongue height is an integer 

ranging from 1 to 5. To simplify matters, the grand mean of long 

and short vowels, respectively, with the same tongue height was 

calculated, cf. table 2 and fig. 6. The slopes of the regression 

lines (least squares method) in fig. 6 are 1.0 and 1.2 for long 

and short vowels, respectively, and the scatter is small (the cor­

relation coefficients are 0.995 and 0.992 for long and short vowels, 

respectively. Thus, the increase in duration is constant, about 

1 cs per tongue height step, which is in agreement with Holtse's 

(1977) results, and he concludes that (my translation): "Roughly 

speaking one could say that the vowels are lengthened by 1 cs for 

every degree they are lowered". Note, however, that this formula­

tion and conclusion imply that the jaw is lowered in equidistant 

steps from e.g. through£, which we do not really know to be 

true, but we may, of course, a cept the durational data as an in­

dication of such equidistant tongue heights. 

Holtse (1977), Fischer-J~rgensen (1964), and Reinholt Peter­

sen (1974) find that the duration of long vowels increases more 

with lower tongue height than short vowel duration does. If any­

thing, the tendency is in the opposite direction in this material. 

This question will be treated in further detail in section 5.3. 

It appears from the multiple comparison test, cf. fig. 7, 

that place of articulation and rounding do not ~ontribute to the 

durational differences between the vowels. This is in agreement 

with Fischer-J~rgensen (1964), who found no significant differences 

according to place of articulation or rounding in the position be­

fore~' but she did find such significant differences within vowels 

with the same tongue height in the position before i• The number 

of significant differences (P < 0.05) with the five subjects be­

tween every vowel compared to every other vowel within the same 

length category (short and long) are listed. Then the figures for 
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Table 2 

Mean durations (in cs) for vowels having the same tongue height. 
All subjects pooled. 

tongue height number 

1 2 3 4 5 

Short vowels 9.51 10.27 11. 64 13.22 13.96 

Long vowels ·13.99 14.82 16.12 16.76 18.04 

CS 18 

10 

1 2 3 4 5 

tongue height number 

Figure 6 

Vowel duration as a function of tongue height. Each data point 
represents an average over all subjects and all vowels having the 
same tongue height. Open and filled circles indicate long and 
short vowels, respectively. The straight lines·are regression 
lines fitted to the data points. 
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Number of significant differences (p<0.05) obtained by the multiple 
comparison procedure. For further explanation, see text. 
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long and short vowels are added, i.e. the maximum possible number 

of significant differences for each vowel quality is 10. Sheffe's 

method is a conservative one, which does not yield many significant 

differences, but it serves its purpose here. 

5.2.2 Unstressed vowels 

The mean durations for unstressed i and a were 5.25 cs (st. 

dev. 0.635) and 6.35 cs (st.dev. 0.412), respectively. The dif­

ference is significant at the 1% level, but it is small (1.1 cs) 

compared to the subject's difference between stressed land a 

(4.7 cs). The duration of unstressed i is 53% and unstressed a 

43.6% of the corresponding stressed vowels. Thus the relative 

increase in duration with lower tongue height is smaller in un­

stressed than in stressed vowels. 

5.3 Short and long vowels 

The mean vowel durations tabulated in table 1, are somewhat 

smaller than those obtained by Fischer-J~rgensen (1955, 1964) and 

slightly larger than what Holtse (1977) got. Fischer-J~rgensen's 

test words were isolated words in a list, which may account for 

the greater vowel durations in her material. In Holtse's experi­

ments, the test words occurred in frame sentences under conditions 

rather similar to mine, and the difference between Holtse's and my 

results is small enough to be due to differences between indi­

viduals and/or to a difference in the stress patterns and segmental 

composition of the frame sentences in the two investigations. 

In Fischer-J~rgensen's (1955) study, the short vowel duration 

expressed as a percentage of the long vowel duration is 50.6%, in 

her 1964-study it is 57%; in Holtse's (1977) investigation the 

figure is 67%, and in the present study it is 71%. Holtse in­

vestigated vowels of height number 1 and 3 only, which occurred in 

words with a varying number of succeeding unstressed syllables and 

in varying consonant environments. The percentage for the corre­

sponding vowels in my material is 69.5%, so Holtse's and the present 

results are in good agreement. It would have been tempting to ex­

plain the difference between Holtse's and my results as an indica­

tion of a relative lengthening of short vowels in _ASC Danish, if 

it were not for the fact that Holtse's subjects were not ASC 

speakers, and the difference between his short:long fraction and 



115 

the results that I have obtained (2.5%) is too small to be indic­

ative of a relative lengthening of short vowels in ASC Danish. 

Fischer-J~rgensen's small values (as compared to Holtse's and mine) 

are due to the fact that long vowels are considerably longer in J 

isolated words than in sentences, whereas short vowels are only 

slightly lengthened, cf. Fischer-J~rgensen's values (average over 

all vowels) of 13.9 cs and 26.9 cs (short and long vowels, re­

spectively) as against 11.9 cs and 15.9 cs in the present material: 

the difference is e~idently in the long vowels. 

The relation between short and long vowels may be illustrated 

graphically as in fig. 8, where duration of the short vowels is 

depicted as a function of the corresponding long vowels. The re­

gression line (least squares method) has the equation: 

short vowel= 1.19 • (long vowel) - 7.3 

1~ ~ 
The slope of 1.19 deviates considerably from Holtse (1977) and 

Lindblom (1967), who both arrived at a slope of 0.75. Lindblom 

had only one subject, Holtse employed three, but Holtse calls 

attention to inter-individual differences and assigns the identity 

with Lindblom's result to a coincidence. 

Even though I have treated the a/ffi: and A/n: as short long 

pairs with the same tongue height, the short member of each pair 

does have a lower tongue position than the long one (cf. fig. 1), 

and thus presumably a longer intrinsic duration, which makes for 

relatively larger y-values in fig. 8. In fig. 9 those two vowel 

pairs have been excluded, and the regression line equation is now: 

short vowel= 1.075 • (long vowel) -5.6 

The slope is so close to unity that a simplification as follows 

seems justified: 

vshort = vlong - b 

where bis a constant, approximately 5 cs in this case. Thus, the 

relation between short and long vowels is constant over different 

vowel pairs. In fig. 10, the short:long difference of the 12 

pairs, for individual subjects as well as the grand mean, is de-
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Figure 8 

Short vowels plotted as a function of long vowels (all subjects 
pooled). Unrounded front vowels are indicated by filled circles, 
rounded front vowels by triangles, and back vowels by open circles. 
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Sarne as fig. 8, but with the pairs~/~: and ~/EJ.. left out. 
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Differences between long and short vowels for the individual 
subjects, and averaged over·all subjects. 
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picted. The constancy is not very apparent with individ 1 sub­

jects, but on the other hand, the variation seems to be r_ndom, 

and it is possible that it would disappear with a larger number 

of readings. With the grand mean a/ffi: and A/a: stick out with 

smaller differences between short and long (cf. above), but other­

wise the short/long difference ranges between 4.08 cs and 4.82 cs. 

The constancy in the difference between short and long vowels 

(viz. the regression line slope of 1.0) found in the present ma­

terial is in opposition to Holtse's (1977) and Lindblom's· (1967) 

results (regression line slopes of 0.75), and further experiments 

seem called for before any safe conclusions can be drawn. 
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(ARIPUC 14, 1980) 

NEUTRAL STRESS, EMPHATIC STRESS, AND SENTENCE INTONATION IN 
l 

ADVANCED STANDARD COPENHAGEN DANISH 

Nina Thorsen 

Abstract: The relationship between stress and fundamental frequency 
in short declarative and syntactically unmarked interrog­
ative sentences, both with emphasis for contrast in var­
ious positions, is investigated and compared to prosodi­
cally neutral statements and questions on the basis of 
recordings by four speakers. Emphasis for contrast has 
a radical influence on the course of fundamental fre­
quency, to the extent that the stress group which con­
tains the stressed syllable of the emphasized word and 
its neighbours tonally reduce to one stress group. The 
influence from emphasis seems to reach farther on marked 
(non-declarative) than on unmarked (declarative) contours. 
Durational differences between utterances with and with­
out emphasis for contrast are small, consisting mainly 
in a slight lengthening of the emphasized stress group, 
a lengthening which is to some extent counterbalanced by 
a shortening of the preceding stress group, if any. 

1. Introduction 

Intonation in short sentences in Advanced Standard Copenhagen 

(ASC) Danish may be accounted for as in fig. 1, which is only a 

model - with the advantages and shortcomings that modeling almost 

always entails in terms of simplicity and inaccuracy, respective­

ly. 2 For a detailed account of the material and procedure that 

led to the formulation of this model, see Thorsen (1978, 1979). 

The complex course of fundamental frequency (Fo) in an ut­

terance is assumed to be the outcome of a superposition of several 

components. (1) A sentence component which supplies the INTONATION 

1) Revised and expanded version of a paper published in the Pro­
ceedings of the Ninth International Congress of Phonetic Sci­

ences, Copenhagen, 6-11 August 1979, vol. II, p. 417-423. 

2) This model is presented here for the umpteenth time, with more 
or less the same comments as in previous papers. I hope the 

reader will bear with me, since it does constitute the point of 
departure for the main part of the paper. 
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15 
semitones 

10 

5 
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Figure 1 

A model for the course of fundamental frequency in short prosodi­
cally neutral sentences in ASC Danish. 1: syntactically unmarked 
questions; 2: interrogative sentences with word order inversion 
and/or interrogative particle and non-final periods (variable); 
3: declarative sentences. The large dots represent stressed syl­
lables, the small dots unstressed ones. The full lines represent 
the Fo pattern associated with stress groups, and the broken lines 
denote the intonation contours. Zero on the logarithmic frequency 
scale corresponds to lOOHz. 
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CONTOUR (broken lines in fig. 1). (2) On the contour is superposed 

a stress group component which furnishes the STRESS GROUP PATTERNS 

(full lines). (3) To the resultant of those two components is ad­

ded, in words containing st~d, 1 a st~d component, rendering ST0D 

MOVEMENTS (not included in the model). These first three compo­

nents are language specific and thus "speaker controlled". 

(4) Finally, intrinsic Fo level differences between segments, and 

coarticulatory variations at segment boundaries supply a micropro­

sodic component, which - at least in non-tonal languages - is not 

consciously controlled by the speaker, but can be ascribed to in­

herent properties of the speech production apparatus and which 

therefore is superfluous in the model from the point of view of the 

human speaker. (It seems as though in tone languages those pertur­

bations are actively brought within time limits where they will not 

interfere with the perception of the tonal distinctions in the lan­

guage, cf. Hombert 1977.) Similar points of view about components 

or "layers" in intonation have been expressed by several authors, 

e.g. Bolinger (1970), Bruce (1977), Carlson et al. (1974), Cohen 

and 't Hart (1967), Collier and 't Hart (1975), Fujisaki et al. 

(1979), Garding and Lindblad (1973), 't Hart (1966), 't Hart and 

Cohen (1973), Lehiste and Peterson (1961), Ohman (1968); for a 

more detailed account, see Thorsen (1979). 

2. Stress group patterns 

What is said in this section about stress in ASC Danish ~p­

plies to prosodically neutral utterances, i.e. utterances devoid 

of emphasis of any kind where all the stressed syllables are equal-

1 . t 2 y prominen. 

1) The Danish st~d/non-st~d distinction may be said to correspond 
to the Swedish and Norwegian Accent I/Accent II distinction 

(see further Basb~ll 1972 and Garding 1977), but its manifestation, 
which exhibits a good deal of dialectal and individual variation 
(Riber Petersen 1973), is not generally considered to be primarily 
tonal. In ASC Danish it may be described as a kind of creaky voice 
which attac:J<.sthe final part of a long vowel or the succeeding 
voiced consonant (if the preceding vowel is short). 

2) This definition of (prosodic) neutrality applies throughout 
the paper and is not to be confounded with "unmarked", cf. la­

ter sections. 
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In many languages linguistic stress and Fo (pitch) are inter­

related, e.g. in Dutch ('t Hart and Cohen 1973), in English (Fry 

1958, Lieberman 1960), in Swedish (Carlson et al. 1974, Bruce 

1977), and also in Danish. The nature of this relationship is 

language and dialect specific and so is probably also the weight 

which pitch has among other prosodic cues for the perception of 

stressed vs. unstressed syllables. Thus Berinstein (1979), on the 

basis of acoustic analyses and perceptual experiments on English, 

Spanish, K'ekchi, and Cakchiquel, finds support for a hypothesis 

that "Change in Fo, increased duration, and increased intensity, 

in that order, constitute the unmarked universal hierarchy for 

perception of stress in languages with no phonetic contrasts in 

tone or vowel length; in languages with such contrasts the per­

ceptual cue correlated with that contrast (i.e. Fo with tone and 

duration with length) will be superseded by the other cues in the 

hierarchy." (p. 2) . 

Danish has a phonemic contrast in vowel length, so according 

to Berinstein the hierarchy for the perception of stress would be: 

Fo, intensity, duration. I do not wish to dispute the primacy of 

Fo but I doubt whether intensity really comes second; besides, 

vowel quality is a factor not to be dismissed in a language like 

Danish where the system of vowels in unstressed syllables is re­

duced, cf. Basb~ll (1968) and Rischel (1968), and where, further, 

excessive schwa-assimilation takes place. Thus, I would hypothe­

size a hierarchy for ASC Danish as follows: Fo, vowel duration 

and quality, intensity; but of course this is still an area for 

experimentation. 

The entity which governs the patterning of fundamental fre­

quency may vary between languages. Esser (1978) hypothesizes that 

in German the word is the unit which governs Fo, whereas in English 

it is the foot (whose definition resembles that of the stress group 

in Danish, cf. below: a foot consists of an ictus (salient syl­

lable) - which may be silent - and a (non-obligatory) remiss (weak 

syllable(s)), in that order, cf. Abercrombie 1964, Halliday 1967, 

p. 12). Carlson et al. (1974) and Bruce (1977) both imply that in 

Swedish the word does not constitute the basis for stress/Po pat­

terning and this is true of Danish too: The unit which carries the 

Fo patterns (full lines in fig. 1) consists of a stressed syllable 

plus all succeeding secondary- and unstressed syllables (within 
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the boundaries of the same intonation contour), irrespective of 

intervening syntactic boundaries (see Thorsen 1978, 1980a, 1980c 

for documentation); this unit is termed a stress grouE. 

2.1 Stress sroups with more than one post-tonic syllable 

The stress group patterns have the same basic shape, a (rel­

atively) low stressed syllable followed by a high(-falling tail 

of) post-tonic syllable(s), 1 but the model predicts that the mag­

nitude of the rise from stressed to post-tonic will vary with 

time and with intonation contour. The decrease with time may be 

a consequence of either of two distinct processes or of a combina­

tion of them: It may be a signal of finality and/or it may be a 

physiological phenomenon, i.e. the nearer the end of the contour, 

the less physiological energy is expended and the less complete 

(or distinct) the gestures will be. The variation in Fo patterns 

with intonation contour is likely a consequence of the difference 

in the level of the following stressed syllable, i.e. the lower 

the succeeding stressed syllable (as in statements compared to 

syntactically unmarked questions) the less of a rise is performed, 

and vice versa, an assimilation which may also be conceived of as 

induced by a physiological constraint. (This explanation would 

be supported by data on the behaviour of stress group patterns 

before clause-internal prosodic phrase group boundaries, cf. Thor­

sen 1980a, section 5, but see also section 7.1 below.) 

2.2 Stress groups with only one post-tonic syllable 

Stress groups with one post-tonic syllable will of course 

be shorter than those with several, a feature which is not re­

flected in fig. 1. Further, a single post-tonic does not always 

rise as high as does the first of several, and under some circum­

stances (see further section 7.1.l below) a single post-tonic can 

even fall at or slightly below the level of the preceding stressed 

syllable. A full rise may be intended by the speaker and the un­

dershoot (or assimilation) be due to shortcomings in the periph­

eral speech production mechanism but whatever the reason, we 

1) Note that the post-tonic syllables may include secondary 
stresses (in compounds), which tonally behave like unstressed 

syllables, but which in all other respects (vowel quality, vowel 
quantity, and st~d) resemble stressed syllables. 
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have here an indication that time supersedes Fo when the two are 

in conflict: the duration of the post-tonic may be insufficient 

to perform a full rise when this rise is to be succeeded by a 

large fall to the next stressed syllable and, rather than stretch 

the duration of the post-tonic, the Fo deflection shrinks. 1 This 

inflexibility of the time structure vis-a-vis Fo patterns in Da-

nish may or may not be generalizable to other conditions it 

would be premature to say. (Lyberg's (1979) experiments on Swed­

ish - where vowel duration and more elaborate Fo movements are 

correlated - induce him to suggest the inverse priority: "The 

variation of the segment duration in different places in a sen­

tence is then only a secondary effect of the Fo events which car­

ry the major burden of signalling the prosodic contents and may be 

executed by a regulation system (feedback or feedforward) at a 

fairly peripheral level."; i.e. vowels will stretch in order to 

make room for a required Fo movement.) 

2.3 Stress groups with no post-tonic syllables 

In stress groups consisting only of a stressed vowel, two 

possibilities present themselves: either the characteristic Fo 

pattern is absent, or it is (partially) compressed to be con­

tained within the stressed vowel (and/or succeeding sonorant con­

sonants, if any). The second solution would be parallel to the 

situation in Swedish (cf. Lyberg 1979). Although this point war­

rants a separate investigation, based on a carefully controlled 

and diversified material, I am - on the basis of materials ana­

lysed so far - rather in favour of the first solution, because 

short utterance final stressed vowels (followed by unvoiced con­

sonants) in statements do not show any trace of a compensatory 

rise (see Thorsen 1978 and section 7.2.2 below). Furthermore, 

although long vowels often end in a rise (a rise which in state­

ments is typically smaller than the preceding fall, however, -

see fig. 8, left), this rise is not confined to stress groups 

without post-tonics, see further section 5 below, about intra-

vocalic Fo movements. 

1) However, there is reason to believe that a speaker may over­
come the 'sluggishness' of the peripheral speech organs to 

produce what may be termed "maximally distinct" Fo patterns, -
see further section 7.1.1. 
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We may ask: What is the perceptual cue to stress when the 

characteristic Fo rise is missing from the stress group? First 

of all, this may be a situation where other, linguistic and acous­

tic, cues step in (vowel quantity/quality and st~d; 1 vowel dura­

tion and possibly intensity). Secondly, the first stressed syl­

lable in an utterance cannot be perceived as unstressed by virtue 

of its position rather high in the frequency range. Thirdly, a 

succession of two stressed syllables - on any kind of intonation 

contour - will rarely resemble a combination of stressed and 

post-tonic syllables, see fig. 1. And lastly, the rhythm of the 

utterance probably also plays an important role: In 'stress-

timed' languages, the stressed syllables tend to be perceived as 

occurring with equal time intervals, cf. Lehiste (1977) and Dono-

van and Darwin (1979), and therefore a syllable which fills an 

otherwise empty slot in the rhythmic structure is likely to be iden-

tified as stressed. (Of course, this argument easily risks to 

become circular I am thinking here of a situation where the 

rhythmic pattern has been or can be established by surrounding 

stressed syllables.) 

2.4 Stress group patterns - conclusion 

If the variation in Fo patterns with time, intonation con­

tour, and stress group composition (one vs. several post-tonics) 

is physiologically conditioned (in a not too strict sense of the 

term), the speaker may be unconscious of it, and the listener may 

neglect or compensate for it. Accordingly, we are left with a 

stress group component which is invariant from a productional 

(and perceptual) point of view. (For speech synthesis specific 

rules must of course be included to take care of the context de­

pendent modification in stress group patterns.) I shall return 

to the tonal properties of the stress group and look at supple­

mentary data in section 7 below. 

1) Unstressed syllables can have neither long vowel nor st~d, 
cf. Basb~ll (1968). 
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3. Intonation contours 

The recurrency and predictability of the stress group pat­

terns gave rise to the definition of the intonation contour as 

the course described by the stressed syllables alone (dotted lines 

in fig. 1). This does not mean that the course of the post-tonic 

syllables is irrelevant, e.g. for the identification of intonation 

contours, but it is strictly speaking redundant (see further Thor­

sen 1980b). A similar concept of intonation contour is found in 

Bolinger's (1958, 1970) treatment of American English and in Carl­

son et al. (1974). For a discussion of this definition vs. the 

current 'topline' and 'baseline' concepts see Thorsen (1980a, sec­

tion 1). 

In short utterances (containing no more than three or four 

stress groups) the intonation contours approach straight lines 

whose slopes tend to vary systematically with sentence type, as 

suggested by fig. 1: Declarative sentences have the most steeply 

falling (unmarked) contours at one extreme, syntactically unmarked 

questions have horizontal contours at the other extreme. In be­

tween are found other question types and non-final periods. Fur-
l ther, there seems to be a certain trade-off between syntax and 

intonation contour: The more syntactic information is contained 

in the sentence about its interrogative or non-final function, 

the more declarative-like, i.e. the more steeply declining, is 

its intonation contour, and vice versa (a tendency also noted by 

Bo 1933, p. 82-83, and Jespersen 1897-99, p. 592). A similar 

trade-off has also been observed for other languages, see e.g. 

Bolinger (1962), Cohen and 't Hart (1967), Danes (1960), von Es­

sen (1956), Hadding-Koch (1961), and Mikos (1976). Subjects may 

differ slightly in the way they spread out their contours: some 

tend to cluster all of them, except the syntactically unmarked 

question, rather low and close to the declarative contour, others 

show the opposite tendency, i.e. all but the declarative contour 

are close to horizontal, but even so an ordering among the con­

tours can be observed and the intersubject agreement on the order 

1) I do not wish to exclude the possibility of treating intonation 
as an integral part of the syntax of the language, and "syntax" 

and "syntactic" should just be regarded as convenient abbreviations 
for "other signals, such as word order, interrogative particles, 
and the like". 
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of the contours from horizontal to steepest is surprising: In 

two different sets of sentences, each consisting of five differ­

ent question types, three non-final periods and a declarative ut­

terance (see Thorsen 1978), the level of the last stressed vowel 

in each utterance (which serves well as an indication of the slope 

of the contour, cf. Thorsen 1980b) was measured and averaged over 

six readings by each of four subjects. The degree of concordance 

across subjects in the rank ordering of these vowel levels in the 

9 sentence types was: W = .94 and .95, respectively, for the two 

sets of sentences (Kendall's coefficient of concordance). 

In utterances of four or more stress groups the intonation 

contour breaks up into a succession of gradients with (slight) 

partial resettings between them, though preserving an overall down­

drift (see Thorsen 1980a for a further account) but it still seems 

that the stress group patterns can be regarded as simple superpo­

sitions on the intonation contours, i.e. the behaviour of the 

post-tonic syllables can still be accounted for in terms of the 

stressed syllables. 

4. Stress groups and intonation contours - conclusion 

Evidently, if we combine all possible variations in stress 

group composition with variations in number of stress groups in 

the utterance (and, further, if we manipulate the syntactic struc­

ture to make the intonation contour discontinuities occur in dif­

ferent places, cf. Thorsen 1980a), we are left with an infinity 

of physically different Fo courses where stress group patterns 

and intonation contours are highly interactive. (This richness 

and in particular the many unilluminated points make me hesitate 

to propose a proper "generative" model for Danish intonation; 

further data seem called for.) However, as long as the post-ton­

ic syllables are predictable in terms of the stressed syllables 

(i.e. in terms of the intonation contour which, in its turn, is 

determined by the syntax and function of the utterance and by its 

length), we may still conceive of a level of production where 

stress group patterns and intonation contours are independent en­

tities which are simply superposed one upon the other, and we may 

also hypothesize a level in the perceptual process where a lot of 
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the physical variation is obliterated, recreating the simple con­

figurations depicted in fig. 1. 

5. Intrasyllabic Fo movements 

The account of Fo movements within the syllable (vowel) is 

much less complicated because Fo movements seem to be predictable 

from the stress group pattern and (indirectly) the intonation con­

tour, and these movements are therefore not specified in fig. 1: 

An account of vowel movement will suffice because the Fo movement 

in voiced consonants seems always to be a smooth interpolation be­

tween the vowels, modified by specific intrinsic Fo properties of 

the consonant, as the case may be (see further Thorsen 1979). 

The post-tonic vowels are generally falling. The first 

post-tonic, however, may be rising-falling or even purely rising, 

depending on the exact timing of the vowel with respect to the 

Fo maximum. Short stressed vowels are also generally falling on 

unmarked intonation contours, but may be rising in the first 

stress group, i.e. at the start of the intonation contour, which 

is always high, cf. fig. 1. On marked (less falling) contours 

short vowels are less falling. Long stressed vowels on falling 

intonation contours are falling-rising, but the fall is normally 

equal to or greater than the rise, except initially in the ut~er­

ance. On marked intonation contours the rise may take the upper 

hand (see further section 7.2.1). We might ask: Why are 

stressed vowels generally and mainly falling (on falling intona­

tion contours), even though the Fo pattern is on the way~ for 

the post-tonic syllable? and we might seek the answer in an in­

fluence from the intonation contour, since (1) we also observe a 

tendency for a positive correlation between short stressed vowel 

movement and intonation contour slope (the less steep the contour, 

the less falling the vowel, although the variation in vowel move­

ment is slight, see Thorsen 198Gb, p. 1020) and (2) the rise in 

long vowels is greater on horizontal than on falling contours. 

However, I think the explanation for the mainly falling stressed 

vowels (on falling contours) is to be found in the way stressed 

vowels are signalled tonally in ASC Danish, being ones that are 

jumped (or glided)~ from: a fall in the stressed vowel will 
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maximize the perceptual distance to the succeeding higher post­

tonic. The less steep falls/greater rises in stressed vowels on 

marked intonation contours may be accounted for in terms of the 

greater rise to the post-tonic (i.e. as an assimilation), and thus 

only indirectly ascribed to the intonation contour proper. 

This interpretation is corroborated by a pilot study on some Danish 

dialects where rising stressed vowels seem to be the rule, also 

on falling intonation contours: These are dialects where the 

stress group pattern is one of high stressed plus low (or falling) 

post-tonic syllable(s), so the vowel movement may be seen again, 

not as influenced by the intonation contour, but as determined by 

the stress group pattern with its stipulation that the perceptual 

distance between (high) stressed and (low) post-tonic syllable(s) 

be at a maximum. 

6. Emphasis for contrast 

6.1 Types of emphasis 

Mangold (1975) in his very broad, cross-linguistic survey of pho­

netic emphasis distinguishes between 'emphasis' which "signifies 

meaning" and 'phonetic emphasis' which is "emphasis as expressed 

phonetically" (p. 5). Needless to say, I am concerned here with 

phonetic emphasis more specifically, with emphasis for con-

trast as expressed with fundamental frequency. Any further expli­

citation is made difficult by the lack of a universally agreed 

upon definition and sub-categorization of 'emphasis'. 

To Jespersen (1897-99, chapter XXV) stress is synonymous 

with voice effort, 'expiratory accent', not to be confounded with 

pitch (p. 555) . 1 Three factors determine, according to Jespersen, 

the way people choose to stress one syllable rather than another: 

1) This is what Jespersen says in the chapter on stress. In the 
chapter on pitch he is a little more explicit (p. 583-84, my 

translation): "As the first of those factors which influence 
pitch, we shall treat stress. The stronger we pronounce a syl-
lable or a sound, the higher we tend to make it ( ... ). However, 
stress and pitch are not to be seen as two things that necessarily 
accompany each other or even as one and the same thing - a view 
which has led to many unfortunate and confusing terms like "hochton" 
and the like and especially "betoning" (i.e. accentuation, NT) 
and "betonet" (i.e. accentuated, NT), where only stress should be 

(continued) 
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tradition (e.g. some languages have free, others have fixed stress 

placement), psychological factors, and physical/physiological fac­

tors (sonority and rhythm). The psychologically conditioned 

stress is termed 'value stress', which is assigned to a word or 

words to which the speaker attaches special importance. Value 

stress can be assigned to a whole utterance (the speaker is then 

said to speak 'emphatically', 'with emphasis') or to a single 

word. Jespersen distinguishes two kinds of value stress: novelty 

stress and contrast stress but grants that they are not easily 

separated. Mangold (1975, p. 16) objects to Jespersen's 'value 

stress' because" ... the meaning 'value' as described by Jesper­

sen may be phonetically expressed through stress only, and not 

through other phonetic devices such as high pitch, length. Value 

emphasis thus defined seems to include any type of emphasis which 

will be treated here, maybe with the exception of predicate em­

phasis." 

I have quoted Jespersen because his classification and de­

scription, although they are applied to several languages, draw 

heavily on examples from Danish. There are, of course, several 

other important 'schools' and more sub-divisions of emphasis pos-

sible, surveyed in Mangold (1975, p. 16-28). A common distinc-

tion is one between explicit and implicit contrast: If both con­

trasted terms are contained in the same sentence, clause, or 

phrase, the contrast is explicit. If only one of the terms ia 

mentioned, the contrast is implicit, although the contrasted term 

may be contained in a preceding sentence. According to this dif-

(continued from the preceding page) 
talked about. Just as in music a low note can be forte or fortissimo 
and a high note piano or pianissimo, in language a strong (accentu­
ated) syllable can have a low pitch and a weak syllable a high 
pitch ( ... ). The common tendency to let an increase in stress be 
accompanied by a pitch heightening can often be neutralized by 
other circumstances, which involves a low pitch on the strong 
syllable." - In Modersmalets Fonetik Jespersen notes (p. 141, 
my translation): "Pitch movements are greatest in stressed syl­
lables ( ... ) but we must not from that be led astray and believe 
that pitch and stress are identical", and then he goes on in much 
the same fashion as in the first quotation. It thus seems that 
the fact that stressed and unstressed syllables do not always and 
invariably have the same pitch r~lation to each other (high vs. 
low, or low vs. high) excludes to Jespersen the possibility of 
seeing pitch as a perceptual cue to stress. This situation may be 
due to the fact that Jespersen does not clearly distinguish the 
linguistic function of and the phonetic cues to stress. 
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ferentiation, I have investigated implicit contrasts, see further 

the material below, section 6.4.1. 

6.2 Phonetic correlates to emphasis 

According to Mangold's (1975) .survey of the literature, the 

phonetic devices which may signal emphasis are stress, pitch, 

length, pause, tamber. "Most authors mention either stress or 

pitch or both. Pitch and stress are often not separated, or it 

is difficult to ascertain how far stress includes also pitch." 

(p. 29). As we have seen above, Jespersen denies any direct and 

simple relation between pitch and stress, i.e. neutral as well as 

emphatic stress. Heger (1975) makes two interesting observations 

(my translation, NT) :
1 

"A special kind of stress is called emphat­

ic stress or emphasis. It is the special weight which is attached 

to a syllable when you wish to emphasize it. Whereas_the_three 

~f2E~~entioned_degrees_of_stressL_main_stressL_secondary_stressL 

~nd_weak_stressL_are_necessary_comeonents_in_normal_neutral 

~E~~chL_emehasis_is_eresent_only_when_the_seeaker_wishes_to_em­

Ehasize_a_syllable_or_word_eerceetibly. With emphasis, all means 

are employed: great voice effort, violent pitch excursions, ener­

getic articulation and lengthening of the sounds ( ... )" (p. 51-52). 

Emphasis to Heger is the emotional 'value stress' or 'intensity 

emphasis' as is clear from his examples and the following quota­

tion (p. 54 - my translation, NT): "However, there is one way in 

which to employ the three degrees of stress (main, secondary, and 

weak, NT) which is hard to deduce from the written text ... the 

so-called contrast stress. Contrast_stress_consists_in_emehasiz­

ing_a_word_by_reelacing_the_main_stress_on_surrounding_(chiefly 

succeedin~)_words_with_a_secondary_stress ( ... ). As shown by the 

examples, 'stress for comparison' would be an appropriate term 

for this use of stress; in every case the emphasized word is com­

pared to another (possibly imagined) word. Contrast_stress_may 

be_accomEanied_by_emehasisL_but_need_not_be_so. On the other 

hand, emphasis is often accompanied by that which characterizes 

contrast stress, so that surrounding main stresses are replaced 

by secondary stresses." To sum up Heger's statements: Emotional 

emphasis involves greater voice effort, Fo movements, and dura­

tion; contrast may be achieved simply by a reduction of surround-

1) Broken underlining mine. 
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ing stresses; this last contention corresponds to my own in-

terpretation of the results of the experiments reported below, al­

though I shall make a reservation concerning the distance over 

which a contrast emphasis will result in stress reduction. 

6.3 Emphasis for contrast vs. sentence accent 

Heger's first claim (which I believe would be corroborated 

by any linguist or phonetician who has worked with Danish) that 

stress degrees above main stress are not characteristic of normal 

neutral speech reflects a fact about Danish which presumably makes 

Danish rather different from the languages it is most closely re­

lated to: namely that Danish lacks what has been termed primary 

accent, sentence accent, sentence stress, nuclear accent, focal 

accent, Satzakzent, etc., in descriptions of English, Swedish, and 

German. In these languages, one of the stressed syllables will 

always have slightly greater prominence than the others, realized 

- very roughly speaking - as a more elaborate Fo movement within 

or in the environment of that syllable; if nothing else is speci­

fied by the context, this accent will be located on the last 

stressed syllable of the utterance. 

The works which, implicitly or explicitly, assume the exist­

ence of a nuclear stress in British and American English are too 

numerous to permit an exhaustive listing. Crystal (1969) reviews 

past work on prosodic features and says himself (p. 207): "There 

is general agreement about the internal structure of the tone-

unit in English. Minimally, a tone-unit must consist of a sylla-

ble, and this syllable must carry a glide of a particular kind. 

This is the obligatory element, and is usually referred to (in 

the British tradition) as the nucleus of the tone-unit. ( ... ) 
The presence of a nucleus is what accounts for our intuition of 

'completeness' at the end of the unit: if it is omitted, the au-

ditory effect is one of 'being cut short'." Liberman and 

Prince (1977) - in a theoretical frame-work which differs from 

most previous descriptions of English stress - also assume a "main 

stress" which is the most prominent terminal element of a given 

constituent and is termed a designated terminal element (p. 257). 

Bolinger (1958) seemingly takes a slightly different approach, in 

limiting the term 'stress' to the domain of the word, and talks 

of 'pitch accents' at the sentence level. However, I think that 

the difference is terminological rather than conceptual, inasmuch 
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as Bolinger does not deny the existence of stresses that are more 

prominent (by their pitch movements) than others. 

German too has a Satzakzent, cf. von Essen (1956) and Stock 

p.980, p. 79-80). 

Focal accent is undoubtedly a reality in Swedish, see e.g. 

Bruce (1977) and Garding (1980, p. 285) but according to Carlson 

et al. (1974) prosodically neutral utterances, i.e. utterances 

with a "non-contrastive (focus-free) stress pattern" (p. 212) are 

possible. (Note that Carlson et al. seemingly equate contrast and 

focus, see further below.) 

In Dutch a special sentence accent is not distinguished from 

other accents (see e.g. 't Hart and Collier 1979). One or more 

of the lexical accents in an utterance will be manifested as pitch 

accents which apparently are all equally prominent. The rules 

which govern the assignment of these pitch accents are the object 

of a study by Terken (1980). 

Now, what is it about Danish that makes it deviant from Eng­

lish, German, and Swedish (we will leave Dutch aside)? First of 

all, there is nothing "incomplete" about an utterance with a neu­

tral prosodic pattern, i.e. one where none of the stressed sylla­

bles is more prominent than the others. Such neutral utterances 

may not be very common in spontaneous speech but they do occur, 

they are not unnatural, and they are very easy to elicit from 

speakers in a reading situation. Secondly, and this is the cru­

cial point: In English, German, and Swedish the sentence accent 

does not imply, or result in, a deletion of the surrounding stress 

group patterns (i.e. a reduction of main to secondary stress) the 

way that emphasis for contrast does in Danish (cf. the quotation 

from Heger 1975 above and see the results below). Thus, to sum 

up: in neutral utterances in English, Swedish and German four de­

grees of stress are necessary to account adequately for the dis­

tribution of and relation between stresses, whereas three rela­

tional degrees are sufficient in Danish: Main stress (assigned to 

the lexically stressed syllable in most non-function, or non-emp­

ty, words, secondary stress (assigned to the second (and following) 

lexically stressed syllable in compounds), and weak stress, see 

further Basb~ll (1978) and Rischel (1972, 1975). If we accept 

stress as a hierarchical feature which describes relations between 

syllables rather than a (absolute) property of syllables, or vow-
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els (as suggested by Fischer-J~rgensen 1948, Rischel 1964 and 

1972, and later by Liberman and Prince 1977, and Selkirk (forth­

coming)), then the same three degrees will suffice in short 1 ut­

terances with contrast: The stressed syllable of the contrasted 

word will retain its main stress, and the surrounding stressed 

syllables will be reduced to secondary stresses, i.e. they will 

retain all of their stressed syllable properties (vowel quantity, 

quality and st~d, if any) except the tonal one. Precisely because 

the difference between main and secondary stresses in prosodically 

neutral utterances is primarily tonal and because the effect of a 

contrast emphasis is mainly tonal (cf. below), I see no reason 

why a distinction between secondary stresses which are the result 

of a reduction due to a contrast emphasis and 'original' secondary 

stresses should be called for presumably both types will be 

secondary stresses on a par with each other. 

Presumably, in languages with sentence accent, emphasis for 

contrast exists independently. From Jones (1960, §§ 1049-1059) we 

learn that when a sentence accent (finally in the utterance) is 

superposed by a contrast emphasis its Fo movement is even more e­

laborate. With contrast emphasis on some earlier word this Fo 

movement is moved back to that word's stressed syllable and suc­

ceeding syllables "have the intonation of unstressed syllables" 

(§1050). Now, we can conclude either that the sentence accent is 

deleted due to the contrast emphasis earlier in the utterance or 

that it is moved back to coincide with the contrast emphasis. The 

decision is an arbitrary one, because whichever we choose, the fact 

remains that we can distinguish between a neutral sentence accent 

and contrast emphasis finally in the utterance but not in other po­

sitions where sentence accents do not occur in neutral speech. 

The implication of this is not, of course, that all sentence ac­

cents are really contrastive emphases in disguise: As long as, 

e.g., an English utterance, in order to be natural and complete, 

must have a special prominence attached to its final content word, 

which can be distinguished from a contrast emphasis, it is justi­

fied to make a distinction between the two (which does not pre­

clude that they are related, semantically and phonetically). 

Gosta Bruce, in a personal communication has informed me 

that the Skane dialect of Southern Swedish is not characterized 

by having a sentence accent, so ASC Danish is not the only Nordic 

1) It does seem, however, that the length of the utterance is de­
cisive, see further section 6.4.2, in particular 6.4.2.4. 
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language/dialect without it. (Whether other Danish dialects will 

turn up with a focal accent is still an open question.) As far 

as I read the numerous works of Cohen, Collier, and 't Hart, sen­

tence accent is not a very useful concept in the description of 

Dutch either. 

Before proceeding to an account of the results of the exper­

iments I wish to stress the fact that the material analysed is 

emotionally and attitudinally neutral, i.e. the contrast emphasis 

elicited by the speakers does not, and was not intended to, con-

tain any 'intensity emphasis' or the like. Thus, I do not 

claim that this is the only type of phonetic emphasis possible, 

or even that contrast emphasis may not be realized phonetically 

in a·different manner but I do claim. that what I describe 

here is fairly normal speech. 

6.4 Acoustic analysis of emphasis for contrast in ASC Danish 

6.4.1 Material, subjects, ~nd procedures 

The same type of material as was used for the analysis which 

led to the postulation of the model in fig. 1 served here, i.e. 

nonsense words embedded in initial, medial, and final position in 

short carrier sentences, which are as much alike semantically, 

syntactically, and rhythmically as possible. (For a discussion 

of the choice of words, see Thorsen 1978.) The sentences are list-

ed below (they translate as follows: ____ has shorter· sylla-

bles', 'The syllables of ____ are shortened', 'There are 

shorter syllables in , respectively): 

1 'pipi giver kortere stavelser. 

2 'pipipi giver kortere stavelser. 

3 pi'pipi giver kortere stavelser. Sl 

4 pipi'pi giver kortere stavelser. 

5 'pipi giver kortere stavelser? 

I 6 'pipipi giver kortere stavelser? Ql 

7 pi'pipi giver kortere stavelser? 
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8 :12!12!12! giver kortere stavelser. 

I 9 12!:12!12! giver kortere stavelser. SlA 

10 12:!12:!:12! giver kortere stavelser. 

11 'pipipi giver kortere stavelser. l -------
12 pi'pipi giver kortere stavelser. SlB 

-------

13 pi'pipi giver kortere stavelser. SlC 

14 l2!:E!l2! giver kortere stavelser? QlA 

15 pi'pipi giver kortere stavelser? QlB -------
16 pi'pipi giver kortere stavelser? QlC ---------
17 Stavelserne i 'pipi forkortes. 

18 Stavelserne i pi'pi forkortes. 

19 Stavelserne i 'pipipi forkortes. S2 

20 Stavelserne i pi'pipi forkortes. 

21 Stavelserne i pipi'pi forkortes. 

22 Stavelserne i 'pipi forkortes? 

I 23 Stavelserne i pi'pi forkortes? Q2 

24 Stavelserne i pipi'pi forkortes? 

25 Stavelserne i :12!12!12! forkortes. l 26 Stavelserne i e!:E!E! forkortes. S2B 

27 Stavelserne i E!e!:12! forkortes. 

28 Stavelserne i pi'pipi forkortes. S2A 

29 Stavelserne i pi'pipi forkortes. S2C ---------
30 Stavelserne i e.!:E!E! forkortes? Q2B 

31 Stavelserne i pi'pipi forkortes? Q2A -----------
32 Stavelserne i pi'pipi forkortes? --------- Q2C 
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33 Det giver kortere stavelser rned 'pipi. 

34 Det giver kortere stavelser rned 'pipipi. 

35 Det giver kortere stavelser rned pi'pipi. S3 

36 Det giver kortere stavelser rned pipi'pi. 

37 Det giver kortere stavelser rned 'pipi? 

I 38 Det giver kortere stavelser rned 'pipipi? Q3 

39 Det giver kortere stavelser rned pi'pipi? 

40 Det giver kortere stavelser rned :E!E!E!· I 41 Det giver kortere stavelser rned E!:E!E!• S3C 

42 Det giver kortere stavelser rned e!e!:e! 

43 Det giver kortere stavelser rned pi'pipi. S3A -------
44 Det giver kortere stavelser med pi'pipi. S3B ---------
45 Det giver kortere stavelser rned :e!E!E!? 
46 Det giver kortere stavelser rned E!_:E!E!? 

Q3C 

47 Det giver kortere stavelser rned pi'pipi? Q3A -------
48 Det giver kortere stavelser rned pi'pipi? Q3B ---------

(An indication of stress placement is unavoidable in the nonsense 
words and might have created a problem with naive subjects but 
for the four phoneticians who read the material this does not seem 
to be an obstacle for a natural rendering of the utterances. In 
the reading lists the emphasized words were underlined in one 
part of the material, italicized in another part again this 
turned out to be a straightforward procedure and did not make for 
exaggerations of any kind.) 

The code for the different sentences reads as follows: 

s = statement 
Q = question 
1 = the nonsense word is initial in the sentence 
2 = the nonsense word is medial in the sentence 
3 = the nonsense word is final in the sentence 
A = emphasis is on the first content word in the sentence 
B = emphasis is on the second content word in the sentence 
C = emphasis is on the third content word in the sentence 

Thus, "Q2A" is a question with the nonsense word in medial posi­
tion where emphasis is on the first content word. 

1) In all of the following account, when I talk about questions 
it is always this particular kind of question, i.e. syntacti­

cally unmarked (but prosodically marked) questions. 
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The prosodically neutral statements and questions were in­

tended for a control and quantification of the stress group pat­

terns (section 7) but they of course also serve as a frame of ref­

erence for the utterances with contrast. 

Note that the number of different nonsense words is not the 

same in all sentence typ~s: The problems that I wanted the ma­

terial to solve were weighed carefully against economy, i.e. the 

amount of material that subjects were to record and, sure enough, 

in a few instances I was too stingy on the other hand, a cou­

ple of omissions would not have invalidated the results but that 

really only became apparent when the data were analysed, see fur­

ther section 7. 

Although experiments by Liberman and Streeter (1978) and 

Nakatani and Schaffer (1978) indicate that nonsense words retain 

the prosodic features of natural words, we cannot entirely ex­

clude the possibility that they will exhibit exaggerated prosodic 

patterns when subjected to emphasis for contrast, so the follow­

ing sentences were also recorded ('There are many buses out of 

Tiflis. '): 

49 Der gar mange busser fra Tiflis. 

50 Der 0 gar ~~!}S~ busser fra Tiflis. 

51 Der gar mange busser fra Tiflis. ------
52 Der 0 mange busser fra Tiflis. gar ------

The prosodically neutral utterances (S1,2,3 - Ql,2,3) were 

"naked", i.e. they were not embedded in a context but they were 

mixed with sentences where the tonal assimilation in schwa-sylla­

bles was at stake (22 pipi-sentences interspersed in 75 schwa­

sentences). All the other (30) sentences were embedded in small 

dialogues, like the following: 

A: Sorry, what did you say? Do the buses leave from 

Tiflis or from Grosny? 

B: There are many buses out of~!!!~~- As far as I 

can see there is no connection from Grosny·at all. 
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A: pi'pipi giver kortere stavelser. 

B: E!:E!E! giver kortere stavelser? 

A: Yes that's reasonable enough. It is a three syl-

lable- word. 

A: Does pi'pipi have shorter syllables or just shorter 

vowels? 

B: pi'pipi has shorter ~Y!!~~!~~-

(Each subject would simultaneously take the role of both A and B.) 

One part of these dialogues was mixed with the neutral pipi- and 

schwa-sentences (yielding a total of six pages of reading materi­

al), another part was recorded at a later stage, mixed with yet 

another material, yielding two pages of reading material, in three 

different randomizations. 

Four phoneticians, two males (NRP and JR) and two females 

(BH and NT) read the material. NRP, BH, and NT speak Advanced 

Standard Copenhagen, JR speaks a slightly more conservative var­

iant. NRP, BH, and JR recorded the material six times each, 

NT (the author) recorded it ten times. 

The recordings were made with semi-professional equipment 

(Revox A-77 tape recorder, Sennheiser MD21 microphone, larynx mi­

crophone) in a quasi-damped room at the Institute of Phonetics 

on Agfa PE36 tape at 7~ i.p.s. The tapes were processed by hard­

ware intensity and pitch meters (F-J Electronics) and registered 

on a mingograph (Elema 800) at a paper speed of 100 mm/s. The 

signal from the larynx microphone was processed in the hold mode. 

This, in combination with adjustment of the zero-line to the low­

er limit of the subject's voice range and full exploitation of 

the record space of the mingograph galvanometer, yields a good 

solution of the frequency scale, generally allowing for a measur­

ing accuracy of 1 Hz for males and 2 Hz for females. 

In unidirectional Fo courses with constant slope only the 

beginning and end points were measured, according to a procedure 

outlined in Thorsen (1979, p. 63-66). In more complex Fo courses 

three to six points were measured, in a manner so that the traces 

could be accurately reconstructed by smooth interpolation through 

the measuring points. The distance in time of each measuring 
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point from the first one was measured, and so was the duration of 

each segment, to the extent that reliable segmentation could be 

made. Fo and time measurements were averaged over the six (ten) 

recordings by each subject: the average Fo values were converted 

to semitones (re 100 Hz) and average tracings drawn. No correc­

tion was made for intrinsic Fo level differences between vowels. 

The standard deviations on the average Fo and duration val­

ues are generally small, about 3% to 5% of the mean and very rare­

ly exceeding 10% (they are generally smaller for stressed than 

post-tonic vowels/syllabic consonants), so production stability 

across different readings is rather great and the figures to fol­

low must be fairly reliable indications of subjects' behaviour. 

6.4.2 Results 

In figs. 2-5 average tracings of every type of sentence 

({S,Q}{l,2,3}{A,B,C}) are shown for each subject. The nonsense 

word in the sentences is [ghi 1ghighi J (which is the only one that 

occurs in all positions and conditions), except in final position 

in S3, S3C, Q3, Q3C where it is [ 1 ~highi~hi J (in order that the 

final stress group be comparable to the initial and medial ones, 

that both have two post-tonic syllables, the second post-tonic 

being 'giver' [~iX] and 'for-' [fA], respectively). The neutral 

edition (full line) is compared to every emphatic condition (dotted 

line) in statements (left) and questions (right), for each posi­

tion of the nonsense word (1: initial, 2: medial, 3: final). A 

large part of the material by NRP had to be discarded (all the 

emphatic questions and those emphatic statements where the empha­

sis occurs on the surroundings to the nonsense word. This was 

the part that was recorded in the second round, and apparently 

NRP had become too conscious of the purpose of the investigation 

and no longer kept up the emotional neutrality of the first set 

of recordings). Thus, some of the averages across subjects in 

the figures to follow are averages over three subjects only (this 

will be clearly stated in the legends). 

Apparently, there are minor differences between subjects 

(voice range is an obvious one). However, it would be - if not 

exactly impossible - tedious to give a full verbal description of 

each of the four subjects' tracings. Table 1 gives a simplified 

account in terms of plusses and minusses which indicate whether a 



(f) 

LJ.J 

z 

0 

LJ.J 

(f) 

10 

5 

0 

-5 

10 

5 

0 

-5 

10 

5 

0 

-5 

. ~-­
• " 

I I L 
0 

\ 

\ .. 

I I L 
0 

\ 

\ 

I I I, 
0 

.. . . . . . . ... 

S1/SlA 

JR 

I I I I I I I 
100 

S1/S1B 

JR 

\ 
·\J·· . . 

•·. 

I I I I I 
100 

S1/SlC 

JR 

~ \ v.. ! \ .. v· . •, 

I I ' ' no 
I I 

143 

10 

5 I 

\ 

0 

-5 

I I ,. 

0 

10 

5 I 

\ 

0 

-5 

I I L 
0 

10 

\ 

5 I 

\ 

0 

-5 

• I I I L I I 
0 

CENTISECONDS 

Figure 2-1 

·.• 

01/QlA 

JR 

I I I I I I 
100 

01/01B 

JR 

I I I I I I 
100 

... 

I I I 

100 

01/0lC 

JR 

Fundamental frequency tracings of "pi'pipi giver kortere stavelser" 
(average of six readings): statements (S - left) and questions 
(Q - right), prosodically neutral (full lines) and with emphasis 
for contrast (dotted lines) in the first stress group (A - top), 
in the second stress group (B - mid), and in the third stress 
group (C - bottom) in the utterance. The tracings have been lined 
up (heavy stroke on the time scale) according to the beginning of 
the stressed vowel in the nonsense word. Zero on the logarithmic 
frequency scale corresponds to 100 Hz. Subject JR. 



144 

10 S2/S2A 10 
02/02A 

JA 

•"\\ 
JA 

\ 
5 

)\\ 
5 J ~\ \ 

I 

J - \ ' 
0 ... · \ \ 0 

~ ... 

••· .. \).' .. 
-5 -5 

I .1 I I I I I I I I I .I I I i6o I I I I I 
0 100 0 

10 S2/S2B 
10 

02/02B 

JA 

J\ 
JA 

CJ) 

\ 
w \ 5 )\\ 5 
z ... I. 

) 0 

..... . 
- \ ' \ 

~ 0 \'\ ~ 0 ·••••• 
w 

CJ) \J··. 
-5 -5 

I ,I I I I I I I I .1 I I I I I I I I 
0 100 0 100 

10 02/02.C 

J\ 
JA 

\ \•· . 
5 

. . 
I j 

' . . 
0 ... •· .. .. . . ... 

-5 

I I I I I I 

0 
.I I I ,&i I 

CENTI SECONDS 

Figure 2-2 

"Stavelserne i pi'pipi forkortes" Subject JR. See further the 
legend to fig. 2-1. 



Vl 

UJ 

z 

0 

I-

~ 

UJ 

Vl 

145 

10 S3/S3A 
10 

O3/O3A 

JR 

!)\_\ 
JR 

\ 

5 

), \ 5 J\ I 
\

. . \ . . 
\ . . 

\ \! • J ~ 
0 ... \ \ 0 

.. 
~ \ 

-5 -5 

I I I I I I I I t I I l I I I 
0 100 0 100 

10 S3/S3B 
10 

O3/O3B 

JR 

}\ 
JR 

\ 

J\--, !J\\ 5 5 

I 
\ \ \ 

·.\ \ 'J ' 0 \ \ 0 
: 

... : .. . . . 
\ ' 

-5 -5 

I I I I t I I I I I I I 

0 100 0 100 

10 S3/S3C 10 

JR 

)\ \ 

5 

J°\ 
5 J\ I 

\ ~ \ 
-~ ·\ . : . 

--v· 
·. ' ... .. 
\ 0 \ 0 .. 

),. \ 
O3/QJC 

-5 -5 JR 

I I I I i I I I ' I I I I I I I t I 
0 100 0 100 

C E N T I s E C 0 N D s 

Figure 2-3 

"Det giver kortere stavelser med 'pipipi" (S3, Q3, S3C, Q3C) 
"Det giver kortere stavelser med pi'pipi" (S3A, S3B, Q3A, Q3B) 
Subject JR. See further the legend to fig. 2-1. 



5 

0 

-5 

(/) 5 
w 

z 

0 

I-
0 

~ 

w 

(/) 

-5 

5 

0 

-5 

146 

S1/SlA 

\ NAP 
5 

;, "'\_ 

J 
\ 

\ I \ ,,-.. 0 V .. \ / 

L .... • \ 

·v·-..... .... '•• 

-5 

I I I I I I I I I I I I I 
0 100 200 0 100 

S2/S2B 

NAP 
5 

\ 
\ 

"";-

\ 
j ...... \ J \ / - V '\ 0 

. ' -: : . 

I 
0 

' \ 

I 
0 

·\__;· . . 
... -5 

11 I I I I I I I I I I I 
100 200 0 

S3/S3C 

NAP 5 \ 
\ 

,\J J: \ 0 V \ . • ·. \ 
..... 

.\ ' \ .. · .. : 
..... 

-5 

I I I I I 1 I I I 
100 200 0 

C E N T I s E C 0 N D s 

Figure 3 

"pi'pipi giver kortere stavelser" (top) 
"Stavelserne i pi'pipi forkortes" (mid) 

11 I I I 
100 

' 
\ 

J 
/ 

\ 

I I I I I 1 

100 

"Det giver kortere stavelser med 'pipipi (bottom) 
Subject NRP. See further the legend to fig. 2-1. 

Ql 

NAP 

I I I I 
200 

02 

NAP 

I I I I 
200 

Q3 

NAP 

" 

I I 
200 



147 

20 S1/S1A Q1/Q1A 

BH BH 

{\ 

\ ' 15 15 

I/ 00 \ / \ J:· ... 
\ 

..... 
A \ 

10 ~ \ 
10 

... ····. v. 
5 5 

6 ,le I i6o I 
I I I I I L I I I I I 

, 
0 100 

20 S1/SlB 
20 

01/018 

BH BH 

(/) (\ 
w '\ \ 15 15 

I j \ \ z I \ J. 0 y 
>- \ \ A 

~ 10 'v \ 
10 . . 

w . . 
\:::;/ 
.. . . 

(/) 

5 
,L 

5 
I I. I I I I I I I I I I I I I 

, 
0 100 0 100 

20 S1/S1C 
20 

Q1/Q1C 

BH BH 

' 
{\ 

15 15 

I \ \ JI' \ (. .\ V 
\ ·. •. "" \ ... 

(,''• ·. 
10 

\ 
10 .. 

V 
5 

,le 
5 

I I. I I I I I I I I 

0 100 0 100 

C E N T I s E C 0 N D s 

Figure 4-1 

"pi'pipi giver kortere stavelser" 
legend to fig. 2-1. 

Subject BH. See further the 



148 

20 
S2/S2A 20 

BH 

: ' (' 
15 I 15 \ .::..... .. 

··J \-.. " \ J \ 
'\ ... ... \·•, 10 10 

5 
.I. 

5 
L I I I I I 

0 100 0 

20 S2/S28 20 

8H ·. 
(/) 

LU 

' : I' 
z 15 . ··/ 15 \ t---

0 .. !) • . .\ ' \ J t-
\ 

~ 

~--
·• ... 

10 10 
LU 

(/) 

5 
.1. 

5 .I. I I I I ' 0 100 0 

20 

' I' 
15 \ ' 

J \ 

10 

5 
.I. 

0 

CENTI SECONDS 

Figure 4-2 

"Stavelserne i pi'pipi forkortes" 
legend to fig. 2-1. 

Subject BH. 

02/02.A 

8H 

" ,. 
V .. · .... · 

I ' I 

100 

02/Q28 

BH 

' \. v . 

I I I 

100 

02/02c 

BH 

:~ 

\ V 
... 

I I I 

See further the 



149 

20 S3/S3A 
20 

03/03A 

BH BH 

i\ r 
15 ~ 15 • ... \ .- '\ 

) ' J) J ~ 
'\ ., '\ ·V· .\' .. \ \ . . ·... . 

\ 10 10 .. ... 

5 5 
I, I I I I I L I I I I I I I I I 

0 100 0 100 

20 S3/S3B 
20 

O3/O3B 

BH BH 

(/) 

LU I\ ·. r 
z 15 ~ 15 \. ~ '\ · .. , /J \ .. 
0 

.. ·\·./ 
'\ J I-

,.. · .. .. \./ \" ·.\ .. \ .. 
~ .......... \ ·. • . 

10 10 
LU 

(/) 

5 
I. 

5 
I. I I I I I I I I I I I I 

0 100 0 100 

20 S3/S3C 
20 

BH 

... 
f\ .r 

\. 15 .. ·~. 15 \ 

) '\ 
... y ' •, '\ j ...... 

,··\ V ,·\· .... 
.... .... . ,, 

\ . 10 10 

O3/Q3C 

BH 

5 
11. 

5 
.1. I I I I I I I I 

0 100 0 100 

C E N T I s E C 0 N D s 

Figure 4-3 

"Det giver kortere stavelser med 'pipipi" (S3, Q3, S3C, Q3C) 
"Det giver kortere stavelser med pi'pipi" (S3A, S3B, Q3A, Q3B) 
Subject BH. See further the legend to fig. 2-1. 

! 



150 

S1/S1A 
20 01/0lA 

20 :·\ NT NT 

15 15 

' I\.♦ 

\ \ 
.. 

.;;, I 
V\\f\\ \ \ 

10 

l 
10 

/\ 

\/ 5 ... 5 
..... .. 

. ... 
0 0 

I I L I I I I I I I I I I 
0 100 200 0 100 200 

Sl/S18 01/018 
20 20 

NT NT 

15 15 

' 
(/) I\ 
w \ I \ (;\ J·> / z 

0 ' \ 
I- 10 

~fi 

10 

~ 

w 

\\/. 
(/) 5 5 

' 

0 0 
I .L I I I I I I I 
0 100 200 0 100 200 

S1/SlC 01/0lC 
20 20 

NT NT 

.. 
; 

15 15 

' f\ 

\ / I \ v\ -U \ 
' \ 

10 

\~ /\'• •• / 
.10 

~ u: 
·. . 

5 \ ~ 5 
..... . . . . ... 

0 0 ,I. I .I. I I I I I I I I I I ...J 
0 no 200 0 100 200 

C E N T I s E C 0 N D s 

Fi9:ure 5-1 

"pi'pipi giver kortere stavelser" Average of ten readings. Sub-
ject NT. See further the legend to fig. 2-1. 



··s::, 

t;'SJ. 
S2/S2A O2/O2A 

20 20 
NT NT 

15 "-.\ 
15 

!} • \ j \ ··I\ 
\ 

J\ ' - \ 
.\ f\ ' .... v .. 10 10 

5 \\;/ 5 

.. 

0 0 

I ,I I I I I I I I I I ,I I I I I I I I I I 
0 100 200 0 100 200 

S2/S2B O2/O2B 
20 20 

NT NT 

15 15 
(fl 

J .. ~ \ \ 
.... (\ UJ 

z \ J \ 
···:\ 

0 

\ f\ " ' 
\ V f- 10 10 .. .. . ·. · .. · · . : ! 

~ .... 
w 

(fl 

5 5 

~

/ 

.... 

0 0 
I ,I I I I I I I I I I ,I I I I I I I I I I 
0 100 200 0 100 200 

s2/sx:. O2/02C 
20 20 

NT NT 

15 15 

J ' \ \. I\ 

' J .·· .. ~ 
\ 

·. \ I\ ' 
: · .. 

' 
\ 

V 10 10 .. • •· .. ... ·. . . . .. . . . . . . 

5 

~/ 

5 

0 0 
I • I I I I 

I 26a I .1 • I I I I 
0 100 0 100 200 

C E N T I s E C 0 N D s 

Figure 5-2 
"Stavelserne i pi'pipi forkortes" Average of ten readings. Sub-
ject NT. See f.urther the legend to fig. 2-1. 



20 

15 

• .. \ ·\ 10 

5 

0 
I 

0 

20 

Cl) 
15 

w 

z 

0 \ ··\ 
I- 10 

~ 

w 

Cl) 
5 

0 
I 
0 

20 

15 

10 \ \ 

5 

0 
I 
0 

"Det giver 
"Det giver 
Average of 

152 
S3/S3A 

NT 

\\ 
·v= 
~. 

'\ 

\V ' 
·. ·. \ r 

\ 

I I I 1 I 1 I I I I I 
100 200 

S3/S3B 

NT 

\ 
J .. ... , 

V ' 

\ r 
\ 

I I I I I, I I I I I 
100 200 

S3/S3C 

NT 

'\ 
J ... \ 

' : . . . · ..... \J. . ·. \ ./. • .. \ r .... ., 
I I I .11 I I 

100 200 

C E N T I 

Figure 

20 

15 

10 

5 

0 
I 
0 

20 

15 

10 

5 

0 
I 
0 

20 

15 

10 

5 

0 
I 
0 

s E C 

5-3 

\ 
\J\ 

I I I 
100 

\ \ 
J ...flJ \\ \ 

I I I 
100 

• J.\ \ 

\-..... \ V \ 

\ 
.. ..... · •. 

.. 

I I I 
100 

0 N D s 

kortere stavelser med 'pipipi" (S3, Q3, S3C, 

.11 

" 

. I 1 

' 

.11 

03/03A 

NT 

I I I 

03/03B 

NT 

' \ 

.. .. 

' \ 

03/o3C 

NT 

I I 

Q3C) 
kortere stavelser med pi'pipi" (S3A, S3B, Q3A, Q3B) 
ten readings. Subject NT. See further fig. 2-1. 

I I 
200 

I I 
200 

I ix, 



153 

given feature is present or not relative to the neutral edition -

with each subject, in each of the sentences with emphasis for con­

trast. Of course, the assignment of plus or minus in some cases 

is a matter of opinion and in one type of feature a further dif­

ferentiation seemed justified: When a stress group in the envi­

ronment of the emphasized 1 one contains a partial rise (compared 

to the full rise in the neutral case) this is indicated by"~". 

Plusses and minusses pertaining to the nonsense words are framed 

in full lines, 'stavelser-' in broken lines, and 'kortere/-kortes' 

in dotted lines. Table 2 summarizes the information in table 1: 

It indicates the number of plusses for a given feature as a per­

centage of the total number of observations, for nonsense and re-

al words separately, as well as for both types of words together. -

On the whole, inter subject differences seem to be random and 

quantitative rather than qualitative and the generalizations in 

the following will be based on the average tracings across all 

subjects. Individuals' relation to these generalizations will be 

noted with reference to table 1. 

6.4.2.1 Nonsense words 

Fig. 6 is a highly stylized tracing, averaged over three 

subjects, where each syllable is depicted as a point only (to fa­

cilitate a comparison with fig. l; intravocalic Fo movements in 

the nonsense words are accounted for in section 7.2). It is 

pieced together of the "nonsense stress groups" from different 

sentences, including the unstressed word/syllable 'giver' and 

'for-' when necessary to obtain the required number of post-ton­

ics. Thus, the tracings in fig. 6 (and 7 - which compares emphat­

ic statements and questions directly) represent a long succession 

of pi-syllables from sentences as indicated below (note that a 

stress group commences with the stressed syllable and thus pre­

tonic pi-syllables are not included): 

1) When, in the following, I talk of "emphatic/emphasized sylla-
bles/vowels" it is shorthand for "the stressed syllable/vowel 

of the emphasized word", and "emphatic/emphasized stress group" is 
short for "the stress group which contains the stressed syllable 
of the emphasized word". 
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sentence 
initial first second third 
syllable stress group stress group stress group 

sentence 
no. 

s 3 2 19 34 

S-A 9 8 28 43 

S-B 12 11 25 44 

s-c 13 13 29 40 

Q 7 7 22 38 

Q-A 14 14 31 47 

Q-B 15 15 30 48 

Q-C 16 16 32 45 

The philosophy behind this piecemeal construction of the course of 

Fo in fig. 6 (and 7-9) is of course that this is what the utter­

ances would look like had they actually consisted of a long succes­

sion of pi-syllables (or, in the case of figs. 8 and 9: syllables 

with long vowels and sonorant consonants). In reply to an objec­

tion that this is a dubious procedure I would like to call atten­

tion to the rather amazing regularities exhibited by the prosod­

ically neutral statements and questions, in particular to the 

"intonation contours" which come very close to being straight 

lines. Thus, I think the procedure may be justified not only by 

its purpose but also by its results. 

(a) Statements 

When emphasis for contrast is on the first word (fig. 6, top 

left) the stressed syllable of that word is higher (and has a more 

elaborate rise, cf. figs. 2-5 and the full frame in table 1, SlA); 

the rise to the first post-tonic resembles the neutral stress group 

but the fall through the succeeding post-tonics is considerably 

steeper. The level of the second and third stressed syllables is 

lowered considerably and the rises to the post-tonics are deleted. 

Tonally, the second and third stress groups thus resemble a conti-
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Stylized tracings of the course of fundamental frequency (mean of 
means over six readings by each of two subjects and ten readings 
by one subject) in statements (S - left) and questions (Q - right): 
prosodically neutral (empty circles - dotted lines) and with em­
phasis for contrast (stars and full circles - full lines) initial­
ly (A - top), medially (B - mid), and finally (C - bottom) in the 
utterance. Stars denote the emphasized syllable, large circles 
the stressed syllables, and small circles unstressed syllables. 
The tracings are composed of nonsense stress groups from different 
sentences, see further section 6.4.2.l. They have been lined up 
according to the emphasized syllable. Zero on the logarithmic 
frequency scale corresponds to 100 Hz. 

l 



160 

?·. SA/OA 
15 

~ 
.. 

0 

10 o ... 
o. .. '() o .. '() 

• 
0 

5 ~ 

' I I I I 
0 100 

... /\ •.... 
SB/08 

15 

U) 

w 

~ 
z 

0 10 
I-

~ 
o .. 

• ·o 

~ 

w ·o 
U) 

5 

' I I I 
0 100 

SC/QC /'· ... 15 

fr 
0 

10 

•o ~ 

\ ()..'() .... 

\ ·o 

5 
·o 

I I I I I I I I I I I I I I I 

0 100 

C E N T I s E C 0 N D s 

Figure 7 

Statements and questions with emphasis for contrast from fig. 6 
{statements: S - full stars and circles, full lines; questions: 

Q - empty stars and circles, dotted lines; emphasis initially 
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nuation of the high-falling tail of post-tonic syllables in the 

first stress group. Individual subjects conform well with this 

description, cf. the full frames in table 1, SlA, S2A, S3A, though 

only JR and BH have higher emphasized syllables. 

Emphasis on the second content word- (fig. 6, mid left) re­

peats the pattern described above and in addition the preceding 

stress group is lowered, it has no rise to the first post-tonic, 

and the unstressed syllables describe a rather steep fall. Again 

individuals agree well, cf. the full frames in table 1, S2B, S1B, 

S3B, though only two subjects have more elaborate rises in the 

emphasized syllable. 

With emphasis on the third content word (fig. 6, bottom left) 

we get a very considerable raising of the stressed syllable of the 

emphasized word, a rise to the post-tonic which is only very 

slightly larger than in the neutral stress group and a drastic 

fall to the second post-tonic. Both preceding stress groups are 

lowered, 2 the first one (farthest away from the emphasized stress 

group) retains a slight rise to the post-tonic which may be seen 

as a hint that the effect of an emphasis wears off at a distance. 

Subjects agree well to the description of the emphasized stress 

group (full frame in S3C in table 1). With JR and NT the second 

preceding stress group is lower, with NT its post-tonics describe 

a steeper fall, with BH and NT it has no rise (see the full frame 

in SlC in table 1). 

(The behaviour of stress groups with only one post-tonic as 

well as intravocalic movements will be treated below and in sec­

tion 7.) 

The feature common to the three cases is that the stressed 

syllable of the emphasized word stands out clearly from the sur­

roundings, which is brought about by a raising of that stressed 

syllable as well as by a lowering and shrinking of the Fo deflec­

tions in the surrounding stress groups, in a manner so that the 

immediate surroundings - except the first post-tonic - fall away 

1) 'content word' is to be understood as opposed to 'function 
word' or 'empty word', not in contradistinction to 'nonsense 

word'. 

2) Note that there is only one subject behind the second stress 
group in SC in fig. 6 (and S2C in table 1). 
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sharply from the emphatic syllable. If we consider percentages at 

or above 75% to be high and percentages at or below 25% as low, 

then table 2, statements - nonsense words, of course confirms that 

the emphasized syllable is higher (75%), the fall through the post­

tonics is steeper (100%); the preceding stress group is lower 

(100%), its post-tonics more steeply falling (75%), it has no rise 

(25% partial rise); succeeding stress gr~ups are both lower (100%) 

and have no rise (0%). An account of word boundaries is giv-

en in section 7.3 suffice it here to say that word boundaries 

leave as little trace in the emphatic Fo courses as they do in 

neutral stress group patterns. 

A comment on the prosodically neutral statement and question 

is called for: A connection of the large empty circles (the 

stressed syllables) in the statement in fig. 6, top and mid left, 

would not result in a straight line. This seems to be due to the 

longer first stress group, compare fig. 6, bottom left, where the 
11 intonation contour" is indeed almost straight (see further Thor­

sen 1980a). The rise to the first post-tonic decreases with time, 

as predicted by the model (fig. 1). 

(b) Questions 

The patterns observed in the statements reappear in the 

questions in fig. 6 (and table 1), with some modifications: The 

stressed syllable of the emphasized word is not raised very pro­

nouncedly (the rises in fig. 6 seem mainly to be due to NT, cf. 

the full frames in QlA, Q2B, Q3C in table 1) but the rise to the 

post-emphatic unstressed syllable is considerably higher (and is 

more elaborately rising) than in the neutral stress group, and on 

this point subjects are unanimous, cf. table 1. Stressed sylla­

bles succeeding the emphasized one are not very remarkably lowered 

but the rise to the post-tonic is clearly deleted (cf. the full 

frames in Q2A, Q3B, and Q3A in table 1), and the im~ression of all 

of the post-emphatic syllables is still that they tonally resemble 

one tail of post-tonic syllables. 

Stress groups preceding the emphasized syllable in the ques­

tions behave qualitatively and quantitatively like pre-emphatic 

syllables in the statements, to the effect that the relative low­

ering of preceding stressed syllables (fig. 6, mid and bottom 

right) is greater in questions than in statements. Subjects are 

unanimous on the lowering and lack of rise in preceding stress 
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groups, cf. the full frames in table 1, QlB, Q2C, and QlC. 

Thus, the questions do not show any signs of a wear-off of the ef­

fect of emphasis two stress groups away, as did the statements, 

compare fig. 6 bottom left and right. 

Table 2, questions - nonsense words, reflects these observa­

tions: The emphasized syllable is more elaborately rising (89%}, 
I 

its post-tonic rise is higher (100%); both preceding stress 

groups are lower (100%) and have no rise (0%}; succeeding stress 

groups have no rise (0%). 

In the prosodically neutral questions the three stressed 

syllables are not perfectly horizontal, but very nearly so. Fur­

thermore, the rise to the post-tonic does not decrease linearly 

with time, and in section 7.1.2 we shall look at more data which 

have the same feature. 

(c) Comparing statements and questions 

The significant difference between statements and questions 

(fig. 7) lies in the course of the post-emphatic syllables, which 

run higher in questions than in statements. The preceding Fo 

courses do not differ markedly. With emphasis in the first posi­

tion (fig. 7, top) the emphasized syllable is higher in the state­

ment, in the second position (fig. 7, mid) statement and question 

are about equally high, and in the third position (fig. 7, bottom) 

the emphasized syllable is higher in the question. In other words: 

In statements the emphasized syllable lowers progressively with 

time, in questions it remains at the same altitude, a pattern 

which is reminiscent of the gradients described by the stressed 

syllables in neutral statements and questions, cf. fig. 1. 

From fig. 6 it appears that in statements the changes in 

succeeding stress groups are greater than in preceding ones (the 

stressed syllables after the emphasized syllable sink relatively 

lower than those before it), whereas in questions the opposite 

relation holds (preceding stressed syllables sink lower than suc-

ceeding ones). However, this is hardly the salient point: 

Some very preliminary experiments with synthetic speech suggest 

that the minimal requirement for perceiving a contrast emphasis 

is the shrinking of the surroundings, i.e. the deletion of the 

rise in surrounding stress group patterns and not the raising and 

lowering, respectively, of the emphatic syllable and its surround­

ings. During a visit to the Institute of Linguistics at Uppsala 
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University I had occasion to use the ILS-system for analysis and 

synthesis. I recorded the sentence 'Deter sidste bus til Tif­

lis.' (It is the last bus for Tiflis.) and re-synthesized it with 

a large number of different Fo courses. It turned out that (at 

least to my ear) in order to create the impression of a contrast­

ive stress on the second stressed word 'bus', it was sufficient 

to delete the rise in the preceding word ('sidste'), i.e. to just 

lower its post-tonic syllable, whereas raising 'bus' alone would 

not do the trick. Likewise, I could get emphasis on the word 

'sidste' by deleting the rise in the succeeding stress group, i.e. 

lower the unstressed word. 'til' to the level of 'bus', and again, 

raising the stressed syllable of 'sidste' will not alone give the 

impression that that word is contrasted to some other word. 

6.4.2.2 Natural words 

In figs. 8 and 9 the procedure employed for the construction 

of fig. 6 is repeated for the natural words in the pipipi-senten­

ces. 1 Fig. 8 depicts the course of the words 'kortere' 

( [ 1 g h n: g /\: /\ J) (initially and medially) and '-kortes' ( [ 1 g h n: ~as J) 

(finally), and fig. 9 shows tracings of 'stavelserne i' 

([ 1 sd<B: w Is Ana i J), 'stavelser med' ([ 1 srtre: w Is/\ mE: ]) , and 'stavel-
0 I ~ I 

ser' ([ 1sga3:w1s/\]), respectively, extracted from different sen-

tences in a manner so as to reproduce, to the extent that it is 

possible by such a procedure, the Fo course in utterances where 

the syllables contain long vowels and sonorant consonants. (E.g. 

the emphatic question with emphasis on the second element, QB, 

in fig. 8 is pieced together of the 'kortere' words from sentence 

48 (initial position), sentence 15 (medial position), and sentence 

30 (final position).) 

(a) 'kortere' 

Note, first of all, that the str ssed syllable [ 1ghv:J in 

the neutral edition confirms the observations about vowel Fo move­

ment (section 5): In initial position in statements the vowel is 

mainly rising but medially and finally it is falling-rising, and 

the fall is of greater extent than the rise. In questions the 

rise is greater than the fall. Note also that with these words 

------------------------------------------------------------------
1) The words are all extracted from sentences that have the non­

sense word "pi'pipi" in them, except that 'stavelserne i' ini­
tially and '-kortes' finally in the neutral question come from 
sentences 23 and 22, respectively. 
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the straight line intonation contours (cf. fig. 1) appear very 

clearly, also in the questions, cf. above about fig. 6) but, a­

gain, the magnitude of the rises to the post-tonic in the ques­

tions do not conform to the model. 

On a few points fig. 8 deviates from fig. 6: 1 With emphasis 

on the first stressed vowel in the statement (fig. 8, top left) 

the stress group does not alter its level or shape appreciably, 

compared to the neutral stress group, and the third stress group 

retains most of its rise. In fig. 8, mid left, the final stress 

group does not lower much but the rise to the post-tonic is delet­

ed. With emphasis on the final element (fig. 8, bottom left) 

there is no lowering of preceding stressed syllables and hardly 

any change in the first one at all but the rise in the second 

stress group is clearly deleted. Thus, the suspicion grows that 

emphasis for contrast in the statements exerts a weaker influence 

on stress groups "twice removed". The questions (fig 8, right) 

compare very well indeed with the nonsense words (fig. 6, right), 

except that the relative lowering of preceding stress groups is 

not so great in fig. 8, bottom right. 

The emphasized syllable has rising vowel movements in all 

positions and generally more elaborate rises in the questions. 

(b) 'stavelser 

The first post-tonic syllable in 'stavelser' is carried by 

a syllabic [I] due to assimilation of /a/, which is why the 'sta-
• 

velser' tracings (fig. 9) look slightly different from the 'kor-

tere' ones: The maximum Fo value is generally not reached until 

the beginning of the vowel o.f the second post-tonic syllable 

([A:]). This is not a unique or exceptional case but to what ex­

tent schwa-syllables deviate from post-tonic full vowels, I hesi­

tate to say at present (Thorsen, forthcoming, treats this problem 

in detail). 

Apart from that, fig. 9 does not add much to what has been 

said already about fig. 8, i.e.: With the statements, the most 

obvious changes introduced by emphasis for contrast are the 

shrinking of immediately surrounding Fo patterns as well as a 

raising of the stressed syllable in medial and final positions 

but with the questions we also get a lowering of preceding stress 

groups, as with the nonsense words - though not so great. 

1) Reference to tables 1 and 2 are assembled at the end of this 
section. 
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Fundamental frequency tracings (mean of means over six readings by 
each of two subjects and ten readings by one subject) in state­
ments (S - left) and questions (Q - right): prosodically neutral 
(full lines) and with emphasis for contrast (dotted lines) initial­
ly (A - top), medially (B - mid), and finally (C - bottom) in the 
utterance. The tracings are composed of stress groups from differ­
ent sentences, see further section 6.4.2.2. They have been lined 
up according to the beginning of the emphasized vowel (heavy stroke 
on the time scale). Zero on the logarithmic frequency scale cor-
responds to 100 Hz. The stress groups depicted initially and 
medially consist of the word 'kortere' [ 1ghn:gA:A], the final one 
is • (for) kortes' [ 1 ~ h n: gas J. 
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(initiall

1
), 'stavelser med' [ 1sgffi:wlsA me] (medially), and 'sta­

velser' [ sgffi:wlsA] (finally). See further the legend to fig. 8. 
I 
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(c) Comparing statements and questions 

Comparing the left and right side of figs. 8 and 9, respect­

ively, it seems - as with the nonsense words - that the general 

and significant difference between statements and questions with 

emphasis for contrast lies in the course of the emphatic and suc­

ceeding syllables which rise and run higher in questions than in 

statements. 

The average trends which appear in figs. 8 and 9, left (i.e. 

in the statements), are less descriptive of individuals' behaviour 

than fig. 6. I.e. the likelihood of an individual recreating the 

patterns in figs. 8 and 9, left, is smaller than in the case of 

the nonsense words, as is demonstrated by tables 1 and 2: There 

are fewer instances of many plusses or minusses and thus high and 

low percentages (i.e. at or above 75% or at or below 25%) in the 

real words in statements than in the nonsense words (5 instances 

in real words, 10 in nonsense words, cf. table 2) .
1 

Subjects only 

agree well on (a) higher emphasized syllables (81% of the obser­

vations), (b) more rising emphasized syllables (88%), (c) lower 

stress groups twice removed to the left (80%), (d) the fact 

that the post-tonics in stress groups twice removed to the left 

do not fall more steeply (20%), and (e) that stress groups twice 

removed to the left have a rise (80/20%). On the other hand, 

the differences between subjects still seem to be random (cf. 

table 1). A similar difference between nonsense and real 

words does not appear in the questions (although nonsense and re­

al words differ slightly with respect to which features receive 

high/low percentages). The reason for the different behaviour of 

nonsense and real words in statements may reflect a tendency to 

treat nonsense words in prosodically non-neutral utterances more 

carefully, i.e. a nonsense word will more often (and to a greater 

extent) and in more features exhibit a prosodic pattern which de­

viates from the prosodically neutral pattern and produce what 

might be termed a "maximally distinct" prosodic pattern. The 

reason for the different behaviour of statements and questions in 

this respect may be attributed to a difference between marked 

(question) intonation contours and unmarked (declarative) contours: 

On a marked intonation contour, prosodic non-neutrality is sig­

nalled more often, more clearly, and in more features than on un­

marked intonation contours. Thus, the vacillation in the non-
------------------------------------------------------------------
1) This is partly, but not exclusively, due to the fact that in 

some respects the two real words behave differently. 
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neutral prosodic patterns of real words in statements disappears 

in (syntactically unmarked) questions where these patterns are 

"maximally distinct". (Note that the vacillation in emphatic 

statements is an inter subject affair not a reflection of 

intra-subject variation because the standard deviation on Fo means 

is not greater in emphatic utterances than in prosodically neutral 

ones, cf. the end of section 6.4.1.) 

6.4.2.3 Natural sentences 

In fig. 10 the prosodically neutral edition of 'Der gar mange 

busser fra Tiflis.' is compared to one with emphasis on 'mange' 

(top), 'busser' (mid), and 'Tiflis' (bottom) .
1 

Note that no cor­

rection for intrinsic Fo level differences between the stressed 

vowels has been performed (a correction which would have raised 

the low stressed vowel of 'mange' in relation to the succeeding 

stressed, high vowels) and thus the gently slanting slope of the 

intonation contour is not immediately apparent. 

Emphasis on 'mange' does not raise the stressed syllable 

but the post-tonic syllabic nasal has a higher rise in the empha­

sized condition. (This resembles the situation in figs. 8 and 9, 

top left). Nor are the succeeding stressed syllables lowered but 

the rise to the post-tonic is deleted in the second stress group. 

No change is apparent in the third stress group. 

Emphasis on 'busser' repeats the patterns in figs. 8 and 9, 

mid left, i.e. the stressed syllable of 'busser' is raised consid­

erably and, further, the fall from the first to the second post­

tonic is rather sharp. The preceding stressed vowel is not low­

ered (or only slightly so), but the rise to the post-tonic is de­

leted (the slightly higher position of the syllabic nasal in rela­

tion to the preceding low vowel may well be due to intrinsic Fo 

level differences). There is also a slight comparative lowering 

of the post-tonic syllable in the final stress group. 

1) Fig. 10 is an average over all four subjects, which is why the 
tracings are all lower on the frequency scale than in figs. 

6-8. It would of course have been possible to compensate for the 
variation introduced in the figures by the alternate inclusion and 
exclusion of NRP if the data had been zero-offset adjusted for 
each subject prior to averaging. I did not do this because it is 
really immaterial for an account of the results the same rela-
tions would hold between utterances, which is one advantage of a 
logarithmic frequency scale. 
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Fundamental frequency tracings (mean of means over six readings by 
each of three subjects and ten readinvs by one subjectt of 'Der 
gar mange busser fra Tiflis.' [ga gn mn9 1 gusA f~a 1 g if!is]: 
prosodically neutral (S - full lines) and with emphasis for con­
trast (dotted lines) on 'mange' (SA - top), on 'busser' (SB - mid), 
and on 'Tiflis' (SC - bottom). Zero on the logarithmic frequency 
scale corresponds to 100 Hz. The tracings have been lined up ac­
cording to the beginning of the emphasized vowel (heavy stroke on 
the time scale). 
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Emphasis on 'Tiflis' makes for a raising of 'Tif-' but no 

further rise to the post-tonic (which seems to be a general fea­

ture of emphasized stress groups with only one post-tonic, at 

least if that post-tonic is not carried by a syll~bic nasal, cf. 

section 7 below). The preceding stressed vowels are again not 

lowered, ·and the shrinking of the Fo pattern in the first stress 

group is modest, though clear in the second one. 

(The inter subject agreement is good in the natural senten­

ces ~nd this account would adequately describe any one of them, 

except that NT does have a lowering of stress groups preceding 

the emphasized one as well.) 

At this point the suspicion becomes a near certainty that -

at least in statements (the natural sentences did not include 

questions) - only in the immediately neighbouring stress groups 

are the Fo rises to the post-tonic completely deleted. Stress 

groups further away retain (a smaller or larger part of) their 

rises. 

6.4.2.4 Fo and emphasis for contrast - conclusion 

Slight differences between different parts of the material 

aside, a general conclusion may be formulated: When emphasis for 

contrast is introduced in a sentence, the stressed syllable of 

the emphasized word will stand out clearly from the surroundings 

which is brought about by a raising of (except in initial posi­

tion) and an elaborate rise within that syllable and by a deletion 

6f the Fo deflections in neighbouring stress groups, to the effect 

that the immediate surroundings, except the first post-tonic, fall 

away sharply from the stressed syllable of the emphasized word. 

In this material statements and questions differ with re­

spect to the extent of the influence of emphasis on the prosodic 

patterns: Fo patterns two stress groups away from the emphasized 

word retain (at least partly) their rises to the post-tonic in the 

statements but not in the questions. (In table 2 we observe a 

full or partial rise in the second preceding and succeeding stress 

groups in 76% (63%+13%) and 66% (33%+33%) of the observations, re­

spectively, in statements but only 44% partial rises in the second 

preceding stress group and no rises at all in the second succeeding 

stress group in questions.) To the extent that this difference is 

a stable one, there must be a reason for it (akin to the explana-
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tion at the end of section 6.4.2.2(c) for the difference in the 

treatment of natural words vs. nonsense words): It could be that 

more of a change is invoked in the prosodic patterns on marked 

intonation contours (which accompany syntactically unmarked ques­

tions) than on unmarked contours (declarative sentences). 

The material is not,comprehensive enough to establish just how 

far emphasis "reaches" on marked contours .. 

For the sake of clarity of the exposition I will temporarily 

disregard the limited influence of emphasis in declarative senten­

ces and state that: Short utterances with emphasis for contrast 

reduce tonally to one stress group in the sense that only one 

LOW+ HIGH FALLING pattern occurs in them. The difference between 

statements and questions with emphasis for contrast is mainly lo­

cated in the movement within the emphatic syllable,which rises 

higher in questions, and in the post-emphatic syllables, which run 

higher in questions than in statements. Thus, to a certain ex­

tent, emphatic utterances (with more than one stress group) re­

semble prosodically neutral (real) one word utterances of which 

it has previously been shown (Thorsen 1978) that the difference 

between statement and question manifests itself in the [level 

(higher in questions) and] movement (rising in questions) of the 

stressed syllable as well as in higher post-tonics in questions. 

This is not to say, of course, that one word utterances and utter­

ances with contrast emphasis must necessarily be identical phonet­

ically (as they certainly are not semantically). A real one stress 

utterance and a longer one with emphasis will usually be different 

tonally in the height of and movement within the emphasized syl­

lable. 

With this generalization of the results a notable difference 

between short prosodically neutral utterances and utterances with 

emphasis for contrast exists: In prosodically neutral sentences 

the information about sentence type (e.g. statement vs. question) 

is contained in the ensemble of stressed syllables, whereas in em­

phatic utterances the one "stressed" syllable and its "post­

tonics" (which may or may not include (reduced) main, i.e. second­

ary stresses) will carry the burden alone. But, precisely, if we 

regard utterances with contrast emphasis as one word utterances, 

this does not jeopardize the definition of intonation contour as 

given in the introduction, nor the contention that intonation con-
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tour and stress group pattern essentially are two invariant enti­

ties which interact on the "physical" level only. 

If we accept stress as a relational property and accept the 

reduction of Fo patterns surrounding a stress group which contains 

the stressed syllable of an emphasized word as evidence that the 

stressed syllables of those stress groups are reduced from main to 

secondary stresses, then it seems that three degrees of stress 

will suffice to account adequately also for short utterances with 

emphasis for contrast, - at least as long as these utterances are 

emotionally neutral, cf. sections 6.2 and 6.3. Note, again, that 

this is not necessarily a statement to the effect that phonologi­

cally, neutral main stress and emphasis for contrast are identical: 

they certainly have different effects on the surroundings and in­

tuitively it seems wrong to treat them as inherently equal (and, 

as mentioned above, they may also well be different phonetically, 

although this difference - which consists in a higher and more 

elaborately moving emphasized syllable - may not be a necessary 

requirement for the perception of contrast, cf. section 6.4.2.l(c)). 

But it seems that two stress degrees, 'secondary' and 'weak', be­

low 'main' and 'emphatic' are sufficient in both instances, i.e. 

three degrees will suffice. If it were not for the fact that 

neutral main and emphatic stresses are not always very different 

phonetically, and that such a difference does not seem to be a 

necessary requirement, then we might of course resolve the issue 

as follows: weak syllables are assigned a stress degree 11 0 11
, 

secondary stresses "l", neutral main stresses "2", and contrast 

emphases "3" and then note that the occurrence of 11 3" precludes 

the occurrence of "2" (or, in other words: reduces "2" to II l") 

(at least in the immediate environment, cf. below). As the mat-

ter stands, however, I think that it is more appealing to account 

for the difference between neutral main stresses and emphases for 

contrast as one of kind rather than one of degree, i.e. to see 

emphasis for contrast as a phenomenon which is not fully integrated 

in the ordinary stress hierarchy. 

A complication is introduced by the fact that (at least in 

declarative sentences, cf. above) stress groups further away from 

the emphatic one are unaffected, i.e. utterance length (in terms 

of number of stress groups) cannot be disregarded, and we cannot 

always state that the whole utterance reduces tonally to one 
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stress group when emphasis for contrast occurs. Instead we 

shall probably have to state that the stress group containing the 

stressed syllable of the emph~sized word together with the imme­

diately neighbouring stress groups reduce to one stress group. 

(In questions the emphasis may be more far reaching, but just how 

far I cannot say at present.) We can presumably still make do 

with three relational stress degrees to describe such longer ut­

terances with emphasis for contrast, but the stress relations that 

we describe must then be confined within the boundaries of each 

stress group (whether prosodically neutral or emphasized) and can­

not extend over a whole utterance. (This does not obliterate the 

difference between Danish contrast emphasis and e.g. English nu­

cleus, because in English, too, the four stress degrees describe 

relations within the tone group, of which there may be several in 

a sentence.) 

I hesitate to say at present what constitutes the acoustic 

and perceptual cues to sentence intonation in long utterances with 

emphasis for contrast where the smoothly slanting slopes of the 

prosodically neutral intonation contour will of course be broken, 

due to the raising of the emphasized syllable is it the over­

all downdrift, or is it e.g. the "post-emphatic" downdrift only? 

Further investigations are called for. 

If the interplay on the physical level between stress groups 

and sentence intonation components were less complicated, i.e. 

less dependent on stress group composition and utterance length, 

a predictive model could be proposed that also took emphasis for 

contrast into account. And it is indeed possible to lay out up­

per and lower limits for (emphatically) stressed syllables, and 

for the first post-tonic in each stress group, but I do not 

feel that such a graph satisfies the demands on a model that 

should generate the Fo course of all parts of the utterance. 

Instead I think that one must, at least for the present, resort 

to fig. 6, which gives a rough indication of what to expect from 

short utterances with contrast emphasis in different positions. 

Finally, I wish to stress once more the fact that what I 

have investigated are utterances that are emotionally neutral. 

I do not wish to claim that emphasis in general must necessarily 

be signalled in the same way as emphasis for contrast, - in fact 

I am certain that this is not the case: A type of emphasis where 
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the stressed syllable is low in relation to its surroundings is 

fairly common; it invokes the impression of the speaker being 

patronizing or indignant. (Further, a low emphasized syllable is 

the rule in the second contrasted term in explicit emphasis.) 

I cannot even claim that emotionally neutral emphasis is inevitab­

ly realized as I have described above: I think it is possible 

(though maybe not common in spontaneous speech) to introduce non-

emotional emphasis (be it for contrast or some other purpose) 

without necessarily reducing the surrounding stress groups it 

seems to be fairly common with e.g. news readers on radio and TV. 

I do not know what constitutes the acoustic characteristics of 

such utterances but I think it likely that the emphasized stress 

group, besides the higher and more elaborate Fo movement of the 

stressed syllable, may be considerably lengthened (a feature which 

is not characteristic of the present material, cf. below). 

6.4.2.5 Emphasis for contrast and duration 

Durations have been measured in all of the material. How­

ever, only the results for the natural ('Tiflis') sentences are 

presented here. The nonsense word material conforms well with 

the conclusions to be drawn below. 

In table 3 the duration of each segment, each stress group, 

and the whole sentence is given (mean of means from four subjects), 

and in fig. 11 this information is displayed graphically. Differ­

ences in total duration between the prosodically neutral edition 

(S) and the ones with emphasis for contrast (SA-SC) are fairly 

small, and seem mainly to be ascribable to the longer emphasized 

stress group. On this point there is overall agreement between 

subjects: In table 4 the durations are compared (qualitatively) 

for each subject. A plus indicates that the segment, stress 

group, or sentence, respectively, was longer in the neutral edi­

tion, and a minus that it was longer in the emphasis condition. 

(The asterisks indicate that the difference is statistically sig-

nificant (one-tailed t-test) at the 5% level or better.) When 

all subjects agree as to the direction of a durational difference 

(which is comparatively rare), this is indicated by a plus or 

minus in the "overall agreement" row. Note that the pre-vocalic 

consonant in the emphasized stress group is significantly longer 

than in the neutral case with all subjects (except JR: [g 5 ]). 
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Graphical display of durations (mean of means over six readings 
by each of three subjects and ten readings by one subject) in 
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with emphasis for contrast on 'mange' (SA - top), on 'busser' 
(SB - mid), and on 'Tiflis' (SC - bottom). Vowel segments are 
hatched, stressed vowels cross-hatched. 
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The emphatic vowel is longer too, but not significantly so in all 

positions (initial - SA, medial - SB, final - SC) and with all 

subjects. There is a tendency for the stressed vowel preceding 

the emphasis to be shortened but no such tendency appears in suc­

ceeding stressed vowels. Thus, to a certain extent, the lengthen­

ing of the emphasized stress group is counterbalanced by a shorten­

ing of the preceding one which is probably the reason why em­

phasis in the first stress group makes for a comparatively longer 

total duration than emphasis on the second and third stress groups 

(there is no preceding stressed vowel to shorten). 

On the whole, the changes induced by contrast emphasis on 

the durations and durational relations within the sentence can be 

said to be less drastic than the changes induced on fundamental 

frequency. No doubt, there are types of emphasis which will 

change duration more radically, but emotionally neutral emphasis 

(except maybe the "news reader emphasis", cf. above) does not in­

terfere markedly with the rhythmic structure of the utterance. 

7. A closer look at the tonal properties of the stress group 

Fundamental frequency tracings of all the stress groups in­

volving nonsense words in the material, except those that surround­

ed an emphasized stress group, are depicted in figs. 12-15 for in­

dividual subjects. (The second half of the Fo course of [giX] 

has been deleted in figs. 12-16 when it is the first, i.e. only, 

post-tonic, to make it more directly comparable to post-tonic 

[bhi ]. Note that the stress group commences with the stressed 
0 

syllable, i.e. pre-tonic pi-syllables are not included.) Subjects 

differ among themselves but not in a systematic and qualitative 

respect, and a grand mean (mean of means, fig. 16) will not ob­

scure differences of a fundamental kind between the four speakers. 

(Note that NRP is not included in the questions with emphasis, 

and see the footnote in section 6.4.2.3.) 

Apparently, in many instances the course of fundamental fre­

quency, i.e. the shape of the Fo pattern, is insensitive to stress 

group composition: In some positions and conditions the Fo pat­

terns are concurrent regardless of the number of unstressed syl­

lables in the stress group (except of course that the tail is 

longer with more post-tonics); in other positions and conditions 
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Fundamental frequency tracings (average over six readings) of 
stress groups containing the stressed syllable of nonsense words 
(including the following unstressed syllable 'giver' [~iX] and 
'for-' [fA], respectively) initially (left), medially (mid), and 
finally (right) in prosodically neutral statements (S - top), 
statements with emphasis for contrast on the nonsense word (ES -
higher mid), prosodically neutral questions (Q - lower mid), and 
questions with emphasis for contrast on the nonsense word (EQ -
bottom). See further section 6.4.1. The nonsense words are des-
ignated as follows: 'pipi •········· (pi) 'pi -----
' pipipi 0000000 (pi) 1 pipi --- (pipi) 1 pi XXXXXX 

Zero on the logarithmic frequency scale corresponds to 100 Hz. 
Subject NRP (no questions with emphasis for contrast). 
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Subject BH. See further the legend to fig. 12. 
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Subject NT. Average over ten readings. 
See further the legend to fig. 12. 
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mean of means. See further the legend to fig. 12. 
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it appears that we must distinguish stress groups with one from 

stress groups with several post-tonics. - Accordingly, in some 

cases a common mean 1 over all words (and subjects) ls possible; 

the result can be seen in fig. 17. Fig. 18 is a stylized version 

of fig. 17 where each vowel is depicted as a point (corresponding 

to a point in time at 2/3 of the distance from vowel onset or to 

the Fo maximum in rising-falling movements). 

7.1 The rise to the post-tonic 

.7.1.1 Stress group rises in prosodically neutral and non-neutral 

utterances 

The most obvious difference between individuals is in the 

size of the rise to the first post-tonic, which in neutral state­

ments and questions is clearly larger with NRP than with the oth­

er subjects, and in the fall through the post-tonics, which is 

steeper with JR and NRP than with BH and NT in neutral statements 

and questions. Quantitative differences aside, the overall agree­

ment as to whether a stress group rises or not (i.e. to the first 

post-tonic) is fairly good, cf. table 5. (The broken lines sepa-

rate stress groups with several from stress groups with one post­

tonic). Neutral and emphatic stress groups are invariably rising 

in questions. Emphatic stress groups in statements are rising in 

initial and medial position, if the stress group contains~ 

than one post-tonic (except with JR "pi'pipi giver" initially and 

medially, NRP "'pipipi for-" medially, and BH "pi'pipi for-" me­

dially). In final position two subjects have a level pattern, two 

have a rise (one being NRP, which is why the average has a rise). 

With only one post-tonic, emphatic stress groups are generally 

falling from stressed to post-tonic (except with NRP "pi'pipi 11 

finally, which rises, and NT "pipi'pi for-" medially, which is 

level). The variation in neutral statements is slightly larger 

(cf. the speculations in sections 6.4.2.2 and 6.4.2.4 about dis-

tinctness of prosodic patterning on marked vs. unmarked intona­

tion contours) but it does not seem an oversimplification to 

state that all stress groups are level in final position (i.e. a 

rise or fall is not larger than half a semitone), they are all 

------------------------------------------------------------------
1) These means are calculated from ~he data behind figs. 12-15, 

not fig. 16, i.e. if e.g. three words are involved, then N=l2 
(four subjects times three words). 
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e r r a t u m 

On page 189, between.lines 19 and 20, insert: 

''rise was highest, when the post-tonic constituted a separate word the" 
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rising in medial position, and rising in initial position except 

for stress groups with only one post-tonic, which are level ini-

tially. Fig. 18 illustrates these observations. (The fact 

that the stressed syllable of the stress group with only one post­

tonic is clearly higher initially in the neutral statement than 

the stressed syllable of stress groups with several may be acci­

dental (there is only one word behind the squares in fig. 18, 

top left, whereas there are three behind the circles) or it may be 

an indication of "stress group elasticity", i.e. a compensation 

for the lack of rise to the post-tonic.) 

The lack of rise to a single post-tonic in initial stress 

groups in prosodically neutral statements is not a must, however: 

The material analysed for Thorsen (1980c) was three sentence initial 

stress groups (segmentally identical, with only one post-tonic) 

that differed among themselves only in terms of the syntactic 

boundaries surrounding the post-tonic. The same subjects served 

for that investigation: NRP, BH, and NT invariably had rising Fo 

patterns; JR exhibited a syntactic boundary dependency: when the 

stressed and post-tonic syllables belonged to the same word, the 

rise was smaller and when the post-tonic belonged to the same word 

as the succeeding stressed syllable, stressed and post-tonic de­

scribed a falling pattern. (JR does not exhibit a similar syntac­

tic boundary dependency in this material, see further section 7.3.) 

I cannot say what triggers this difference in initial stress groups 

with only one post-tonic the utterances of both materials sound 

alike, i.e. there are no apparent differences in their stress pat­

terns in terms of slightly heavier stress (relative to the succeed­

ing stressed syllables) on the first stressed syllable when it has 

a rising Fo pattern. It could be, of course, that since a level 

stressed and post-tonic initially in a statement can never resem­

ble a succession of two unstressed or two stressed syllables - by 

virtue of the high position of the stressed syllable and the lack 

of a substantial fall .(which characterizes a succession of two 

stressed syllables in short statement) - it is immaterial to the 

perception of stress distribution in such a stress group whether 

the post-tonic actually rises and when it does it may be a 

sign of a more careful, i.e. maximally distinct, prosodic pattern­

ing (without invoking the impression of stronger stress). Such a 

distinctness may have been applied to the 1980c material, where 
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the three utterances were mixed with utterances that served a dif­

ferent purpose and which were semantically and rhythmically very 

different, i.e. the three utterances stuck out clearly from the 

rest of the material. (If the lack of rise in initial stress 

groups with only one post-tonic were a constant phenomenon I would 

be hard put to explain why medial stress groups of a similar com­

position always come up with a rise - at least in materials ana-

l y sed so far . ) 

The lack of rise, i.e. the falling Fo pattern in emphasized 

stress groups in statements supports the contention that time su­

persedes Fo when the two are in conflict (cf. section 2.2): In 

emphasized stress groups in statements the post-tonics must fall 

away rapidly from the emphatic syllable. It seems as though this 

fall must be accomplished, at least to a large extent, within the 

stress group itself which is why a stress group with only one 

post-tonic does not exhibit a rise, when emphasized: there is 

not time enough. (If there was no constraint on the domain of the 

post-emphatic fall there would be no reason why a single post­

tonic (i.e. single in the prosodically neutral edition) should 

not rise, at least initially and medially, where the succeeding 

stress group(s) reduce tonally to a tail of unstressed syllables.) 

Whether a rise to a single post-tonic (a maximally distinct pat­

tern) could be provoked with more favourable segmental conditions 

(long vowels and/or sonorant consonants) I cannot say. Fig. 10, 

top, which depicts a clear rise in the syllabic nasal of emphasized 

'mange' cannot be considered conclusive evidence because 'mange' 

is not raised nor is the succeeding "stressed" syllable ('bus-') 

lowered relative to the prosodically neutral edition the way that 

is characteristic of utterances with nonsense words, i.e. the in­

terval between the emphatic and succeeding "stressed" syllable is 

not particularly great. 

Further speculations about the relationship between Fo pat­

terning and rhythmic structure must await a separate investigation 

which should include careful manipulation of the duration of 

stress groups initially in neutral statements (partly by varying 

speaking rate, partly by varying the segmental composition: short/ 

long stressed vowel, unvoiced/voiced post-vocalic consonant(s) in 

the stressed as well as post-tonic syllable). 
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7.1.2 Stress group rises as a function of intonation contour 

Figs. 12-18 confirm the model in fig. 1 as far as higher 

rises to the post-tonic in neutral questions than in neutral state-

ments go. In section 2.1 I speculated that this variation in 

stress group pattern with intonation contour might be a physiolog­

ically conditioned assimilation: the lower the succeeding stressed 

syllable, the less of a rise is performed from stressed to post­

tonic, and vice versa. However, if we are dealing with a physio­

logical conditioned constraint, it is not a strong one: The ten­

dency towards higher rises on less falling contours is true only 

when averages of rather large data bases are considered. I noted 

at the end of section 6.4.1 that standard deviations on the means 

of Fo measurements are small, generally less than 5% of the mean 

(and smaller in stressed than in unstressed vowels). However, 

when the magnitude of the rise from stressed to post-tonic is cal­

culated and averaged we get standard deviations which are often 

as great as or greater than the mean. There are two reasons for 

this: (a) with a dispersion of the same order of magnitude on 

Fo measurements in the stressed vowel, the post-tonic vowel, a~Q 

the rise from stressed to post-tonic, we will naturally get larger 

standard deviations on the mean of the rise, which is numerically 

much smaller than the means of stressed and post-tonic vowels. 

(b) Fo of the stressed and post-tonic (and succeeding stressed) 

vowel vary within rather narrow ranges, but they are not otherwi~e 

strongly correlated, i.e. a stressed vowel in the lower end of the 

range may be succeeded by a post-tonic in the upper end of the 

range (which may be succeeded by a stressed vowel in the lower end 

of the range). Documentation for this "production instability" 

(in sentence final stress groups) can be found in Thorsen {1980b, 

p. 1019-1021) and has been confirmed by spot checks in the present 

material. Thus, in individual recordings we may come across rises 

in statements which are higher than some rises in questions, and 

vice versa. Another point in disfavour of a strictly physiologi­

cally determined variation in stress group rises on falling and 

horizontal intonation contours is the fact that the final stress 

group rise is also higher in questions than in statements, although 

there is no succeeding stressed syllable that can be made respon-

sible for the variation. On the other hand, to see higher rises 

on question contours as a controlled signal {added to the informa-



192 

tion contained in the course of the stressed syllables) of inter­

rogative sentence intonation is not very appealing either, because 

you would then expect a greater production stability in these ris-

es. A third possibility presents itself, which ties up with 

the speculations in sections 6.4.2.2(c) and 6.4.2.4, namely that 

stress group patterns tend to be more distinct (i.e. have higher 

rises) on marked intonation contours, so in a sense this variation 

is speaker controlled but the demands for production stability are 

not severe. (If we assume that prosodic phrase group boundaries -

which entail partial resettings in the course of long falling in­

tonation contours (Thorsen 1980a) - receive special attention on 

the part of the speaker (which is not an unreasonable assumption) 

then the rises from stressed to post-tonic in stress groups pre­

ceding such boundaries, which are comparatively higher than if no 

boundary succeeds, can be explained along the same lines, i.e. as 

maximally distinct prosodic patterning.) 

The successively lower rises from first through last stress 

group implied in fig. 1 (cf. section 2.1) is confirmed for the 

neutral statement - but not for the question, cf. fig. 18, top, and 

see also figs. 6, 8, and 9: the final rise is too high or, alter­

natively, the medial rise is too low. The lower medial rise com­

pared to the final rise cannot be due to an artefact of the mate­

rial because both stress groups in fig. 18 are the average of one 

stress group with one post-tonic and two stress groups with two 

post-tonics {times four subjects in both cases as well). Nor can 

it be due to deviant behaviour on the part of one particular sub­

ject because all subjects share this feature, cf. figs.12-15. 

Again, to see the comparatively higher rises finally in questions as 

an intonation contour signalling, i.e. as an acoustic cue to in­

terrogative intonation contour~ is not appealing due to the rather 

large dispersion in the magnitude of this rise, and because per­

ception experiments show that the terminal rise is poorly corre­

lated with listeners' identification of utterances as declarative, 

non-final, or interrogative, see further Thorsen (1980b, p. 1019-

1021). (This rejection may be supported by the fact that the em­

phatic questions are not characterized by having comparatively 

higher rises when the emphasis is in the final stress group. Such 

a comparatively higher rise would not have been incongruous, be­

cause the difference between emphatic statements and questions lies 
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mainly in the higher course of the "post-tonics" in questions, and 

with emphasis in initial or medial position there is a rather long 

tail to carry this high Fo course, but with emphasis in final po­

sition the question signalling must be carried by a few syllables 

only, which might have provoked a rise from emphatic to post-tonic 

greater than in initial and medial position.) If the extent of the 

final rise does not correlate with listeners' classifications of 

utterances as more or less interrogative, it cannot even be regard­

ed as a redundant cue, i.e. it would have no perceptual purpose. 

So to account for the shape of the "topline" (the line connecting 

the first post-tonic in each stress group) in prosodically neutral 

questions it might be more profitable to not regard the final (or 

medial) stress group as being "aberrant" but to wonder whether 

"toplines" on marked contours may not be characterized by an 

asymptotic decline as compared to the linear decline on statement 

contours, i.e. we get a fall from first to second post-tonic, but 

after that the declination levels out. More material, i.e. 

longer questions, is called for to further illuminate this point. 

7.2 Intravocalic Fo movements 

7.2.1 Long and short vowels 

Long stressed vowel movements have been accounted for in sec­

tion 6.4.2.2(a), which confirmed the observations in section 5 that 

on prosodically neutral falling intonation contours, long stressed 

vowels are falling-rising, but the fall is generally of greater 

extent than the rise, except initially in the utterance where the 

rise may be greater, probably due to the high start of the intona­

tion contour. On horizontal intonation contours, long stressed 

vowels are also falling-rising, but the rise is slightly greater 

than the fall, which may be seen as an anticipation of,or assimila­

tion to, the comparatively higher post-tonic syllable in questions. 

When subjected to emphasis for contrast, long stressed vowels are 

invariably rising, and more elaborately so in questions than in 

statements, cf. fig. 8. When subjected to stress reduction due to 

contrast emphasis in the environment, long stressed vowels exhibit 

a unidirectional movement, generally level or falling, regardless 

of the statement/question dichotomy, cf. figs. 2-5. 
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Short unstressed vowels are falling under all circumstances, 

except in the first post-tonic where it may be rising-falling, or 

even (but rarely) purely rising, cf. figs. 12-15 (NT is the only 

subject who has a majority of rising-falling post-tonic vowels). 

Short stressed vowels were said in section 5 to be falling 

on falling contours, except initially, and to be less falling on 

less falling intonation contours. However, from figs. 12-15 it 

appears that initially in prosodically neutral statements, the 

majority of the nonsense words have rising movements, medially 

they are rising or falling, about fifty-fifty, finally they are 

all falling, but in the other conditions the majority of the words 

have rising stressed vowels, except finally in emphatic statements 

where the distribution is fifty-fifty. Thus, this is yet another 

instance of differences between different speech materials, because 

in the material analysed for the 1978 investigation, which led to 

the model in fig. 1, short stressed vowels (when succeeded by a 

post-tonic, see further below) were falling in the overwhelming 

majority of instances: The material consisted of nine different 

sentence types (five different questions, including a syntactically 

unmarked one, three different non-final periods, and a statement) 

all variations on the theme '(Der gar) mange busser fra Tiflis' 

(which turned out with intonation contour slopes varying between 

the two extremes set by the statement and syntactically unmarked 

question, respectively). Four subjects (among them NRP and BH) re­

corded these sentences 6 times each: out of a total of 216 items, 

only four had non-falling stressed vowels in the final word ('Tif­

lis') (three of these occurred in the syntactically unmarked ques­

tion}. The stressed vowel of the medial word ('busser') was also 

invariably falling. The difference between the earlier and pres­

ent materials cannot be ascribed to differences in segmental com­

position of the words, i.e. to different environments for the vow­

els, since they are unvoiced obstruents in all cases. The 1978 

material also contained nine different ·sentences: '(Der er-for) 

mange timer i statistik', and here there were more instances where 

the final, stressed vowel of 'statistik' was rising, invariably so 

in the syntactically unmarked question, and with a tendency for 

a correlation with intonation contour, i.e. more instances of and 

greater rises on less falling contours, and vice versa, i.e. more 

falling movements on more falling contours, and invariably falling 

in the statement (see further Thorsen 1980b, p. 1020-1021). 
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I do not think that the explanation for the greater number 

of instances with short stressed rising vowels in the present ma­

terial should be sought in a difference between nonsense vs. real 

words. (The rationale behind such a difference would be a more 

distinct prosodic patterning of nonsense words to ensure the cor­

rect perception of stressed vs. unstressed syllables, and if we 

assume - as I did in section 5 - that the perceptual distance to 

the higher post-tonic is enhanced by a falling stressed vowel, 

then rising stressed syllables in nonsense words contradict such 

a hypothesis of more distinct prosodic patterning of nonsense vs. 

real words.) Rather, the reason for the difference in vowel move­

ments in the two materials could be that in the present material 

the stressed syllables medially and finally were preceded by longer 

tails of unstressed syllables,to the effect that the end of these 

tails are lower on the frequency scale than the stressed syllable, 

which means that a rise is performed between the preceding un­

stressed and the stressed syllable, and since, further, the 

stressed syllable is succeeded by a rise to the post-tonic, it is 

not surprising, after all, that its own movement is not falling. 

In the 1978 material the stress groups were shorter and according­

ly, more often than not, a fall was performed from the last un­

stressed syllable in the preceding stress group to the stressed 

syllable, which explains the generally falling movements. Note 

that this does not invalidate the contention in section 5 that 

vowel movements are predictable in terms of the Fo pattern, only 

surrounding (i.e. preceding) Fo patterns must be taken into ac­

count as well. 

7.2_2 Compression or truncation of Fo movements and -patterns 

There is ample evidence that the Fo movement in short vowels 

can be regarded as a truncation of the movement in long vowels, 

i.e. we never get in short vowels a compression of the falling­

rising movement characteristic of long vowels. 1 This resembles 

the situation as described by Ohman (1965) for Swedish where 
11 

••• the articulatory segments ... float on the tonal contour in 

certain ways." (p. 19), whereas Erikson (1973) says (also about 

Swedish) that" ... the underlying rule is to synchronize the su­

praglottal events of a given syllable with its Fo variation." (p.28). 

1) I.e. not under otherwise identical circumstances. 
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The results for vowel movements in the stressed (final) vow­

el of utterance final 'statistik' (cf. above) led naturally to 

considerations about (partial) compression or truncation of stress 

group patterns in stress groups with no post-tonic syllable(s), 

cf. section 2.3. I do not have documentation for stress groups 

without post-tonics in sentence initial and medial positions, but 

it seems reasonable to assume that if e.g. no compression takes 

place in sentence final position, the same will be valid in other 

positions in the sentence. The fact that vowel movements in 

utterance final 'statistik' in statements (cf. above) is invariab­

ly falling, not falling-rising or plain rising, is one piece of 

evidence in favour of truncation of Fo patterns; secondly, the 

utterance final stressed vowels in figs. 12-15 do not seem to be 

systematically different from stressed vowels succeeded by a post­

tonic, i.e. "pipi 'p_!" in the neutral statements is falling as in 

" 'p_!pi, ' p_!.pipi, pi 'p_!,pi" , and in the emphatic s ta temen t it is 

clearly not more rising (if at all) than "'p_!pipi, pi'p.!_pi". Un­

fortunately, there is a gap in the material, i.e. the questions 

do not encompass sentence final words with final stressed syllable, 

but the stressed vowel of "'p.!_pi, 'p.!_pipi, pi'p.!_pi" in neutral and 

emphatic questions is rising anyway, and I do not think that ut­

terance final stressed vowels will come up with any clear signs of 

a compressed stress group pattern in the shape of an even higher 

rise in the stressed vowel. 

The fact that the final stressed vowel of 'statistik' is 

rising on intonation contours that are not steeply falling, where­

as the stressed vowel of 'Tiflis' is falling under the same con­

ditions (cf. above)~ be viewed as an instance of Fo pattern 

compression, conditioned by the utterance final position in utter­

ances with marked intonation contours, but it can also be viewed 

as a kind of assimilation due to the intonation contour, because 

it probably serves as a (redundant) cue to the perception of sen­

tence intonation, cf. Thorsen (1980b, p. 1021). Thus, stress group 

pattern compression is not a general phenomenon, but restricted 

to utterance final stressed syllables on marked intonation con­

tours (if we attribute the rise in such syllables to a compres-

sion at all). 
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7.3 Word boundaries in utterances with emphasis for contrast 

An account of word boundaries in prosodically neutral state­

ments has been given in Thorsen (1980c and 1980a). In the 1980c 

investigation (which was conducted prior to the 1980a one) JR de­

viated from the three ASC-speaking subjects (NRP, BH, and NT) by 

exhibiting signalling of syntactic boundaries (cf. section 7.1.1 

above) but in the 1980a material the same four subjects all agreed 

on the non-existence of word (and syntactic) boundary signalling 

in the course of fundamental frequency. And likewise, in the pres­

ent material no subject shows any signs of word boundaries in 

their tracings: If a boundary is signalled we should expect 

'giver' ([giX]) and 'for-' ([fJ\]) in "pi'pipi giver/pi'pipi for-" 

to look consistently different from, i.e. be either clearly higher 

or lower than, the last syllable of the nonsense word in 11 'pipipi 

giver/'pipipi for-" and if one looks at the third syllable from 

the left in figs. 12-15 initially and medially in neutral state­

ments (S), emphatic statements (ES), and neutral questions (Q), 

no such consistent difference can be detected on the contrary: 

'giver' and 'for-' seem generally to be concurrent with pi-sy la­

bles in the same position in the stress group (especially if the 

stressed syllables are zero offset adjusted prior to comparison), 

i.e. the position on the frequency scale of 'giver' and 'for-' 

seems to be determined solely by their distance from the stressed 

syllable: they are higher, the closer they are to the preceding 

stressed syllable, just like post-tonics belonging to the same 

word as the stressed syllable. Likewise, pre-tonic pi-syllables 

show no signs of being associated tonally with the stressed syl­

lable: the pre-tonics are not depicted in figs. 12-16, but even 

though figs. 2-5 only contain one type of nonsense word, "pi 1 pipi 11
, 

this will suffice to prove the point (which is of course supported 

by that part of the material which is not shown here): The pre­

tonic smoothly continues the fall in the preceding stress group's 

post-tonic tail, and the dissociation with the stressed syllable 

is especially clear when the nonsense word is emphasized, and the 

interval between pre-tonic and stressed syllable is considerable. 

The conclusion to be drawn is identical to the one in Thor­

sen (1980a - this volume, at the end of section 5), and it gains 

in strength, I think, from the results on utterances with emphasis 

for contrast: The fact that word boundaries (which are also some-
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times noun phrase/verb phrase boundaries) leave no trace in the 

course of fundamental frequency presents an argument in favour of 

a theory expounded in Selkirk (forthcoming) that prosodic cate­

gories (in casu: stress groups) are distinct entities in the pho­

nology that do not have an isomorphous relation to syntactic 

structure. Rischel (1972) argues in a similar fashion: Danish 

stress is best represented in a hierarchy (a tree structure) which 

is not necessarily congruent with the syntactic structure. 

(The autonomy of prosodic structure does not, of course, deprive 

it of a relation to syntax, on the contrary, prosodic categories 

can be seen as reconciling the syntactic structure to the phonetic 

output - in casu: the course of fundamental frequency.) 

7.4 Stress group patterns - conclusion 

As it appears from this section and section 2 above, stress 

group patterning is governed by several prosodic and structural 

properties of the utterance: There is a dependency of intonation 

contour, of time (or placement in the utterance), of prosodic neu­

trality or non-neutrality, of stress group composition (one vs. 

several post-tonics), all in a rather intricate interplay. How­

ever, regularities can still be formulated and stress group pat­

terns predicted from the other properties of the utterance. Stress 

group patterns of stress groups with only one post-tonic initially 

on prosodically neutral unmarked intonation contours seem to be sub­

ject to assimilation or "slurring" under circumstances which might 

be termed "not maximally distinct patterning". On one point the 

model requires a modification, namely where the magnitude of the 

rise to the post-tonic in stress groups on prosodically neutral 

question contours are concerned. But since this calls for a sup­

plementary investigation, I shall leave the model in fig. 1 as it 

is for the time being and remind the reader that it covers shor~ 

prosodically neutral utterances only for an accout of utter-

ances with emphasis for contrast, one must resort to figs. 6-9 

and 18. 

Finally, I should add that I do not consider the stress 

group and its properties a closed chapter 

poral properties need to be investigated. 

evidently its tern-
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8. Postscriptum about the variety of Danish investigated 

Three subjects in the investigation speak the Copenhagen va­

riety for which Basb~ll (1968) coined the term 'Advanced Standard 

Copenhagen': "ASC ... is the language spoken by a large group of 

the younger generation in Copenhagen, whose language is normally 

considered to be a variety of Standard Danish. In many respects 

it differs from what might to-day be called Conservative Standard 

Danish ... , the language described by Jespersen [1934, NT] ... 

ASC is clearly different from both the Copenhagen dialect (some­

times termed "vulgar") and the language (sometimes termed "affect­

ed") spoken by the upper class in the northern parts of Copenha­

gen." (p. 33). The fourth subject (JR) speaks a slightly more 

conservative variant (described in Rischel 1968). 

The varieties of Danish treated in Basb~ll (1968) and 

Rischel (1968) differ with regard to both vowel and consonant sys­

tems (and st~d), but if JR can be considered representative of 

the slightly conservative Copenhagen norm, then it seems that as 

far as intonation contours and stress group patterns (in prosod­

ically neutral utterances as well as in utterances with emphasis 

for contrast) are concerned, the two varities of Copenhagen Danish 

do not differ in any systematic respect from each other. (In 

Thorsen 1980a, section 5, I argue that the word boundary signal­

ling that JR exhibited in the 980c material does not constitute 

an example of a difference between ASC and more conservative norms. 

Rather, it demonstrates that it is possible for a speaker to sig­

nal word boundaries, also with fundamental frequency, if he so de­

sires, a possibility which is presumably also open to ASC speak­

ers.) Thus, I think that the limitation implied by the term 

'advanced' may not be necessary, and the results of the various 

intonation investigations that have been conducted can probably 

be taken to extend to Copenhagen Danish in general. Further-

more, the term 'advanced' may be inappropriate to-day for the 

simple reason that the younger generation in 1968 are now approach­

ing their forties, and there are certainly more "advanced" norms 

being spoken in Copenhagen now. 
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9. Postscriptum about reduced main stresses 

In sections 6.2, 6.3, and 6.4.2.4 an argument was presented 

that main stresses in prosodically neutral utterances are reduced 

to secondary stresses when a contrast emphasis occurs in the imme­

diate surroundings, i.e. the rise from stressed to post-tonic, 

characteristic of prosodically neutral utterances, is deleted but 

otherwise the "stressed" syllable retains all of its stressed syl­

lable properties (vowel quality, vowel quantity, and st~d, if any). 

It occurs to me, after the bulk of the manuscript has been typed 

out, that one might object that the kind of nonsense material on 

which the main part of this investigation is based, poses special 

problems because pre-tonic, stressed, and post-tonic syllables in 

the nonsense words are exactly identical, and a distinction be­

tween secondary and weak stress cannot be made on any of the cri­

teria mentioned above. So how does a listener distinguish second­

ary from weak stress? The material is ill suited to make sys­

tematic comparisons between nonsense words with different stress 

placement in reduced stress groups: there are really only two 

such words, in sentences 11 and 12. Inspection of the traces of 

these two sentences by JR, BH, and NT (NRP's recordings were dis­

carded) reveal no consistent Fo differences (and nor should we 

expect any) between the two words, but durations come out with 

clea~ differences in the pre-vocalic consonants, differences which 

recur in all the rest of the material: the prevocalic [2hi J is 

significantly longer in the reduced main stress than in pre- and 

post-tonic syllables. Differences in vowel duration are generally 

small and show no similar clear trend, although there is a tendency 

for the pre-tonic vowel to be shorter, and the post-tonic vowel to 

be longer than the reduced main stress. Presumably, the longer 

pre-vocalic consonant is sufficient to identify the reduced main 

stress. (There is no doubt, to me, that the reduced main stresses 

are identifiable, and very clearly so whether preception exper-

iments would come out with unambiguous results I do not know; it 

makes little sense to run such experiments on the present material, 

since stress placement is not systematically varied in the reduced 

s ress groups.) 
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(ARIPUC 14, 1980) 

TEMPORAL RELATIONS IN DANISH TAUTOSYLLABIC CV SEQUENCES 

WITH STOP CONSONANTS1 

Eli Fischer-J~rgensen 

Abstract: This paper presents some facts about the duration of 
closure and open interval in Danish stop consonants 

1. Purpose 

(5.1 - 5.2). 5.3 deals specifically with the relation 
between durations of closure, open interval and follow­
ing vowel (1) in ptk vs. bdg, (2) depending on place of 
articulation of the consonant, (3) in connection with 
long and short vowels, (4) with high and low vowels, and 
(5) with rounded and unrounded vowels. In section 6 it 
is discussed whether the relations found are due to com­
pensation within the CV sequence or to specific produc­
tion mechanisms. It is suggested that only vowel length 
in (1) may be due to compensation. 

The purpose of this paper is to present some data on the tempo­

ral relations in CV sequences with Danish stops, and to discuss the 

possible explanations of these relations, in particular whether 

they can be assumed to be due to compensation phenomena or to spe­

cific physiological conditions. 

2. Material 

The Danish stop consonants are /ptk/ and /bdg/. These two 

classes are distinguished phonologically in syllable initial posi-

------------------------------------------------------------------
1) This is an enlarged and revised version of Eli Fischer-J~rgen-

sen 1979. It contains a much more extensive documentation, and 
some mistakes have been corrected. In the last section references 
to findings in other languages have been added, and more arguments 
and points of view are included in the discussion. I am very grate­
ful to Birgit Butters for a number of critical remarks which have 
resulted in considerable improvements of the paper. -

This investigation has been supported by the Danish Research 
Council for the Humanities. 
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sition before (sonorant consonant+) full vowels only. /ptk/ are 

voiceless aspirated stops [ph th kh]. /bdg/ are voiceless unaspi­

rated stops [g g §]. Medially before [a] and the weak endings ig 

[ i] anding [e~], as well as finally, only one set of stops is 

found, which is almost always pronounced as (very) weakly voiced 

[bdg] medially, whereas finally there is free variation between 

[ph th kh] and [g g §], [ph th kh] being used mainly in absolute 

final position. This paper deals exclusively with the position in 

which /ptk/ and /bdg/ are distinguished, and only the position be­

fore stressed vowels is taken into account. 

Some of the material presented is not of recent date. But 

these old recordings have either not been utilized at all, or only 

partly so, or for other purposes. They have been supplemented with 

one rather extensive more recent recording, which is part of an 

EMG-investigation. The recordings are either spectrographic (in­

dicated by the letter S) or mingographic (indicated by the letter 

M). The latter recordings comprise duplex oscillograms, Fo curves, 

and intensity curves. In cases of doubt they have been supple­

mented by spec~rograms. 

Sl (1952) contains 17-45 words spoken by 9 different speakers. 

As the occurrence of different stops under different conditions 

is not very regular, this list is only referred to very briefly. 

(S2 is a very short list not utilized in this paper.) 

S3 (1954) comprises 60 words of the type CV:na, where C re­

presents/pt kb d g/ and V the 10 long Danish vowels /i: e: £: 

a: y: ~= re: u: o: ~=/. It has been spoken twice by two subjects 

(No. 5 and No. 9) and once by one subject (No. 6). 

S4 (1954) comprises 30 words of the type eve, where c- and -c 
are phonetically identical [ph th kh], and V represents the ten short 

Danish vowels. This list was spoken twice by two subjects (No. 5 

and No. 9) and once by one subject (No. 6) . 1 

SSA and B (1956) comprise 18 different words of the type 

CV:la and CVla, where C represents/pt k/. In SSA the vowels are 

/a(:) i (:) u(:)/, in SSB only /a(:)/ occurs. The lists have been 

spoken by 5 subjects (Nos. 1, 5, 6, 8, and 9), SSA 6 times and 

1) The recordings of lists S3 and S4 were made in Stockholm 
through the courtesy of Gunnar Fant at a time when we did not 

yet have any sonagraph in Copenhagen. 
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S5B 12 times. 

S6 (1957) comprises 60 words of the type CV:la, where C re­

presents/pt k/ and /b d g/ and V the ten long Danish vowels. 

This list has been spoken on~e by 3 subjects (Nos. 5, 6, and 9). 

Ml (1964). MlA comprises 9 words of the type cvca, where c­

and -care phonetically identical and represent [bdg] and Vis 

short /i y u/. MlB comprises 12 words of the type cvca, where C­

is /pt kb d g/ and -c always [d]; Vis short /u/ and /i/. MlA 

h~s been spoken 12 times and MlB 6 times by 7 subjects (Nos. 1, 2, 

5, 7, 10, 11, and 12) . 

M2 (1974) comprises 12 words of the type CV:la or CVla, where 

C represents/pt k/ and /b d g/ and V /a(:)/ and /i (:)/ (for Nos. 

7 and 17 also /u(:)/. This list has been spoken 10 times by 6 sub­

jects (3, 4, 7, 13, 15, 18), 6 times by 2 subjects (14 and 16), 

and twice by 2 subjects (2 and 17) . 1 

The lists contain a mixture of existing words and nonsense 

words, except for the last list (M2), which contains existing words 

only. In list M2 the phonological vowel length is different for 

/i/ and /a/ except where velars are involved. This has given some 

restrictions on the comparisons of vowels. 

On the whole, the purpose has been somewhat different for dif­

ferent lists. S4, S6 and Ml consisted of isolated words which do 

not permit the measurement of the closure duration. In S3 the 

words·were preceded by[~] ('and') (but subject No. 6 made a small 

pause after it, so that his closures cannot be measured). The 

words of S5 and M2 were said in a frame: [di sffi:] -- or [han sffi:] 

.-- or [ de va -- di Sffi:] or [ de heon] ( "they said --", "he 

said tl "it was -- they said", and "it is called--"). 

A restricted number of words with initial consonants other 

thµn stops have been measured for comparison, namely in list S3 

30 different words (120 in all) with initial /f s h/, and in list 

M2 8 different words with /f v s h/ (672 in all) and 4 different 

words with /m n I/ only spoken by some subjects (136 in all). 

The whole material comprises about 4000 tokens .. 

1) This list was made for the purpose of an extensive EMG investi­
gation, and the recordings and measurements have been made in 

cooperation with J~rgen Rischel, Birgit Hutters and Anders Lofqvist. 

7 
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3. Subjects 

There are 18 subjects; they were all students or teachers of 

phonetics (with one exception, No. 13 (MF), who is a phoniatrist). 

Phoneticians have the advantage that they are able to speak lists 

containing nonsense words more naturally and freely than phonetic­

ally naive people. Four of the subjects grew up in Jutland: No. 1 

OT, born in 1928, No. 2 BF, born in 1935, No. 3 PM, born in 1946, 

and No. 4 BM, born in 1947 (BM, however, moved to Copenhagen at 

the age of seven). Three grew up in Funen: No. 5 FJ (the author, 

born in 1911), No. 6 NK, born in 1915, and No. 7 JR, born in 1934·, 

but only No. 6 is influenced by the dialect. Nos. 5 and 7 spoke 

Standard Danish at home, No. 5 also with playmates. Eleven sub­

jects grew up in Copenhagen or in North Zealand: No. 8 KS, born 

in 1928, No. 9 BL, born in 1930, No. 10 KB, born in 1936, No. 11 

BS, born in 1922, No. 12 HP, born in 1938, No. 13 MF, born in 1939, 

No. 14 HU, born in 1945, No. 15 JJ, born in 1949, No. 16 BH, born 

in 1945, No. 17 NR, born in 1942, and No. 18 LG, born in 1946). 

4. Measurements and delimitation 

The following measurements were made: (1) duration of the 

closure, (2) duration of the open interval, (3) duration of the 

following vowel. The beginning of the closure has been determined 

as the point where the vowel formants stop on the sonagrams, and 

the intensity and frequency curves go abruptly down on the mingo­

grams. This may be about 1 cs before the real occlusion, but this 

point can be identified in a more consistent way on the curves. 

The term· 11 open interval" (which has been taken over from an 

early paper by Gunnar Fant) indicates the distance from the start 

of the release to the start of the vowel. It thus includes (a) 

the transient phase, (b) the frication phase, and (c) the aspira­

tion phase (Fant 1960). It would have been preferable to make 

these further delimitations, but very often they could not be made 

with certainty (in S3 frication and aspiration have been delimited 

fort). Generally, "aspiration" is used in the sense of "open 

interval" for~, but it is not a very appropriate term for~­

Fant (1970) uses "burst", but this may also indicate the release 
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transient only. More recently, (positive) VOT duration is. used in 

the same sense. But, as the start of the vowel and not the start 

of the vibrations is chosen as limit in this investigation, "voice 

onset time" would be a slightly misleading term. In most cases 

start of vibrations and start of vowel coincide. But when R 
and k are followed by an open vowel, particularly~, some speakers 

start the voicing before the vocal cords have come together, which 

gives low frequency voicing with gradual rise of the intensity 

curve and low rising Fo before the formants are fully developed 

(the vibrations are often very clearly seen on the oscillogram). 

In the present investigation~ and~ were spoken in this way by 

subjects No. 1, 4, 5, 13, 14, 16, and 18 and sometimes by Nos. 8 

and 9. 

Statistical significance has been tested by means of a simple 

pair test, based on averages for specific consonants, contexts, 

and subjects, and on a Poisson test. 

The consonant following the vowel is not taken into account 

in this investigation. In disyllabics with long vowel (S3, S6 

and parts of SS and M2) the consonant belongs to the following syl­

lable. In monosyllabics of the eve-type (S4) it evidently belongs 

to that syllable, and in disyllabics with short vowel (Ml and parts 

of SS and M2) it should probably be considered ambisyllabic. 

(Accordingly, the term "CV-syllables" used in my 1979 paper has 

in this paper been changed to the more correct "CV-sequences".) 

Since compensations are normally supposed to take place within the 

syllable, one might argue that the consonant should have been in­

cluded. However, some earlier measurements seem to indicate that 

this measure would be irrelevant, at least for Danish. In Fischer­

J~rgensen 1955 the duration of the consonant I was measured after 

phonologically long and short vowels and .. no significant difference 

found, and in Fischer-J~rgensen 1964 ~ were ~easured after 

long and short vowels (in list MlB) and no consistent difference 

found. Moreover, in a sample of words from list S3 (type: CV:na) 

the consonant~ has been measured, and no dependence on the initial 

consonant, nor on the degree of opening of the vowel was found. 

It therefore seemed legitimate to examine CV-sequences separately. 



212 

5. Results 

5.1 Individual averages of the duration of closure 

and open interval 

The average durations of closure and open interval for stop 

consonants in the various lists are shown in tables 1 - 6. Only 

in the cases where the words were spoken in a frame has it been 

possible to measure the closure (tables 1, 3, 4, and 6). 

s N 

5 FJ 20 

6 NK 10 

9 BL 20 

5 FJ 20 

6 NK 10 

9 BL 20 

Table 1 

List S3. Average durations of closure in cs 
and open interval in cs and in% of closure+ 
open interval ( µtk and bdg + ten long vowels) 

E. t k 

clos. op.i. % clos. op.i. % clos. op.i. 

8.8 5.2 37 6.9 7.1 51 8.6 6.1 

(14 .. 2) 5.4 (11.5) 7.1 (12.4) 6.6 

11.1 6.4 36 8.8 9.2 51 9.7 6.4 

b d .9. 

10.4 1.2 10 10.3 1. 2 10 10.6 1. 6 

(17.0) 1.5 (15.9) 1. 7 (15.2) 2.7 

14.5 1.5 9 14.2 2.0 12 12.6 2.7 

Table 2 

List S4. Average durations of open interval 
in CS for ill + ten short vowels + pt k. 

s N .E. t k -
5 FJ 20 5.3 6.3 6.2 

6 NK 10 3 " 7 6.2 6.5 

9 BL 20 4.1 6.9 5.6 

% 

42 

40 

13 

18 
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Table 3 

List S5. Average durations of closure in cs, 
and open interval in CS and in % of closure+ 
open interval (~ + ~ (:) ~ ( : ) .!_(:)). 

£ t k 

s N clos. op.i. % clos. op.i. % clos. op.i. % 

1 OT 30 9.5 7.8 45 8.8 8.5 49 9.6 8.1 46 

5 FJ 30 8.4 6.2 42 5.7 8.9 61 7.6 7.0 48 

6 NK 30 11. 9 4.8 29 9.4 8.2 47 10.0 7.7 44 

8 KS 30 8.8 5.3 38 7.0 7.5 52 8.0 6.4 44 

9 BL 30 10.0 7.7 44 7.1 9.3 57 8.3 7.8 49 

Table 4 

List S6. Average durations of open interval of 
.E.!Js. and~ in CS (.E.!Js. and ~ + ten long vowels). 

£ t k b d .9. - -
5 FJ 10 6.3 6.5 6.3 1. 7 1.8 2.4 

6 NK 10 6.0 8.5 7.9 2.2 2.9 3.9 

9 BL 10 8.2 9.4 8.4 2.4 3.0 4.2 

Table 5 

List Ml. Average durations of open interval of 
.E.!Js. and lli in cs (MlA: lli + short l. j_ u -MlB: .E.!Js. and lli + short l ~> . 

MlA MlB 

s N b d .9. N .e. t k b d .9. - - -
1 OT 36 3.7 3.2 3.9 12 5.7 6.8 7.0 2.2 2.6 4.0 

2 BF 36 1.8 1. 9 2.5 12 5.3 5.4 6.5 1. 9 2.3 2.9 

5 FJ 36 1.5 2.4 2.2 12 5.0 6.4 6.0 1. 4 1. 6 2.5 

7 JR 36 1.8 2.2 2.7 12 5.6 5.7 6.8 2.0 2.2 2.9 

10 KB 36 2.2 1.9 3.0 12 7.3 7.8 8.3 2.0 2.0 3.3 

11 BS 36 2.5 2.1 3.1 12 6.7 8.4 9.1 2.8 2.6 3.4 

12 HP 36 2.2 2.2 3.2 12 7.6 9.2 9. 4 1. 9 2.2 3.4 
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Table 6 

List M2. Average durations of closure in cs and open 
interval in CS and in % of closure+ open interval 
($ and ~+ a i. (~) ) " 

.£ t k 

s N clos. op.i. % clos. op.i. % clos. op.i. % 

2 BF 4 12.0 6.3 34 8.5 9.5 53 9.0 9.3 51 

3 PM 20 8.6 6.0 41 7.1 7.7 52 7.9 7.0 47 

4 BM 12 9.8 7.6 44 8.5 8.9 51 9.7 9.6 50 

7 JR 30 8.1 8.1 50 7.0 8.5 55 7.8 7.9 50 

13 MF 20 13.4 9.2 41 14.2 10.7 43 15.3 9.6 39 

14 HU 20 9.6 7.8 45 8.7 8.8 50 9.4 9.4 50 

15 JJ 20 13.2 10.1 43 9.2 12.8 57 10.5 11.5 52 

16 BH 12 10.2 9.5 48 8.1 11.8 59 9.3 10.4 53 

17 NR 6 13.0 10.3 44 9.0 13.5 60 10.5 11.8 53 

18 LG 20 7.9 8.8 53 5.5 12.2 69 7.6 10.8 59 

b d _g 
s N clos. op.i. % clos. op.i. % clos. op.i. % 

2 BF 4 13.8 0.8 5 12.5 2.0 14 10.3 3.0 23 

3 PM 20 9.7 1.7 15 9.3 3.0 24 8.4 3.4 29 

4 BM 20 13.2 1.1 8 10.6 2.0 16 11.5 2.8 20 

7 JR 30 9.7 1.2 10 9.8 1.9 16 9.3 2.7 23 

13 MF 20 17.7 1.2 6 16.1 2.1 12 17.9 2.7 13 

14 HU 12 11.0 1.5 12 11.0 2.2 17 11.0 2.7 20 

15 JJ 20 15.0 1.1 7 14.2 2.4 14 13.1 3.8 22 

16 BH 12 13.3 1.1 8 12.1 2.9 19 11.6 3.4 23 

17 NR 6 18.3 0.9 5 16.5 1.9 10 16.3 2.2 12 

18 LG 20 11.8 1.1 9 11.1 3.0 21 11. 6 3.1 23 

5,.2 Range of oeen interval in ptk and bdg 

The difference between Danish /ptk/ and /bdg/ is one of aspira­

tion. Both sets are voiceless, and /ptk/ cannot be considered to 

be more fortis than /bdg/ since /bdg/ have a longer closure and a 

tendency towards stronger organic pressure. As shown in table 7, 

there is a clear difference in the average duration of the open 

interval for /ptk/ vs. /bdg/ for all subjects, and no subject shows 

any overlapping of single tokens in this material. In connected 
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texts and particularly in unstressed position, cases of overlapping 

may, however, occur (this was found in an older kymographic mate­

rial) . 

Table 7 

Differences in cs between the open intervals of~ and 

~- Averages for the individual subjects on the basis 
of lists S3, S6, MlB and M2. 

s 1 2 3 4 5 6 7 8 9 10 

p > b 3.5 4.5 4.3 6.5 4.1 4.4 5.3 5.3 5.3 

t > d 4.2 5.3 4.7 6.9 5.5 5.5 5.1 7.0 5.8 

k > g 3.0 6.0 3.6 6.8 4.0 4.0 4.6 4.6 5.0 

s 11 12 13 14 15 16 17 18 average 

p > b 3.9 5.7 8.0 6.3 9.0 8.4 9.4 7.7 6.0 

t > d 5.8 7.0 8.6 6.6 9.8 8.9 11. 6 9.2 6.9 

k > g 5.7 6.0 6.9 6.7 7.7 7.0 9.6 7.7 5.8 

Moreover, the open interval of /ptk/ contains aspiration noise 

and /t/ is affricated, most strongly before high vowels (see sec­

tion 5.3.4). The open interval of /bdg/ may, however, also con­

tain some noise, particularly in .£J_ and .9..l_. 

The duration of the open interval of~ is very variable. 

The individual averages vary between 3.7 and 10.3 cs for Q, 5.4 

and 13.5 cs for 1, and 5.6 and 11.8 cs fork, and in single tokens 

the aspiration may be as short as 3.0 cs (£ for subject No. 6) and 

as long as 17 cs (1 (+ l) for subjects No. 15, 16, and 17). 

Variations between different lists spoken by the same subjects 

are mostly due to the following vowel, the aspiration being longer 

before high vowels (see section 5.3.4). That may be the reason 

why list SS, which contains two high vowels and one low vowel, 

shows relatively longer values for subjects No. 5, 6, and 9 than 

list S3. However, Ml with high vowels only (~ and l) has relative­

ly short aspirations compared to S5 (subject No. 1) and Ml (subjects 

No. 2 and 7). The type of word may play a role here. Words of the 

type pida, tida, kida, bida, etc. containing short vowels sur­

rounded by stop consonants may invite to rattling off the list. 
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The same is still more tempting for list S4: pip, pep, pep, pap, 

etc. do not sound like real words, the occurrence of the same con­

sonant before and after the vowel being relatively rare except in 

onomatopoeia. Particularly subjects 6 and 9 have extraordinarily 

short aspirations for£ (3-4 cs), and No. 6 has hardly any aspira­

tion noise. This list has therefore not been included in the 

general means for the open interval in the following. There is no 

general tendency to shorten the aspiration before short vowels. 

List SS was intended to test this assumption. It contained words 

with long and short vowels of the type ta la, ta: la, tu la, tu: la, 

etc., but of 45 comparable pairs of averages (3 consonants x 3 

vowels x 5 subjects), 21 had a longer and 21 a shorter aspiration 

before long vowels, and 3 had the same duration. 

The differencea between individual subjects reveal a tendency 

due to dialectal background and age. In table 8 the individual 

duration averages of the open interval of~ were combined into 

three groups: A Non-Copenhageners, B Copenhageners born before 

1939, and C Copenhageners (an~ subjects grown up in North Zealand) 

born after 1939. There is a tendency to increasing duration of 

aspiration from group A through B to C. The difference between 

groups A and C is significant at the 0.1% level. 

No. 4 (BM) has been left out in the means because he moved 

from Jutland to Copenhagen at the age of 7, and he evidently does 

not belong in the group of non-Copenhageners. 

No. 8 (KS) has shorter aspirations than the other Copen­

hageners. His .£J.l_ do in fact sound almost unaspirated in some 

cases, and in a listening test some of his intended Q'S and ~•s 

were heard as b's and ~•s (the same was true of some of NK's Q'S). 

The year 1939 as the limit between group Band Chas nothing 

magical in. it. It is an artefact of the material. With more sub­

jects, another year might have been chosen as an appropriate di­

viding line. Relatively long aspirations may also be found with 

subjects born earlier. E.A. Meyer (1904) has measured the dura­

tion of the aspiration in a few words spoken by a Copenhagener, 

and he found the values 7.8 and 10.0 cs for Q and 11.5 cs fort. 

Moreover, H. Abrahams, who has undertaken a kymographic investiga­

tion of his own speech (1949), gives the range for Q as 7-9 cs 

and mentions that the aspiration of! and~ often goes beyond 

10 cs (he is born in Copenhagen 1907). In the list Sl, which is 
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Table 8 

Individual average durations of the open interval 
of~, grouped according to dialectal background 
and age. 
A Non-Copenhageners 
B Copenhageners born before 1939 1 C Copenhageners born 1939 and later. 

Non-Copenh. £ t k 

1 OT (1928) 6.8 7.7 7.6 

2 BF (1935) 5.8 7.5 7.9 

3 PM (1946) 6.0 7.7 7.0 

[ 4 BM (1947) 7.6 8.9 9.6] 

5 FJ ( 1911) 5.7 7.2 6.4 

6 NK ( 1915) 5.1 7.7 7.2 

7 JR (1934) 6.6 7.1 7.4 

average (N = 322) 6.0 7.5 7.3 

B. 

Copenh. 8 KS (1928) 5.4 7.5 6.4 

9 BL (1930) 7.4 9.3 7.5 

10 KB (1936) 7.3 7.8 8.3 

11 BS (1922) 6.7 8.4 9.1 

12 HP (1938) 7.6 9.2 9.4 

average (N = 150) 6.9 8.4 8.1 

c. 
Copenh. 13 MF (1939) 9.2 10.7 9.6 

14 HU (1945) 7.8 8.8 9.4 

15 JJ (1949) 10.1 12.2 11.5 

16 BH (1945) 9.5 11.8 10.4 

17 NR (1942) 10.3 13.5 11.8 

18 LG (1946) 8.8 12.2 10.8 

average (N = 98) 9. 3 11.5 10.6 

1) 1-4 (born in Jutland) and 5-7 (born in Funen) are ordered 
chronologically. In groups Band C the ordering is not strict­

ly chronological, because I did not want to change the numbering 
of my 1979 paper. 
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not utilized in full here, two Copenhageners (born 1899 and 1909) 

have several examples with aspirations of more than 10 cs. It 

should also be kept in mind that subjects 10, 11 and 12 have only 

spoken list Ml, which has relatively short aspirations for the 

other subjects. On the other hand, No. 13 (HU), born 1945, has 

relatively short aspirations. This is not an accident due to the 

list in question. In the fiberoptic investigation undertaken by 

Birgit Butters (1979), utilizing some of the same subjects, No. 13 

(HU) also has shorter aspirations than Nos. 13 (MF) and 18 (LG). 

She has also recorded subject No. 5 (FJ) of group A, who shows con­

siderably longer aspirations in this recording (1979) than in those 

used in the present investigation (recorded 1954~1963), viz. 

£ 7.0 cs, l 9.8 cs, and 1 9.0 cs. This may be due to a recent in­

fluence from Advanced Copenhagen speech, but it may also be due to 

a slower overall tempo in the fiberoptic recording, since the rela­

tive values (£ 39%, l 56%, and 1 51%) are hard1y different from 

the earlier recordings. 

In contradistinction to the absolute durations of the open 

interval, the relative durations do not show. any difference between 

groups A and B (but it can only be calculated for two subjects of 

group B, 8 and 9, and, as mentioned above, 8 is not typical of 

group B). 

The averages for the three groups_ are given in table 9. 

Table 9 

Average relative durations of the aspiration of 
~ in groups A, B and.C (see table 8) . 

E. t k 

A (subjects 1,2,3,5,6,7) 40% 52% 47% 

B (subjects 8 and 9) 39% 53% 45% 

C (subjects 14 - 18) 47% 59% 53% 

Subject 13 (MF) has not been included in the average because 

she has spoken extremely slowly and particularly with very long 

closures; her relative values (Q 41%, l 43%, ~ 39%) are therefore 

very low compared to the other subjects of group C. That this is 

in fact due to her slow speed of delivery can be seen by comparing 

these values with those obtained in the investigation made by 

Birgit Butters, where the absolute duration of MF's aspiration was 
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approximately the same as in the present investigation, but where 

the relative durations were 54, 61, and 48%. 

On the whole, it must be kept in mind that the different lists 

are not exactly comparable, and that tempo may play a role. In 

order to get a clear picture of the differences, more subjects 

should be included and they should read the same lists. But the 

tendency found in the three groups is in complete agreement with 

the general auditory impression of an increasing aspiration in 
1 modern Copenhagen pronunciation of .E.!Js_. 

The open interval of E..2...9. shows much less variation than that 

of .E.!Js_. 1he range of the average durations is 1.1 to 2.2 cs for 

~, 1.5 to 3.0 cs for i, and 1.8 to 4.0 cs for il, and there is no 

consistent difference between the three groups of subjects, A, B, 

and C,which were set up for .E.!Js_. The average durations for these 

three groups are given in table 10. 

A 

N 

Table 10 

Average duration of the open interval of bdg in cs 
for the groups A (Non-Copenhageners), B (Copenhageners 
born before 1939) and C (Copenhageners born in 1939 
and later), based on lists S3, S6, MlB and M2. 

B C 

b d B N b d ~ N b d B 
160 1.7 2.3 3.0 66 2.2 2.3 3.4 90 1.2 2.4 3.0 

This means that the larger difference between the open intervals 

of~ and ~ found in table 7 for subjects 13-18 is almost ex-

elusively due to a longer aspiration of~-

One might have expected those subjects who have very long 

open intervals in .el.!s_ to have a corresponding lengthening of the 

open intervals of~, but this is only true to a certain extent. 

It is true of d and~ for subjects No. 15, 16 and 18 but not for 

subjects No. 14 and 17 (see table 6) and, on the other hand, No. 1 

and No. 3, who have rather short aspirations of~' have rather 

long open intervals of i and il (they have almost the same dialectal 

background in Northern Jutland, which might perhaps play a role). 

The lengthening for these 5 subjects is above all due to an affri­

cation of di and _gJ_. The averages for di and _gJ_ for these subjects 

are given in table 11. 

------------------------------------------------------------------
1) Abrahams 1949 sees this development as a continuation of the 

Germanic and Old High German consonant shifts. 
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Table 11 

Average duration of the open interval of .QJ_ and .9.l_ 
in cs for subjects 1, 3, 15, 16, 18, based on lists 
MlB and M2. 

s 1 3 15 16 18 

N 6 10 10 6 10 

d i 2.9 4.0 3.4 4.0 4.4 

_gJ_ 4.2 4.2 5.4 5.1 3.3 

Single tokens may have as long an open interval as 6.0 cs 

(i_!_) and 7.0 cs (_g.J_). As ti and ki have still longer open inter­

vals, this does not lead to any overlapping, but it means that the 

VOT-boundary may be around 7.0 cs before the vowel i for some sub­

jects, which is higher than what is generally found in other lan­

guages (e.g. Lisker and Abramson 1964). Zlatin (1974) has, how-

ever, found a high perceptual VOT-boundary for~/~ in English (6.5 cs). 

5.3 Relations between closure, open interval and following vowel 

5.3.1 Differences between /ptk/ and /bdg/ 

The relatively long open interval of ill involves a shortening 

both of the closure and of the following vowel compared to~-

Only lists S3 and M2 permit a comparison of both closure and vowel 

shortening. The averages for the subjects of these two lists are 

given in table 12, divided into two groups: A (Non-Copenhageners 

+ BL from group B, whose durations in S3 are of the same order as 

those of group A) and C (Copenhageners born in 1939 and later). 

Table 12 

Differences between ill- and E..9_9_-sequences: open interval, 
closure, and following vowel, in cs, and differences in 
total CV length in cs. A(+B): subjects 2, 3, 4, 5, 7, 9; 
C: subjects 13-18 (lists S3 and M2). 

~(+~) C 

N=87 _e>~ t>d !s_>.9. N=90 .e>~ t>d ~>g_ 

open int. +5.3 +6.5 +5.1 +8.2 +9.0 +7.6 
closure -2.2 -3.3 -1. 6 -3. 5 -4.6 -3. 0 

total cons. +3.1 +3.2 +3.5 +4.7 +4.4 +4.6 

vowel -1. 4 -2.4 -1.5 -2.4 -1. 9 -2.1 

CV +l. 7 +0.8 +2.0 +2.3 +2.5 +2.5 



221 

In lists S6 and Ml and for subject 6 in S3, only aspiration 

and vowel duration can be compared. The averages are given in 

table 13. 

Table 13 

Differences between ill- and ~-sequences: open 
interval and following vowel in cs for subjects 
6 ( list S3) , 5, 6, and 9 ( list S6) and 1, 2, 5, 
7, 10, 11, 12 ( list MlB) . 

N 

124 open int. 

vowel 

+4.3 

-1. 3 

t>d 

+5.1 

-1. 3 

+4.3 

-1.1 

The difference in closure between ill and bdg is very stable 

and significant at the 0.1% level. A comparison of the individual 

averages (with separate means for consonants before i and a in list 

M2 and before high, mid, and low vowels in list S3) gives 78 com­

parable pairs. Of these, 75 have a longer closure in .£ig_ than in 

.EU..!s_, 2 have a slightly longer closure in B..!_l (0.5 and 0.6 cs), 

and one has the same duration. On the average, the difference be­

tween t and i is somewhat larger than that between Rand~ and be­

tween k and~- The shortening of the vowel after ill compared to 

J:?_g_g_ is also consistent and significant at the 0.1% level. Out of 

113 comparable pairs of averages in lists S3, S6, MlB and M2, 

102 have a longer vowel after~, 9 have a slightly longer vowel 

after ill (0.1 - 1.1 cs), and 2 have the same duration. 1 On the 

average, the vowel is less shortened than the closure, but this is 

not consistent,and there are individual differences. No. 16 

shortens the vowel more in all cases, whereas No. 17 and No. 18 

show definitely more shortening of the closure in all cases. 

In figs. 1-3 the relations are shown graphically for list M2. 

The numbers at the bottom indicate the subjects. The values for 

the individual subjects are combined by lines in order to make 

the consistency stand out more clearly. It should be noticed that 

1) If the delimitation between aspiration and vowel is made at 
voicing start, the difference in vowel duration after ill and 

E..2.9. will be somewhat less regular. 
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not all the absolute vowel durations are comparable. The words 

are: pa I a, b a I a, ta : I a, d a : I a, k a I a, g a I a , p i : I a, b i : I a, t i ( : ) a , 

di (:) a, k i I a, g i I a. In t i (:) a, di (:) a the vowel [ i J is of variable 

length since there is no phonological distinction of duration be­

fore [a]. The segmentation of [ i J and [a] was only safe for four 

subjects. 

The high peaks in the closures and vowel durations of subjects 

13 and 17 are due to slow speech. No. 14 did not speak slowly, 

but she has relatively long vowels. The rising slope of the graphs 

for the open interval reflects the tendency towards longer open 

intervals in modern Copenhagen speech. In ta the closure shows 

an opposite downdrift, and a comparison between groups A and Bin 

table 12 seems to indicate a general tendency for those subjects 

who have long aspirations in tl.!s_ to shorten the closure more (in 

relation to~), although the shortening does not fully make up 

for the longer aspiration, the differences in total consonant 

length and in CV length between tl.!s_- and ~-sequences being some­

what larger in group c. It is, however, not a very regular phe­

nomenon in individual averages. Subject 17 has, e.g., very large 

closure differences, No. 15 and No. 18 only in 1-Q, No. 13 not in 

t-d. 

There is no tendency to shorten long vowels more than short 

vowels. 

The difference in closure duration between -2..!Js. and~ never 

reaches the difference in open interval, except for subject 9 in 

the case oft and~ before open vowels. This means that the total 

duration of the consonants~ is consistently longer than the to­

tal duration of~- When the shortening of the vowel is also 

taken into account, it turns out that the shorteninq of closure 

and vowel may make up for the lengthening of the open interval for 

some subjects (5, 9, and 16). But for most subjects the _p_il se­

quences are clearly longer. The individual differences for total 

consonant length and CV-length are shown in table 14. 

When averages of individual consonants before a and in list 

M2 and before high, mid, and low vowels in list S3 are taken sepa­

rately, the difference between CV-sequences with £.!Js_ and with E.2-9. 

can be compared in 72 pairs. The .P..!Js_-sequences are longer in 62 

pairs. This means that the difference is significant, although it 

is not very large (it is less than 1.5 cs in 35 out of the 72 

cases) . 
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Table 14 

Differences in total consonant duration (closure 
+ open interval) and in CV duration between ill 
and E.i9. for individual subjects (cs). 

tot.cons. 
ptk > bdg 

CV 
ptk > bdg 

tot.cons. 
ptk > bdg 

CV 
ptk > ~ 

s 

s 

2 

+4.1 

+2.5 

13 

+4.9 

+3.3 

3 4 5 7 

+2.9 +4.3 +2.6 +4.2 

+2.6 +2.0 +0.7 +2.8 

14 15 16 17 

+4.6 +5.8 +5.0 +3.6 

+3.5 +3.9 +0.6 +1.1 

9 

+l. 3 

0 

18 

+4.0 

+2.3 

The longer closure in bdg than in ptk and the longer overall 

length of ill compared to E.i9. is also found as consistent features 

in the material investigated by Hutters (1979), and I have found the 

same relation in an older kymographic material and in a material 

used for air pressure measurements. 

The shorter vowel after ill was also founq for 7 out of 8 sub­

jects in list Sl. The same relation for the vowels was found by 

Hutters (1979) and by Holtse (1977) (two of Holtse's three subjects 

and four of Hutters' five subjects are identical to subjects used 

in the present investigation). 

It may be of interest to compare the duration of vowels after 

.2.1J5. and~ with vowel duration after other consonants. This has 

been done for list MlB (see Fischer-J~rgensen 1964, p. 187). The 

averages for seven subjects (6 examples of each) are for the short 

vowels i ~ after ..e..:!J5. 9.5 cs, after fsh 9.8, after E..9-9. 10.7, and 

after mnlv 10.0 cs. In list M2 it is possible to compare pale, 

b a I e, fa I e, v a I e and p i : I e, b i : I e, f i : I e, v i : I e and ta : I e, d a : I e, 

sa: le. The total consonant durations and the vowel durations are 

shown in table 15. 

It appears from table 15 that i is shorter than£ but longer 

than~, and that the vowel after f is longer than after£ and 

shorter than after~' i.e. there seems to be compensation. But 

there is only very slight compensation in ~he vowel for the dif­

ference of duration between f and~, and none between the vowels 
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Table 15 

Averages of total consonant duration and duration 
of following vowel in CS for labial and alveolar 
consonants in list M2 (10 subjects). 

N = 76 .£ f b V .! > .e f>b f>v b>v -
cons. 18.5 15.8 13.8 10.7 -7.. 7 +2.0 +5.1 +3.1 

vowel a 15.2 17.2 17.6 17.5 +2.0 -0.4 -0.3 +0.1 -

cons. 19.1 17.9 15.1 11. 6 -1.2 +2.8 +6.3 +3.5 

vowel i : 18.9 19.8 20.6 20.6 +0.9 -0.8 -0.8 0 

N = 38 t s d s>t s>d -
cons. 17.0 16.1 13.1 -0.9 +3.0 

vowel a: 23.0 25.3 24.3 +2.3 +1.0 

after band v. The inverse relation between consonant and vowel 

duration holds for 14 out of 20 individual averages for f-Q and 

for 13 out of 20 for f-~; for ~-1 and ~-Q it holds for 9 and 6 

averages, respectively, out of 10. This is not statistically sig­

nificant, but the tendency is clear. 

One of the two subjects in list S3 shows the same relations 

for ~-f-~, but none of them for 1-~-Q, both consonant and vowel 

being longer ins+ V than in t + V. 

Hutters (1979) has found the same inverse relations between 

consonant and vowel duration for f-Q and f-Q before l for four out 

of five subjects, i.e. tl>.f.l>E..L for the consonant and Ql>.f.l>tl for 

the vowel. For the alveolars the order of the consonant durations 

is correspondingly .!J..>tl>.Ql, but the order for the vowels is 

tl>.Ql>il for four out of five subjects (the same subjects have a 

longer vowel after d than after~ in the present material). The 

relations thus seem to be less stable for the alveolars than for 

the labials. 

Holtse (1977) found vowels after f and s to be of approximate­

ly the same duration as after .!2..2_g_. He did not measure the con­

sonants. 

In list M2 it is also possible to compare i and~+ vowel 

for three subjects and in list S5 f s h + vowel for two subjects. 
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In list M2 both consonant and vowel are longer in~ than in ha. 

In S3 the consonants i and~ are considerably longer than h (by 

4.8 and 6.4 cs, respectively), but the following vowels are only 

very slightly (and insignificantly) shorter (by 0~5 and 1.1 cs, 

respectively). There is thus hardly any compensation in this case. 

5. 3. 2 Differences between· labfals ,· alveolars, and velars 

The duration of both closure and open interval differs ac­

cording to place of articulation. 

For .£iB_ the closure durations can be compared on the basis of 

list S3 and list M2 (subjects 2-5, 7, 9, and 13-18), the open inter­

val, moreover, on the basis of S6, MlB and MlA (all subjects). 

For~ the closure durations can be compared on the basis of lists 

S3, M2, and SS (subjects 1-9 and 13-18), and the open interval, 

moreover, on the basis of lists S4, S6, and MlB (all subjects). 

The durations have been compared by means of individual averages 

for different subjects and consonants before l ~and~' taken se­

parately for lists SS, MlB and M2, and consonants before high, mid, 

and low vowels, taken separately for lists S3, S4, and S6. As for 

MlA, ~ before l,~,and u have been combined. Table 16 contains a 

survey of the results. 

Table 16 

Differences between labials, alveolars, and velars 
in the duration of closure and open interval, indi­
cated as the absolute and relative number of aver­
ages showing the difference. 

closure ( 28 aver.) b > d 

23/28 82% 
open 
interval (61 aver.) d > b 

closure (58 aver.) 

open 
interval (93 aver.) 

47/61 77% 

£ > t 
57/58 98% 

t > .Q 

86/93 92% 

b > .9 

25/28 89% 

..9 > b 

60/61 98% 

E. > k 

47/58 

k > .Q 

75/93 

81% 

81% 

d > .9. 

15/28 54% 

~ > d 

57/61 93% 

k > t 

53/58 

t > k 

62/93 

91% 

67% 
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Except for i >~the differences are all significant at the 0.1 

or 1% level. It appears from table 16 that the order for the clo­

sure of .£.S!..g_ is~> (i > ~) (where the order d >~is unstable) and 

the order for the open interval is the opposite:~> d > b. Here, 

i >~has more exceptions than~> i and~>~' but a closer in­

spection of the material shows that in almost all cases where b 

has a longer interval than i, the following vowel is rounded (see 

section 5.3.5). The order for ill is different. For the closure 

it is£> k > 1, and for the open interval the opposite: (1 > t) 

> £· t > k is only valid in 67% of the averages and, whereas the 

other cases do not show any differences for lists or subjects, 

there is a difference between lists fort > k. There is majority 

fort >kin all lists except list MlB, which has only one case of 

t > k out of 14. Without list MlB the percentage would have been 

77%. As mentioned in section 5.1, the open intervals of ill are 

relatively short in this list, and a comparison of list MlB with 

the other lists for those subjects who have spoken other lists as 

well (i.e. Nos. 1, 2, 5, 7) shows that in six out of seven cases 

the shortening of the open interval oft in list MlB is more pro­

nounced than that oft, and in five cases more pronounced than that 

of£· This may perhaps be due to the fact that in list MlB the 

consonant following the vowel was also an alveolar (the word type 

is: puda, tuda); in list S4, where the same consonant is found be­

fore and after the vowel in all cases, there was a general shorten­

ing of the open interval. Or the quick tempo of list Ml might 

shorten the affrication oft. This is, however, pure guesswork. 

If the subjects are considered separately (cp. table 6), 11 

out of 18 (or.61%) have a longer open interval in t than in~' 

but if MlB is left out, it will be 13 out of 15 (or 87%). 

It may be of interest to see whether the inverse relation be­

tween closure and open interval in the differences between labials, 

alveolars and velars holds in the cases where closure and open 

interval can be compared directly within individual averages, -

not only when they are examined separately on the basis of the 

whole material as in table 16 (in many cases only the open inter­

val, not the closure, could be measured). This can be investi­

gated for ill in lists M2, S3 and S5 (i.e. for subjects 1-9 and 

13-18) and for _Q_9..9. in lists M2 and S3 (i.e. for subjects 2-5, 7, 

9, and 13-18), where closure and open interval for the same examples 
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can be measured. The results are shown in table 17. For~ 

there is good agreement between tables 17 and 16. The relation 

between d and~ does not show any inverse relation, since the 

closure difference between i and~ is unstable as shown in table 

16, whereas the relations between~ and land between band d do 

show this inverse relation. 

For ill the inverse relation of 1-R is very stable, as .should 

be expected from table 16. But t-k should not be expected to show 

a higher percentage of inverse relation than R-t. 

Table 17 

Occurrence of inverse relation between differences 
of closure and open interval within the same pairs 
of averages. 

B..!..!s. - 58 averages 

closure .E > k, open 

.e > t ' 
k > !, 

~- 28 averages 

closure b > ~' open 

d > Q, 
d > ~' 

interv. k 

t 

t 

interv. ~ 

b 

~ 

> .2 
> E. 
> k 

> b 

> d 

> d 

40/58 

50/58 

42/58 

27/28 

24/28 

15/28 

69% 

86% 

72% 

96% 

86% 

53% 

The reason is that the relatively low percentage for the open 

interval (1 > k 67%) in table 16 was due mainly to list MlB, which 

is not included in table 17, because the closure cannot be meas­

ured in this list. 1 

The absolute magnitude of the differences is shown in table 

18 for the lists in· which both closure and open interval could be 

measured, i.e. S3 and M2 for .!2.£9. and S3, SS and M2 for~-

1) If the delimitation of the open interval had been determined 
by the voicing start instead of the vowel start, the open 

interval of k would have been shorter in some cases, and the per­
centage t > k would have been still higher. In Fischer-J~rgensen 
1979 it was said that there was no consistent relation for 1-~ and 
that the relation d-b was not significant. This was not correct. 
correct. 
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Table 18 
Differences in cs between consonants of different places 
of articulation (closure, open interval, and total dura­
tion), based on lists S3 and M2 (subjects 2-5, 7, 9, 13-
18) for~ and S3, SS and M2 (subjects 1-5, 7-9 and 13-
18) for ill· 

~ 
N = 204 b > d b > .9. d > .9. - - - -

S3 M2 S3 M2 S3 M 2 

clos. +0.2 +1.1 +0.9 +1.4 +0.8 +0 . 3 

op.int. -0.3 -1.1 -0.8 -1. 7 -0.6 -0 .6 

tot.dur. -0.1 0 +0.1 -0.3 +0.2 -0 . 3 

~ 
N = 354 .E. > k £ > t t > k - - - -

S3 S5 M2 S3 SS M2 S3 SS M2 

clos. +0.7 +1.0 +0.9 +2.1 +2.1 +2.0 +1.3 +1.1 +1.1 

op.int. -0.6 -1.0 -1. 4 -2.5 -2.1 -2.1 -1. 9 -1.1 -0.7 

tot.dur. +0.l 0 -0.5 -0.4 0 -0.1 -0.6 0 +0.4 

Table 18 shows that shortenings and lengthenings counterbalance 

each other, so that the total duration of the consonants is almost 

identical. A graphic display of the differences 1-R and~-~ is 

given in figs. 4-5. The durations of Rand~ are given the value 

zero. Overlapping of single measurements has been examined for 

list S5. Correlation diagrams were made for the single values of 

aspiration versus closure for consonant+ a (18 examples of each) 

and consonant+ i and u (12 examples) in pairs. In fig. 6 examples 

are given of~/~ for subject 5 (hardly any overlapping),~/~ 

for subject 9 (somewhat more overlapping), and~/~ for subject 

1 (almost complete overlapping). On the whole, No. 1 shows almost 

complete overlapping except for.!..£_/~, whereas Nos. 5, 8, and 9 

have very good separation for 1-£, somewhat less or 1-k (but still 

very good for No. 5), and rather bad separation for~-£· No. 6 

has a small pause before each word, and this pause cannot be de­

limited from the closure. With the pause included he shows very 

good separation for 1-R and R-1 but not for 1-~. 



Cl. 

e 

5 

4 

t 3 

2 

2 

t 3 

4 

5 

• 
list• ~Cl 

.. ~• 
I I 

I I 
I I 

f\ ,' \ 
'" ~ 

S5(•i) 

232 

.. 
,.., \ ~ ,., 

.,....., \ ,-_ ,. . \ ~ 
I ~ ~ )w-

j , 
I 

53 

Figure 4 

I .. 
I 

.,..a> 

.. 
I\ 

I 

" 

M2f♦ i) 

Differences between the durations of the closures 
( • •) and open intervals ( t:.-----t:.) for ! - E· 

Eis in both cases given the value zero. 

C I. 

4. 

11111 S3 M2l•O) M21+h M2(♦ U) 

Figure 5 

Differences between the durations of the closures 
( • • ) and open intervals ( t:.----A ) for q - b. 

-""--
bis in both cases given the value zero. 

I I 

.\ 

.. 
' 

i \ 
! \ 

I • 
112f+U) 

--------------------------------



CS. 

12 

11 

10 

9 

• > 8 ... 
• ... 7 
C 

C 6 
CJ 
0. 
0 5 

4 

3 

3 

233 

CS. 

a 12 

1 
b 6 tac) C, t QC:, 

o pac:, 11 A Okoc:) 

A 10 A 

MM A 9 ~ AA~ A 
I 

A M M I b. A b.~ L.. 
I II 8 -i A At:.0 ~A 0 A 'MA A > 

MA 
... 

j 
AAA at.COO ~ • A ff A 

... 7 A 000 A 00 
C 

MOOO 00000 00000 0 

A O 00 0 C 6 00000 
I> i 

0 0 o ~ro 0. ! 

ffiff}ffP 0 0 5 

1 co 00 0 4 

3 

4 5 s 7 8 9 10 11 12 3 4 5 6 7 8 9 10 
closure closure 

CS. 

12 7 C 6 poc:1 

11 ~ Okoca 

10 j 
9 

II 
go 

> 8 A O 0 .. 
0 ffi I> 

7 ... 
A ft!A 00 C 

o eop~• et. 
C 6 A 00.,,.A • c. A O A 
0 5 A A A 

A 

4 A 

3 

3 4 5 6 7 8 9 10 11 12 
closure 

Figure 6 

Examples of correlation diagrams of closure and open 
interval for single tokens (list SS): 
(a) ta./pa. (subject 5), (b) ta./ka, (subject 9), 
(c) ka./pa. (subject 1). 

0 

11 1 2 



234 

The material has also been examined in view of a possible com­

pensation between the duration of the open interv~l and the duration 

of the to_llowing ·vowel,: sin_ce a shortening_ of. the. vowel was • found 

for ill compared ·to ~-~ However, . the smaller ~Hiferen~es of open 

interval between ~he consonants of different pla~~ 6f a~ticulation 

do. not seem to be .ac.co~panied· by. ~my differerices _in _:v·owel length. 

There is an inverse relation between open int_erval and· vowel dura-
. . 

tion for 1~£-in_list 8·3, but- not ·in SS, S6 .or·MlB.J· ~nd there. is an 

inverse relation for .s..-E_ in list MlB ~ but n_othin:g in. the ·other 

lfsts. This inverse.relation is thus a very_ unstable.phenomenon. 

While the order for~ corresponds to a universal tenden~y 

(cf. e.g. Abramson and Lisker 1964), the .longer open interval of 

Danish 1 is evidently connected with the fact that t is -affri·cated. 

The duration of·the frication phase cannot-be measured.with suffi­

cient precision in the _mingograms. But it- has been measured· for 

t in list S3 (subj•ects 5, 6 and 9). The resrilt. i~ given in table 

19. Th~ release is included in the:frication ph~se, sine~ the two 

phases cannot be distinguished for No. 5 and hardly for No. 6. 

The distance between the (very short) release noise and the start 

of the frication is about 1 cs for No. 9. 

s N 

5 6 

6 3 

9 6 

~ 

Table 19 

Open interval and frication phase 
in tin list S3 in cs-before dif­
ferent vowels 

e~o ece.'.) 

op.i. fric.ph. op.i. fric.ph. op.i. .fric.ph~ N 

7.6 6.3 7.3 4.8 6.5 4.1 /. 

8 ~·2 6.5 6 .. 3 4 .. 5 6.3 4.3 1 

10.0 7.0 9.0 5 .. 1 8.7 5~0 ·2 

a 

op .'i. fric. 
ph. 

6.5 .5. 0 

7.0 3.5 

8.3 4.7 

TAie frication phase is loriger before high vowels than before low 

vowels, and the differences are somewhat larger than-for the open 

_intervil, so that the frication phase takes up more of the-open 

interval iri high vowels. Spectrograms were also taken of some of 

the examples of SS .. The frication phase is· approximately of the 
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same length here as in S3 for subjects 5, 6 and 9, but No. 8, who 

did not read list S3, has relatively short frications (before 

5.0 cs, before~ 4.0 cs, and before~ 3.2 cs). Mingograms of the 

other subjects seem to indicate that the frication phase generally 

takes up most of the open interval before high vowels, also when 

the open interval is very iong, whereas this is generally not the 

case before~, and spectrograms of subject No. 16 show frication 

phases of 9-10 cs before l,but only 3-4 cs before a. Thus, it 

cannot be maintained for Danish (as it can for English, according 

to Klatt (1975) and Zue (1976) that when the frication phase is 

subtracted, the aspiration is approximately of the same length for 

£, .!. and t. 

5.3.3 Influence of phonological vowel length 

The main purpose of list SS was to investigate the influence 

of long and short vowels on preceding /ptk/. In table 20 the five 

subjects are listed separately. 

Table 20 

Relations of duration between CV- and CV:-
sequences (list SS) . 

CV: > CV 

Subjects 1 5 6 8 9 

vowel +8.4 +4.8 +6.1 +7.6 +9.8 

clos. -0.1 0 -0.6 -0.4 -0.7 

op. int. -0.3 -0.3 +0.4 -0.2 +0.2 

It appears from the table that subjects 6 and 9 have no inverse 

relation between open interval and vowel, and subject 5 no inverse 

relation between closure and vowel, and for the other subjects the 

differences are very small compared to the large vowel differ­

ences; moreover, they are based on varying single averages and 

are not statistically significant. 

The following consonant has not been measured, but earlier 

investigations (Fischer-J~rgensen 1955 and 1964) have shown that 

there is no significant difference in consonant duration after 

long and short vowels. 
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5.3.4 Influence of vowel height 

It is well known that there is a general tendency for high 

vowels to be shorter than low vowels, and this relation has also 

been found for Danish (Fischer-J~rgensen 1955 and Holtse 1977). 

The material of my 1955 paper was identical with S3 and S4 of the 

present investigation1 but the same relations are found in SS, S6 

and M2, which were recorded later. In the whole material high 

vowels are shorter than low vowels in all 123 comparable pairs of 

averages. This difference has relation to differences in the pre­

ceding consonants. 

Table 21 shows the differences between high and low vowels 

and the corresponding differences in the duration of closure and 

open interval, based on the lists which permit a measurement of 

the closure, i.e. lists S3, SS and M2. Table 22 shows the differ­

ence between high and low vowels and the corresponding differences 

in open interval of the preceding consonants for lists S4 and S6. 

S3, S4 and S6 contain examples of all Danish vowels (long in S3 

and S6, short in S4), but here only the high vowels~ and the 

low vowels ere~ are compared. In SS and u are compared to~' 

separately for long and short vowels, and in M2 l is compared to 

a. In M2 only the vowels i-a after velars have the same phono­

logical length. After alveolars the length is undetermined 

(t i (:)a di (:)a tu(:)a du(:)a), but the speakers have all pronounced 

them as long vowels, and the same is the case for /u(:)/ after 

labials. /i:-a/ after labials and /u:-a/ after velars have dif­

ferent phonological length. In the cases where the vowels differ 

in phonological or.intended length, the vowel durations have been 

put in parentheses. (l after alveolars could only be measured 

for four subjects;~: after velars was only spoken by two sub­

jects.) A graphical display is given in figs. 7-9. 

Tables 21 and 22 and figs. 7-9 show that there is a consistent 

inverse relation between vowel duration and duration of the open 

interval of the preceding consonant, but the difference in open 

interval is considerably smaller than the difference in vowel dura­

tion,so that sequences with low vowels remain longer. The differ­

ence in open interval is, however, highly significant. For~ 

it is valid in 92 out of 103 individual averages with comparable 

vowels (89%), and for~ in 32 out of 34 averages (94%). It 

appears from table 21 that the consonants are also lengthened in 
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Table 21 

Differences (in cs) of vowel, closure and open 
interval between CV-sequences with high and low 
vowels (subjects 1-9, 13-18). 

S3 / i: y: u: / > /e: CB: :) : a:/ 

N = 15/20 .E. t k b d .9. 

vowel -2.9 -3.2 -3.6 -3.0 -3.3 -3~5 

closure 0 +1.0 +0.3 -0.2 -0.3 -0.7 

open int. +1.1 +1.3 +0.6 +0.7 +0.7 +0.6 

CV -1.8 -0.9 -2.7 .-2. 5 -2.9 -3.6 

SS /i u/ > /a/ (short and long) 

short long 

N = 120 .E. t k .E. t k -
vowel -5.7 -5.1 -5.0 -4.7 -4.0 -6.8 

closure +1.1 +0.4 +0.2 +0.5 +0.6 +0.5 

open int. +1.3 +0.7 +1.3 +l. 4 +l. 4 +1.6 

CV -3.3 -4.0 -3.5 -2.8 -2.0 -4.7 

M2 .E. t k b d .9. 
i : >a i : >a: i>a i : >a i : >a: i>a 

N=76 N=32 N=76 N=76 N=32 N=76 

vowel (+3.5) -4.7 -5.6 (+3.7) -4.8 -5.9 

closure +0.4 +0.8 +1.0 +0.9 +1.0 +0.8 

open int. +0.2 +3.2 +0.8 +0.4 +1.6 +l. 4 

( +4. 1) -0.7 -3.8 (+5.0) -2.2 -3.7 

N = 12 .E. t k b d .9. 
u:>a u:>a: u:>a u:>a u: >a: u:>a 

vowel ( +6. 6) -2.6 (+3.2) ( +4. 3) -4.4 ( +4. 4) 

closure +2.9 +1.8 +0.5 +2.3 +1.1 +1.4 

open int. -1.2 +2.8 +0.1 +0.7 +0.7 +0.3 

CV ( +8. 3) +2.0 (+3.8) (+7.3) -2.6 (+6.1) 
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Table 22 

Differences (in cs) of vowel and open interval 
between CV-sequences with high and low vowels 
(subjects 1, 5, 9). 

S4 /i u y/ > /E CB ~ a/ 

N = 15/20 .E. t k 

vowel -2.3 -2.9 -1.8 

open int. +0.8 +0.6 +0.9 

S6 Ii: y: u: / > /e: CB: ~: a:/ 

N = 0/12 .E. t k b d -
vowel -2.1 -1.9 -2.6 -3.9 -2.4 

open int. +1.4 +0.6 +0.7 +0.7 +0.9 

.9. 
-2.9 

+0.9 

cases where the vowels are of phonologically different length (we 

shall come back to this in the discussion), so that these cases 

can be included, but the percentages will he only slightly changed 

(85 and 94%, respectively). Most exceptions are due to 9 cases of 

_Q_L-.Q2 in M2 and SS in which .I@. has the longer aspiration. 1 The 

percentage for tl-1@.is 75%. 

As for the lengthening of the closure before high vowels, 

table 21 shows no consistent difference in S3, but a consistent 

difference in SS and M2. Comparison of individual averages shows 

that the difference is significant for .QJ.Js. (52 out of 75 averages 

or 69%) but not for .Q.£9. (27 out of 45 averages or 60%). There are, 

however, individual differences among the subjects. Some have no 

exceptions, and two have the opposite relation, i.e. shorter clo­

sure before high vowels, viz. No. 9 and No. 13. Apparently, 

younger Copenhageners tend to lengthen the closure more before 

high vowels than do older subjects. At any rate, there is a 

striking difference between the subjects of list S3 (Nos. 5, 6, 9), 

list SS (Nos. 1, 5, 6, 8, 9) and list M2 (Nos. 2, 3, 4, 7, 13-18). 

The percentage of averages showing a longer ·closure before high 

vowels than before low vowels is for S3 33%, for SS 66%, and for 

M2 80% (and for the five youngest Copenhageners of M2 it is 92%). 

1) These exceptions would be reduced if voicing start were taken 
as marking the end of the open interval. 
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Differences between the duration of the closures {e •> 
open intervals ( 6.---- -6 ) and following vowels ( 0--0 ) 

for E ! ~ + ! y ~ E ! ~ + ~ ~ ~ ~ (lists S3, S6 
(long vowels) and S4 (short vowels)). The durations of 

E ! ~ + E rn 0 a have been given the value zero. 
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And whereas in SS there are only 5 cases out of 30 (17%) where the 

lengthening of the closure of ill exceeds the lengthening of the 

open interval, the corresponding number in M2 is 16 out of 36 (44%). 

There is a slight inverse tendency for the open interval, i.e. more 

lengthening in S3 and SS than in M2, but this may be due to incon­

sistencies in the delimitation of open interval and vowel, whereas 

the delimitation of the closure is pretty safe. 

In Hutters 1979 the lengthening of the closure before i com­

pared to a is found in 11 out of 15 averages (73%), whereas her 

subjects lengthen the open interval before 

averages. 

in only 53% of the 

In lists S3 and M2 there are also examples of other consonants. 

The fricatives f s v show the same lengthening before and u corn-

pared to a as the stops, as seen in table 23. 

Table 23 

Difference in cs between CV-sequences with 
f,s,v before hioh and low vowels (Subjects 
2 = 7, 9, 13 - 18). 

S3 M2 

N = 15/20 N = 76 

/i: y: u: > E:: ce: =:>: a:/ /i:>a/. /i:>a:/ /u:>a/ 

f s f V s f - - -

N = 12 

/u:>a:/ 

V s -
vowel -3.7 -3.4 

cons. -0.3 +0.2 

(+2.7) (+3.1) -5.0 (+4.2) (+3.7) -3.0 

+2.0 +0.9 +3.0 +1.9 +2.2 +2.3 

The negative difference for i in S3 is due to subject 6 (5 and 9 

have a positive difference). The consonant is longer before high 

vowels in 33 out of 36 individual averages (91%). There is also 

a small difference for~ in S3, but the delimitation is not too 

certain, and in M2 his variable. The same is true of the examples 

of m and (spoken by 5 subjects of list M2). 

Again it is found that the consonant lengthening is indepen­

dent of the phonological length of the following vowel (the vowels 
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of M2 have the same length only after~). In Butters 1979 all 

five subjects have longer f and s before than before a. 

5.3.5 Influence of vowel rounding 

The relation between vowel rounding and the open interval of 

the preceding stop is different for labials, alveolars, and velars, 

and it is only significant for labials. Table 24 shows the differ­

ences in open interval and vowel duration for labials. 

Table 24 

Differences in cs between CV-sequences with labial stop 
+ rounded and unrounded vowel (subjects 1-2, 5-12, 17). 
S3, S6, M2 long vowels, S4, Ml short vowels, SS short+ 
long vowels). 

S3 S4 S6 S3 S6 MlA 
N=l5 N=l5 N=6 N=l5 N=6 N=84 

E. y<t>re > i e E: b y</Jre > i e E: y > i 

op.int. +1.5 +0.3 +1.5 +0.5 +l. 4 +0.6 

vowel +1.1 -0.2 +1.1 +1.8 +0.8 -0.5 

E. UO:> > ieE: b U O:> > i e E: 

op.int. +1.5 +0.3 +1.0 +0.4 +0.9 

vowel +1.4 +0.6 +1.2 +2.4 +0.4 

M2 MlB SS M2 MlB MlA 
N=l2 N=42 N=60 N=l2 N=42 N=84 

.2. u > i b u > i -
op.int. -0.3 +0.9 +0.7 +0.5 +0.5 +0.5 

vowel +0.6 +1.6 +1.4 -0.3 

It appears from table 24 that the open interval of labials is 

longer before rounded than before unrounded vowels. The difference 

is significant for both E. and~ (for E. the open interval is longer 

in 31 out of 37 individual averages. (84%) and for bin 30 out of 

35 (86%). Rounded vowels are also generally longer than unrounded 

vowels, but this depends in part on the following consonant. 

Rounded vowels are longer than unrounded ones in lists S3, SS, S6, 

M2 and MlB, where the following consonant is alveoiar (~, or i), 
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but~ and y are shorter than i in list MlA and variable in list 

S4. In these two lists the following consonant was~ or Q• (This 

influence has been shown in detail in Fischer-J~rgensen 1964.) 

The open interval is longer, irrespective of this vowel difference. 

The closure is not longer before rounded vowels. 

As for alveolars, there is an opposite but not significant 

tendency to have a longer open interval before unrounded vowels. 

As for velars, the relations are irregular. This explains that 

although~ has generally a shorter open interval than i, this is 

not always the case in list MlA, because the vowels are l, y and 

u. It also explains why the open interval was found to be in de­

creasing order in ~>i>~ except before rounded vowels, where the 

order is ~>~>..s!_. 

The tendency to longer duration of the consonants i ~~be­

fore rounded than before unrounded vowels mentioned in my 1979 

paper is weak and not significant. 

6. Summary and discussion 

6.1 Summary 

The results of the present investigation of Danish CV-se­

quences with stop consonants can be summarized as follows: 

6 . 1. 1 p t k vs. b d g 

CV-sequences with ill have a much longer open interval than 

those with~' and at the same time a shorter closure and fol­

lowing vowel, but the shortenings of closure and vowel do not 

generally counterbalance the lengthening of the open interval, so 

that for almost all subjects, CV-sequences with~ are longer 

than those with~ {grand mean 2.1 cs) (see section 5.3.1 and 

figs. 1-3) . 

6.1.2 Place of articulation 

Labials, alveolars, and velars differ both in closure and in 

open interval, the order for the closure being ~>..s!_>~ and £>~>1 

and for the open interval ~>i>~ and l>~>Q. The differences are 

significant with exception of the closure ..s!_>~.and, consequently, 
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the inverse relation between closure and open interval for 1-~­
There is thus an inverse relation between closure and open inter­

val, and it is of almost the same magnitude so that CV-sequences 

with consonants of different place of articulation are approximate­

ly of the same length. There is generally no difference in the 

following vowel (see section 5.3.2 and figs. 4-5). 

6.1.3 Phonological vowel length 

There is no consistent compensation in consonant duration in 

relation to the phonological length of the following vowel (see 

section 5.3.3). 

6.1.4 Vowel height 

The open interval - and often the closure - is longer before 

high vowels than before low vowels. But the differences in vowel 

duration (the high vowels being longer than the low vowels) are in 

almost all cases larger than the differences in open interval and 

closure, so that the CV-sequences with low vowels are normally 

longer than those with high vowels (grand mean +2.5 cs). (See 

section 5.3.4 and figs. 7-9). The fricatives f and s are also 

longer before high vowels, but there is no clear tendency in the 

case of h m I. 

6.1.5 Vowel rounding 

Labial stops have a longer open interval before rounded vowels 

than before unrounded vowels. Since rounded vowels are, on the 

average, longer than unrounded vowels, the CV-sequences with 

labials+ rounded vowels will be longer than those with unrounded 

vowels 

6.2 Discussion 

The problem is now whether the relations which have been 

found should be explained as compensation,in the sense that the 

inverse relations are due to a tendency to maintain a constant 

duration of the CV-sequences, as it has often been proposed for 

VC-sequences and for larger units, or whether they are due to more 

specific physiological mechanisms. 
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Since the relations between .e..!J:_ and~ (section 6.1.1 above) 

and between different places of articulation (section 6.1.2) are 

the most problematic, I shall treat them at the end and start with 

a discussion of phonological vowel length, vowel height, and vowel 

rounding (sections 6.1.3, 6.1.4, and 6.1.5, respectively). 

6.2.1 Phonological vowel length and rounding 

It is obvious that no compensation takes place between phono­

logical vowel length and preceding consonant (6.1.3). One might 

set up the hypothesis that programmed phonological differences do 

not cause compensation within the syllable. This seems to be true 

of phonological vowel length in Danish, also in relation to the 

following consonant, but it is not a universally valid rule; it is, 

e.g., not valid for languages like Swedish and Italian, where long 

vowels are followed by short consonants and short vowels by long 

consonants. One might also try the hypothesis that there is no 

compensation ·between vowel and preceding consonant. This is valid 

for phonological vowel length and also for the phonetic difference 

due to rounding of the following vowel (6.1.5). (Labials before u 

have longer open interval than before l, although the vowel u is 

also generally longer than l·) 

6.2.2 Vowel height 

It might be objected that the hypothesis of no compensation 

is not valid for differences in consonant duration due to vowel 

height. Here an inverse relation between vowel and preceding con­

sonant was found. But this may not be a case of compensation but 

a coincidence due to specific conditions of sound production. 

Since, as seen in table 21, the lengthening of the open inter­

val before land~ compared to~ is quite independent of the phono­

logical length of the vowel, i.e. the consonant is lengthened be­

fore long l= compar~d to short~' although l= is in fact longer 

than~' one might even take this as proof that the duration of the 

consonant has nothing to do with the duration of the following 

vowel but only with its quality (cf. Klatt, 1975). This is, how­

ever, not sufficient proof; it only shows that it is not crude 

phonetic duration which is at stake. It might be so that phono­

logical length does not cause compensation, as already shown above, 

but within long and short vowels there could be a compensation for 

differences of duration due to vowel height. 
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(Nooteboom (1972) found a difference of duration between words 

with long and short vowels but not between words with higp and low 

vowels.) There is, however, a further and, as far as I can see, 

more convincing argument against considering. the longer open inter­

val before high vowels as due to compensation, viz. that it is 

possible to give independent physiological explanations of the 

durations of consonants and vowels and a common explanation for 

rounding and vowel height. 

The longer duration of the open interval of labials before 

rounded vowels can be explained by the fact that, particularly in 

high vowels, where the longer open interval is very clear, the 

lips are only opened very little from consonant to vowel, cons~­

quently the airflow is relatively slow, and the supraglottal pres­

sure goes down slowly, which delays the start of voicing. Similar­

ly, in the case of high vowels, the opening from consonant to 

vowel is of relatively small extent, and the airflow is delayed. 

This is particularly evident for the Danish affricated l, but it 

is also evident for the velars. As for the labials, the degree 

to which the airflow is delayed may depend on the degree of co­

articulation and the relation is, in fact, also found to be more 

variable, also individually, in labials. In the present material 

tl has in most cases a longer open interval than~, but some sub­

jects have the opposite relation. 

The difference in duration between high and low vowels has 

been explained by the extent of the articulatory movement. Jesper­

sen (1932) seems to have been the first to give this explanation 

(a fact which I had overlooked in earlier papers (1955, 1964), cf. 

also Maack 1953, Fischer-J~rgensen 1955 and 1972, Kohler and Kunzel 

1978). The longer distance is partly, but not fully, compensated 

for by the speed of the movement (Lindblom 1967). The slightly 

longer duration of rounded vowels can, similarly, be explained by 

the extra articulation. This means that both the differences in 

vowel duration and the difference in open interval can be physio­

logically explained, and their interrelation in the time domain 

may be accidental and has nothing to do with compensation. 

This explanation is corroborated by the fact that neither 

trhe difference in vowel length nor in length of open interval are 

specific Danish phenomena but well documented in a large number of 

languages (see, for the literature on vowel height, Lehiste 1970 
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p. 18 and Lindblom 1967, and for the open interval, e.g. for 

French Fischer-J~rgensen (1968 and 1972), Serniclaes (1974), 

Wajskop. (1979), for German Fischer-J0rgensen (1976) (.!_!_>.!..£.and 

g >~,but .E..!_-~ variable), and Kohler (1978), for English Klatt 

(1975), Summerfield (1975) (~ > g, but~> QJ_). I have found 

similar relations in a Dutch material. The dependency of the open 

interval on vowel height thus seems to be a general, physiological­

ly conditioned tendency. 

The lengthening of the fricatives i, y and~ before high 

vowels can be explained in the same way, viz. as a delay of the 

airflow, and the fact that this lengthening is not consistent for 

~'~and l, which have a freer air escape, corroborates this as­

sumption. 

The physiological explanation is also corroborated by actual 

measurements of air pressure decay and airflow rise. Fischer­

J~rgensen (1968) gives an analysis of the stop consonants of a 

French-Danish bilingual subject, which shows complete agreement 

between decay of intra-oral air pressure after the release, rise 

of airflow and length of open interval before the vowels l, ~, ~ 
for .!?j_g_ and ill in French and Danish (with on~ exception). There 

is also agreement between decay of air pressure and length of open 

interval before i au for tl (three German subjects) and k (only 

one subject measured) in Fischer-J~rgensen (1976), again with only 

one exception (only the air pressure data are given in the paper). 

Danish material will be published later; it shows a clear correla­

tion between decay of intra-oral air pressure and length of open 

interval for ill· The explanation is also supported by the fact 

that the most consistent lengthening of the open interval before 

l compared to~ is found for the consonant 1 (also in Hutters 

1979), and 1 is affricated and has a very slow escape of air after 

the release, particularly before l· 
The most serious counter-argument against a purely physio­

logical explanation is the fact that in many cases the closure of 

the stop consonants is also lengthened before high vowels, al­

though in my material (but not in Hutters 1979) less consistently 

than the open interval. The German material shows the same very 

clearly, whereas only a weak tendency is found for the French­

Danish bilingual subject. The problem is whether this forces us 

to recognize a real case of compensation, i.e. to assume that the 
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lengthening of the closure is due to a tendency to keep f._!_- and 

Ca-sequences at approximately the same length (as mentioned in 

5.3.4, the compensation is never complete, so that the goal is not 

reached). 

I do not think that the possibility of compensation can be 

excluded, but,on the other hand, it is also possible to find a 

physiological explanation for the closure. Lindblom (1967) has 

shown that the opening movement of the jaw for the vowel begins 

during the preceding consonant and that it begins earlier for low 

than for high vowels. This would favour an earlier release of the 

consonant and thus shorten it. Lindblom finds that this effect 

may be prevented by a later opening activity of the lips for low 

vowels. This turns out to be the case for his subjects A and C, 

but not for B. Thus, there seems to be different individual strate­

gies. Lindblom has only investigated labials, where a further com­

plication is the possibility of more or less coarticulation with 

.the tongue movements. It might be assumed that in general the jaw 

movement is dominating, and that the shortening of the consonant 

is thus not prevented by other factors, but the irregularity of 

the shortening shows that more factors may be at work. 

6.2.3 Place of articulation 

As concerns the difference between labials, alveolars and 

velars, it may be useful first to examine what is universal in the 

relations found in Danish and how the deviation from the universal 

tendencies can be explained. As mentioned above (5.3.2), the order 

in Danish stops is ~>(i>~) and R>l>l for the closure, and the 

opposite order g>~>~ and i>~>R for the open interval. 

The relations for _Q_Q_g correspond to a universal tendency, 

see Lehiste 1970, p. 27-28, Fischer-J~rgensen (French) 1968 and 

1972 (in the latter case only as an average over different 

speakers). The same relations were found in a Hindi material. 

For the closure the tendency is rather weak. Kohler (1978) -and 

Mansell (1979).have found the order Q>Q>Q for German. This is 

also common for Danish subjects, and two of six German subjects 

in my ;investigation (1976) deviated in different ways from the 

normal order ~>i>g. For the open interval the order g>i>~ is, 

howeve~, very stable, cf: Lisker and Abramson 1964 and 1965 

(various languages), Bothorel-Witz and Petursson 1972 (Icelandic), 
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Klatt 1975 and Zue 1976 (English), Lofqvist 1976 (Swedish), and 

Wajskop 1979 (French). 

As concerns ill, the relations £>~>1 for the closure and 

i>~>£ for the open interval·are, however, specific for Danish, the 

normal relations being the same as for~' i.e. £>i>~ for the 

closure and ~>i>£ for the open interval (see the references for 

~above). It is interesting that the deviation in Danish con­

cerns both the closure and the open interval, which means that 

there is an inverse relation between closure and open interval in 

all cases. 

It was mentioned in 5.3.2 that the reason for the deviating 

relations for Danish ill was the strong affrication of 1, involv­

ing a longer open interval and a shorter closure. French speakers, 

who have affrication oft before l also have a longer open inter­

val in t than ink in this case, and German affricates compared to 

plosives are characterized by a shorter closure and a longer open 

interval and have a slower opening of the articulators, evidenced 

by a slower decay of the intra-oral pressure and a slower rise of 

the airflow after the release (Fischer-J~rgensen 1976). 

On this background it seems promising to look for similar ex­

planations of the universal relations. The normal short closure 

and long open interval of velars may be explained by the slow 

movement of the body of the tongue compared to the tongue tip and 

the lips. As the closing and opening movement of a stop is re­

garded as being part of the preceding and following vowel (or the 

open interval), respectively, velars will have a shorter closure 

and a longer open interval. In labials, on the other hand, the 

movement of the lips is independent of the vowel articulation, 

the closure can therefore start earlier and last longer without 

hampering the articulation of the vowels, the lips can also move 

more quickly than the body of the tongue. This explanation has 

the advantage of being of the same type as that offered for the 

relations due to vowel height and rounding, and it has the ad-

vantage of seeking a common cause for the durations of closure 

and open interval and their inverse relation, so that it is not 

necessary to invoke the concept of compensation. The correlation 

diagrams in fig. 6 also show an inverse relation between the con­

sonants (e.g. land Q), but no inverse relation within the same 

consonant. It has also been argued that there will be a higher 
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pressure behind the point of articulation the farther back it is, 

and that it will take a longer time for this pressure to decrease 

to a level which permits voicing. But this higher pressure might 

also be expected to lead to a stronger airflow instead of a slower 

decay of the pressure. It might, however, contribute to the short­

ening of the closure. 

There may, however, be other factors involved. Hutters (1978 

and 1979) has found differences in the glottal activity in Danish 

stops according to place of articulation, the maximum glottal open­

ing being larger in 1 than in Q, whereas l varies. Moreover, the 

oral release comes earlier in relation to the glottal movement in 

the order !>t>Q, at least before the vowel i. Similarly,~ has 

a larger maximum glottal opening and an earlier oral release rela­

tive to the glottal closing movement than b. A larger glottal 

opening in t than in Q has also been found for other languages, 

e.g. Japanese (Sawashima and Niimi 1974) and Icelandic (Petursson 

1976). The prbblem is whether these differences are artefacts of 

the method, perhaps due to a raising of the larynx in velars and, 

if they are real, whether the differences are programmed or whether 

they are due to some sort of reflex mechanism conditioned by aero­

dynamic factors, e.g. the pharyngeal pressure (Hutters 1979). 

This needs further investigation. 

Klatt (1975) has a different explanation of the longer open 

interval ink. For~ he assumes physiological constraints, but 

for Q-~ he supposes that there are perceptual reasons. He thinks 

that a longer VOT is needed in a voiceless plosive with slower 

formant -transitions, such as t, to prevent listeners from hearing 

the low frequency energy cue that w6uld indicate a g. It does not 

seem very plausible to explain the parallel order t>l>Q and ~>i>~ 

in quite different ways. The slower transitions in velars should 

rather be considered as the acoustic result of the same slower 

movement which hampers the airflow.and consequently the voicing. 

If these causal relations were disrupted, it ~ould of course cause 

confusion, but I cannot see that perceptual factors should be more 

important in this specific case than in other cases. 
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6.2.4 ptk vs. bdg 

Finally, there is the problem of the differences between the 

CV-sequences with~ vs. Q_Q_g_, where it was found that in the 

£.1Js_ -sequences the open interval is longer, but both the closure 

and the following vowel shorter than in the ~-sequences. Can 

these differences be explained by the physiological mechanisms or 

is it a case of compensation? 

It should first be stated that the relations found in Danish 

are not universal. The symbols"~" and"~", when used in broad 

transcription of different languages, cover differences which may 

have some auditory similarities (although there are overlappings, 

cf. that the unaspirated voiceless stops in Chinese, Icelandic 

and Greenlandic are sometimes transcribed as~ Q ~' sometimes as 

£ l t), but which must be described by means of three different 

oppositions: voicing, aspiration or fortis-lenis, or by various com­

binations of these oppositions. In Danish the main difference is, 

as stated earlier, one of aspiration, bu~ there may be a concomi­

tant difference of fortis-lenis, so that the aspirated is more 

lenis (see below). 

The mechanism of aspiration is fairly well understood. In 

Danish (Fr~kj~r-Jensen, Ludvigsen and Rischel 1971, Hutters 1979) 

as well as in Hindi (Kagaya and Hirose 1975) and Icelandic (Peturs­

son 1976) the difference between aspirated and unaspirated stops 

is evidently due to a different programming of the glottal gesture: 

aspirated stops have a wider glottal opening and an approximately 

symmetric closing-opening movement with its maximum close to the 

oral release, whereas unaspirated stops have a smaller opening 

with the maximum opening in the beginning of the closure period 

so that the glottis is practically closed at the release. These 

different glottal mechanisms explain the differences in aspiration 

(cf. also Kim 1970), but the cause of the shortening of the closure 

is not quite clear. It might be assumed that a stronger intra-

oral pressure in the aspirated stops would contribute to weaken 

and open the oral closure. Two of my Indian subjects have a de­

finitely higher intra-oral pressure in aspirated stops. But one 

did not have any evident difference. In Danish the difference is 

very small, and in Icelandic the two types do not show any differ­

ence in intra-oral pressure. So this is not a sufficient expla­

nation. It is more probable that a separate timing command of the 

7 
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release is part of the aspiration feature. A very long closure 

would prevent aspiration. The French-Danish bilingual subject 

whose stops I investigated in my 1968-paper had the same duration 

of French and _Danish M_g_, but her French .Q..1l had a longer closure 

and her Danish a shorter closure. Lofqvist 1976 has also drawn 

attention to.the very long closures of·the Swedish medial unaspi­

rated stops, which may have a relatively large glottal opening. 

Generally, however, the differences in the magnitude and par­

ticularly the differences in the position of the maximum of the 

glottal opening are so large that they give room for quite a varia­

tion in oral closure duration with preservation 6( the difference 

aspirated - unaspirated; an·d the different timing does not explain 

the weaker closure in aspirated stops which has been found in several 

languages (see below), and which must also be the cause of the fur­

ther development to affricates in Danish t (and in the Old High 

German consonant shift). It may therefore be assumed that there is 

a concommittant fortis - lenis feature. 

The fortis - lenis opposition, manifested initially by length­

ening of the closure, a stronger organic pressure, and, according 

to Debrock (1977), by a quicker rise of the intensity 6.f the follow­

ing vowel, only rarely occurs alone. It generally accompanies the 

voiced - voiceless opposition, so that the voiceless member is more 

fortis (e.g. in French and Dutch). It may also accompany the op­

position of aspiration, but in two different ways: 

(1) In languages in which .ill and. £S!.g_ are distinguished 

initially by aspiration and voicing (like Swedish) or by aspira­

tion and optional voicing (like English and German), and medially 

before unstressed vowel by voicing,~ are often assumed to be 

more fortis than .£.£9.· This seems to be true for the medial posi­

tion (cf. Lofqvist 1976 for Swedish and Kohle~ 1977 for German), 

but for the initial position one generally finds rather incon­

sistent indications of duration, organic pressure and EMG-activity 

(cf. e.g. for English Lisker 1966, Harris, Lysaught and Schvey 

1965, Kent and Moll 1969, and Lubker and Parris 1970). Thus, the 

fortis feature is only evident when combined with obligatory 

voicing (i.e. medially in German and English). 
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(2) In languages which have a pure opposition of aspiration 

without a voicing opposition (like Danish and Icelandic) or with 

the two oppositions clearly independent of each other (like many 

Indian languages), it is the unaspirated member which seems to be 

more fortis (thus in Danish and Icelandic the stops that are writ­

ten bdg in initial position). Danish E_9-9. do not sound as fortis 

as e.g. French or Indian unaspirated ~' but they have a longer 

closure than Danish aspirated~ and a tendency to higher organic 

pressure and to stronger EMG activity, at least at the release of 

£, for some also at the implosion (Fischer-J~rgensen and Hirose 

1974). Icelandic E_9-9. sound almost like Danish, but Petursson 

transcribes them as [ptk] and considers them as fortes (Bothorel­

Witz and Petursson 1972, Petursson 1976 and Lofqvist and Petursson 

1976). They normally have a longer closure than the aspirated 

stops, and more contact on palatograms and a closer jaw distance. 

As for Indian unaspirated .e.l.!s., they have been found to have a 

longer closure than the aspirated stops (Kagaya and Hirose 1975, 

Dixit 1975 and Benguerel and Bhatia 1980 (Hindi), and Senn 1935 

(Bengali)). I have found the same relations in Hindi, Gujarati 

and Dogri (unpublished material), and for a Gujarati speaker a 

lower organic lip pressure in .e..b_ than in Q• Rousselot (1897-1908) 

also found a lower lip pressure in Armenian~ than in Q• 

I therefore assume that the shorter duration of the closure 

in Danish aspirated stops is mainly due to weakness of articula­

tion. In any case I do not think it is simply a question of com­

pensation. 

As for the shortening of the following vowel after aspirated 

stops, it is a consistent phenomenon in Danish. I have not found 

any indications for Icelandic, but I have found the same shortening 

in Gujarati and Dogri. Peterson and Lehiste (1960) found a slight 

shortening in American English. As for Swedish, I mentioned in my 

1979-paper that Fant (1970) had found a very drastic shortening 

of the vowel after aspirated stops (6 cs). This quotation was, 

however, misleading. This large difference was only found in the 

word type pa 1 pa:pa vs. ba 1 ba:ba, where the following consonant is 

evidently mainly responsible, as Fant also remarks himself. When 

the following consonant is identical, the shortening is much 

smaller. 
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It is evident that the start of voicing is delayed by aspira­

tion, so that the vowel starts later, but it would be possible to 

delay the end of the vowel correspondingly and thus get the same 

duration after aspirated and unaspirated stops. The fact that 

this is not done,is probably due to a tendency to maintain a rela­

tively equal duration of the whole sequence, i.e. to a factor of 

compensation. This assumption is corroborated by the observation 

that vowels may also differ in duration after ill and~ in lan­

guages with unaspirated ill· Thus in French vowels are shorter 

after ill than after~, see Wajskop (1979) and Fischer-J~rgensen 

(1972). In the latter paper it is also shown that the lengthening 

of vowels after~ exceeds the small difference in open interval 

after ill and~ in French. In 1972 I proposed that it might be 

due to the fortis character of ill, but that is not a good expla­

nation. It is more probable that it is a compensation for the 

longer closure of ill· I have found a similar lengthening of 

vowels after~ compared to unaspirated ill in Hindi, Dogri and 

Gujarati. (But Kozhevnikov and Chistovich (1966) did not find any 

difference of vowel duration after t and din Russian.) Moreover, 

measurements of stops in Gujarati have shown that the affricates 

c and eh have a longer open interval than~ and~, respectively, 

but also a longer following vowel, the difference being quite con­

sistent. At the same time, however, the affricates have a shorter 

closure, so that the total duration of the affricates is shorter 

than that of the plosives. The difference of the vowels must there­

fore be explained as a compensation phenomenon. This is not, how­

ever, a quite general phenomenon for CV-sequences since the vowel 

does not seem to be lengthened after h (see 5.3.1 above); but 

perhaps, as Reinholt Petersen has suggested to me, h may have a 

special status since it has no supra-laryngeal articulation. The 

fact that Lehiste (1971) did not find any consistent compensation 

in CV-sequences does not directly invalidate the assumption made 

here, since what she measured was the variation of the same word, 

repeated a large number of times, thus the variation of the same 

sounds in a single token, whereas what has been discussed here is 

a problem of inverse relation between sequences containing differ­

ent consonants or different vowels with different intrinsic dura­

tion. Fig. 4a also shows that there may be a clear inverse rela­

tion between closure -and aspiration in~ and~ (whether due to 
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real compensation or to physiological factors), whereas there is 

no inverse relation between the durations of closure and aspira­

tion in single tokens of the two individual words. 

However, in Danish it is not so that the vowel stops at the 

same distance from the release of~ and E.S!_g_, nor is it so in the 

Indian languages. That would give an acoustic vowel duration 

after~ which would probably be below an acceptable minimum. 

After long aspirations it might even disappear completely. One 

seems to strike a compromise between equal duration of vowel 

gesture, and equal duration of perceptible (voiced) vowel, but a 

compromise which is considerably closer to the acoustic vowel dura­

tion after .!?..£.9. (cf. table 12 in 5.3.1, showing that the vowel is 

shortened much less than the open interval after .Q.11 is lengthened). 

Fant (1969) also emphasized that the temporal organization is 

not simply a matter of delay of voicing in Q11 vs. M_g_ at the ex­

pense of vowel duration, the differences in the (voiced) vowel 

durations after~ and .£-9..9. being much smaller than the differ­

ences in open interval. Moreover, there may be differences in the 

vowel gesture according to the preceding consonant. Fant quotes 

Ohman (1965), who has shown that when curves of Swedish words of 

e.g. the types ka:da and ga:da are lined up in such a way that 

the tone contours cover each other as exactly as possible, then 

the start of the vowel after g will not coincide with the start 

of the vowel after k1 but will correspond to a point in the middle 

of the aspiration interval oft, and the release of k will lie 

about 4 cs earlier than the release of g. Ohman mentions that 

exactly the same result will be obtained if the words are lined up 

according to formant transitions instead of tone contours. Fant 

has found this assumption corroborated in a number of Swedish 

spectrograms. He found a displacement of the release of Q11 vs. 

the release of E...9..9. of about 3 cs when the formant transitions are 

lined up, and he adds that this involves either that the formants 

start at different frequencies at the release of ill compared to 

.E..2.9_, i.e. closer to the consonant target, which means that there 

is less coarticulation with ill, or they start at the same point 

but move more slowly in the beginning after ill· He finds that 

the former explanation is valid for labials, and probably the 

latter for palatals and alveolars. Gay (1979) has supported this 

assumption by means of EMG measurements showing that the muscle 
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activity for the following vowel starts earlier in .!?J..£ and~ 

than in .2.J.J?_ and~, whereas this is not the case for i-i· Fant 

suggests some rules for the lengthening of the vowel compared to 

the differences in open interval and in release, but this will 

probably require further investigations. A preliminary examina­

tion of a number of Danish spectrograms has shown a pronounced 

displacement for i-i, which may be explained by the affrication 

of Danish t, involving a later start of the vowel movement, and 

in labials before back vowels, but no displacement of labials be­

fore i and hardly any difference in velars. These relations thus 

seem to be very complicated. A very preliminary examination of 

some French spectrograms did not show any clear displacements, 

and I would venture the hypothesis that in so far as the differences 

are due to a slower vowel gesture after l?l.!5_, this may be part of 

the lenis feature of aspirated stops. It must, however, be men­

tioned that Kozhevnikov and Chistovich (1965) have found a slower 

opening also of unaspirated £ than of bin Russian. 

Since the vowel movement takes place partly during the aspira­

tion after ill, one might think of considering the aspiration as 

part of the vowel and not as part of the consonant. This would, 

however, give absurd vowel durations in Danish. A third possi­

bility is to consider it as a separate element. This would be in 

agreement with the phonological interpretation of Danish £1..!s. as 

E_s!_g_ + ~, first proposed by Uldall, and accepted by Hjelmslev (1951) 

and others. Fr~kj~r-Jensen, Ludvigsen and Rischel (1971) have 

also found that glottograms of Danish aspirated Qare very similar 

to glottograms of final~+ initial~' and they suggest an inter­

pretation of Q as a summation of a~- and an ~-gesture. A very 

similar description is given by Kagaya and Hirose (1975) of Indian 

aspirated stops. Holtse (1977) has measured the distance from the 

release of the stop to the end of the vowel in syllables with£ 

and b + y, rV, J..Y and~ for two subjects. He finds that the dura­

tion of~ is approximately the same as that of bjV, brV and blV, 

whereas~' prV and~ have still longer durations. This is in 

agreement with Lehiste's measurements of English clusters with 

stop consonants (1972). She found that the duration of aspiration 

following initial voiceless stops is almost the same as that of 

resonants following voiced stops. Holtse draws the conclusion 

that Q might be interpreted as~+~, where his a separate unit in 
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the programming. The shortening of the vowel (and probably of 

the closure, which Holtse has not measured) could then be seen as 

a compensatory shortening due to the larger number of segments in 

the syllable. This is an interesting suggestion~ Jam, however, 

inclined to think that more plausible explanations are reached if 

the aspiration is considered to be part of the stops, as l have 

done above. 

My main endeavour in the preceding pages has been to try to 

see how far it is possible to find physiological explanations of 

the different temporal relations without taking recourse to the 

concept of compensation, a concept which is certainly important, 

but which is sometimes too easily advocated and which may some­

times prevent an analysis of the production mechanism- The main 

result was that physiological production mechanisms may explain 

the temporal relations in most cases: the longer open interval in 

labials before rounded vowels, the longer open interval (and per~ 

haps also the closure) before high vowels, the differences accord­

ing to place of articulation, and the longer open interval and the 

shorter closure in fil vs. ~- - But I found indications of a 

compensation mechanism for the different vowel durations after 

.2..1.l vs . .Q.9.ll• 
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(ARIPUC 14, 1980) 

PHONOLOGICAL SYLLABIFICATION IN DANISH ONCE MORE: APROPOS 

MOLB~K'S PAPER 

1 Hans Basb~ll 

Abstract: This paper contains an evaluation of Molb~k Hansen's 
critical discussion of my earlier syllabification prin­
ciples of Danish phonology. A more recent version of 
the principles, which has been tested within the DANFON­
project, is presented - although very sketchily - and 
Molb~k Hansen's counter-examples to the earlier prin­
ciples are evaluated with respect to the DANFON-version. 
Particular attention is paid to the manifestation of 
short /a/, synchronically as well as diachronically. 

1. Introduction 2 

Peter Molb~k Hansen's recent paper (1979) contains an inter­

esting discussion of my principles of phonological syllabification 

in Danish published earlier (see below), and a most challenging 

set of apparent and real counter-examples to them. The editors 

of ARIPUC have been so kind as to allot me in this volume the 

space necessary for a reaction to some of Molb~k's criticism. I 

shall try to clarify (in section 2) my position on some issues 

where I am not sure I aqree with Molb~k's interpretation, and, in 

particular, I shall present (in section 3) an outline of the phono­

logical syllabification principles which have in fact been used in 

the DANFON-project, which is a computer testing of a generative 

phonology of Danish, conducted by Kjeld Kristensen and myself (see 

1) Scandinavian Department, Odense University. 

2) Most of the contents of the paper were presented - in a rather 
condensed form - at the 4th International Conference of Nordic 

and General Linguistics, Oslo, June 23-27, 1980. I am indebted to 
John Dienhart for stylistic sugqestions, and to Peter Molb~k Han­
sen for many valuable comments on the manuscript. 
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Basb~ll and Kristensen 1975), and evaluate Molb~k's counter-exam­

ples with respect to these latter principles. (Particular atten­

tion is paid to the manifestation of short /a/ as [a] or [a].) 

It is hoped that this evaluation will clarify to what extent the 

shortcomings of the earlier principles are due to the tentative 

nature of their formulation and/or to the inherent failure of my 

whole strategy of syllabification. It is shown that the DANFON 

syllabification principles are observationally more adequate than 

those of the earlier version, but that certain classes of counter­

examples nevertheless seem to remain. Lastly (in section 4) I 

discuss Molb~k's suggestions in favour of a unit larger than the 

syllable but smaller than the word, and an alternative account is 

sketched. (I should like to add that section 2. contains very 

little that is new, but that I have considered it as a prerequisite 

for the remainder of the paper.) 

2. General remarks on my syllabification principles 

2.1 Preliminaries 

My point of departure is the following hypothesis (see e.g. 

Basb~ll 1978a): The function of boundaries, which are linearly 

ordered, is to delimit "domains" (like "syllable", "phonological 

word" and "stress group"). The primary function of those domains 

is to define the "universe of application" of phonological rules 

and phonotactic constraints; but they also occur as units in such 

rules (e.g. syllables in tone- or stress-rules). Boundaries should 

not occur properly included in the Structural Description of a 

phonological rule, i.e. they may occur at the very beginning or at 

the very end of the Structural Description, but not within it. 

This framework considers the function of syllabic boundaries 

and phonologically relevant grammatical boundaries to be phono­

logically alike, and thus the syllable should be a possible domain 

for phonological rules, just as it is for phonotactic constraints. 

This was also one of the main points of my treatment of the short 

vowels in Danish (Basb~ll 1972), even though the whole junctural 

framework was only worked out later. The domains of the present 

model in fact represent a simple type of hierarchically structured 

phonological organization (cf. Basb~ll (forthcoming) for a dis-
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cussion of recent versions of metrical or hierarchical phonology 

which seem generally over-structured to me). 

As already stated, it has been claimed (Basb~ll 1972) that a 

number of important phonological processes in Danish have the syl­

lable as their domain (such syllable-dependent rules are the 

adjustment of short /o/ and /a/ in closed syllables and a whole 

range of consonant gradation-phenomena which are so characteristic 

of Danish (see Rischel (1970)), and which constitute a main reason 

why spoken Danish is so difficult to understand for other Scandi­

navians). It is then necessary, of course, to propose some prin-
' 

ciples of syllabification, since these are presupposed by such an 

account. In different papers (e.g. 1972 and 1974) I have discus­

sed, in general terms, such principles (for instance that certain 

grammatical boundaries function as syllable boundaries too; that 

a stressed vowel attracts neighbouring consonants; that a full 

vowel attracts more consonants than a schwa; and that certain con­

sonant clusters, like obstruent plus liquid in some languages, or 

/s/ plus certain consonants in others, function as single con­

sonants with regard to syllabification). I proposed that such 

general principles (including the so-called "Hjelmslev's law", 

according to which a medial cluster should be split up into a 

possible final cluster plus a possible initial cluster) interact 

in different ways in different languages, and quite tentatively 

I suggested that the resultant principles of syllabification for 

Danish should be something like the following: 

(1) The grammatical boundaries preceding pauses, words, stems 

and (primarily or secondarily) stressed native suffixes function 

as syllable boundaries too. 

(2) Medial clusters are split up into a possible word-final 

cluster plus a possible word-initial cluster. 

(3) Before syllables with full vowels, the syllable boundary goes 

as far to the left as permitted by the preceding principles, where­

as before schwa-syllables it goes as far to the right as possible, 

with the exception that the syllable boundary goes between a sono­

rant consonant and a stop other than /g/. 
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2.2 Molb~k's. critique and "Hjelmslev's law" 

Quite recently, Peter Molb~k Hansen (1979) has critically 

examined the above principles and their empirical consequences 

in an interesting paper. He agrees with my principles concerning 

grammatical boundaries, which I shall therefore not consider any 

further here. But then he points rightly to the following diffi­

culty with regard to my principle (2) applying "Hjelmslev's law": 

I consider this principle to mean that split up medial clusters 

should not be in conflict with any general phonotactic restric­

tions of final, respectively initial, consonant clusters. I have 

stated these restrictions myself, however, on a phonological level 

which is more concrete (closer to phonetics, if you like), than 

the phonological rules which presuppose syllabification, in par­

ticular on a level at which consonant gradation has already ap­

plied (Basb~ll 1973a). I should like to emphasize (and Molb~k 

has not claimed otherwise) that there is nothing circular in such 

a procedure, of course: the restrictions can be defined, in a non­

circular fashion, to apply at a more abstract level; but the prin­

ciples will then be less general, and what is worse, they will 

lose their otherwise convincing phonetic motivation (which lies 

in the sonority hierarchy). 

Of course, Molb~k's criticism of my use of "Hjelmslev's law" 1 

also appl\es to other approaches to phonological syllabification 

which make crucial use of the notions "possible initial cluster" 

and "possible final cluster", e.g. Anderson and Jones (1974). I 

should like to make clear (cf. Molbrek 1979, p. 96) that Kahn's 

strategy (e.g. 1976, p. 22) treats "permissible initial/final 

cluster" as an important theoretical primitive, or at least as a 

notion that is crucially presupposed by the syllabification within 

his framework. This is one of the facts about Kahn which make me 

feel somewhat uneasy about Molb~k's classification of him within 

1) I should add that I entirely agree when Molb~k points to the 
important distinction between strong and weak syllables with 

respect to phonotactics (1979, p. 98). Although I have criticized 
Haugen's (1956) definition of the syllable and other definitions 
in Fischer-J~rgensen (1952) using just this argument (1974, p. 94-
95), I must admit that my early treatment of these matters (1972, 
p. 194) is in fact objectionable in exactly the way Molbrek says 
(ibid.). 
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"natural generative phonology", a trend which (in M.olbc:ek' s words) 

should have syllable boundaries inserted "according to phonetical­

ly and typologically based hypotheses of natural syllabification 

of sequences of segments, leaving relatively little room for lan­

guage specific deviations" (ibid.). I also feel that Molbc:ek's 

characterization of my own use of syllable boundaries as reminis­

cent of e.g. their use within glossematics, "in that relatively 

large freedom is allowed in connection with the placement of syl­

lable boundaries" (ibid.), can easily be misunderstood by others, 

so I want to make the following point clear: One basic idea of 

my procedure is that syllable boundaries are inserted by rule; 

there is thus no freedom once the rules have been settled. This 

procedure differs markedly from that of Hjelmslev (1951), who not 

only provided no rules, but even located the syllable boundaries 

in places which were crucially different in words of exactly the 

same phonological structure, just to account for the distinction 

in manifestation (cf. Basb~ll 1971, p. 207-211). 

In fact, I have stated explicitly (e.g. 1974, p. 83) that 

this Hjelmslevian principle (for lack of a better term) might 

well be dispensable in the final analysis, if we presuppose a 

certain elaboration of the third (and last) principle. In the 

DANFON-project we have operated with a set of syllabification 

rules in Danish which only depend on grammatical boundaries and 

on the sequence of segments. This set of rules has been used 

since 1975 with only minor modifications as far as syllabifica­

tion principles are concerned. The system has given rise to 

very few ill-formed constructions where the placement of the syl­

lable boundary is a cause of the failure, and it may thus be 

taken to represent at least some degree of observational adequacy. 

It must be emphasized, however, that the project has, for various 

reasons, not yet been concluded, and that there has been no really 

systematic testing of the syllabification rules in particular 

(cf. note 2, p. 269). The syllabification rules in DANFON have 

never been published, so Molbc:ek can of course not be blamed for 

not having considered them. I shall, however, briefly present 

their contents here (as of late 1975), in section 3.1 below, so 

that they can be used in the evaluation of Molbc:ek Hansen's counter­

examples to my proposals (they remain, of course, counter-examples 

to the older and published proposals). 



268 

2.3 Phonological syllable boundaries as descriptive devices 

Before we turn to the specific rules with their examples and 

possible counter-examples, two remarks of a preliminary nature may 

be in order. First and most important, the phonological syllable 

boundaries, as I have used them, are descriptive devices to ac­

count for 1 a number of phonological phenomena. They are subject 

to certain general restrictions on any type of syllable, e.g. that 

they conform to some sort of sonority hierarchy, and that a stres­

sed syllable should be a possible word (disregarding prosody, e.g. 

the st~d); but they are not claimed to have any phonetically or 

psychologically demonstrable existence at all. 

Phonetic syllable boundaries should be phonetically demon­

strable, on the other hand, e.g. in terms of duration of initial 

vs. final allophones. I suggested (1974, p. 72) that the univer­

sally unmarked way to syllabify a given sound chain is the phonetic 

(as opposed to phonological, viz. as concrete vs. abstract) sylla-

bification, which also depends, of course, on language-specific 

(abstract-)phonological factors. Quite naturally, phonological 

syllable boundaries most often coincide with phonetic syllable 

boundaries, e.g. in the German example ein Esel (cf. Basb~ll 1974, 

p. 74), where I consider the prevocalic glottal attacks to be mani­

festations of both phonetic and phonological syllable boundaries. 

That the different types of syllable boundaries within my frame­

work coincide, is the unmarked (or natural) case. I think the 

apparent disagreement between Molb~k (1979, p. 95) and myself on 

this issue is purely terminological. 

Secondly, it follows from this conception of phonological 

syllabification that such boundaries may be partly indeterminate. 

For example, when the only distinction that matters phonologically 

is one between open and closed syllables, then. it will, of course, 

1) Of course, such an account in no way qualifies as an explana-
tion - which must ipso facto involve (well-known) explanantia 

external to the explicandum in order to avoid circularity - but is 
an instance of a scientific generalization (hopefully a linguistic­
ally significant one). The latter point presupposes, naturally, 
that several different phonological phenomena are captured under 
one description, which is the case here. Notice that within this 
conception of reality, there is no reason to prefer /sal$me/ to 
/salm$a/ - or the other way round - except for what Molb~k Hansen 
calls "economy of formulation" (1979, p. 100). 
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be quite empty to insist on one unique inter-segmental boundary 

in all cases when its placement cannot be tested phonetically or 

psychologically, and when diffe~ent placement of the syllable 

boundary has no phonological consequences. 

What is essential in an evaluation of my proposed principles 

of phonological syllabification in Danish is, in my opinion, the 

following: Can a set of (preferably not too unnatural) syllabifica­

tion rules be given from which one can derive - from grammatical 

boundaries and the sequences of segments, with or without the in­

clusion of prosodic information - in a non-circular manner, the 

correct output forms as far as syllable-dependent phenomena like 

short vowel adjustment and consonant gradation are concerned? Or, 

more specifically: can the correct allophones [o, ~], [a, a], 

[d, o], [g, y], and so on be predicted from underlying forms with 

invariant /o, a, d, g/ etc., by means of automatically inserted 
1 syllable boundaries and some simple syllable-dependent rules? 

The tentative answer delivered by the DANFON-project is in the 

affirmative, but it should be borne in mind that so far only rather 

limited sets of data have been tested. 

3. Molb~k's counter-examples and the DANFON syllabification 

principles 

3.1 The net effect of the DANFON syllabification principles 

The syllabification principles of DANFON are approximately 

as follows ($ indicates a syllable boundary). These principles 

(4-10) replace 1-3 above (2.1). Remember that this is only an 

informal statement of the net effect of the syllabification rules 

taken together. 2 (5) through (10) only apply if no syllable 

boundary has been placed in accordance with (4). 

-----------------------------------------------------------------
1) These manifestation principles may be stated informally like 

this: /o/ ➔ [~]in a closed syllable; /a/ ➔ [+grave] (i.e. 
[a]) before a tautosyllabic grave consonant; /d,g/ ➔ [o,y] in the 
final part of the syllable (the last rule is somewhat simplified). 

2) It should be emphasized that the rules (4) through (10) below 
cannot be determined from the program of the DANFON-project, 

but that I have considered their over-all effect to be a reason­
able approximation to the over-all effect of the DANFON syllabi-
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(4) Certain grammatical boundaries are syllable boundaries too 

(unchanged, see (1) above): e.g. mad$os, dum$hed (the examples are 

rendered in the orthographic form, except for$). 

(5) A single intervocalic consonant belongs with the preceding 

vowel if the following vowel is schwa, otherwise with the follow­

ing vowel (unchanged): e.g. bad$e, no$ta, O$da. 

(6) $ goes immediately to the right of /g/ preceded by a voiced 

consonant if the vowel of the following syllable is schwa (that 

/g/ is the weakest plosive is in agreement with the hierarchies 

discussed e.g. in Foley 1977): e.g. alg$e, ~rg$re. 1 

(7) $ goes immediately to the left of a plosive followed by a 

voiced continuant followed by a full vowel (exception: /tl/ (and 

possibly /dl/ too) is hetero-syllabic): e.g. hy$dra, Ni$gra. 

(8) /s/ plus a plosive function as a plosive (different from /g/, 

see point (6) above), cf. (7): e.g. bi$skop, ek$stra. 

(9) $ goes between a two consonant group and a nasal: e.g. ast$ma, 

~ks$ne. 

(10) Otherwise the syllabification of a medial consonant cluster 

is the unmarked one, namely as equal as possible, but with a pref­

erence to the left in the case of an odd number of consonants, 

informally speaking, viz. C$C, C$CC, CC$CC: e.g. sal$me, ~n$dre, 

f~ng$sle, tun$dra, al$fa. 

Notice that the principles do not appear completely ad hoe: 

the clusters plosive plus liquid (or glides, etc.) and /s/ plus 

plosive are well attested as close-knit units in several other 

_languages, and so is the hetero-syllabicity of /tl/ (and possibly 

-----------------------------------~--------------~-----~--~------
2) (cont.) fication principles. It is clear that a reliable evalu­
ation of those rules can only be given after a more definitive re­
port on the DANFON-rules has been presented. Unfortunately, Kjeld 
Kristensen and I have not been able to work on the DANFON-project 
for the purposes of the present paper. I should also like to men­
tion that a late DANFON-rule optionally deaspirates /pt k/ before 
schwa. The variables entering into such an optional rule are not 
encoded within the DANFON-project (it is the other way round: such 
variable rules should be investigated departing from the output 
of the DANFON-project, see Basb~ll and Kristensen 1975). 

1) Molb~k Hansen (1979, p. 101) apparently finds it in some way 
objectionable that I have treated otherwise similar clusters 

containing /g/ and /k/ according to different criteria. I fail to 
see why, given the unique behaviour of /g/ (as opposed to the 
other plosives) in this respect. 
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/dl/ too). There is also a high degree of similarity between the 

principles accounting for groups of one, two, three and four inter­

vocalic consonants. Finally, the significance of the distinction 

between full vowels and schwa should come as no surprise either. 

3.2 Molb~k's counter-examples to the earlier syllabification 

principles, evaluated with respect to the DANFON-version 

Molb~k Hansen (1979) classifies his examples (which are all 

problematic with respect to my tentative rules corresponding to 

(1) - (3) in section 2.1 above) into seven groups which will be 

exemplified below: 

I. Cases like man~vrere, aula, which are correct according to 

the DANFON-rules. 

II. Cases like Sigrid, B~rqlum, prognose, of which the names 

B~rglum, Sigrid, Sigvald, and Sigvard, where /g/ is not pronounced 

as a plosive, are the only exceptions to the DANFON-rules. The 

latter two examples can be correctly generated by restricting 

principle (7) to apply only to plosive-liquid-sequences (and pos­

sibly plosive-glide sequences as well), not to all clusters of a 

plosive followed by a voiced continuant (cf. Muta cum Liquida as 

a category in other languages); or the last three of them by re­

cognizing a strong word-internal grammatical boundary between 

Sig- and -rid, -vard, -vald (cf. Ingrid, Edvard, Thorvald, and 

other names mentioned by Molb~k Hansen). The latter alternative 

is of the hocus-pocus-type (see below), and would be even more so 

if a strong word-internal boundary was postulated also in a case 

like B~rglum (between B~rg- and -lum). 

III. Examples like adjudant, advokat, Gudrun (with /d/ pronounced 

[o]) are counter-examples to both sets of my proposed syllabifica­

tion principles. According to the first alternative just mentioned 

(under II), the cluster /dv/ (and possibly /dj/ too, cf. above) 

will be split up, correctly; and according to the second alterna­

tive there, Gudrun will be accounted for by means of a grammatical 

boundary (cf. Gudmund and other such names). Notice, however, that 

this account in terms of boundaries is only to be considered a 

lexical shorthand device, so to speak, since this boundary is of 

course semantically quite unpredictable in such proper names. 
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IV. Cases like pingvin, jongl0r, Ingrid, which when pronounced 

without [g] are exceptional also with regard to the DANFON-rules. 

These forms would be correctly generated if the velar nasal were 

taken as one underlying segment. One can find independent argu­

ments in favour of this ("concrete-phonological") solution, but 

the adoption of it would, admittedly, diminish the number of cases 

accounted for by my syllabification rules a little. I shall not 

pursue this issue any further here, and the forms must at present 

be considered exceptions, although only marginal ones. Another 

problem with /g/-words is a name like Hauge, which was formerly 

correctly generated with a pronounced stop, but which is mal­

generated by the DANFON-rules. These may be chanqed without com­

plications, as far as I can see, so that /g/ follows the unmarked 

C$C-pattern between /j, v/ and schwa (such forms are only rare 

names and the like, where one is on uncertain ground anyhow). 

The preceding groups of problematic cases seem to me to be 

rather marginal when related to the DANFON-rules, which also by 

and large agree with the result of Molb~k Hansen's useful overview 

of certain v1c1c2v2-sequences, Some cases in the remaining three 

groups appear to be less marginal, however. 

V. Cases like gamma, Abba, Bacchus, qummi, Gunna, in which under­

lying /a, o/ are pronounced as if the following consonant closes 
1 the preceding syllable, although it is followed by a full vowel. 

Incidentally, as Molb~k remarks, I in fact mentioned the vacil­

lating pronunciation [a/a] in words like papir, akademiker (1974, 

p. 67), where the /p/ or /k/ which follows /a/ is aspirated and 

thus clearly syllable-initial. I suggested that this might be 

the symptom of a phonological change in progress whereby the rule 

assimilating an /a/ to a following grave consonant enlarges its 

domain (it is, for instance, my impression that older people, 

"socially higher" people and people from Jutland use the [a]­

pronunciations in such words more than other people, provided that 

1) Gummi and Gunna are Molb~k's only examples with /o/; the rela-
tion between short [o], [~] and [A] is extremely complex when 

viewed in its entirety, and I shall not discuss these examples 
further here, but only refer to Brink and Lund (1975, p. 180-183). 
These authors recognize that phenomenological syllable boundaries 
("oplevede stavelsesgr~nser") play a role for the distribution of 
[o]: [~] (their[&]) essentially like the one I have proposed 
since (1972), but without any reference to my work. 
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they have the syllable-dependent [a/aJ-alternation in other words). 

When we consider this possibility of a phonological change in 

progress (the question of the n~ture of the change will be taken 

up below), it seems to me that there are a couple of important ob­

servations to be made with regard to the examples presented by 

Molb~k Hansen (1979, p. 109) and other similar examples: 

(1) The preceding consonant: ~ost of Molb~k's problematic 

examples, i.e. those with obligatory or optional [a] before a grave 

consonant followed by a full vowel, have a grave consonant before 

them, and there is only one example (the place name Malacca) which 

is preceded by an acute consonant. 1 The examples of vacillating 

pronunciation adduced by Brink and Lund (1975, p. 71-73) seem to 

agree well with my analysis. 2 (Since /a/ adjacent to /r/ is always 

pronounced [a] (or [a]) in the varieties of Standard Danish con­

sidered here, examples with /ar/ or /ra/ have been disregarded, of 

course, in the present context.) I conclude that the [a]-pronun­

ciation is favoured by a preceding grave consonant and impeded by 

a preceding acute consonant. 3 

As to other examples of ·a preceding consonant influencing 

vowel quality, consider r-colouring in Danish as well as many in­

stances of vowel nasalization (where the influence of a preceding 

nasal consonant is clearly inferior to that of a following tauto­

syllabic one, but nevertheless not quite negligible. 

1) The name Jakob is not a real counter-example, since the general 
manifestation of the first part of the /aj/-diphthong (as [a] 

or something intermediate between [a] and [a]) shows that syn­
chronically, at least, /j/ functions differently from acute true 
consonants with respect to this rule. Diachronically, however, 
/j/ was on a par with the other acute non-syllabics when the change 
started, cf. Brink and Lund (1975, p. 67). 

2) Brink and Lund do not consider this question, but it turns out 
that only a couple of the roughly thirty relevant examples 

which they give of the vacillating pronunciation have an acute con­
sonant before the /a/ (the exact figures depend on how you count 
and would be insignificant anyhow). 

3) Cf. the fact that none of the examples of vacillating pronun-
ciation given by Molb~k Hansen have any consonant before the 

/a/ (words like akademi(ker) belong here too). This generaliza­
tion does not hold when further material is adduced, however, but 
the order grave cons. - zero/h - acute cons. still seems to ob­
tain. 

7 
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(2) Stress: Only 2 out of Molb~k's 16 examples with obli­

gatory [a] (viz. Hammurabi and akkurat 1 ) have unstressed /a/, where­

as both examples with vacillation [a]/[a] have unstressed /a/. 

Brink and Lund (1975, p. 73) give the rules that [a] is more fre­

quent in stressed than in unstressed position, and that [a] is 

clearly more frequent in the first of several pretonic syllables 

than in the only pretonic syllable. All this strongly suggests 

the following principle: the more prominent the /a/-syllable with 

respect to the following syllable, the more likely /a/ is to be 

influenced by a following grave consonant. If, as seems intuitive­

ly evident, a schwa-syllable is considered to be minimally promi­

nent, the distinction between full vowels and schwa with respect 

to syllabification appears to be just a special case of this 
2 general tendency. 

Synchronically, the following three aspects of a phonological 

rule can be distinguished: (a) the contents of the rule (tradition-

ally in terms of Structural Description and Structural Change, but 

other (alternative or additional) structurings are certainly pos­

sible 3 ), (b) its domain of application (like syllable, word, and 

so on, see Basb~ll 1978a), and (c) its mode of application (in 

terms of obligatory vs. variable rules, cf. Labov 1970). These 

three aspects of the rule of /a/-manifestation will be briefly 

considered in turn. 

(a) Contents of the rule: (1) above in this section seems 

to agree very well with my statement (1974, p. 66) that the rule 

is an auditory assimilati·on rule. That the acute vowel is con­

sidered to be synchronically basic is due to arguments of formal 

1) Molb~k (1979, p. 110) gives the pronunciation [aku 1 ~a!d], but 
in fact pronunciations with stress on the first syllable of 

this word are also frequently heard, which makes the tendency even 
clearer. 

2) This by no means implies that the syllabification effect of the 
distinction between full vowels and schwa can be predicted from 

the general tendency: The importance of this vowel distinction for 
syllabification, as compared to e.g. different degrees of stress, 
is an interesting fact about Danish which had to be discovered 
(and its discovery was gradual: cf. Martinet (1937), Andersen 
(1954), Rischel (1970) and Basb~ll (1972)). 

3) One could consider such questions as which segment is affected, 
which direction does the change take, and so on. The important 

question of a typology of phonological rules also belongs here, at 
least in part (see, e.g., Linell 1977 and Dressler 1980). 
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simplicity, but I think it is in accordance with the intuition of 

most present-day speakers of Standard Danish (cf .. the fact that 

/a/ is manifested [a] before ze~o, i.e. in the neutral context). 

Diachronically, the grave vowel changed into an acute one in more 

and more contexts (see Brink and Lund (1975, p. 67-96)), this de­

velopment has been explained by Davidsen-Nielsen and ~rum in terms 

of the acoustic-auditory feature 'gravity' (1978), and further dis­

cussed in such terms by Brink and Lund (1975, p. 81). I shall re­

turn briefly to the diachronic problems below, 

(b) Domain of application: It still seems to me that syl­

lable boundaries play a decisive role for the manifestation of 

short /a/, cf. the detailed discussion by Brink and Lund (l975, p, 

71-73 and 730-734) . 1 Most of Molb~k's counter-examples with stres­

sed /a/ (like gamma and other examples with 'non-grading~ conso­

nants) may be reconcilable with a syllabic analysis, presuppos~ng 

that the syllable boundary occurs to the right of the consonant .. 

In cases where the consonant, obligatorily or optionally has its 

"initial" manifestation (like kappa, Bacchus, etc.), this analysis 

meets with difficulties. And forms like papir, fakultet - pro­

nounced with [a] - where pretonic /a/ as a rule is followed by 

aspirated /p/ or /k/, apparently cannot be analysed in these terms 

at all. In some sense, the domain of the /a/-rule for such forms 

seems to be larger than it is for otherwise similar forms pronounced 

with [a], regardless of whether this is accounted for in terms of 

a difference in the location of the syllable boundary (so that it 
is intra-segmental in the forms pronounced with [a], see section 4 
below), or in terms of a rule domain larger than the syllable, Now 

the important point is that pronunciations of these and similar 

words with [a] seem to be more recent than those with [aJ, 2 acco~d-

1) As in the case of the auditory nature of the rule, Brink and 
Lund make no reference to my proposals concerning the relation 

between the /a/-manifestation rule and syllable boundaries, 

2) When Molb~k (1979, p. 110) exfresses his scepticism as to 
whether the pronunciation [pa pi~'] "is a new phenomenon (to 

the extent that it occurs)", it should be said, first, that it oc­
curs without any doubt (cf. Brink and Lund (1975, p. 72-73)), and, 
second, that the [a]-pronunciation, of course, is an old phenomenon 
in the sense that it is attested long before the [a]-pronunciation 
(viz. before the fronting of [a] started), but that my claim con-
cerns something else, namely that the [a]-pronunciation has re~ 
appeared (at least as a possibility) after an interval of "pure" 
[a]-pronunciation, presupposed, of course, that the sociolinguistic 
variables are kept constant (this, however, I cannot prove). 

l 
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ing to my impression (unfortunately, this question has never been 

investigated, and no conclusions can be drawn from the material 

presented by Brink and Lund (ibid.)). If this is so, the /a/­

assimilation rule seems to be in the process of enlarging its 

domain in one of the senses just hinted at: either so that the 

syllable boundary seems to be located intra-segmentally in more 

and more cases like those just mentioned, or so that the blocking 

effect of syllable boundaries with respect to this rule seems to 

be diminishing. 

(c) Mode of application: It follows from what has already 

been said that the rule is variable in the sociolinguistic sense 

of Labov (1970), both with respect to different speakers (classi­

fied according to sociological, geographical and chronological 

criteria) and with respect to phonology (cf. (1) and (2) above in 

this section). Within the syllable, the rule is obligatory (for 

those speakers of Standard Danish considered here), and it never 

applies across word boundaries; in between those two domains, it 

is variable (but cf. section 4 below). 

What I conclude from all this, although quite tentatively, is 

the following diachronic picture: The original [a] gradually was 

replaced by [a] in more and more contexts, with the proviso that 

a following tautosyllabic grave consonant impeded the change. 1 

Towards the end of this process, a rule accounting for alternations 

and vacillations of /a/ would synchronically treat [a] as basic 

(since /a/ is manifested as [a] in the neutral context, viz. be-

fore zero). This latter rule (which essentially assimilates an 

/a/, with respect to the feature "gravity", to a following tauto­

syllabic grave consonant) then is applied in more and more contexts, 

[a]-pronunciation being favoured by higher relative prominence· of 

the syllable in question as compared to the following syllable, and 

favoured, respectively impeded, by a preceding grave, respectively 

acute, consonant. According to the present account, the expansion 

of [a]-pronunciations in such words would thus be a sympto~ of a 

(variable, in Labov's (1970) sense) enlarqement of the domain of 

the rule of auditory /a/-assimilation in one of the two respects 

1) For certain speakers, the labials clearly were not impeding 
the change in the way velars were, cf. Brink and Lund (1975, 

p. 67 and 71). 
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just mentioned. All this needs further investigation, of course. 

The same applies to the influence of spelling: it is the impression 

of both Molb~k (personal communication) and myself that double 

("grave") consonants in the orthography favour [a]-pronunciation 

of a preceding short /a/. There are a number of methodological 

difficulties in investigating the character of this influence, 

however, and this issue will not be pursued any further here. 

VI. Cases like Harry, paritet, terracotta, Karoline, in which /r/ 

is realised as a glide before an unstressed full vowel. The con­

clusion suggests itself that the realisation of /r/ is not always 

syllable-dependent (cf. Basb~ll 1972, p. 196). 

VII. Cases like Canada, Paludan, which have st~d on a sonorant 

consonant followed by a weakly-stressed full vowel. Although there 

is no descriptive problem in first assigning st~d to syllable 

peaks and then having the st~d spelled out, late in the derivation, 

on a consonant which phonologically, at earlier stages of the deri­

vation, belonged to the following syllable, Molb~k is certainly 

right that this description is at odds with my basic conception 

of st~d as a syllabic prosody. Although I could still say that 

the st~d-consonant occurs in the same phonetic syllable as the pre­

ceding (stressed) vowel, the description seems unsatisfactory. 

The cases mentioned under VII, some of those under V, and pos­

sibly those under VI, suggest to me that in certain cases, a con­

sonant occurring between a fully stressed short vowel and a weakly 

stressed short full vowel, may seem to close the preceding syl­

lable (cf. Basb~ll 1974, p. 88), see further below. 1 

4. Concluding remarks 

Molb~k Hansen concludes with the suggestion (1979, p. 118) 

that an additional hierarchical unit in between the syllable and 

the word might be phonologically relevant. He gives it no name, 

-----------------------------------------------------------------
1) In the syllabification rules given in (1973b, p. 25), I treat 

certain instances of short /e/ and /i/ (viz. the vowel of the 
endings -ing, -_!5l, and certain -isk) on a par with schwa, cf. 
the fact that Martinet operates with "i de tres faible intensite" 
as a phonological entity which conditions (just like schwa) a 
neutralization of the aspiration correlation in the preceding con­
sonant (1937, § 3-5). 

7 
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and does not refer to recent versions of hierarchical phonology, 

but he evidently has in mind some sort of foot, consisting of one 

salient syllable followed by zero, one or more subordinate syl­

lables with a limited vowel repertoire. 1 The foot would be 

"internally consolidated by certain obligatory structural proper­

ties: /a/- and /o/-adjustment, the restricted occurrence of medial 
2 aspirated stops before sonorants, the occurrence of at most one 

st~d, and probably some more" (ibid.). He suggests that e.g. the 

pronunciations [agva 1 vid/akva 1 vid] are due to different foot­

formation: akva-vit vs. a-kva-vit, and similarly [syglo 1t~o! n/ 
3 syklo 1t~o~n]: cyklo-tron vs. cy-klo-tron, but he of course real-

izes that this would mean the introduction of a new unpredictable 

structure. I find this structural addition empirically ill-sup­

ported by the type of examples he gives. Notice that only a very 

small and specific part of the consonant gradation-phenomena can 

be accounted for in terms of feet, that different placement of the 

syllable boundary in cases like this will have the same effect as 

different foot-structure, and that the st~d-restrictions offer no 

real arguments for the foot, either (since weak syllables general­

ly do not have st~d) . 4 

One of the more challenging consequences of Molb~k Hansen's 

competent discussion is that it brings into the open certain in­

congruencies (within my framework) between 1) the concept of the 

syllable which is decisive for the manifestation of /a, o/, and 

1) According to Molb~k (1979, p. 118), it should be "schwa or one 
of the full vowels /a o i y u/ but not /e € ~ ffi ~/". This set 

must be erroneous anyhow, as shown by words like Ammon ([amAn], 
also cf. madding [maoe~], unless this ending is posited with an 
underlying schwa), but I shall not go into that problem here. 

2) This restriction is not quite as strict as Molb~k seems to 
think (1979, p. 113), e.g. cyklus has an aspirated /k/ in my 

normal pronunciation. (I disagree with some other pronunciations 
given by Molb~k, but this is not important here.) 

3) If such different pronunciations are tonally distinct, an im-
portant independent argument for foot-structure might be estab­

lished from such a distinction (this point was suggested by Jan 
Katlev at the conference). 

4) It should be observed, however, that st~d-words of the type 
Canada, mentioned under VII in section 3.2 above, are unprob­

lematic within Molb~k's account, whereas they seem to presuppose 
that the syllable boundary does not occur before /n/ within my 
framework (which is quite acceptable to me). 
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2) that which defines the domain of consonant gradation inter­

vocalically. Since not the foot in Molb~k's sense, but something 

like the syllable in my sense, ts decisive for the manifestation 

of a single intervocalic /d/ or /g/, one can in fact construct a 

better case for the foot, or at least a better counter-case to my 

analysis, than the one presented by Molb~k. Consider the follow­

ing (constructed) examples (where all vowels are short): 

(1) /ada/, pronounced [aoa] (e.g. in (sn)adde) 

( 2) /aga/, pronounced [ aga J (e.g. spelled~) 

( 3) /aga/, pronounced [ a ga J (e.g. in (Eroe)a9:a(nda)) 

Molb~k would ascribe the following dual structure 

ples, if I have understood him correctly: 

(1) syllables: $ad$a$, foot: -ada-

(2) syllables: $a$ga$, foot: -aga-

(3) syllables: $a$ga$, feet: -a-ga-

to these exam-

This seems rather straightforward (presupposed that the manifesta­

tion of /d,g/ is determined with the syllable as its domain, and 

the manifestation of /a/ with the foot as its domain). 

In my analysis, on the other hand, there would be trouble in 

ascribing a syllabic structure to (2), since consonant gradation 

would seem to presuppose$ to the left of /g/, and /a/-manifesta-· 

tion to the right. In agreement with my strategy as applied to 

French (cf. Basb~ll 1978b and section 2.3 above), I could define 

the notions "open and closed syllable" so that /g/ closes the 

preceding syllable in (2), due to the prominence relation of the 

vowels. The rules of /a/- (and /o/-) manifestation thus, natural­

ly, would obtain in closed but not in open syllables. The con­

sonant manifestation would be "initial", so to speak, due to the 

following full vowel. This proposal could be rendered in syl­

labic notation somewhat like this: 1 

(1) $ad$a$, pronounced [aoa] 

(2) $a!a$, pronounced [aga] 
(3) $a$ga$, pronounced [aga] 

1) The principles of syllabification lying behind this notational 
proposal might be rendered something like this: In the case 

of a single intervocalic consonant, $ occurs to the right of the 
consonant if and only if the following vowel is schwa. Concerning 
the difference between intra-consonantal and pre-consonantal loca­
tion of the syllable boundary, only some variable rules not reach-
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This is, of course, a type of ambisyllabicity proposal (cf. Ander­

son and Jones (1974) and Kahn (1976)), which I should like to re­

phrase as follows: the intervocalic consonant at the same time 
1 closes the preceding syllable and begins the next one (cf. the 

notion "close contact"). Viewed in this light, the difference 

between the treatment suggested here and Molb~k's account in terms 

of foot-structure, is perhaps not essential. 2 In addition to a 

possible (but by no means fo~cible) methodological reason for pre­

ferring my own account to Molb~k's (parsimony of levels), I want 

to briefly point out how the two sketchy proposals would account 

for a few complicated cases. 

Consider pronunciations like agent, papir [a 1 gen't, pa 1 pi~'] 

(cf. note 1, p. 279), ·which seem to presuppose that /a/-adjustment 

optionally may apply across foot-boundaries (but still within words 

only). This optionality across foot-boundaries at the same time 

accounts for the pronunciation [akva 1vit], which is not mentioned 

by Molb~k Hansen (1979, p. 118): a-kva-vit. But now consider 

forms like kappa, Bacchus which have obligatory [a], but where 

the stop may be pronounced with or without aspiration. Those 

words would consist of just one foot, according to Molb~k's ana­

lysis; and in order to account for the optional lack of aspiration, 

1) (cont.) ing the level of complete predictability can be given, 
viz. that the syllable boundary most often occurs to the left 

of the consonant if the first vowel is less prominent than the 
second, and within the consonant if both vowels are full, and the 
first vowel is more prominent than the·second. These variable 
rules should, of course, be made much more precise. The formula­
tion is deliberately vague regarding a sequence of equally promi­
nent full vowels, which is exactly the case where most [a/a] vacil­
lation occurs, but where the manifestation of the consonant is 
"initial" as a rule, e.g. in words like Agamemnon, fakultet, and 
so on. (The principles of syllabification just stated only apply 
within word boundaries, of course, in the usual fashion.) 

1) It is by no means surprising that the initial manifestation 
of the consonant overrides the final one, so to speak, since 

initial is in many respects the stronger of these two positions. 

2) Cf. Kiparsky's claim (forthcoming) that phonological phenomena 
which were earlier considered (in particular by Kahn (1976)) 

to be arguments for ambisyllabicity, can in general be accounted 
for as foot-bound phenomena. I do not subscribe to all of Kipar­
sky's claims concerning the foot, however (cf. Basb~ll (forth­
coming) ) . 
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an optional rule of de-aspiration must be postulated to apply 

within the foot. 1 Within Molb~k's analysis, the optional lack of 

aspiration of /k/ in Bacchus an~ akvavit is thus due to two unre­

lated structural properties, viz. the optional rule of de-aspira­

tion within the foot in the former case, and the structural ambi­

guity between a two-feet and a three-feet analysis combined with 

"the restricted occurrence of medial aspirated stops before sono­

rants" (ibid.) within the foot, in the latter case. Whether this 

structural complexity can be substantiated by any independent 

evidence still remains to be shown. 

Within my proposal, the three possible pronunciations of 

akvavit may be accounted for as follows: [akva 1vit]: a$kva$vit; 

[agva 1 vit]: ak$va$vit; [akva 1 vrt]: alva$vit. Notice that the pro­

nunciation [agva 1 vit] is excluded within this notational system, 

as desired. It is my impression, however, that the three pronun­

ciations given are very different with regard to distinctness: 

the [g]-form is clearly less distinct than the two others. 2 In 

view of this, I would prefer to limit the freedom of syllable 

boundary location in cases like the one at hand to $a$kva$vit$ 

vs. $alva$vit$ (pronounced [akva 1 vit, akva 1 vit], respectively), 

and to account for the pronunciation [agva 1 vit] by means of an 

optional rule of de-aspiration applying to ambisyllabic /p, t, k/ 

before weak syllables (it is no surprise that ambisyllabic stops 

are more liable to de-aspiration than initial stops, cf. the fact 

that syllable-final stops are unaspirated in Danish except before 

pause; also cf. note 2, p. 280). This rule accounts at the same 

time for the optional de-aspiration in words like kappa and 

Bacchus. 3 

1) Notice that /d, g/ are not optionally pronounced as continuants 
in this position, which shows that the often claimed parallel­

ism between /t, k/ and /d, g/ as instances of a common process of 
"weakening" in certain positions ('consonant gradation•) is not 
complete. 

2) I am not in a position to wholly exclude the possibility that 
even the pronunciation [agva 1 vrt] can in fact be heard, as a 

very indistinct form, but I very much doubt that it will ever be 
encoded in serious communication, in contradistinction to 
[agva 1 vit]. Investigations of such matters would be welcome, 

3) Whether the normal pronunciation of apotek: [abo 1te!k] can be 
accounted for in this way, or whether it has an underlying /b/, 

must be left entirely open here. The normal pronunciation of 
chokolade: [fogo 1 lre:5a], in addition to [J~go 1 lre:5a], might be 
interpreted as an instance of lexical restructuring (from /k/ to 
/g/), but other interpretations are possible too. All this is 
nothing but speculation, of course. 
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The _sketchiness of this suggested proposal, just like Molb~k's 

on the importance of a unit like the foot, can hardly be overesti­

mated. But it has at least become clear, I think, that Molb~k's 

detailed criticism of my own work on phonological syllabification 

as applied to Danish has been highly stimulating. I hope work in 

this area will be continued in the same spirit. 
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(ARIPUC 14, 1980) 

FILTERING OF EMG SIGNALS 

J~rgen Rischel 1 and Birgit Hutters 

Abstract: One of the ways to eliminate different kinds of disturb­
ances in EMG signals is by filtering in the frequency 
domain. This procedure requires both a knowledge of 
the frequency content of the disturbing components and 
a knowledge of the frequency range of the relevant sig­
nal. Therefore, the frequency characteristics of an 
EMG material of various internal laryngeal muscles re­
corded by bipolar hooked-wire electrodes have been 
examined. We conclude that the highpass cutoff fre­
quency normally proposed in the literature - i.e. 100 Hz 
or lower - is generally not sufficient to eliminate 
microphony and especially the movement artifacts. But 
the choice of filtering frequency will often be a com­
promise between the cutoff that is optimal with respect 
to removal of spurious components and the attenuation 
of the overall signal caused by the filtering. However, 
it is generally advisable to highpass filter the signal 
even at the expense of some overall attenuation, and 
the greatest improvement is often achieved by highpass 
filtering with cutoff frequencies well above the low 
range normally proposed. 

1. The backgr:ou:nd of :the .p.r.e:sent study 

Over the past several years a very considerable amount of EMG 

recording has been made at the Institute of Phonetics. This re­

search has been largely concentrated around a project involving 

several researchers and comprising investigations of the function­

ing of various internal larynx muscles in speech, particularly 

with a view to the production of various types of consonants and 

the production of Danish st~d and word stress. These recordings 

from larynx muscles were all made with bipolar hooked-wire elec­

trodes. Dr. Hajime Hirose 2 performed the insertions of the elec­

trodes. (Information about the project as a whole will appear in 

a later report.) 

1) Institute of Linguistics, University of Copenhagen. 
2) Institute of Logopedics and Phoniatrics, University of Tokyo, 

Japan. 

7 
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The bulk of recordings made in 1974 exhibit occasional or, in 

some recordings, frequent or constant disturbances due to various 

factors external to the motor unit potentials being picked up. 

Typical disturbances encountered were: (I) hum, (II) other back­

ground noise of various kinds, (i.e. probably a summation of ampli­

fier noise and background noise caused by fluctuations in the 

physiological properties of the tissue, the so-called "tissue 

noise", see Hayes 1960), (III) microphony (the EMG electrode func­

tioning as a transducer picking up the periodic vibrations of 

voiced portions of the speech signal), and (IV) occasional aberrant 

spikes in the signal which are likely to be caused by movements 

in the tissue jerking an electrode back and forth, or even causing 

two electrodes to touch intermittently, i.e. the "movement arti­

facts" normally referred to in EMG work. 

The identification of artifacts of type (IV) was in all cases 

done on the basis of the raw signal, which contains information 

both concerning the frequency content and the amplitude of the EMG 

signal. The main criterion for the identification of such arti­

facts is the presence of a dominant low frequency component at 

some point in the signal. Strong artifacts of this kind are normal­

ly visible also in integrated EMG curves, but for the identifica­

tion of weaker artifacts these curves are not in themselves suf­

ficient, and if one has access to integrated curves only, spurious 

energy due to artifacts may be erroneously identified as being a 

part of the useful signal, cf. Fig. 3a. - In most cases it does 

not seem to be very difficult to identify artifacts on the basis 

of their frequency content, but it must be admitted that we have 

no principled criterion for the decision. 

All of the four factors mentioned above are very well known 

sources of trouble in EMG work. In the recordings made at the 

Institute, great care was taken to minimize such effects, and in 

fact the general quality of our recordings is high. In the design 

of the instrumentation a very low level of hum and noise was 

achieved, and thus the two factors ((I) and (II) above) are general­

ly negligible. (They come to play a role only in cases of ex­

tremely low signal level, which is indicative of too large a 

distance from the motor units recorded. Such recordings are of 

dubious value anyway since, with the very small muscular struc-

tures of the larynx, the pickup area must be very close to some 
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active mus~~e in order to achieve a signal that can be uniquely 

associated with that particular muscle.) 

However, disturbances of types (III) and (IV) occur frequent­

ly enough to pose a problem in the processing and evaluation of 

the signals. As for "voice bar" microphony (III), which in the 

case of inner larynx muscles sometimes occurs with a magnitude 

comparable to a level of moderate EMG activity, the obvious way 

to eliminate this distortion is by filtering in the frequency 

domain. This procedure, of course, requires both a knowledge of 

the frequency content of the microphonic component, and a know­

ledge of the frequency range of the useful EMG signal, in order to 

see what kind of filtering (if any), can be applied successfully, 

i.e. without seriously degrading the useful signal. 

As for (apparent or real) artifacts of type (IV), there are 

various possible solutions. The treatment of the problem partly 

depends on whether the appearance of the artifacts is "systematic" 

or random, and partly on where in the test sentence the artifacts 

appear. In the case of random appearance the averaged signal will 

be less dominated by such artifacts if the number of tokens in­

cluded in the average is not too restricted - and for that purpose 

the median mean is preferable since it is less sensitive to random 

artifacts than the arithmetic mean. But if the appearance of 

artifacts is systematic, i.e., if it comes up several times at 

the same place in the test sentence, averaging will not help much. 

One may choose to disregard this kind of distortion if the arti­

facts occur outside the passage of primary importance. But when­

ever it appears essential to avo~d this kind of averaged signals 

we have the possibility of eliminating artifacts in the time domain, 

i.e. by setting a window in the raw signal at the appropriate width 

(duration) and suppressing the part of the signal that is con­

tained within the window. 1 In this case, too, information on the 

frequency characteristics of the various signal components is 

desirable, as a basis for the interpretation of a suspicious com­

ponent as a relevant (though perhaps unexpected) signal spike, or 

as an artifact. But if a "systematic" artifact appears in the 

important part of the test sentence the tokens in question must 

either be eliminated - which in certain cases will result in a 

considerable reduction in the number of tokens to be averaged -

1) An EDP programme for this kind of surgery is available at the 
Institute. 
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or it ~µ~t be att~nuated as much as possible by filtering, as in 

the case of "voice bar" microphony. Again, some kind of informa­

tion on the frequency content of the various kinds of signals is 

a prerequisite. 

For the reasons stated above we found it essential to examine 

the frequency characteristics of the various EMG recordings. This 

was done mainly by highpass, lowpass and (to a more limited ex­

tent) bandpass filtering, the cutoff frequencies being varied step­

wise within a frequency range chosen in accordance with the proper­

ties of each individual recording, and the effect on the signal 

shape and level was examined by visual inspection of mingograph 

tracings. 

Since, in general, information on the frequency character~ 

istics of EMG signals is very scanty, to say the least, the over­

all results of our filtering exp~riments may be of some interest 

to others, specifically as information on the properties of sig­

nals from very small muscles. We must, however, emphasize the 

limitation of the present study, viz. that we have confined our­

selves to a qualitative appraisal of the effects of filtering 

(rather than performing quantitative measurements on frequency 

spectra) in accordance with our immediate goal: that of evaluating 

how much frequency limitation - especially in the form of high­

pass filtering - various kinds of EMG signals can stand, and how 

effective such filtering is in removing spurious components of 

the signal. 

2. Pr·evious -rese·arch on the f reque·ncy ch-a·ra-cte-ristic·s: o:f: :EMG 

signals· and -its releva·nce to the· -pre-sent study 

The literature on EMG techniques and EMG research being by 

now extensive, we have found surprisingly little space devoted to 

questions having to do with the frequency characteristics of EMG 

signals and especially with the artifact problem.· Several re­

searchers touch upon the question of frequency filtering of EMG 

signals, however, and we refer to some of the more important 

statements below. 

As for the possibility of improving the signals by filtering, 

Hayes (1960) finds that tissue noise and movement artifacts tend 
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to be con€entrated at low frequencies, and he recommends the use 

of band limited amplifiers with a lower cutoff frequency at about 

20 Hz and a higher cutoff frequency in the range 100-200 Hz. Such 

band limiting also reduces amplifier noise, and it is applicable, 

according to Hayes, because the muscle action potentials exhibit 

sharply peaked spectra (he reports that biceps voltage is reduced 

by only about 3 dB when passing through a 35-75 Hz bandpass filter). 

Hayes' reasoning presupposes that movement artifacts etc. are in­

deed characterized by a preponderance of very low frequencies 

(ideally below the cutoff of some 20-30 Hz!). This is in dis­

agreement with Geddes (1972), who briefly states that movement 

artifacts caused by disturbance of the electrical "double layer" 

are in the frequency range of many of the bioelectric events, and 

that for this reason "filtering techniques can seldom be employed 

with success'' (p. 211} . 

Hayes' findings are of little direct relevance to our project 

since they are based mainly on EMG recordings from a large muscle 

by means of surface electrodes. Scott (1967), however, calculated 

power density spectra for signals measured with subcutaneous wire 

electrodes inserted in four large muscles, and he found "signifi­

cant energy only in the frequency range from approx. 30 Hz to 

approx. 200 Hz" (p. 303}, i.e. a result similar to that of Hayes 

as regards the frequency spectrum of the useful signal. He con­

cludes that ''methods of reducing mains frequency interference by 

using high pass filters are relatively inefficient" (p. 303), and 

also that "amplification of freq~encies in excess of 200 Hz is 

likely to degrade the signal-to-noise ratio of a myo-electric 

system'' (p. 303). 

Trimble et al. (1973) perfo~med a frequency analysis of single 

motor unit potentials recorded f~om a very small muscle (the medial 

rectus muscle of the eye) by means of a concentric needle electrode. 

They found energy at a much higher frequency range than found for 

other muscles by most other investigators, the predominant fre­

quency band extending from 470 H~ to 1400 Hz (-3 dB_points). They 

explain this surprisingly high frequency band by the very fact 

that a single motor unit was involved, whereas in other cases 

entire electromyograms have been analysed, which might be ex-

pected to reflect algebraic summations of asynchronous signals 

from different motor units, Such summation causes a lowering of 
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the predominant frequency. With signals in which a single motor 

unit may predominate, the amplifier bandwidth must of course cor­

respond to the resulting high frequency emphasis in the power 

spectrum for faithful reproduction of the ·single motor unit po­

tential. This situation may well obtain in the case of EMG from 

larynx muscles. 

If we look at the EMG processing employed for speech research 

a highpass filtering at 100 Hz or lower is normally proposed in 

order to eliminate movement artifacts and hum. 

Fromkin (1965), in her EMG-investigation of the facial mus­

cles using surface electrodes, states that the lower roll-off 

frequency of 40 Hz introduced by the tape recorder "gets rid of 

artifacts due to movements of the electrode" (p. 66). For the 

upper frequency limit she suggests a cutoff frequency at 10.000 Hz. 

Approximately the same bandwidth is proposed for research on mus­

cles in the lips, tongue, and larynx by Hubler (1967), who men­

tions that "movement artefacts are minimized by rolling off the 

preamplif ier at 4 0 Hz" (p. 2 7) . 

A higher HP cutoff frequency is proposed by Hirano et al. 

(1967) in their presentation of the hooked-wire equipment. In 

some of their recordings of various speech muscles they have noted 

the occurrence of low frequency movement artifacts, and according 

to the authors, recordings containing these artifacts can be high­

pass filtered at about 80 to 100 Hz, ''which will completely elim­

inate the movement artifacts without diminishing the overall sig­

nal strength by too great a factor" (p. 23). The same highpass 

frequency is employed by Hirano and Smith (1967), using bipolar 

hooked-wire electrodes inserted in external tongue muscles, in 

order to eliminate movement artifacts. Furthermore, they find it 

necessary to lowpass filter the signal at 1500 Hz in order to 

eliminate some extraneous high-frequency noise, and they find no 

noticeable loss of ''strength" due to this bandpass filtering. 

Also at the Haskins Laboratories a highpass filtering at 80 Hz is 

employed in order to reject movement artifacts and hum (Kewley­

Port 1977). 

In order to find out what the contributions of various fre­

quency components to the total amplitude of the EMG signals are 

for typical speech gestures, Mansell (1979) has made a frequency 

band analysis of EMG signals provided via a surface monopolar 
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derivation from the lower lip of one subject. The frequency bands 

exmined were 56-560 Hz, 560-1000 Hz, and four bands in the higher 

frequency range comprising frequencies from 1000 Hz to 4700 Hz. 

He finds that although the signal is attenuated when rejecting 

the components of the EMG signal below 560 Hz in favour of the 

frequency band ranging from 560 Hz to 1000 Hz, the signal-to-noise 

ratio is maintained because of attenuation of a band of EMG activ­

ity in the region below 560 Hz which appears to be relatively un­

differentiated with respect o the segmental gestures of the EMG 

signal. This "cleaning" of the signal results in a small drop in 

peak variance and a greater distinction between linguistic types. 

Furthermore, Mansell finds a much better alignment of individual 

traces and a better differentiation of multi-modal gestures, exem­

plified by the two-phase nature of the average signal for the 

labial gesture in the German word Pute. 

Various authors have approached the possibility of using the 

frequency spectrum (profile) in the diagnosis of various aspects 

of the behaviour of the muscles involved. Thus it has b~en found 

that the frequency spectrum of the signal changes with the level 

of contraction and with fatigue (Kaiser and Petersen 1965; Kade­

fors, Kaiser and Petersen 1968; Kwatny, Thomas and Kwatny 1970). 

It has been repeatedly observed that "when the levels of contrac­

tion rise, the motor unit potentials become synchronized, which 

results in augmented potential duration and amplitude" (Herberts 

1969, p. 21). Such synchronization, if causing broader activity 

spikes, necessarily affects the power spectrum, with the effect 

of boosting the lower frequency region (cf. above). However, 

there is probably no simple, uniform statement applying to all 

muscles under all conditions. Thus, according to Kaiser and 

Petersen (1965, p. 234), the spectral change accompanying in­

creased muscle contraction intensity may take different courses 

depending on the intensity level in question. Kadefors, Kaiser 

and Petersen (1968) decompose the spectral change under fatigue 

into a smooth increase in low-frequency content, and a rapid de­

crease in high-frequency content, and they suggest that "the 

dropping-out of small motor-unit potentials as fatigue develops 

might cause part of the high-frequency decay" (p. 71). Kwatny, 

Thomas and Kwatny (1970) find that "fatigue tends to place more 

emphasis on lower frequency components, indicated by a rise in 
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the mean ,frequency of the spectrum" (p. 311). In their investi­

gation the effect of fatigue on the EMG spectrum seems to over­

ride that of increasing contraqtion level. 

These findings, which relate to sustained contraction of 

muscles of a much larger size than those of the larynx, are in 

themselves hardly applicable to the study of speech production. 

However, it is noteworthy that the spectrum of the EMG signal may 

vary under varying conditions of muscular behaviour, and it would 

seem advisable not to base an appraisal of the effect of filtering 

on a single type of speech gesture. 

As for the question of large versus small muscles, Kadefors 

and Petersen (1970) report on earlier studies according to which 

the decrease in high-frequency activity accompanying fatigue is 

"considerably different in different muscles, minor muscles showing 

steeper decrease (and lower recovery rates) than major ones" 

(p. 46). In the study under consideration they consider the fre­

quency spectrum of two sphincter muscles as well as a levator 

muscle, and they find that "the static frequency spectrum of EMG 

from the two sphincter muscles studied contains much more high­

frequency energy than muscles of the extremities in general ... " 

(p. 63). The sphincter muscles in question agree in this respect 

with another sphincter muscle: the orbicularis oris. The sphincter 

muscles also generally exhibit less change in the spectra of EMG 

under maximal voluntary effort than do muscles of the extremities 

previously studied (p. 64). The authors attribute the greater 

amount of high-frequency energy of such muscles "to short dura-

tion of the motor-unit potentials and to small size motor-units" 

(p. 66), and they also establish some association between more 

high-frequency emphasis and faster muscle contraction. 

All of this strongly suggests that one should not rely on 

generalized statements concerning the useful frequency range of 

EMG signals, and that one should be particularly aware of the 

possibility of a preponderance of higher frequency energy in the 

case of small and fast acting muscles such as the ·larynx muscles, 

as compared to the much larger muscles which have been most stu­

died by physiologists. 

As stated by Abbs and Watkin (1976), there appears to be 

little agreement by electromyographers as to the frequency band 

necessary for EMG signal recordings. Needless to say, comparisons 
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of findi~gsL~ncerning different muscles make sense only if the 

same setup and exactly the same electrodes are used. Ideally, 

even the number of motor units.involved and their distances from 

the electrode should be similar. This makes it very difficult to 

arrive at valid generalizations beyond the particular muscles 

studied and the particular technique employed. Generally speaking, 

surface electrodes pick up from a more diffuse area and at a 

greater distance from the motor units under investigation than do 

needle or hooked-wire electrodes, and they are expected to yield 

signals with more low-frequency emphasis than the other types of 

electrodes. As the larynx muscle potentials are picked up by 

hooked-wire electrodes which are placed (hopefully) closely ad­

jacent to the muscle fibres, the output is a priori likely to 

have a relatively high amount of high-frequency energy, although 

this would depend very much on the distance from a motor unit. 

The presence of strong high-frequency components in the signal 

makes the possibility of signal improvement by frequency filter­

ing more promising than with many other types of EMG signals. 

At the same time there is a particular need for such signal pro­

cessing because the electrodes are placed in a small-size region 

of which all parts move almost continuously, so that the likeli­

hood of movement artifacts here is extremely high. 

3. Filtering approach in the present project 

In the filtering experiments various types of filters were 

employed. The results reported on here were based almost ex­

clusively on two types, viz. active RC filters (FJ-Electronics) 

coupled as lowpass, highpass or bandpass filters, and a passive 
' 

LC filter for highpass filtering only. The former type of filter 

had an attenuation slope of 36 dB/octave; the latter type had a 

much steeper roll-off, the atten~ation at 1/2 octave above the 

cutoff frequency being at least some 50 dB. The range of available 

cutoff frequencies for the active filter covered the entire fre­

quency range of possible interest, whereas the passive filter 

could be set at cutoff frequencies only from 200 Hz upwards. The 

use of one type or the other was not found to make any essential 

difference in the effect of highpass filtering on the EMG signals 
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(strictly speaking, the results were not exactly comparable be­

cause of differences in the nominal cutoff frequencies for the 

two filter types, but this was of no consequence because of the 

rather narrow spacing of the available cutoff frequencies for 

• each type) . 

The EMG recordings were played back on an FM multi-channel 

tape recorder (Lyrec), viz. the one on which they had been re­

corded. The filters were connected to the output of the tape 

recorder via suitable high quality pre-amplifiers set to a gain 

minimizing the background noise caused by the instrumentation. 

The outputs from the filters were rectified and smoothed and re­

corded on a mingograph (with or without interst_age amplifiers). 

Whenever filtering attenuated the signal so much that its charac­

teristics were no longer clearly discernible, the gain of the 

interstage amplifiers was raised by a suitable amount (the gain 

being varied in calibrated steps, so that the real changes in 

signal level as a consequence of filtering can be observed by 

comparison of the various mingograms). 

The total range of cutoff frequencies used was from 22 Hz 

to 2000 Hz in the case of highpass, and from some 4700 Hz to 22 Hz 

in the case of lowpass filtering. Bandpass filtering 1 , if per­

formed at all, was made within the frequency region 22 Hz -

12000 Hz. (The bandwidth of the amplifying and recording equip-

ment greatly exceeded the range within which filtering was per­

formed.) 

We did not, however, perform filtering at closely spaced cut­

off frequencies acr~ss these total ranges for all subjects~ The 

filter settings were often varied in large steps at first, i.e. 

a recording specimen was filtered at various rather widely spaced 

frequencies, closer spacirigs (or an extension 0£ the frequency 

range of the filter settings) being used especially if the signal 

turned out to be clearly sensitive to filtering in a certain fre­

quency region. 

1) The signal was bandpass filtered by setting a highpass filter 
and a lowpass filter (coupled in cascade) at the same nominal 

cutoff frequency, so that the pass band consisted of only a narrow 
peak with attenuation slopes of 36 dB/octave on either side of 
the center frequency, the point in. bandpass filtering being to 
locate particularly prominent frequency components of artifacts. 
In this setup, an additional 30 dB amplification was used. 
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By this more or less selective use of filtering, a con­

siderable amount of informative data concerning a variety of EMG 

signals could be produced. Ho~ever, even with this attempted 

minimization of redundant and excessively detailed information, 

the filtering was a laborious task. The frequency range from 

about 30 Hz to some 500 Hz, in particular, was important, and 

in virtually all cases most of this range required detailed ana­

lysis for a full description of the relationship between the 

frequency contents of artifacts versus useful signals. 

4. Material 

The EMG signals studied comprised specimens from recordings 

of 12 subjects: 8 males (PM, BM, BF, LG, JJ, NR, JR, JPF) and 

4 females (MF, BH, HU, MW). One of these subjects was French 

(JPF), one was German (MW), the rest were Danish. All subjects 

spoke test sentences, i.e. frame sentences plus test words, in 

their own language. In this paper we have not taken language 

differences into consideration. 

The recordings (made with bipolar hooked-wire electrodes, 

as mentioned earlier) were from the following muscles of the 

larynx: the cricothyroid muscle (CT), the vocalis muscle (VOC), 

the posterior crico-arytenoid muscle (PCA), and the interarytenoid 

muscle (INT). 

In the survey of findings below, we have found it most use­

ful to group the results according to the muscle studied (rather 

than according to the subject). It may be doubtful whether one 

can arrive at clear differentiations between the performances of 

these muscles as regards the frequency characteristics of the 

EMG signals. It is, however, interesting to distinguish between 

the set of muscles (CT and VOC) which were reached by insertion 

of a needle through the neck, and the rest, which were reached 

via the oral and pharyngeal cavities, since the conditions for 

movement artifacts may be expected to be somewhat different in 

the two cases. Moreover, it may be interesting to distinguish 

between VOC and the other muscles, since VOC is obviously more 

vulnerable to microphony ("voice bar" interference) than the 

others. The clearest presentation, then, is obtained by simply 



296 

trea~ing_ each muscle separately. The specimens chosen for ana­

lysis include artifact types (III) - microphony - and (IV) - move­

ment artifact - if they appear _at all in the recordings. 

5. Survey of results from filtering 

5.1 The crico-arytenoid muscle (CT) 

The frequency characteristics of recordings from CT were 

examined for subjects BF, BH, HU, BM, JR, and JJ. All subjects 

are Danish. 

Subject BF: two specimens were analyzed. One of these was 

highpass filtered in steps from 47 to 1600 Hz, and lowpass filtered 

in steps from 3300 to 100 Hz. The other specimen was filtered 

within the same range except for the highpass filtering which 

started at 200 Hz. 

On visual inspection of the raw curves these look "clean", 

except that there appears to be mains interference in one of the 

specimens. 

Results: the hum is obviou$ly 50 Hz mains interference, 

which is easily removed by HP filtering, e.g. at 68 Hz. Other­

wise, it is a signal which is very resistive to filtering, the 

overall shape being essentially constant at least in the frequency 

region 390 - 1600 Hz, and with rather evenly distributed energy 

in the region 390 - 800 Hz. LP filtering at 100 Hz is more detri­

mental to the output than is HP filtering, even at 1600 Hz. 

Subject BH: two specimens were analyzed. One was highpass 

filtered in steps from 200 to 1000 Hz and lowpass filtered in 

steps from 1000 to 100 Hz. The other specimen was highpass 

filtered in steps from 250 to 1600 Hz and lowpass filtered in 

steps from 470 to 47 Hz. 

On visual inspection the raw curves exhibit some (occasional?) 

hum as well as some apparent movement artifacts. 'rt is likely 

that the electrodes had been misplaced in this recording, so that 

the muscle involved is in fact not CT (or there may be contamina­

tion from another muscle). 

Results: the hum is easily removable by HP filtering at 

250 Hz (the lowest cutoff frequency employed) without affecting 
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the useful signal. The spurious spikes, which we identify as 

movement artifacts, are su~pressed by HP 400 Hz and more complete-

ly by HP 630 Hz. The useful signal seems to have rather evenly 

distributed energy in a wide frequency region from 100 Hz upwards, 

although with considerable attenuation at HP filtering above 400 Hz. 

Subject HU: one specimen was highpass filtered in steps from 

200 to 2000 Hz and lowpass filtered in steps from 4700 to 47 Hz. 

On visual inspection the raw curves do not seem to be con­

taminated by disturbances. 

Results: the signal information is fairly constant over the 

frequency range from some 470 Hz upwards, but increasingly changed 

at lower frequencies. The low frequency component is relatively 

weak. It seems clear that a more well-defined signal is obtained 

by HP filtering at 470 Hz or even higher. 

Subject BM: one specimen was analyzed. It was highpass 

filtered in steps from 200 to 1600 Hz, lowpass filtered in steps 

from 1000 to 470 Hz, and bandpass filtered with (exceptionally) 

a pass-band comprising the range 1000 - 15·00 Hz. 

On visual inspection the raw curves do not seem to be dis­

turbed by artifacts of any kind. 

Results: the result of the filtering was that only very 

minor changes occurred in the shape of the curves, and the signal 

has a very broad frequency spectrum, ranging from below 470 Hz 

to above 1600 Hz. 

·subject JR: two specimens were analyzed. One of these was 

highpass filtered in steps from 22 to 2000 Hz, lowpass filtered 

in steps from 4400 to 82 Hz, and bandpass filtered with a pass-

band comprising the range 22 - 330 Hz. The other specimen was 

highpass filtered in steps from 200 to 2000 Hz and lowpass filtered 

in steps from 4700 to 82 Hz. 

On visual inspection the curves exhibit numerous spurious 

spikes and occasional microphony. 

Results: microphony disappears by HP filtering at e.g. 200 

Hz. The artifacts have a frequency spectrum which is most pro­

minent at frequencies below 200 Hz, whereas the useful signal has 

its dominant ~pectral components at higher frequencies, apparently 
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with most energy in the region 300 - 600 Hz. But the signal is 

well preserved, even at frequencies well above 1000 Hz. Thus- it 

seems straightforward to improve the signal by HP filtering some­

where above 200 Hz, and it is probably safe to choose a cutoff 

frequency somewhere in the region of most spectral prominence 

(i.e. somewhat above 300 Hz). 

Subject JJ: one specimen was analyzed. It was highpass 

filtered in steps from 22 to 1600 Hz, lowpass filtered in steps 

from 1000 to 47 Hz, and bandpass filtered in steps from 22 to 3300 

Hz. 

On visual inspection the raw curves seem free from disturb­

ances except that there is microphony. 

Results: BP and HP filtering showed that the microphony con­

tains both the first and the second harmonic of the voice funda­

mental frequency, although the second harmonic does not do any 

harm at HP 200 Hz, since the total signal energy above this fre­

quency completely overrides the microphony. At higher HP cutoff 

frequencies there are various changes in the shape of the curves, 

and the signal level becomes considerably weaker with HP cutoff 

frequencies in the vicinity of cutoff 1000 Hz. 

5.2 The vocalis muscle (VOC) 

The frequency characteristics of recordings from VOC were 

examined for subjects BF, BH, HU, NR, JR,. MW, JJ, and BM. All 

subjects are Danish except for MW, who is German. 

Subject BF: five specimens were analyzed, These specimens 

were chosen from different parts of a long recording because the 

performance varied quite a lot during the recording. The signal 

level was good in the beginning and later, but low in an inter­

mediate portion, the temporary weakening having to do with the 

fact that the electrode was touched and got into a less suitable 

position but apparently restored its original conditions at a 

later stage. One of the specimens was chosen to exemplify a pas­

sage with some strange spikes, viz. just before E and s. 

Three of the specimens were highpass filtered in steps from 

47 to 2000 Hz, lowpass filtered in steps from 3300 to 47 Hz, and 
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two of these were bandpass filtered in steps from 47 to 1000 Hz. 

The other two specimens were highpass filtered in steps from 200 

to 1000 Hz and lowpass filtered in steps from 3300 to 270 Hz. 

On visual inspection the signals exhibit no disturbances, 

except for the specimen extracted from the intermediate portion 

of the recording, which is not only weak but also filled with 

spurious spikes and microphony. 

Results: the noise and movement artifacts in the weak re­

cording can be attenuated by HP filtering at 200 Hz, but the sig­

nal remains poor. The remaining specimens exhibit a very good 

signal with a relatively even distribution of energy in the region 

100 - 1000 Hz, but with the most prominent energy in the middle 

of this range. It is hardly appropriate to process these differ­

ent parts of the recording together in terms of filtering, since 

they differ widely in signal level and do not become similar in 

quality anyway. 

Subject BH: two specimens were analyzed. One specimen was 

highpass filtered in steps from 200 to 1600 Hz, lowpass filtered 

in steps from 1000 to 47 Hz, and bandpass filtered in steps from 

39 to 680 Hz. The other specimen was highpass filtered in steps 

from 200 to 630 Hz and lowpass filtered in steps from 1000 to 

150 Hz. 

On visual inspection the signal is characterized by spurious 

spikes, which are interpreted as movement artifacts. 

Results: the frequency content of the spurious spikes covers 

a rather wide band with most prominence around 100 ·- 150 Hz. 

But as the wide frequency band of the spurious spikes overlaps 

with the prominent frequency band of the useful signal, they can 

hardly be eliminated completely by filtering, although HP,400 Hz 

seems a reasonable compromise between too little suppression of 

artifacts and too much signal attenuation. With high cutoff fre­

quencies the curve becomes less smooth with rather prominent 

single spikes reflecting the action potentials. 

Subject HU: two specimens were analyzed. Both specimens 

were highpass filtered in steps from 200 to 2000 Hz and lowpass 

filtered in steps from 4700 to 47 Hz. Moreover, one of the speci­

mens was bandpass filtered in steps from 47 to 4700 Hz. 
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On,visuai inspection the curves exhibit mains interference, 
~ j ' -..! ::.~ .. \ ~ . 

microphony and various spurious spikes. 

Results: the mains int~rfetence is removed by HP filtering 

at 200 Hz (the lowest cutoff freguency employed). Removal of the 

microphony required a somewhat higher cutoff frequency. HP filter­

ing at higher cutoff frequencies gradually changed the fine struc­

ture of the signal, and in some cases this change is rather con­

siderable at high cutoff frequen~ies, while at the same time the 

overall signal gets weaker. However, the signal is in part well 

preserved even at HP 2000 Hz. The apparent artifacts are of 

varying frequency content, and they are not all easily removable 

by filtering. 

Subject NR: one specimen w~s analyzed. This specimen was 

highpass filtered in steps from 22 to 2000 Hz and lowpass filtered 

in steps from 4700 to 47 Hz. 

On visual inspection the curves appear to contain microphony 

and artifacts. 

Results: microphony and artifacts can be at least partially 

eliminated by HP filtering in the vicinity of 150 Hz. Most of 

the artifacts have their stronge$t spectral energy below 100 Hz, 

but one (perhaps not a mere artifact?) has most of its energy at 

higher frequencies. Since the fine structure of the signal fluctu­

ates quite a lot from one frequency band to another, it may not be 

advisable to eliminate too much of the signal by filtering, and 

hence a compromise must be found, 

Subject JR: two specimens were analyzed. One of the speci­

mens was highpass filtered in steps from 200 to 2000 Hz, lowpass 

filtered in steps from 4700 to 68 Hz, and bandpass filtered in 

steps from 22 to 330 Hz. The other specimen was highpass filtered 

in steps from 200 to 500 Hz, lowpass filtered in steps from 4700 

to 68 Hz, and bandpass filtered in steps from 68 to 330 Hz. 

On visual inspection this is a signal without much disturb­

ance, so that there is not a priori a need for filtering. 

Results: the most prominent frequency range is 100 - 500 Hz, 

but there is energy reflecting the action potentials even at much 

higher frequencies. 
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Subject MW: two specimens were analyzed. Both specimens 

were highpass filtered in steps from 200 to 2000 Hz, and lowpass 

filtered in steps from 560 to 27 Hz. 

On visual inspection the signal seemed to be rather noisy 

and disturbed by movement artifacts. 

Results: the movement artifacts are most prominent at some 

220 Hz, but can be removed effectively only by HP filtering at a 

high cutoff frequency (some 800 Hz or more). At this frequency 

the useful signal is also attenuated a good deal, however. Still, 

HP filtering has the additional advantage of removing various 

noise components at relatively low frequencies. The "cleanest" 

looking signal is obtained by HP filtering above 1000 Hz. 

Subject JJ: three specimens were analyzed. One of these 

was highpass filtered in steps from 22 to 2000 Hz, lowpass filtered 

in steps from 1000 to 33 Hz, and bandpass filtered in steps from 

22 to 680 Hz; another was highpass filtered in steps from 47 to 

1600 Hz, lowpass filtered in steps from 1000 to 69 Hz, and band­

pass filtered in steps from 47 to 1000 Hz. The last specimen 

was only highpass and bandpass filtered from 200 to 2000 Hz and 

from 68 to 1200 Hz, respectively. 

Inspection of the raw curves reveals occasional hum and 

spurious spikes, of which at least some are interpreted as move­

ment artifacts. 

Results: the filtering showed that the spurious spikes were 

not eliminated to the same degree by filtering, but in most cases 

they are eliminated by HP filtering with cutoff 150 Hz (which also 

eliminates occasional hum). The signal has components at much 

higher frequencies, so it seems perfectly possible to filter some­

where in the range 200 - 400 Hz. The signal level at HP 400 Hz 

is not much below that at HP 200 Hz, and the removal of spurious 

spikes is better. 

Subject BM: one specimen was analyzed. It was highpass 

filtered in steps from 200 to 2000 Hz, lowpass filtered in steps 

from 1000 to 47 Hz, and bandpass filtered in steps from 22 to 

12000 Hz. 

Inspection of the raw curves reveals microphony and hum. 

7 
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Results: microphony and hum disappear with the lowest HP 

filtering attempted, viz. HP 200 Hz. The filtering showed that 

the signal was very resistive to filtering, its overall shape 

being essentially constant, irrespective of the choice of cutoff 

frequency in the range HP 200 - 1600 Hz, and BP from 680 Hz and 

upwards, although the signal was weakened very much at very high 

BP frequencies. 

5.3 The interarytenoid muscle (INT) 

The frequency characteristics of recordings from INT were 

examined for subjects JPF, MF, LG, and PM. JPF is French, the 

others are Danish. 

Subject JPF: four specimens were analyzed. One of the 

specimens exhibited an unstable signal since the pickup of the 

signal by the electrode suddenly became very weak during this 

period; after the failure of this electrode, another one was in­

serted, and one specimen represents the signal from the new elec­

trode. 

The first recording was highpass filtered in steps from 22 to 

1600 Hz and lowpass filtered in steps from 560 to 56 Hz. The 

second recording was highpass filtered in steps from 200 to 2000 

Hz and lowpass filtered in steps from 560 to 39 Hz. 

On visual inspection both recordings (the specimens with the 

electrode inserted at the start of the recording session versus 

the specimen with a new electrode inserted) are characterized by 

spurious spikes, although these are not very p~ominent except in 

the specimen showing a very weak signal. Altogether, the signal 

is not very "clean". 

Results: by HP filtering the signal is gradually weakened; 

this effect is noticeable from about HP 100 Hz upwards and very pro­

nounced with HP 340 - 500 Hz. Above 500 Hz the signal is very 

weak with only occasional peaks of activity. Conversely, LP 

filtering affects the signal very little until rather low cutoff 

frequencies (below LP 200) are reached; it is only with cutoff 

frequencies below 100 Hz that the signal is considerably weakened. 

The apparent artifacts are essentially eliminated by HP 250 Hz. 

These characteristics are shared by both recordings. 
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Thus, both recordings exhibit a not very "clean" signal, 

dominated by the frequency region around and just above 100 Hz. 

Only in the beginning of the first recording is the signal so 

much better that HP filtering at higher frequencies (e.g. 630 Hz) 

can be successfully applied. The signal-to-noise ratio is such 

that one cannot generally achieve any considerable improvement by 

HP filtering (HP 250 seems to be the upper practical limit). 

Subject MF: one specimen was analyzed. The signal was high­

pass filtered in steps from 150 to 2000 Hz and lowpass filtered 

in steps from 1000 to 22 Hz. 

On visual inspection this signal contains only few artifacts 

(there is occasional hum in other parts of the recording, which 

has been found to be easily removable by HP filtering). 

Results: HP filtering practically removed a spurious spike 

at cutoff 200 Hz. The useful signal was rather resistive to HP 

as well as to LP filtering, except with LP filtering with very 

low cutoff frequencies (100 Hz or lower). The above mentioned 

artifact appears to have energy in the range 40 - 200 Hz; the 

useful signal is well represented throughout the spectral range 

from some 100 Hz to at least 2000 Hz, but apparently with most 

energy in the range 300 - 500 Hz. 

Subject LG: two different recordings (with different elec­

trodes) were made. These are treated separately below. 

(1) One specimen was analyzed. The signal was highpass 

filtered in steps from 82 to 2000 Hz, lowpass filtered in steps 

from 1500 to 47 Hz, and bandpass filtered in steps from 22 to 

220 Hz. 

On visual inspection the signal appears to contain some 

artifacts, but the distinction between artifacts and the useful 

signal is not altogether clear. 

Results: HP filtering removes various spurious spikes, but 

they do not all disappear at the same cutoff frequency: some re­

quire only a cutoff frequency of 82 Hz to be sufficiently eliminated, 

others require HP 200 or 250 Hz. BP filtering shows that the 

former have their spectral energy below 100 Hz, but that the latter 

have most of their energy in the range 100 - 200 Hz. The useful 

signal is r~t~er resistive to both HP and LP filtering: there is 
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a discernible signal even at HP 2000 Hz and at LP 100 Hz (the 

latter strongly contaminated by the spurious spikes). However, 

most of the spectral energy is-at relatively low frequencies: at 

HP 630 Hz the signal is very considerably weakened. 

(2) One specimen representing the signal from the other 

electrode was analyzed. The signal was highpass filtered in steps 

from 200 to 2000 Hz, lowpass filtered in steps from 1000 to 33 Hz, 

and bandpass filtered in steps from 22 to 220 Hz. 

On visual inspection this is a "clean" signal, though with 

apparent artifacts. 

Results: the spurious spikes are at least in part artifacts; 

these are essentially eliminated by HP filtering with a cutoff 

of 200 Hz. The useful signal has a broad spectrum, ranging all 

the way from 27 Hz to above 2000 Hz, although it is considerably 

weakened towards higher frequencies. 

Subject PM: one specimen was analyzed. The signal was high­

pass filtered in steps from 200 to 1000 Hz, and lowpass filtered 

in steps from 1000 to 100 Hz. 

According to Dr. Hirose, this is not a very clear signal, 

but it must be INT, since there is not much possibility of con­

tamination with other muscles (during insertion the needle pointed 

at the middle of the muscle). What we have here is an EMG inter­

ference pattern with different motor units involved, and it is 

hard to tell what information is present without averaging over 

several tokens. 

Results: the signal is relatively constant over most of the 

-frequency range studied, but the signal gets perceptibly weaker 

with LP 270 Hz (or lower), and with HP 630 Hz (or higher), i.e., 

the spectral energy is most prominent between these frequencies. 

There are artifact-like spikes which have most of their energy 

below 100 Hz, but the ratio between the remainder of the signal 

and these spurious spikes is improved by HP filtering at higher 

cutoff frequencies. The optimum is reached with HP 400 Hz, which 

does not weaken the useful signal very much. 
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5.4 The posterior crico-arytenoid muscle (PCA) 

The frequency characteristics of recordings from PCA were 

examined for subjects MF, LG, and PM, all speakers of Danish. 

Subject MF: two different specimens were analyzed. One of 

these was highpass filtered in steps from 47 to 2000 Hz, and low­

pass filtered in steps from 1000 to 22 Hz; the other specimen was 

highpass filtered in steps from 200 to 1000 Hz and lowpass filtered 

in steps from 1000 to 100 Hz. 

On visual inspection this signal is found to contain arti­

facts. There is occasional hum elsewhere in the recording, but 

not in these specimens. 

Results: the signal is found to have a broad frequency 

spectrum but with particular prominence of a rather narrow region 

(the signal is considerably weakened both by LP filtering with 

cutoff 270 Hz and by HP filtering with cutoff 630 Hz). The arti­

facts are eliminated by HP filtering with cutoff 150 or 200 Hz 

(which also eliminates occasional hum), which can be done safely 

since the useful signal has its essential energy at higher fre­

quencies. 

Subject LG: one specimen was analyzed. It was highpass 

filtered in steps from 200 to 2000 Hz, lowpass filtered in steps 

from 1000 to 33 Hz, and bandpass filtered in steps from 47 to 

2200 Hz. 

On visual inspection this stgnal contains spurious spikes 

which are interpreted as artifacts, and it is also contaminated 

by microphony. 

Results: around 47 Hz there is activity only in some of the 

spurious spikes. The microphony is narrow-banded: it is weakened 

by LP filtering with cutoff 100 Hz and eliminated by HP filtering 

with cutoff 200 Hz. The overall (useful) signal seems to have a 

broad spectrum ranging all the way from some 100 Hz to above 2000 

Hz, but with a rather uneven distribution of energy in different 

frequency regions. As for the apparent artifacts, these are not 

all affected in the same way by filtering, but generally HP 

filtering improves the ratio between the useful signal and the 

spurious spikes. Some of the latter exhibit energy at relatively 

high frequencies, however. In this signal it is not very easily 

7 
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determined what is an artifact and whether it may be necessary to 

distinguish between different kinds of "artifacts" in a broad 

sense. 

Subject PM: three different specimens were analyzed. These 

were highpass filtered within different ranges, together encom­

passing the range 22 - 1600 Hz, and (one specimen) lowpass filtered 

in steps within the range 1000 - 47 Hz. 

On visual inspection the signal seems very weak, and it con­

tains spurious spikes of the type interpreted as movement arti­

facts. 

Results: suppression of various spurious spikes is obtained 

by HP filtering with cutoff 200 Hz, and in part even at 100 Hz. 

The signal itself seems to have a certain spectral dominance some­

where around 300 - 400 Hz: it is quite considerably attenuated by 

LP filtering with cutoff 270 Hz and likewise by HP filtering with 

cutoff frequencies above 400 Hz. HP filtering with a cutoff fre­

quency in the range 100 - 200 Hz would seem advisable in such a 

case. 

6. Discussion and conclusion 

There is a great deal of variation within the material con­

sidered here. As regards the subjects for which two or more 

muscles have been recorded, i.e. most of the subjects, it is pos­

sible to see whether the frequency characteristics and general 

appearance of the EMG signals differ more characteristically from 

one person to another, or more characteristically from one muscle 

to another. However, on the basis of the results above, it seems 

hard to draw any such conclusions. 

There are, however, some obvious recurrent characteristics 

of these EMG curves regarding the frequency content of (1) the 

useful signal (recording of action potentials), (2) apparent move­

ment artifacts, (3) microphony, and (4) hum. 

(1) The useful EMG signal, in the case of larynx muscles, 

mostly covers a frequency range from some 100 Hz upwards. There 

is often energy even at 2000 Hz or higher, but it is normally so 

that the spectral energy is most prominent below 1000 Hz and 
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especially in a region from some 200 Hz to some 600 Hz. The sig­

nals which seem generally least contaminated by noise and which 

present the clearest picture of the EMG activity typically exhibit 

energy also at high frequencies. In such cases, a faithful repro­

duction of the overall shape of the curves can be obtained even 

with HP filtering at very high frequencies (in the region 1000 -

2000 Hz), provided that adequate amplification is available (cp. 

figs. 1 and 2). 

This result is clearly at variance with the general experience 

from large muscles. 

(2) Spurious spikes which, according to their location in 

time etc., must be interpreted as movement artifacts, typically 

have their spectral center of gravity at low frequencies, i.e. 

essentially below the useful frequency range of the EMG signal or 

only slightly overlapping it. As a rule of thumb, these artifacts 

are situated in the frequency region up to 100 or 150 Hz (see fig. 

3a and 3b). However, there are other spurious spikes which have 

a broader spectrum, or a spectrum shifted towards higher frequen­

cies (see fig. 4). Some of these occur during the test words and 

typically in connection with features such as the Danish st~d 

(see fig. 5). It should be investigated whether there is a dif­

ference in frequency content between different kinds of movement 

artifacts (e.g. between artifacts caused by external pull in the 

leads of the electrodes and artifacts caused by violent muscle 

contraction). This is important in order to know to what extent 

it is at all possible to discriminate between movement artifacts 

and suspicious spikes which are in fact part of the EMG signal 

(note that the interference pattern of contributions from diff~rent 

motor units may give quite a complex curve at times). 

(3) Microphony is easily removed by HP filtering. It is 

mostly dominated by the first harmonic, so that HP filtering in 

the range 100 - 250 Hz should suffice (depending on the voice), 

see fig. 6. Contrary to expectation, microphony did not occur 

only in recordings from the vocalis muscle; we have found no ex­

planation of why it sometimes occurs with one muscle, at other 

times with another, and why it.sometimes occurs only intermittent­

ly. 

7 
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(4) Hum is mains interference, probably picked up if the 

electric shielding somehow fails to be complete. In our record­

ings it is only occasionally a.problem, and it is generally no 

problem to remove this interference by HP filtering (cutoff some­

where between 50 and 200 Hz). 

Thus, for these EMG data from the internal laryngeal muscles 

recorded by bipolar hooked-wire electrodes, we conclude that the 

highpass cutoff frequency normally proposed in the literature -

i.e. 100 Hz or lower - is generally not sufficient to eliminate 

microphony and movement artifacts. Especially in the case of 

movement artifacts a considerably higher cutoff frequency is fair­

ly often required. The most suitable cutoff frequency seems to 

depend both on the general characteristics of the individual re­

cording and on the position of the artifact in relation to the 

articulation involved. The choice of filtering frequency will 

often be a compromise between the cutoff that is optimal with re­

spect to removal of spurious components and the attenuation of 

the overall signal caused by filtering. However, it is generally 

advisable to highpass filter the signal even at the expense of 

some overall attenuation, and the greatest improvement is often 

achieved by highpass filtering with cutoff frequencies well above 

the low range normally proposed. 
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Figure 1 

EMG signal of the interarytenoid muscle, highpass 
filtered at 400 Hz and 1600 Hz. In all figures 
the uppermost curve shows the unfiltered. signal 
and the lowest one the microphone signal. 
Subject: MF, text: "(d)e sagde sile" (the text in 
brackets is not shown in the figure). 
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Figure 2 

EMG signal of the interarytenoid muscle, highpass 
filtered at 340 Hz and 1600 Hz, 
Subject: JPF, text: "c'est la panne ici". 
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Figure 3a 
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EMG signal of the vocalis muscle, bandpass filtered 
at 68 Hz, 100 Hz, and 150 Hz. The lowest EMG curve 
shows the signal highpass filtered at 200 Hz. The 
arrow in the unfiltered curve points at the artifact~ 
Subject: JJ, text: "deter hu'en de siger'' 
(' indicates the Danish st~d). 
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Figure 3b 

EMG signal of the interarytenoid muscle, bandpass 
filtered at 22 Hz, 68 Hz, 150 Hz, and 220 Hz. 
The arrow in the unfiltered curve points at the 
artifact. 
Subject: LG, text: "de sagde male''~ 
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Figure 4 

EMG signal of the vocalis muscle, bandpass filtered 
at 68 Hz, 150 Hz, 220 Hz, and 470 Hz. The arrow in 
the unfiltered curve points at the artifact. 
Subject: BH, text; "deter k~'ler de siger" .. 
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Figure 5 

EMG signal of the vocalis muscle, bandpass filtered 
at different frequencies between 47 and 2200 az, 
The arrow in the unfiltered curve points at the 
artifact occurring in the st~d-phase. Two other 
artifacts are seen. 
Subj~ct: HU, text: "(det er p)i'ber d(e siger) u •. 
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_Figure 6 

EMG signal of the vocalis muscle, showing micro­
phony in a female voice. The signal is highpass 
filtered at 200 Hz, 250 Hz, and 500 Hz. 
Subject: HU, text: "deter ven'nen de siger". 
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(ARIPUC 14, 1980) 

COARTICULATION OF INHERENT FUNDAMENTAL FREQUENCY LEVELS 

BETWEEN SYLLABLES 

Niels Reinholt Petersen 

Abstract: In Advanced Standard Copenhagen (ASC) Danish the in­
herent Fo level differences between high and low vowels 
are of an order of magnitude comparable to that of the 
Fo deflection in the stress groups. In theory, this 
could imply that the intended stress distribution in an 
utterance might be perceived incorrectly, since the in­
herent Fo level variation could distort the linguistic­
ally relevant Fo pattern in the stress groups. It was 
hypothesized that such distortion is compensated for by 
coarticulation of inherent Fo levels between syllables. 
Experiments carried out to test this hypothesis showed 
that Fo level in one vowel is consistently influenced 
by vowel height in the preceding syllable, being higher 
after a high than after a low vowel. There seems to be 
no consistent influence from the succeeding vowel. 
The greatest amount of compensation is found in the 
first posttonic vowel in the stress group, and it occurs 
whether the consonant between the two vowels is a 
sonorant (m) or a voiceless fricative (f). Formant 
measurements of first posttonic a showed that the for­
mant frequencies are influenced (although slightly) by 
both the preceding a·nd the following vowels. An ex­
planation of the discrepancy between the manner in which 
vowel quality (and hence tongue body position) and the 
manne~ in which Fo is influenced by adjacent vowels is 
attempted in terms of a spring-mass model describing 
the relation between the tongue body and the laryngeal 
structures. 

1. Introduction 

The observed course of fundamental frequency in an utterance 

can be viewed as the result of contributions from several simul­

taneous components. In a non-tonal langua~e such as Advanced 

Standard Copenhagen (ASC) Danish four components have to be con­

sidered (Thorsen 1979): (1) a sentence component which gives the 

intonation contour of the sentence, (2) a stress group component 

which supplies the Fo patterns of the stress groups (a stress group 

7 
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in ASC Danish is constituted by a stressed syllable plus the fol­

lowing unstressed ones, irrespective of intervening syntactic 

boundaries on the same intonat~on contour, cf. Thorsen 1980b), 

(3) - in words with st~d - a st~d component which yields Fo move­

ments characteristic of the st~d, and (4) a segmental (or micro­

prosodic) component which renders the Fo variation attributable 

to the segments constitutin~ the utterance, such as intrinsic Fo 

level differences between segments and coarticulatory effects on 

Foat and across segment boundaries. Since it is a consequence 

of inherent properties of the speech production system, and cannot 

be voluntarily controlled by the speaker 1 , the segmentally deter­

mined Fo variation cannot - unlike the contributions from compo­

nents 1, 2, and 3 - carry linguistically relevant prosodic infor­

mation. On the contrary, if sufficiently large, the segmentally 

determined Fo variation could be expected to interfere with and 

possibly distort the contributions to the fundamental frequency 

course from the linguistically relevant components. 

The present paper examines the interaction between the seg­

mental component (with the emphasis on inherent Fo level differ­

ences between vowels) and one of the linguistically relevant com­

ponents, viz. the stress group component. 

The Fo pattern of the ASC stress group can be described as 

a relatively low stressed syllable followed by a high-falling tail 

of unstressed syllables (Thorsen 1979, 1980b). The Fo rise from 

the stressed to the first posttonic syllable varies (with position 

in time and in the intonation contour) between 3 and 0.5 semitones. 

These values are very similar to the inherent Fo level differences 

between high and low vowels, which have been found by Reinholt 

Petersen (1978, 1979) to vary between 1 and 3 semitones. In theory 

this might imply that the segmental composition of an utterance 

could distort the Fo pattern in such a manner that - assumed that 

Fo is a cue to the perception of stress - the perceived stress 

pattern of an utterance would differ from that intended by the 

speaker due to the qualities of the vowels in the utterance. 

1) This applies to non-tonal languages. In Yoruba, a tone lan­
guage, Hombert (1976) has found a tendency for speakers to 

actively minimize the effect of initial consonants on Fo in 
vowels. 
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Now, apparently this does not happen. People normally perceive 

the stress patterns as intended by the speaker. One explanation 

for this could be that the listener perceptually compensates for 

inherent Fo differences, and thus reconstructs the intended Fo 

contour and patterns. A similar perceptual compensation seems to 

take place as far as intrinsic durational differences between high 

and low vowels are concerned (Reinholt Petersen 1974). However, 

the inherent Fo level differences are considerably larger in 

stressed than in unstressed syllables (Reinholt Petersen 1979), 

and this means that the perceptual system would have to know the 

stress distribution in order to be able to select the appropriate 

correction factor for the reconstruction of the intended stress 

group pattern. Another possibility, which is the one under in­

vestigation here, could be hypothesized, namely that the compen­

sation takes place in the speech production system as coarticula­

tion of inherent Fo levels between syllables. A coarticulatory 

effect of this kind would more or less eliminate the Fo distortion 

introduced by the segmental component, and thus preserve the in­

tended fundamental frequency course. For example, in a sequence 

of high stressed vowel plus low first posttonic, where the dis­

tortion due to vowel height could reduce the intended fundamental 

frequency rise from the stressed to the first posttonic syllable, 

the inherently high Fo level of the stressed vowel could be hypo­

thesized to be carried over to the first posttonic vowel, raising 

its Fo, or (less likely, perhaps) the inherently low Fo level in 

the first posttonic could be anticipated in the stressed vowel, 

lowering the Fo of that vowel. In both cases the distortion intro­

duced by the vowels in the sequence would be smoothed out and the 

intended Fo pattern preserved (to a greater or lesser extent de­

pending on the magnitude of the coarticulation effect). 

2. Experiment I 

Experiment I concentrated on the inherent Fo level differences 

between vowels and their influence on Fo in adjacent syllables. 

More specifically, the following questions were considered: 

(1) Can Fo in one syllable be influenced by a high vs. low vowel 

(i.e. a vowel with high vs. low inherent Fo level) in adjacent 



320 

syllabl~s? (2) Is the effect, if any, directional (i.e. is it 

the preceding or the following syllable which has the stronger 

effect)? (3) Are there differences between syllables in different 

positions in the stress group as to how strongly Fo is influenced? 

2.1 Method 

2.1.1 Material 

The test material consisted of nonsense words of the structure 

mVmVmV with the vowels l, ~ and ~l alternating within the words as 

described below. The test words were embedded in carrier sentences 

where the word immediately following the test word could be either 

markeres [mn 1ghe?As] 'is/are marked', muteres [mu 1g5e?As] 'is/are 

mutated', or miteres [mi 1g5e?As] a non-existing, but possible word 

in Danish. By having~,~, or~ in the first syllable of the word 

following the test.word, the sequence within which the vowels could 

be systematically varied could be extended from three to four syl­

lables. This was considered justified, since word boundaries do 

not seem to have any influence on the Fo pattern in ASC Danish 

(Thorsen 1980a). The frame preceding the test word was Stavelser-

ne i [ 1sgrew!sAna i] 'The syllables of ... ". 

The vowels examined for effects on Fo from preceding and fol­

lowing high and low vowels occurred in stressed, first posttonic, 

and second posttonic position. In addition to this, vowels in 

first pretonic position (i.e. vowels in the last unstressed syl­

lable in the preceding stress group) were examined, in order to 

see whether stressed vowels might produce a stronger effect on 

the preceding vowel than do unstressed vowels. (It should be 

noted that the effect (if any) of stressed vowels on first pre­

tonic vowels operate across the stress group boundary, whereas 

effects of first and second posttonic vowels on preceding vowels 

operate within the stress group.) The material consisted of the 

following 46 test sequences (henceforth a test sequence, i.e. the 

three-syllable test word plus the first syllable of the following 

words, will also be referred to as a test word): 

1) The symbol n is used in this paper to denote a low, unrounded 
mid vowel [n-] or [n+]. 
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1 1 mimimi mi- 24 mi mi I m i mi-

2 1 mimimi mQ- 25 mi mi I m i ma.-

3 1 mimimQ ma.- 26 mimi 1 mo. ma.-

4 1 mimQmQ ma.- 27 mimo.1 mo. ma.-

5 1 mo.mo.mo. ma.- 28 mQmQ1 mQ ma.-

6 1 ma.ma.ma. mi- 29 mQmQ1 mQ mi-

7 1 mQmQmi mi- 30 mo.mQ1 mi mi-

8 1 mo.mimi mi- 31 mo.m i I m i mi-

9 1 mimimo. mi- 32 mimi 1 mo. mi-

10 1 mimo.mi mi- 33 mimQ1 mi mi-

11 1 mQmQm i ma.- 34 mo.mQ I m i mQ-

12 1 mo.mimo. mQ- 35 mo.m i I mQ ma.-

13 1 mumumu mu- 36 mumu1 mu mu-

14 1 mumumu ma.- 37 mumu 1 mu ma.-

15 1 mumumo. mQ- 38 mumu1 mo. mQ-

16 1 mumo.mo. mQ- 39 mumQ1 mo. ma.--
17 1 ma.ma.ma. mu- 40 mQmo.1 mQ mu-

18 1 mo.mo.mu mu- 41 mo.mo.1 mu mu-

19 1 mQmumu mu- 42 mo.mu1 mu mu-

20 •1 mumumQ mu- 43 mumu I mQ mu-

21 1 mumo.mu mu- 44 mumQ1 mu mu-

22 1 mQmo.mu mQ- 45 mo.mo.1 mu mQ-

23 1 mo.mumo. mQ- 46 mQmu I mQ ma.-

The vowels underlined in the list are those which were to be exam­

ined for effects on the fundamental frequency from vowel height 

variation in adjacent syllables. In words 1-23 first and second 

posttonic vowels were examined and in words 24-46 first pretonic 

and stressed vowels were examined. To give an example: 

first posttonic l could be measured in i-i environments in word 

1, in 1-~ environments in word 3, in n-i environments in word 8, 

and in n-Q environments in word 12. 

2.1.2 Recordings and speakers 

The reading list consisted of 46 test sentences and 14 dis­

tractor sentences arranged in six different random orders. The 
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recordings took place in a sound treated room in the Institute of 

Phonetics by means of a REVOX A700 professional tape recorder and 

a Sennheiser MD21 microphone. 

There were four subjects, two females (KM and SI) and two 

maies (PA and NR (the author)), who were all phoneticians and all 

speakers of ASC Danish. The subjects were instructed to read the 

list with a neutral declarative intonation at a comfortable speech 

rate. 

As the list was long and proved rather difficult to read, 

the recordings were divided into readings of one or two randomiza­

tions at a time. As it turned out, this caused the overall Fo 

levels for the individual speakers to vary between readings (see 

further section 2.2 below). Altogether, six repetitions of each 

test word were obtained. 

2.1.3 Registrations and measurements 

The apparatus for registration was a REVOX A77 tape recorder, 

two intensity meters, a fundamental frequency meter (F-J Elec­

tronics), and a Mingograph (Elema 800). The following acoustic 

curves were made: duplex oscillogram, linear HiFi intensity curve 

(integration time 2.5 ms), two logarithmic intensity curves 

(integration time 2.5 ms) HP-filtered at 500 and 2000 Hz, respect­

ively~ and a fundamental frequency curve. The paper speed of the 

Mingograph was l00mm/sec. The duplex oscillogram and the intensity 

curves were used for segmentation purposes only. The accuracy of 

segmentation was ±0.5 cs. The fundamental frequency of the vowels 

was measured at a point in time two thirds from the vowel onset 

(cf. Rossi 1976 and 1978). The scale of the Fo curve varied be­

tween 1 and 3 Hz/mm depending on the speaker, i.e. an accuracy of 

measurement of 1 Hz or less was achieved. 

2.2 Results 

As mentioned in section 2.1.2 above, the recording of the 

material was divided in several readings of one or two randomiza­

tions at a time. This meant a risk for differences in overall Fo 

level between readings to add unduly to the statistical variability 

of the measurements. A Friedman two-way analysis of variance by 

ranks (Siegel 1956) applied to the data showed a statistically 

significant effect of reading (randomization) on the overall Fo 
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level for all subjects (KM: 
2 12.39, 0.05; SI: 2 112.21, Xr = p < Xr = 

0.001; PA: 2 63.88, 0.001; NR: 
2 121.06, < 0.001). p < Xr = p < Xr = p 

Therefore, a normalization procedure was employed in which each of 

the measurements in one randomization was converted into the de­

viation from the mean of all measurements in that randomization. 

This procedure reduced the variation amonq the six repetitions of 

the test vowels, and the original means could be restored by ad­

ding the mean deviations over the six repetitions to the grand 

mean, i.e. the mean of all measurements in all randomizations. 

The means and standard deviations computed on the basis of 

the normalized data are listed in tables 1 to 4 f6r r and n in 

l/~-words and~ and~ in ~/~-words in each of the four stress 

group positions examined, viz. first pretonic, stressed, first 

posttonic, and second posttonic positions. In figs. 1 to 4 the 

mean Fo values for the individual subjects are plotted as a func­

tion of the tongue heights of the preceding and following vowels, 

respectively (i.e. the data points in the figures represent the 

row (X ) and column (X ) means given in tables 1 to 4). Fig. 5 r. c. 
shows the means over ~11 subjects expressed in semitones derived 

by converting the normalized measurements for each subject into 

semitone deviations from that subject's grand mean, and then 

averaging the deviations over the subjects. 

In the evaluation of the data as presented in tables 1 - 4 

and figs. ·1 - 5 it should be kept in mind that the material was 

organized in such a manner that first posttonic and second post­

tonic vowels (indicated by +land +2 in the figures) appeared in 

syllables number two and three (i.e. consecutively) in words with 

the stress on the first syllable (words 1-23), and that first 

pretonic and stressed vowels (indicated by -1 and O in the figures) 

appeared in syllables number two and three in words with the stress 

on the third syllable (words 24-46) (see section 2.1.1 above). 

This means that, apart from comparisons within stress group posi­

tions (which was the object of the design of the material), the 

Fo levels measured can only be compared between the first and 

second posttonic syllables, and between the first pretonic and 

stressed syllables. Comparing the Fo levels of stressed and first 

posttonic vowels, on the other hand, in order to derive the Fo 

rises from stressed to first posttonic syllables would lead to an 

overestimation (although not very great) of the rises, because the 
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Table 1 

Mean fundamental frequencies (in Hz) and standard deviations for 
the vowels i, u, and a. in first pretonic, stressed, first post­
tonic, and second posttonic syllables before and after high vs. 
low vowels. Speaker KM. 

u 
·r-f 
§ prec. 
-P 

[ vowel 
Q, 

.µ 
x Ul 

~ c. 

a1 prec. Ul 
Ul 

~ vowel 
Q, 

Ul 

X c. 

u ·a prec. t vowel Ul Q, a 
.µ X Ul c. ~ 

u ·a 
~ prec. 
Ul vo.vel a a. 

'E X N c. 

in i/a.-words Q in i/a.-words u in u/a.--words Q in u/a.-words 

foll. 
VCMel 

Q, 

190 197 
2.2 7.5 

189 187 
4.3 2.6 

190 192 

Q, 

203 201 
5.8 4.4 

204 203 
6.8 3.5 

204 202 

Q, 

226 229 
5.1 3.5 

220 221 
5.2 5.5 

223 225 

Q, 

207 206 
2.9 4.4 

201 206 
4.8 2.9 

204 206 

X r. 

194 

188 
Q, 

202 

204 
Q, 

228 

221 
Q, 

207 

204 
Q, 

foll. 
vowel 

Q, 

181 186 
2.4 7.5 

187 188 
3.3 5.6 

184 187 

a. 

187 186 
5.4 5.9 

185 190 
6.6 5.2 

186 188 

Q, 

222 222 
5.5 7.1 

215 214 
2.5 5.7 

219 218 

a. 

193 192 
6.2 4.7 

193 192 
4.2 5.1 

193 192 

X r. 

184 
u 

188 
Q, 

187 
u 

188 
Q, 

222 
u 

215 a. 

193 
u 

193 a. 

foll. 
VCMel 

u Q, 

195 190 
5.3 6.3 

189 187 
2.4 3.9 

192 189 

u Q 

209 208 
4.6 6.2 

201 202 
4.8 7.4 

205 205 

u a. 

229 223 
9.0 2.7 

218 220 
2.9 5.2 

224 222 

u a. 

212 212 
11. 7 8.0 

200 203 
5.0 6.1 

206 209 

X r. 

193 

188 

209 

202 

226 

219 

212 

202 

u 

Q 

u 

a 

u 

Q 

u 

Q 

foll. 
VCJ.Nel 

u Q, 

185 187 
3.9 4.0 

185 188 
4.7 5.6 

185 188 

u Q 
I 

186 188 
5.6 5.3 

186 190 
4.7 5.2 

186 189 

u Q,. 

219 216 
3.0 2.2 

214 214 
5.1 5.7 

217 215 

u Q, 

185 182 
6.5 2.9 

191 192 
6.2 5.1 

188 187 

X r. 

186 

187 

187 

188 

218 

214 

184 

192 
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Table 2 

Mean fundamental frequencies (in Hz) and standard deviations for 
the vowels i, u, and a. in first pretonic, stressed, first post­
tonic, ·and iec~nd positonic syllables before and after high vs. 
low vowels. Speaker SI. 

in 1/a.-v-X)rds a. in i/a.-words u in u/ a.-v-X)rds Q. in u/ a.-v-X)rds 

foll. X foll. X foll. X foll. X 
VOilel r. vowel r. vowel r. VONel r. 

Q. Q. u Q. u Q. 

-~ 

E . prec. 
236 240 238 
6.2 9.1 

234 226 230 
3.9 6.5 u 

241 240 241 
7.9 3.7 u 

238 226 232 
5.0 2.7 

~ VOllel 
~ Q. 

.µ 

231, 231 231 
5.8 5.8 Q 

227 222 225 
7.4 3.8 

Q. 
231 231 231 
8.6 6.1 a. 222 222 222 

7.2 3.8 
rn 

X r-! 
c. 234 236 231 224 236 236 230 224 

Q. Q. u Q u Q. 

a1 prec. rn 

255 248 252 
5.4 6.6 

222 225 224 
8.1 9.0 u 

258 256 257 
7.4 4.1 u 

224 226 225 
4.5 5.6 

ID vowel 
11 Q. 

rn 

251 252 252 
5.7 9.4 

(1 
224 227 226 
7.5 4.8 Q 

243 250 247 
4.2 6.6 Q 

222 227 225 
7.5 4.8 

X c. 253 250 223 226 251 253 223 227 

Q. u Q. u Q 

0 
·r-i 
§ prec . ..µ 

278 276 277 
4.8 7.6 

276 277 277 
18.0 11.9 u 

277 284 281 
8.7 8.1 u 

274 269 272 
13.6 7.5 

.µ 
vowel rn a Q. 

271 274 273 
9.4 6.3 

Q. 
264 262 263 

11.3 4.4 Q 
266 264 265 
7.4 7.2 

Q. 
268 262 265 
2.5 4.4 

.µ 
(/l X 

r-i c. 275 275 270 270 272 274 271 266 

Q. . Q. u Q. u Q. 

0 
·r-i 
~ 

B prec . 
.µ 

260 260 260 
4.0 3.7 

243 244 244 
4.5 5.6 u 

255 258 257 
5.8 3.3 u 

246 243 245 
4.2 5.5 

rn vowel a Q 
253 258 256 
8.1 4.5 Q 

241 240 241 
3.9 3.2 Q 

253 254 254 
3.0 9.1 

Q. 
241 240 241 
4.1 3.2 

rg X N c.' 
257 259 242 242 254 256 244 242 
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Table 3 

Mean fundamental frequencies (in Hz) and standard deviations for 
the vowels i, u, and a. in first pretonic, stressed, first post­
tonic, and second posttonic syllables before and after high vs. 
low vowels. Speaker PA. 

in i/a.-words a. in i/a.-words u in u/a.-words a. in u/a.-words 

foll. X foll. X foll. X foll. X 
vowel r. vowel r. vowel r. vCMel r. 

a. a. u a. u a. 

0 
·r-1 

B prec. 
109 109 109 
3.1 1.1 

105 104 105 
1.5 5.2 u 

113 110 112 
1.4 3.3 u 

107 108 108 
2.5 2.4 

~ VCMel 
~ 

a, 111 110 111 
2.6 3.7 

a, 105 103 104 
1.6 1.4 

a, 115 112 114 
4.1 2.3 a. 109 103 106 

3.2 1.4 
.µ 
en X 
r-l c. 110 110 105 104 114 111 108 106 

a. a, u a, u a, 

~ prec. en 

121 117 119 
5.9 3.3 

109 106 108 
3.2 3.1 u 

122 123 123 
3.9 5.0 u 

109 107 108 
3.1 4.5 

en 
Q) vowel 
~ a. 
en 

113 120 117 
3.2 3.7 a. 107 104 106 

7.1 4.9 a. 
116 121 119 
4.6 3.2 

a, 
108 104 106 
3.8 4.9 

X 117 c. 119 108 io5 119 122 109 106 

a. a, u a. u a, 

0 
·r-1 
~ 

.8 prec . 
142 149 146 
4.8 7.4 

141 143 142 
3.2 3.7 u 

144 153 149 
4.2 4.9 u 

142 143 143 
3.2 6.9 

.µ 
en vawel 
& CL 

140 143 142 
3.6 3.1 a. 138 136 137 

8.2 5.9 
a, 

142 142 142 
6.0 8.1 a. 137 136 137 

5.0 5.9 
.µ 
en X 

r-l c. 141 146 140 140 143 148 140 140 

a, a. u Q u a, 
0 

·r-1 
~ 

.8 prec . 
120 123 122 
4.6 5.4 

111 113 112 
6.0 8.2 u 

124 124 124 
4.9 4.4 u 

109 111 110 
2.2 3.5 

.µ 
en vowel a a, 

118 119 119 
3.7 5.6 

a, 114 112 113 
4.0 3.5 a. 119 119 119 

3.9 5.2 a. 
113 112 113 
3.9 3.5 

'8 X N c. 119 121 113 113 122 122 111 112 
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Table 4 

Mean fundamental frequencies (in Hz) and standard deviations for 
the vowels i, u, and a. in first pretonic, stressed, first post­
tonic, and second posttonic syllables before and after high vs. 
low vowels. Speaker NR. 

u 
·a 
B prec. 
(1.) VCMel 
~ a. 
.µ 
Ul x ,-f c. 

aJ prec. 
Ul 
Ul VCMel 
~ a. 
Ul 

X c. 

u ·a prec. B 
+J VCMel Ul a a. 

+J X Ul 
,-f c. 

u .,..; 

§ prec. 
t vowel en a a. 

'E X 
N c. 

in i/a.-words a. in i/a.-words u in u/a.-words a. in u/a.-v.e>rds 

foll. 
VCMel 

a. 

89 87 
1.5 1.8 

83 85 
4.3 1.6 

86 86 

a. 

91 91 
1.4 2.5 

89 88 
3.4 1.6 

90 90 

a. 

106 109 
4.5 4.3 

102 102 
3.3 5.5 

104 106 

102 102 
3.5 2.8 

100 100 
2.2 2.8 

101 101 

X 
r. 

88 

84 a. 

91 

89 a. 

108 

102 a. 

102 

100 a. 

foll 
vowel 

a. 

83 84 
1.1 1.6 

84 83 
2.4 3.0 

84 84 

. a.. 

83 82 
3.4 2.5 

83 82 
3.5 3.. 9 

83 82 

a. 

110 106 
2.8 4.0 

102 99 
2.6 3.2 

106 103 

a. 

96 95 
3.0 6.8 

96 96 
3.1 2.3 

96 96 

x r. 

84 
u 

84 a. 

83 u 

83 a. 

108 u 

101 
0. 

96 u 

96 
0. 

foll 
vowel 

u 0. 

89 89 
2.0 1.8 

86 85 
2.0 1.3 

88 87 

u a. 

94 92 
2.3 1.2 

89 89 
3.5. 2.3 

92 91 

u a. 

108 111 
3.8 6.0 

105 106 
5.3 6.3 

107 109 

u Q 

103 103 
4.6 6.0 

98 99 
3.0 2.4 

101 101 

x r. 

89 

86 

93 

89 

110 

106 

103 

99 

u 

0. 

u 

0. 

u 

0. 

u 

0. 

foll 
vowel 

u 0. 

86 85 
1.4 2.4 

84 83 
0.6 3.0 

85 84· 

u a. 

84 84 
3.7 3.2 

83 82 
4.1 3.9 

84 83 

u 0. 

106 110 
3.3 2.1 

101 99 
3.0 3.2 

104 105 

u 0. 

96 95 
3.5 5.1 

96 96 
3.4 2.3 

96 96 

x r. 

86 

84 

84 

83 

108 

100 

96 

96 

7 
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230 
-1 0 +1 +2 -1 0 +1 +2 

N ·~ ~ :c ~ C: 
•r-

\ 0 °"o \ LI... 
~ 200 

> --- ~ I __. __. 
180 

i a a a a uauaua u a 
vowe 1 in the preceding syllable 

230 
-1 0 +1 +2 -1 0 +1 +2 

~ °'--o N 
:c --. 

~ C: 

0 

°'--o ~- 0--0 ✓ 
LI... 

200 

~' 

~ ..... > ~ --. 
180 

I a a a a uauauaua 
vowel in the following syllable 

Figure 1 

Mean fundamental frequencies in i (o), u (o), .and a. (e) in first 
pretonic (-1), stressed (0), first posttonic (+l) ,-and second post­
tonic (+2) syllables as a function of high and low ·vowels in the 
preceding· (upper graph) and following (lower graph) syllables. 
Left: l/£ words; right:~/£ words. Speaker KM. 
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-1 0 +1 +2 -1 0 +1 +2 
290 

N ': \ :r: 
C: 

•r-

~ 0 \ °'o LJ... 0-0 250 

"-~ 
.~ ____. \ .. 

220 
a i a a a uauaua u a 

vowel in the preceding syllable 

280 -1 0 +1 +2 -1 0 +1 +2 

0-0 

' 
N ...... 

:I: 

C: 
•r-

0 aP 
LJ... 250 

...... ...... 
~ 0-<) 

\.,,. '- .,,. 
220 

i a I Q a a uauauaua 
vowel in the following syllable 

Figure 2 

Mean fundamental frequencies in i (O), u (O), and a (e) in first 
P,retonic (-1), stressed (0), first posttonic (+1) ,-and second 
posttonic (+2) syllables as a function of high and low vowels in 
preceding (upper graph) and foilowing (lower graph) syllables. 
Left: l/Q words; right: ~/Q words. Speaker SI. 

7 
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150 
-1 0 +1 +2 -1 ,0 +1 +2 

~ N ~ ::::r: 

C 
•,-

0 
LL 

°'a °'u ~ ~ 

~~ 
__. ~ ~ 

~~ ....... 
100 

I 0 I 0 a a u a u a u a u a 

vowel in the preceding syllable 

-1 0 +1 +2 -1 0 + 1 +2 
150' 

/ N ~ :!: ..... 
s:: 

•,-

0 
Li... 

~ ✓ 0-0 

~ ..... °'--a __. 
0--0 

~ ~'-....... 
100 

I a I 0 a a uauauau a 

vowel in the following syllable 

Figure 3 

Mean fundamental frequencies in i (O), u (o), and a (e) in first 
pretonic (-1), stressed (0), first posttonic (+1) ,-and second post­
tonic (+~} syllables as a function of high and low vowels in the 
preceding (upper graph) and following (lower graph) syllables~ t: 
Left: l/Q words; right:~/~ words. Speaker PA. 
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120 
-1 • 0 +1 +2 -1 0 +1 +2 

N 
:;:c 

C: 
•,-

~°"o 
0 \ LL. °'o 100 ...... ...... 

80 
~:: ~::: 

a a a a uauauau a 
vowel in the preceding syllable 

-1 0 +1 ·+2 -1 0 +1 +2 
N 120 
:r: 

C: 
•,-

~ 0 ~ LL. 100 0-0 0--0 ...... ...... 
0--0 0-o 

80 
~.._... ~--. 

a I Q a a uauaua u a 
vowel in the following syllable 

Figure 4 

t-Ieat1 fundamental frequencies in i (0), u (0), and Q (e) in first 
pretonic (-1), stressed (0), first posttonic (+1) ,and second post­
tonic (+2) syllables as a function of high and low vowels in the 
preceding (upper graph) and following (lower graph} syllables. -
Left: l/~ words; right:~/~ words. Speaker NR. 
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QJ 
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E 
QJ 
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•r-

0 
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Vl 
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C 
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.µ 
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E 
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0 +1 +2 -1 0 + 1 +2 

.... 
°u ......... 

a a a a u a u a u a u a 

vowel in the preceding syllable 

... 1 0 +1 

0-o 

a a a 

2 

o-0 ... 
a 

~ 1 0 + 1 +2 

o-0 

uauauaua 
vowel in the following syllable 

Figure 5 

Mean fundamental frequencies in semitones averaged over all speakers 
in i (O), u (o), and a. (e) in first pretonic (-1), stressed (0), 
first posttonic (+1) ,-and· second posttonic (+2) syllables as a 
function of high and low vowels in the preceding (upper graph) and 
following (lower graph) syllables. Left: i/o. words; right: u/o. 
words. - - - -
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first posttonic vowels measured occurred earlier in time on the 

falling intonation contour of the sentence than did the stressed 

vowels measured, viz. in syllables number two and three, respect­

ively, in the two types of test words. 

The data were submitted to a $eries of two-way analyses of 

variance (preceding vowel x following vowel). Each of the 2 x 2 

matrices of tables 1 to 4 was analyzed separately. The results 

of the analyses are summarized in table 5. 

Table 5 

Results of the two-way analyses of variance 
applied to the data presented in tables 1 to 4. 
++ indicates p < 0.01, and+ indicates p < 0.05. 
Parentheses denote that the effect is significant, 
but goes in the "wrong" direction, i.e. Fo is 
higher before or after low vowels than before or 
after high vowels. 

i/a.-words u/a.-words 

i a. u a. 
prec. foll. • prec. fo·11. prec. foll. prec. foll. 

KM + + 
1st SI + + + ++ ++ ++ 
pretonic PA + + 

NR ++ ++ + 

KM ++ 
SI ++ 

stressed PA + 
NR + ++ 

KM ++ ++ ++ 
1st SI + ++ 
post tonic PA ( +) + + + 

NR ++ ++ + ++ 

KM + ++ (++) 
2nd SI + 
posttonic PA + 

NR + 

The data demonstrate clearly that the fundamental frequency of one 

vowel can be influenced by the quality of neighbouring vowels, but 

it is equally clear that it is the precedinq vowel that exerts the 

greater and more consistent influence, Fo being in a vast majority 

of the cases higher after a high vowel than after a low vowel. 
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The effect of the following vowel is generally considerably smaller 

and much less consistent. It may be of interest to note that four 

out of the five cases, where the effect of the following vowel was 

statistically significant, occurred in the first pretonic syllable, 

i.e. before a stressed vowel, and across the stress group boundary. 

The fundamental frequency of vowels in different positions.in 

the stress group is not influenced to equal degrees by the quality 

of the preceding vowel. The strongest effect is found in the first 

posttonic syllable as a result of vowel height variation in the 

stressed syllable. It is seen from fig. 5 that the effect in the 

first posttonic·approaches one semitone on the average. In the 

other unstressed syllables the influence is weaker and less con­

sistent. The stressed syllable seems also to be the most resistent 

with respect to the influence on Fo of the tongue height of the 

preceding vowel. The vowel ~,.however, is an exception to this 

general tendency, Fo in stressed u being strongly affected by the 

preceding vowel. The behaviour of stressed u and the finding that 

first pretonic vowels can be influenced by following stressed vowels 

show that coarticulatory effects on Fo between syllables can occur 

across stress group boundaries, a fact which weakens the case for 

the stress group as an autonomous unit in the production of the 

fundamental frequency course. On the other hand, the effect of 

stressed vowel on the f~rst pretonic was only statistically sig­

nificant in four cases out of 16 (cf. table 5 upper row), and -

as pointed out above - apart from~' Fo in stressed syllables are 

not affected by the.quality of the preceding vowel; this, of course, 

can be due to the resistance of the stressed vowel itself, but it 

may just as well be due to a blocking effect of the preceding 

stress group boundary. 

2.2.1 Fo rises from stressed to first posttonic syllables 

In the results given above one point deserves special atten­

tion, namely the finding that the strongest effect on the funda­

mental frequency is that of the stressed vowel on the first post­

tonic. This is interesting because it might be taken to suggest 

that the Fo rise from the stressed to the first posttonic syllable, 

which seems to be an important characteristic of the Fo pattern 

in the stress group in ASC Danish, tends to remain constant irre­

spective of vowel heights (and hence Fo levels) in these syllables. 
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But the above data also suggest that the tendency towards constancy 

is not complete, in the sense that the inherent fundamental fre­

quency level variation in the stressed syllables is not fully com­

pensated for in the first posttonics. Now, the data presented 

above do not provide direct information about the Fo rises, since -

as pointed out - the organization of the material does not permit 

intersyllabic comparisons between stressed and first posttonic syl­

lables. Therefore, in order to obtain such information two addi­

tional sets of Fo measurements were made, viz. in stressed vowels 

in words with the stress on the first syllable and in first ~ost­

tonic vowels in words with the stress on the third syllable. 

Thus, on the basis of these measurements and the measurements al­

ready made in first postt6nic vowels and stressed vowels, respect­

ively, two sets of Fo rises from stressed to first posttonic syl­

lables could be derived, both sets containing all possible combina­

tions of i and a and u and a in the two syllables. The rises were 

computed from raw (i.e. non-normalized) measurements. 

The mean Fo rises and standard deviations are given in table 

6, and figs. 6 to 7 show the mean Fo values in stressed and first 

posttonic syllables under the various tongue height conditions. 

It is seen that Fo rises starting from low stressed vowels are 

considerably greater than those starting from high stressed vowels, 

but also that some compensation occurs in the first posttonic vowels, 

the fundamental frequency in these vowels being higher after high 

than after low stressed vowels. This is in line with the tendency 

suggested by the data dealt with above. It also appears from figs. 

6 and 7 that the height of the preceding vowel contributes more to 

the Fo level variation in first posttonic vowels than do the in­

herent Fo level differences in these vowels; on an average, the 

effect of high vs. low vowel in the preceding syllable amounts to 

4 Hz for KM, 10 Hz for SI, 5 Hz for PA, and 6 Hz for NR, which can 

be compared to inherent Fo level differences of 4 Hz, 5 Hz, 4 Hz, 

and 2 Hz, respectively. 

Table 7 gives the amount of compensation in pairs of stressed­

first posttonic sequences having high vs. low vowels in the stres­

sed syllable and identical vowels in the first posttonic (i.e. 

'l-l/ 1~-l, 11-n/ 1
~-~' etc.). The compensation index was derived 

by dividing the effect on Fo in the first posttonic (i.e. the Fo 

after high minus Fo after low stressed vowel) by the high-low dif­

ference in the stressed vowels. 
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KM 

I I 
'i- i ta-i Ii-a ta-a tu-u ta-u lu-a 

SI 

I 

Ii- i 'a-i 'i- a Ia-a Iu-u Ia-u Iu-a 'i- i 'a-i 'i- a 'a-a 'u-u la-u 'u-a 

Figure 6 

Mean fundamental frequencies in sequences of stressed-first post­
tonic vowels (the data for each sequence are connected by lines). 
High and. low vowels are indicated by open and filled triangles, 
respectively. The left and right columns depict data from words 
with the stress on the first syllable and from words with the 
stress on the third syllable, respectively. Speakers KM (upper 
graph) and SI (lower graph). 
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PA 

I I I 

li-i ta-i 'i-a'a-a'u-u'a-u.'u-a 'i- i 'a-i Ii-a 'a-a 'u-u 'a-u 'u-a 

NR 

I I I I I I I I 
Ii- i 'a- i 'i-a 'a-a 'u-u 'a-u 'u-a 1i- i 1a-i 'i-a 'a-a 'u-u 1a-u 1u-a 

Figure 7 

Mean fundamental frequencies in sequences of stressed-first post­
tonic vowels (the data for each sequence are connected by lines). 
High and low vowels are indicated by open and filled triangles, 
respectively. The left and right columns depict data from words 
with the stress on the first syllable and from words w1th the 
stress on the third syllable, respectively. Speakers PA (upper 
graph) and NR (lower graph). 
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Table 6 

Mean fundamental frequency rises (and standard devia­
tions) from stressed to first posttonic vowels. Columns 
marked I list data from words with the stress on the 

o o o I 
first syllable, columns marked 

00 0 
list data from words 

with the stress on the third syllable. 

KM SI PA NR 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 

I i-i X 
s 

23.3 21. 8 25.8 18.7 24.2 14.3 14.3 15.7 
3.0 5.6 4.2 7.1 3.4 7.3 2.7 3.9 

I a.- i x 
s 

36.8 36.7 47.0 37.7 32.7 24.2 22.5 20.3 
4.4 5.5 4.9 5.0 3.0 5.5 5.0 4.5 

I i -a. 
·x 
s 

13.3 17.5 20.5 15.5 23.2 13.2 15.5 18.0 
4.2 3.6 6.4 6.3 4.5 2.6 2.6 3.6 

'a.~a. 
X 
s 

33.3 38.0 43.5 31.0 30.0 21. 0 19.2 23.3 
4.0 6.6 3.3 9.6 5.7 3.7 5.1 4.0 

I u-u X 
s 

25.0 22.8 29.2 16.5 25.5 18.0 14.2 19.2 
4.0 6.7 5 •. 3 4. 3 2.2 6.1 3.0 2.1 

'a.-u 
X 
s 

33.7 32.8 45.0 36.2 34.0 25.0 22.3 21.2 
2.7 6.3 9.3 6.2 3.9 4.3 6.2 5.8 

'u-a. 
X 
s 

13.3 14.5 18.2 9.8 23.8 10.8 16.7 16.2 
5.0 10.0 2.6 9.2 5.9 2.9 1.5 3.7 

Table 7 

Amount of compensation in the first posttonic syllable 
for the inherent Fo variation in the stressed syllable. 
1

000 
and 

00

1
0 

denote figures derived from test words 
with the stress on the first and third syllable, re­
spectively. Full compensation= 1.0. 

I i - i / I a. - i I i - a./ I a.- a. I u - u / I a. - u I u - a./ I Q - a. 

KM 0 0 0 
0.32 0.29 0.55 0.09 

0 0 0 
0.17 -0.82 0.57 -0.28 

SI 0 0 0 
0.24 0.39 0.41 0.22 

0 0 0 
0.42 0.24 0.50 0.28 

PA C O 0 
0.20 0.50 0.20 0.50 

0 0 0 
0.29 0.29 0.50 0.42 

NR C O 0 
0.36 0.70 0.25 0.85 

0 0 0 
0.50 0.44 0.82 0.30 
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The degree of compensation varies a great deal, but no systematic 

trend in the variation can be seen; on the average the compensation 

amounts.to 0.34, i.e. the inherent fundamental frequency variation 

due to vowel height in stressed syllables is compensated for by 

approximately one third of the amount in the first posttonics. 

Although not entirely within the scope of the present paper, 

one point concerning the Fo rises should be mentioned, namely the 

tendency which appears in table 6 for the magnitude of the Fo rises 

beginning with high vowels to be nearly the same for all speakers, 

irrespective of their overall fundamental frequency level. This 

is more clearly illustrated in fig. 8, where the Fo rises from 

high and low stressed vowels are plotted as a function of the Fo 

level of the stressed vowels. It is seen that the regression line 

fitted to the I i- and 1 u-rises is almost constant, at a level of 

about 18 Hz (slope= 0.0137), throughout the fundamental frequency 

range covered by the four speakers. The magnitude of the Fo rises 

beginning with the vowel~' on the other hand, show an increasing 

tendency through the Fo range (slope= 0.1234). The difference 

between the slopes is, of course, due to the fact that the inherent 

fundamental frequency differences increase with the general Fo 

level (as was also found by Reinholt Petersen, 1978), and that 

these differences are only partly compensated for in first post­

tonic vowels. The vertical dispersion of the data points within 

each category (rises from i and u and rises from£) can - at least 

in part - be ascribed to inherent Fo differences between vowels in 

first posttonic syllables, rises to high vowels tending to be 

greater than rises to low vowels. The tendencies lined out here 

are interesting and deserve further experimentation, intended to 

see whether they hold in a larger sample of speakers, and to exam­

ine the mechanisms underlying them. 

2.3 Discussion 

In section 1 above it was suggested that the inherent Fo level 

differences between vowels could distort the intended Fo pattern 

of stress groups in such a manner that the stress distribution 

perceived by the listener would differ from that intended by the 

speaker. Two possibilities were hypothesized which might ensure 

the correct transmission of stress distributions from speaker to 

listener, namely (1) that the perceptual system compensates for 
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Figure 8 

Mean F rises from stressed to first posttonic vowels plotted as 
a func~ion of F in the stressed syllables. 1 i-i and 1u-u rises 
are indicated b? 1::. , 1 i -a. and I u-o. rises by • , - 10:- i and- 10:-u rises 
byo, and 1

0.-0. rises by-•. The full and broken-lines are regres­
sion lines fitted to the data points representing rises starting 
with low stressed and with high stressed vowels, respectively. 
The dotted lines separate the data for NR and PA and the data 
for KM and SI. 
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the inherent Fo variation and thus restores the intended Fo course, 

or (2) that the compensation takes place in the speech production 

system in the shape of coarticulation of inherent Fo level across 

syllable boundaries so that the linguistically irrelevant Fo varia­

tion is smoothed out and the intended Fo pattern preserved. 

The above experiment has shown that the inherent Fo level dif­

ferences are to some degree smoothed out as a result of carry-over 

coarticulation of Fo from one syllable to the next. This is par­

ticularly true of the effect of stressed vowels on Fo in first 

posttonic vowels. On the other hand, in the majority of cases in 

the present material the Fo rises from stressed to first posttonic 

syllables seem to be sufficiently great in comparison with the in­

herent Fo level differences between high and low vowels for them 

to be preserved even if no coarticulatory compensation for the in­

herent differences had occurred. But there are a few cases of 

stressed l or~ followed by first posttonic ~, where the compensa­

tion effect is almost entirely responsible for the rise (see e.g. 

KM's I i-a vs. 1~-~ (left column of fig. 6), SI's 1 u-a vs. 1a-a 

(right column of fig. 6), and PA's 1 u-a vs. 1 a-a (right column of 

fig. 7)). Even in such cases, however, it is a question whether 

the observed effect can be assumed to be a necessary prerequisite 

for - or to facilitate - the perception of stress. A further dis­

cussion of this matter will, however, be postponed till section 4 

below, where the results of Experiment II will also be taken into 

consideration. The present discussion will focus upon the mecha­

nisms responsible for the coarticulation of inherent Fo levels 

across syllable boundaries. More specifically the question will 

be considered whether it is tongue height that is coarticulated 

or it is Fo (or rather the laryngeal conditions which produce the 

inherent Fo level differences between vowels). 

Before proceeding any further, it may be appropriate to review 

briefly the current hypotheses advanced to explain the inherent Fo 

level differences. 1 One hypothesis rests on the assumption that 

the acoustic impedance in the glottis is sufficiently low, relative 

1) The following review is neither exhaustive nor does it attempt 
to evaluate the hypotheses sketched. Critical and more de­

tailed reviews are given in e.g. Ewan (1979), Ohala (1973), and 
Reinholt Petersen (1978). 

l 
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to the comparatively high input impedance to the vocal tract at 

low first formant frequencies, for some coupling to occur between 

the vocal tract and the glottis (e.g. Flanagan and Landgraf, 1968, 

Lieberman, 1970). If this is so, the first resonance of the vocal 

tract will cause a change, i.e. an increase of the fundamental fre­

quency. Since such an effect becomes greater the lower the first 

formant, i.e. the closer the first resonance is to the Fo range, 

vowels with low first formants (e.g. land~) will have higher 

fundamental frequency than vowels with high first formants (e.g. 

~) . 
Another hypothesis suggests that the tongue, when elevated 

for the production of high vowels, pulls the hyoid bone and _the 

larynx upwards (Ladefoged, 1964, Lehiste, 1970). This vertical 

pull is then thought to be translated into an increased longitu­

dinal tension of the vocal cords, which in turn leads to a higher 

fundamental frequency. 

A third hypothesis, advanced by Ohala (1973) and elaborated 

upon by Ewan (1975, 1979), is also based on the pull of the tongue 

on the laryngeal structures. But according to this hypothesis 

the increased tongue pull in high vowels gives rise to an increased 

vertical tension in the vocal cords, which is established through 

the mucous membrane and other soft tissues without involving the 

hyoid bone and the hard tissues of the larynx. Ewan (1975, 1979) 

has proposed a modification of the hypothesis, emphasizing not so 

much the pull as the retraction of the tongue and the constriction 

of the pharynx in low vowels, which increase the vibrating mass 

and decrease the vertical tension of the vocal cords, with a lower 

Fo as the result. 

Now, in the present material the Fo variation in first post­

tonic syllables attributable to the variation in tongue height of 

the preceding (stressed) vowel approaches one semitone. If an 

effect of that magnitude were to be explained by coarticulatory 

assimilation of tongue height, a radical quality shift should be 

expected in first posttonic vowels. This applies no matter whether 

the inherent Fo level differences between vowels are to be accounted 

for by the acoustic source/tract coupling hypothesis or by the 

physiologically based tongue pull hypothesis. Listening to the 

recorded material did not, however, reveal any such changes of 

vowel quality. In order to obtain quantitative data to illuminate 

- -- ~--------------------
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this point, the frequencies of the first and second formants in 

a. in first posttonic syllables were measured in the recordings of 

the two male speakers PA and NR. The mean formant frequencies are 

plotted in fig. 9 as a function of the vowels in the preceding and 

following syllables, respectively. The formant data were submitted 

to a series of two-way analyses of variance (preceding vowel x 

following vowel), the results of which are summarized in table 8. 

Table 8 

Results of the two-way analyses of variance applied to 
the formant data for the vowel a. depicted in fig. 9. 
++ indicates p_ < 0. 01, and + indicates p < 0. 05. 

PA 

NR 

first formant 

i/a.-words u/a.-words 

1Prec. foll. prec. foll. 
vowel vowel vowel vowel 

+ 

+ 

second formant 

i/a.-words u/ a.-words 

prec. foll. prec. foll. 
vowel vowel vowel vowel 

++ ++ ++ 

++ + ++ ++ 

It is seen (as could be expected on the basis of the auditory 

evaluation) that the formant frequencies of first posttonic syl­

lables are only moderately influenced by the adjacent vowels; and 

the very small_- and in most cases non-significant - effect ob­

served in the first formant precludes the possibility of the in­

fluence on Fo from the preceding vowel to be accounted for by 

acoustic coupling between the vocal tract and the glottis. Further­

more, to the extent that the formant frequencies are influenced by 

the vowels in adjacent syllables (this applies to the second 

formant in particular), they are influenced by both preceding and 

following vowels, whereas Fo is influenced mainly by preceding 

vowels. 

Thus, the formant data reveal a discrepancy between the effect 

of neighbouring vowels on the fundamental frequency and the effect 

of neighbouring vowels on the position of the tongue body, both as 

regards the magnitude and the direction of the effects. This inter­

pretation of the formant data presupposes, of course, that the 

formant frequency changes observed in the present material can be 

ascribed to tongue body position changes. This can be assumed to 

be the case with reasonable certainty in the l/~ words, but not, 
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Figure 9 

Mean frequencies of formant 1 and formant 2 in first posttonic Q 

as a function of preceding and following high and low vowels. 
Speakers PA (left) and NR (right). 
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perhaps, in the~/~ words, where lip rounding is also involved. 

The discrepancy can be explained under the tongue pull hypo­

thesis - but not under the s.ource/tract coupling hypothesis - if 

the relation between tongue height and the laryngeal conditions 

responsible for inherent Fo level differences between vowels can 

be described in terms of a damped spring-mass system, where the 

driving force is the tongue body, the spring represents the con­

nection between the tongue body and the laryngeal structures, and 

the mass represents the tension and/or mass of the vocal cords. 

If this description is tenable, changes of the laryngeal conditions, 

and hence of the fundamental frequency, will occur with a delay 

relative to the changes in tongue height which produce them. 

3. Experiment II 

Experiment II was primarily intended to examine, as a supple­

ment to Experiment I, whether the effect of a high vs. a low vowel 

in one syllable on the fundamental frequency in the following one 

would also show up if the consonant between the two syllables was 

voiceless instead of voiced as in Experiment I, but since it would 

imply only a limited extension of the material it was decided also 

to consider the question whether a segmentally determined Fo level 

variation in one syllable conditioned not by vowel height but by 

the initial consonant could produce an effect on Fo in the fol­

lowing syllable similar to that produced by a high vs. a low vowel. 

3.1 Method 

3.1.1 Material 

Since the results of Experiment I indicated that Fo in one 

syllable is influenced almost exclusively by tongue height differ­

ences in the preceding syllable, and since the effect turned out 

most markedly in the first posttonic, it was thought appropriate 

to make ~P the test material so as to focus on the influence on Fo 

in the first posttonic from the segmental variation in the stressed 

syllable. The present material was limited to include only the 

vowels and~' and the consonants chosen were the labials m and f. 
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The test material consisted of all possible 'cvcv combinations 

of the two consonants and the two vowels. The test words were em­

bedded in carrier sentences similar to those of Experiment I. 

3.1.2. Recordings and speakers 

The sixteen test sentences and eight distractor sentences 

were arranged in six different random orders in a reading list, 

i.e. six repetitions of each word were obtained. The recordings 

were made under ·the same conditions as in Experiment I, and with 

the same subjects (see section 2.1.2 above). Since the list was 

comparatively easy to read all six randomizations were recorded 

in one session. 

3.1.3 Registrations and measurements 

The following acoustic curves were made: duplex oscillogram, 

two intensity curves (HiFi linear and HP-filtered at 500 Hz, 

logarithmic, integration time 2.5 ms for both), and a fundamental 

frequency curve. The fundamental frequency of the stressed and 

first posttonic vowels were measured at a point in time two thirds 

from vowel onset. 

3.2 Results 

Since all six randomizations of the test words were read in 

one session it was not considered necessary to carry out a normali­

zation of the measurements as was done in Experiment I, and in­

spection of the variability of the present data did not reveal any 

systematic deviation from the variability of the normalized data 

of Experiment I. 

3.2.1 Effect of initial f vs. m on Fo in the vowel 

A prerequisite for considering at all whether f vs. m and i 

vs. ~ in the stressed syllable have similar effects on the funda­

mental frequency in the first posttonic syllable was that the in­

trinsic Fo differences produced in the stressed syllable by the 

two different types of segmental variation (f vs. m and i vs. ~) 

were of the same order of magnitude. In order to see whether this 

was the case, means and standard deviations for Fo in the vowels 
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of all I!!J_, _f.J_, ma, and fa syllables in stressed position were com­

puted, and a series oft-tests were applied to test the statistical 

significance of the differences between means in the vowels follow­

ing i and m. Table 9 gives the means, standard deviations, differ­

ences between means, and levels of significance achieved. The 

means are displayed graphically in fig. 10 in Hz for the individual 

subjects and in semitones averaged over the subjects. 

It is seen that there is a clear tendency for Fo to be higher 

after f than after~, and the effect was significant at a very high 

level in all cases. Furthermore, the effects of initial consonant 

and of vowel height seem to be of comparable magnitudes, although 

the former effect is slightly smaller than the latter. On the 

average the Fo difference between i and a amounts to 1.3 semitones 

compared to a difference of 0.9 semitones between vowels following 

f and m. The initial consonant also influences Fo in first post­

tonic vowels, but to a lesser degree than in stressed syllables. 

The difference in the posttonic vowels after m vs. f were 0.6 

semitones on the average. The Fo intrinsic level difference be­

tween i and a in first posttonic vowels was 0.5 semitones on the 

averag.e. 
Table 9 

Mean fundamental frequencies and standard deviations in 
the stressed vowels i and a and differences between means 
after initial f and m. The levels of siqnificance of the 
differences between f and mare indicated by+++ for 
p < 0.001 and++ for-p < 0:01. 

f- m- f-m 

-i X 194.5 186.7 7.8+++ 
s 5.595 5.247 

KM -
X 184.2 175.6 8.6+++ 

-Q, 
3. 978- 3.717 s 

- 229.8 
-j X 218.0 11.8+++ 

s 5. 8 38 3.989 
SI -

X 210.5 203.0 7.5+++ -a 
6.454 5.668 s 

- 111.3 -i X 106.2 5.1++ 
s 7.910 3. 29 3 

PA - 105.0 X 100.4 4.6+++ -a. 
3.257 2.618 s 

-
-j X 102.0 95.5 6.5+++ 

s 2.136 1.351 
NR - 92.4 88.0 X 4.4+++ -a. 

1.974 2.828 s 
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Figure 10 

Mean fundarnentai frequencies in stressed i (O) and Q (e) as a 
function of initial f and m for the four subjects individually 
and averaged over all subjects (in semitones). 
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3.2.2 The effects of i vs. Q and f vs. m initially in the 

stressed syllable on Fo in the first posttonic 

Table 10 presents the means and standard deviations of the 

Fo measurements in first posttonic i..!_, .f..£,~, and mQ syllables 

after i .vs. Q and initial f vs. m in the preceding, stressed syl-. - - -
lable. The means are displayed graphically in fig. 11 for the 

subjects individually in Hz, and averaged over the subjects in 

semitones~ The data were submitted to~ series of two-way ana­

lyses of variance (tongue height x consonant type in the stressed 

syllable). Each of the 2x2 matrices in table 10 were analysed 

separately. The results of the analyses of variance are given in 

table 11. 

Before further considering the results, it should be noted 

that the data for one of the subjects, PA, seem to show a rather 

atypical pattern. From fig. 11 it is seen that in 3 out of the 4 

posttonic syllables examined, PA has a higher Fo after~ than 

after l in the preceding syllable. This is in disagreement with 

what is found for·the other subjects in the present experiment 

and also with PA's results in Experiment I (see fig. 3 above). 

In view of this, the evaluation of the data will be based mainly 

on subjects KM, SI, and NR. 

The data show - like those of Experiment I - that the tongue height 

of the vowel in the stressed syllable influences the fundamental 

frequency of the first posttonic vowel. Furthermore, it is evident 

that this effect exists irrespective of whether the intervening 

consonant is voiced or voiceless. 

In contradistinction to the effect of tongue height, Fo varia­

tion due to the tnitial consonant in the stressed syllable has no 

effect on the fundamental frequency of the first posttonic vowel. 

There is a slight, but not consistent, tendency for Fo in that 

vowel to be higher after an i than after an~ initially in the 

stressed syllable, but the effect could be proved statistically 

significant only in one case (se table 11) out of 12 (leaving PA 

out), which can be compared to 9 out of 12 cases of significant 

tongue height effects. 

1 
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and standard deviations 

Table 10 

Mean fundamental frequencies (in Hz) 
first posttonic -fi, -fa., -mi, and -m 
and f vs. m in thepreceding(stresse 

in 

prec. 

KM vowel 
Q, 

X c. 

prec. 
SI vowel 

a. 

x c. 

prec. 
PA vowel 

Q, 

X c. 

prec. 
NR vowel 

Q, 

X c. 

-f i 

initial 
cons. in 
prec. syl. 

f m 

202 203 
6.2 2.0 

203 203 
3.6 1.9 

203 203 

f m 

. 243 239 
3.8 5.2 

238 237 
2.5 2.3 

241 238 

f m 

133 125 
5.9 3.3 

128 131 
7.1 5.1 

131 128 

f m 

111 114 
2.2 2.4 

111 109 
2.3 0.8 

111 112 

- fa. 

initial 
X r. cons. in X 

syl. r. prec. 
. f m 

203 201 198 200 
6.0 4.7 

203 196 198 197 
Q, 4.9 3.4 

199 198 

f m 

241 239 231 235 
4.8 5. 

238 a. 226 228 
5.1 

233 23 

f m 

129 129 123 126 
15.3 3.4 

130 a. 121 123 122 
4.1 4.8 

125 123 

f m 

113 112 111 112 
2.3 2.2 

110 
Q 

106 108 107 
3.4 2.6 

109 110 

a. syllables after i vs. a. - -
d) syllables. 

-mi -ma. - -
initial initial -cons. in X cons. in 

syl. r. prec. prec. syl. 

f m f m 

i 
205 200 203 

i 
199 199 

3.5 4.3 3.1 2.3 

198 199 199 197 193 
Q, 5.2 5.4 

Q, 3.0 3.6 

202 200 198 196 

f m f m 

i 
234 234 234 

i 
230 230 

4.8 7.5 5.2 4.3 

229 229 229 224 223 a. 3.8 5.8 
Q, 

2.2 2.2 

232 231 227 227 

f m f m 

i 123 124 124 i 117 124 
6.9 4.3 6.0 7.9 

126 124 125 
Q, 

125 118 
Q 

8.2 5.3 5.6 5.7 

125 124 121 121 

f m f m 

i 106 106 106 i 104 104 
2.5 2.5 3.4 2.8 

Q 
102 101 102 

Q, 
100 99 

4.7 3.4 3.4 3.5 

104 104 102 102 

X r. 

199 

195 

230 

224 

121 

122 

104 

100 
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210] 

fi fa m1 ma 
N 
·:c ...... 

~ '-, 
:

0 
190 

,I a I a I a I a 

250 
fi fa ml ma 

N 
:c 

i::: '-,,-

0 \ '-'. LJ... 

220 
I a I a I a I a 

; 140]. 
f i fa m1 ma 

.-:e 
0 . ~ __. .... 

u... 120 
i a i a I a I a 

f i 

~o 120] 

100 

fa ma ~, 
'-'-i a i a i a i a 

V, 
QJ 
C: 
0 

C: ...., .,.. .,.. 
E 

OQJ 
. LJ... V, 

f i fa mi ma 

~l '---'' \ 0 . 
1 a a a a 

vowel in the preceding 
(stressed) syllable 

l 

l 

f i fa m1 ma 

..... 
--....._____ ...... 

f m f m f m f m 

. f i fa m, ma 

'-
--.... --. ._. 

f m f m f m f m 

f i fa ml ma 

'- ......---. ....... 
f m fmfmfm 

fi fa m1 ma 

.......... 
fmfmfmfm 

f i fa mi ma 

KM 

SI 

PA 

NR 

l 
._. 

............. ...... 
KM, SI, NR 
pooled 

f m f m f m f m 
initial consonant in 
the preceding (stress­
ed) syllable 

Figure 11 

Mean fundamental frequencies in the vowels in first posttonic 
-fi, -fa, -mi, and -ma syllables as a function of i and a in the 
preceding syllable · ( left column) and initial f and- m in the pre­
ceding syllable (right coulumn), for the speakers individually 
and averaged over the subjects KM, SI, and NR (in semitones). 



352 

Table 11 

Results of the two-way analyses of variance applied to 
the data given in table 10. Levels of significance are 
indicated by++ for p < 0.01 and+ for p < 0.05. 

KM 

SI 

PA 

NR 

effect of vowel 
in prec. syll. 

f i fQ mi 

+ 

+ ++ 

++ ++ ++ 

4. Discussion 

ffiQ 

++ 

++ 

++ 

effect of cons. 
in prec. syll. 

f i fQ mi 

+ 

ffiQ 

Experiment I provided evidence that the fundamental frequency 

perturbation due to the tongue heiqht of the vowel in one syllable 

is coarticulated into the following syllable (most clearly so in 

the first posttonic), and Experiment II showed that this carry­

over effect is present whether the consonant between the two syl­

lables is the sonorant m or the voiceless obstruent f. Thus, it 

seems that the mechanisms responsible for the inherent Fo differ­

ences between high and low vowels are independent of the glottal 

gestures involved in the production of i· This may be assumed to 

apply to the entire class of obstruents, but that point will have 

to be investigated further, particularly with regard to voiced 

obstruents. The reciprocal independence between the mechanisms 

responsible for inherent Fo level differences between vowels and 

those involved in the production of obstruents is in fact what 

should be expected if the inherent Fo differences are to be ex­

plained by a vertical tension/tongue root retraction hypothesis 

and from the model for coarticulation of Fo suggested in section 

2.3 above, because a low degree of vertical tension or an increased 

vocal cord mass may very well persist in spite of the opening-clos­

ing gesture of the glottis during the f. 

In section 2.3 above the question was raised whether the 

coarticulation of inherent Fo levels between syllables is a 

necessary prerequisite for the correct perception of stress pat­

terns. The results of the experiments reported in the present 

paper can hardly be assumed to give an affirmative answer to that 
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question. First, the compensation in one syllable for the Fo vari­

ation ascribable to tongue height found in Experiment I is only 

partial_ (even in first posttonic syllables, where it is greatest) , 

and secondly - and more important, perhaps - the effect on Fo of 

the initial consonant in the stressed syllable is not (although of 

a magnitude comparable to the effect of tongue height in that syl­

lable) carried over to the first posttonic. Thus, the perceptual 

system seems to be able to do without the smoothing out of (i.e. 

to compensate for) the segmentally determined fundamental frequency 

variation. This view is corroborated by the finding in Experiment 

II of cases in words of the type 1 ftma, where the rise from the 

stressed to the first posttonic vowel is extremely small or even 

negative. (The rises range from -2 to 8 Hz for KM, from -1 to 8 Hz 

for SI, from 4 to 16 Hz for PA, and from -3 to 4 Hz for NR in 

such words.) Furthermore, Thorsen (1980b) reports that in stress 

groups with only one unstressed syllable there may be (but is not 

always) no or a reduced Fo rise from the stressed to the unstressed 

syllable. 

But, of course, this reasoning will have to be supplemented 

by perceptual experimentation before the question can be answered 

with reasonable certainty. In particular, experiments are called 

for which take into consideration the role of segment duration -

and its interaction with the fundamental frequency - in the per­

ception of stress patterns. 
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