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"The contribution of Louis Hjelmslev", 
The Nordic Languages and Modern Lin­
guistics 3 

"The IPUC speech synthesizer", Ham­
burger Phonetische Beitrage 22 

Chr. Berthelsen, I. Kleivan, Ordbogi kalaallisuumit qa~lunaatuumut 
Fr. Nielsen, R. Petersen (Greenlandic-Danish dicti'onary), 240 pp. 
and J. Rischel 

Nina Thorsen 

Nina Thorsen 

Nina Thorsen and 
Oluf Thorsen 

Oluf Thorsen, Ole Kongsdal 
Jensen and Karen Landschultz 

LECTURES AND COURSES IN 1977 
I 

"On the interpretation of raw funda­
mental fr~quency tracings", Preprints 
from VIIIemes Journees d'Etude sur la 
Parole, Aix-en-Provence, 25-27 Mai, 
1977, p. 175-181. 

Talens akustik, skrevet for ikke-tek­
nikere (mimeographed), 120 pp. 

Fonetik for sprogstuderende, 169 pp. 
(3rd revised edition of L~rebog i 
fonetik) 

Fransk Fonetik, 7th revised editi9n, 
272 pp. 

1. Elementary courses in general phonetics 

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

phonetics (intended for all students of foreign languages except 

English and French) were given by Peter Molb~k Hansen, Mimi Jacob­

sen, Hans Peter J~rgensen, Ellen Pedersen, and Nina Thorsen. 

There was one class in the spring semester and eight parallel 

classes in the autumn semester. 

Courses in general and French phonetics including practical 

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

through 1977 by Oluf Thorsen. 
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2. Practical exercises in sound perception and transcription 

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

in the autumn semester. 

Niels Reinholt Petersen and Nina Thorsen gave a course for 

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

Oluf Thorsen gave a course for advanced students (two hours 

a week) in the autumn semester. 

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

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

vanced level). 

3. Phonology 

J~rgen Rischel and Eli Fischer-J~rgensen gave a two semester 

course in phonology (two hours a week) through 1977. 

J~rgen Rischel gave an introductory course in general lingui­

stics (one hour a week), a course in phonology for advanced students 

(two hours a week) in the spring semester, and a course in Danish 

phonetics with emphasis on the phonological aspect (two hours a 

week) in the autumn semester. 

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, and a course in the physiology of speech (two 

hours a week) in the autumn semester. 

5. The acoustics of speech 

Niels Reinholt Petersen gave a course in instrumental acoustic 

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

autumn semester. 

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

hours a week) in the autumn semester. 

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

mathematics and electronics in the spring semester. 
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6. Other courses 

Eli Fischer-J~rgensen gave a course in German phonetics 

(three hours a week) in the spring semester and a course in per­

ceptual phonetics for advanced students (two hours a week) in 

the autumn semester. 

Gorm Gabrielsen gave a course in statistics for advanced 

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

Henning Spang-Hanssen (Institute for Applied and Mathematical 

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

the autumn semester. 

Birgit Butters, Niels Reinholt Petersen 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. 

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

week) in the autumn semester. 

Oluf Thorsen gave a course in French phonetics (two hours a 

week) in the spring semester. 

Nina Thorsen and Oluf Thorsen presided at a series of seminars 

for staff members of the Language Teaching Department of the Danish 

Refugee Council (Flygtningehj~lpens Sprogskole) through January, 

February, March and October, November. 

7. Seminars 

Einar Haugen gave a lecture on issues in bilingualism. 

Eli Fischer-J~rgensen gave an account of her visits to insti­

tutions in Japan and USA. 

R.A.W. Bladon lectured on his research in coarticulation 

Hajime Hirose gave an account of EMG investigations of 

laryngeal muscles. 

Steen Fibiger lectured on problems concerning hooked wire 

electrodes for electromyographic investigations. 

Victoria Fromkin gave a lecture titled "To err is human" 

(an account of 'slips of the tongue' in English). 

Nina Thorsen gave an account on the identification of in­

tonation contours. 
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The annual Swedish-Danish phonetics seminar was held at the 

Institute on November 25-26 with participants from Lund, Odense, 

Stockholm, Umea, Uppsala and Copenhagen. The papers read at the 

seminar are printed in the seminar section of this issue of 

ARIPUC (p. S-1 - S-112). 

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

Eli Fischer-J~rgensen visited the following institutions in 

USA: The Haskins Laboratories, The Bell Telephone Laboratories; 

M.I.T., University of California at Berkeley, Los Angeles, and 

Santa Barbara, University of Connecticut, and University of San 

Jose, and gave guest lectures at the Bell Telephone Laboratories, 

at the• University of Connecticut, and at the University of San 

Jose. She participated in the West Coast Phonetic Symposium at 

the University of California, Santa Barbara, March 26-28, and 

gave a lecture on the EMG research of the Institute. 

Eli Fischer-J~rgensen gave a guest lecture at the University 

of Aarhus on problems and methods in perceptual phonetics. 

B~rge Fr~kj~r-Jensen participated in the annual meeting of 

the Danish Audiologic Society, September 12, and gave a paper: 

"En akademisk overbygning pa den audiologop~diske uddannelse". 

Birgit Butters and B~rge Fr~kj~r-Jensen participated in the 

17th International Congress of Logopedics and Phoniatrics, Copen­

hagen, August 15-18. 

At a meeting of the Danish Association of Logopedics and 

Phoniatrics, November 12, Birgit Butters presided at a panel 

discussion of problems concerning the clinical use of the Fabre­

glottograph. 

J~rgen Rischel and Eli Fischer-J~rgensen participated in 

the International Congress of Linguists, Vienna, August 29 -

September 2. 

Nina Thorsen and Oluf Thorsen participated in the VIIIemes 

Journees d'Etude sur la Parole, Aix-en-Provence, May 25-27. Nina 

Thorsen gave a paper: "On the interpretation of raw fundamental 

frequency tracings". 

Nina Thorsen gave guest lectures on the perception of in­

tonation contours at the University of Lund in June and at the 

University of Uppsala in October, and lectured on intonation 
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for teachers of the deaf in Copenhagen in May. 

Oluf Thorsen participated in a language laboratory seminar 

at the Institute for Applied and Mathematical Linguistics, 

University of Copenhagen, April 26-27. 

Birgit Butters and Niels Reinholt Petersen participated in 

a symposium at the Institute of Linguistics, University of Stock­

holm, November 2. 

The staff and students of the Institute participated in the 

annual Swedish-Danish Phonetics Seminar, Copenhagen, November 

25-26 (cf. p. S-lff). 

INSTRUMENTAL EQUIPMENT OF THE LABORATORY 

The following is a list of the instruments that have been pur­

chased or built since January 1, 1977. 

1. Instrumentation for speech analysis 

1 sonagraph, Kay Elemetrics, type 7029A 

2 intensity meters, Fonema 

2 fundamental frequency meters, Fonema 

2. Tape recorders 

2 Semi-professional recorders, Revox, type A77 

1 cassette recorder, Tandberg, type TCD 310MK-2 

3. Microphones 

1 l" microphone, Bruel & Kj~r, type 4145 

4. Amplifiers 

1 measuring amplifier, Bruel & Kj~r, type 2607A 

1 microphone pre-amplifier, Bruel & Kj~r, type 2627 

5. Loudspeakers/headphones 

2 loudspeakers, Beovox, type M70 

2 headphones, Sennheiser, type 424X 
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6. Outfit for photography 

1 rapidoprint, Agfa, type DD 1437 

1 print-drier, Durst, type 400 

7. Equipment for EDP 

1 disk drive, Plessey, type DD-8/B 

ABBREVIATIONS EMPLOYED IN REFERENCES: 
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AL 

ALH 
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JSHD 

JSHR 
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LS 

MIT QPR 

NTTS 

Proc.Acoust. 

Proc. Lin<L 

Proc.Phon. 

American Journal of Psychology 

Acta Linguistica 

Acta Linguistica Hafniensia 

Annual Report of the Institute of Phonetics, 
University of Copenhagen 

Folia Phoniatrica 

For Roman Jakobson 

Form and Substance (Akademisk forlag), K~benhavn 
1971 

Status Report on Speech Research, Haskins 
Laboratories 

International Journal of American Linguistics 

IPO Annual Progress Report 

Journal of the Acoustical Society of America 

Journal of Linguistics 

Journal of Phonetics 

Journal of Speech and Hearing Disorders 

Journal of Speech and Hearing Research 

Language 

Linguistics 

Language and Speech 

M.I.T. Quarterly Progress Report 

Nordisk Tidsskrift for Tale og Stemme 

Proceedings of the 
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Speech Transmission Laboratory, Quarterly Progress 
and Status Report, Royal Institute of Technology, 
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The Sound Pattern of English, Chomsky & Halle, 
1968 

Travaux du Cercle Linguistique de Copenhague 

Travaux du Cercle Linguistique de Prague 

Working Papers in Phonetics, University of 
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Zeitschrift fiir Phonetik, Sprachwissenschaft und 
Kommunikationsforschung. 
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The annual Swedish-Danish Phonetics Seminar was 

held in Copenhagen on November 25-26, 1977. 

The seminar was a continuation of similar seminars 

held at Lund, Stockholm, Uppsala, and Umea. 

The aim of the seminars is to provide an opportunity 

for advanced students and graduate students to 

present and discuss their current research proj­

ects. On the following pages papers given at the 

seminar are published. 





ON SLIPS OF THE PEN 

• N l' l Kerstin auc er 

Definition 

S-3 

(ARIPUC 12, 1978) 

The easiest way to define a slip of the pen is to describe 

what it is not. A slip of the pen is not a spelling error, caused 

by deficient knowledge of spelling rules, nor is it a lexical 

error, i.e. it does not stem from an incorrect interpretation of 

the meaning or the origin of a morpheme. Spelling and vocabulary 

belong to the competence, slips belong to the performan·ce. 

Boomer and Laver (1968) have defined a slip of the tongue as "an 

involuntary deviation in perfonnance from the speaker's current 

phonological, grammatical or lexical intention". This definition 

is applicable to a slip of the pen too. A slip arises somewhere 

in the program of a linguistic achievement, spoken or written. 

Purpose 

The purpose of the present study is to find out to what 

extent, if at all, the writer uses the same linguistic units as 

the speaker when programming his linguistic performance. In the 

debate on reading and reading processes there is a discussion 

about the existence and, if so, the necessity of speech recoding 

as a mediating stage between visual input and meaning analyses 

in reading. Recent results (e.g. Kleiman, 1975, and Levy, 1977) 

support the existence of a speech recoding stage which occurs 

after lexical access, i.e. word co~prehension, and facilitates 

the temporary storage of words necessary for sentence _comprehen­

sion. Earlier experiments on reading at the Haskins Laboratories 

1) Department of Linguistics, Phonetics Laboratory, Lund uni­
versity, Sweden. 
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by Erickson et al. (1973} also point to a phonetic-phonological 

code as appropriate for temporary storage. (See Naucler, 1975, 

for further discussion.} Also in writing it is necessary to 

keep a number of linguistic units in temporary store while coding 

them into graphomotoric commands. It is therefore reasonable to 

assume some kind of phonetic-phonological mediation for writing 

as well. 

From analyses of slips of the tongue it is evident that 

different kinds of linguistic units are involved on the phono­

logical level, indicating the discreteness of phonological units 

of different sizes, all of which can play a role in production. 

(For a survey, see Frornkin, 1973.)_ Consequently, my first question 

is: Do slips of the pen support the assumption that we use the 

same linguistic units to program both speech and writing? 

Since both competence in oral language and special writing 

rules are required for the acquisition and mastering of written 

language, mastering written language may be regarded as an aug­

mented competence (Weigl, 1972}. This augmented competence im­

plies among other things close connections between linguistic 

e.xpression and graphic performance, groups of graphemes (graphic 

units} being related to groups of segments by means of corre­

spondence rules in an almost automatic way (Bierwisch, 1972). 

But before such rules are internalized, beginners have to rely 

only on their competence of oral language. They must "sound out" 

the words to be able to write them down. This is apparent in 

young people's spelling and lexical errors. 

Thus, we must assume two programs for writing, one for 

coding the message into a phonetic-phonological code (available 

but not necessarily used} and one for converting it into grapho­

motoric units. A slip of the pen can therefore arise either in 

the linguistic or in the graphic program. A comparison b~tween 

linguistic and graphic slips can provide interesting information 

as to the serial ordering of units of different programs. How­

ever, graphic slips are not discussed in this study. As far as 
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possible they have been separated from the linguistic slips. 

Instead, a comparison between two groups of writers, differing 

in age, was carried out for the following reasons: On one hand, 

young people can be expected to make· more linguistic slips than 

adults as they have to depend more on speech recoding. On the 

other hand, adults plan longer sentences and need all the storing 

capacity of their short-term memory even if they have internalized 

the correspondence rules. But since the short-term memory may 

contain about seven items at a time regardless of size, the young 

people need the capacity of the short-term memory, too. They 

fill it with items of smaller linguistic size. Therefore, a dif­

ference between skilled and less skilled writers is not likely 

to show up as a difference in frequency between linguistic and 

graphic slips. It is more reasonable to assume that the differ­

ence in size of linguistic units used for the graphomotoric pro­

gram can influence the slips of the two groups. My next question 

is therefore: Is the distance between a slip and its "trigger" 

shorter for slips made by young people than by adults, the former 

presumably storing units of smaller size in their short-term 

memory? 

Corpus 

The material used for this study consists of compositions 

written by students of different levels. 190 compositions were 

written by students in t~e 4th grade (aged 10-11 years), 190 by 

the same students when in the 6th grade (now 12-13 years), and 

150 by upper secondary school students (12th grade) as a school­

leave examination (aged 18-19 years). In this report the two 

lower grades are treated as one group, called "less skilled 

writers". The material has certain drawbacks. The writers have 

obviously corrected all slips they noticed. The slips still 

remaining are those which are difficult to discover when proof­

reading. Not only the number but also the variety of slips 
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has decreased as a consequence. Furthermore, a slip might look 

just like a spelling error or a lexical error, and since it is 

impossible now to ask the subjects about their errors, there is 

no way to be sure of the right category. It seems, however, as 

if my classifications were made correctly on the whole, as the 

number of slips does not decrease much from grade 4 to grade 6 

(in contrast to the number of spelling and lexical errors). 

Learning does not affect this type of performance. 

Classifications 

The material was first divided into deletions, substitutions 

and additions. Only very few examples of metathesis, correspond­

ing to the classic spoonerism in speech, were found. Deletions 

are by far the most common type of slip of the pen, four times 

as frequent as each of the two other types. 

Results 

The smallest linguistic unit involved in slips of the pen, 

i.e. the feature, is mainly found in the substitutions. When one 

grapheme is written for another, there are two possible explana­

tions for this. Either the substitution is graphic, i.e. the 

graphornotoric commands given were wrong, resulting, for instance, 

in an upstroke instead of a downstroke. For this to happen the 

graphemes substituting each other must look alike, as p-b, g-d, 

d-b, and so on. Or the substitution ·occurs before the motor 

programming. In that case the slip is regarded as linguistic and 

the segments corresponding to the graphemes substituting each 

other must have linguistic features in common. 

As can be seen from Table 1, similar graphemes are not 

the most frequent substitutes. But if the two segments, corre­

sponding to the graphemes involved, are compared, they turn out 
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to contain the same features but one in about 70% of the substi­

tutions. In the rest of the cases all features but two are 

shared by the two segments involved. This is in consistency 

with Fromkin's results from slips of the tongue (personal com­

munication}. 

Table 1 

Numbers of obstruents substituting each other 

Grade p-b t-d k-g b-d t-k g-d k-p g-t k-d v-f p-f p-v 

4 2 6 2 2 2 1 

6 4 1 1 2 1 

12 3 2 4 1 1 1 

5 12 7 2 2 1 1 1 1 2 1 1 

What is the reason for writing another grapheme than the intended 

one? It seems as if the substitutions are influenced mostly by 

a similar segment in the immediate context (syntagmatic assimila­

tion)_. This sometimes leads to partial identity between the 

segments 

(1} P har under senare tid tagits upp i diskussionen ~ takits 
(P has lately been brought up in the discussion} 

but in most cases to complete identity 

{21 ej bor vanta med att inga aktenskapet ~ aktensEapet 
(should not wait to get married) 

(3) nu styrde maskinen ut ur folkhopen ➔ folkhofen 
(now the machine steered out of the crowd) 

(41 vi fick ta upp den igen ➔ vick 
(we had to pick it up again} 

The "trigger" is not necessarily found in the syntagrn. There 

are many examples of paradigmatic influence 
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(5) Aktenskapet bygger till 75% pa-+ bycker 11 

(Marriage is based on ... to 75%) -

(6) Alla fyra grupperna har foljande uppgifter ➔ fo£jande 
(All four groups have the following tasks) 

It can be argued, of course, that in (2), (3) and (4) the sub­

stitutions are graphic anticipations and duplications, but if 

that is so, there is no sufficient explanation for the fact that 

the substituted segments have all the phonological features but 

one in common with the segment substituting them and no striking 

graphic similarity. It should also be emphasized that vowels 

and consonants do not substitute each other, a fact which can 

only be accounted for linguistically. 

Features expressing manner of articulation are more fre­

quently exchanged than features expressing place of·articulation 

by both groups. But if the feature VOICED is disregarded the 

skilled writers substitute fewer "places of articulation" than 

"manners of articulation". The opposite is true for the less 

skilled writers, a somewhat puzzling finding. 

The voicing feature is the most common one substituted 

among the paradigmatic slips. This is.not the case among the 

syntagmatic ones. The exchange of value of the feature VOICED 

might as well be a lexical error as a slip, caused by deficient 

knowledge of the morpheme in question, since it has been shown, 

i.a. by Simon (1975} that the distinction voiced/voiceless is 

mastered only late in the acquisition of language. However, as 

the feature VOICED is the most frequent one substituted paradig­

matically by both groups of writers in this study, there is 

hardly any reason to doubt its classification as a slip. 

In a few cases the substitutions are not influenced by a 

single segment but by a sequence of segments in the paradigm 

similar to the intended one 

ll Swedish .. spelling rules do not permit (kk) . The rule (k) ➔ 
(c)/_(k) has been applied after the shift from VOICED to 
VOICELESS. 
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anpassningsproblem med den-+ anpassningsproblev 
(adaptional problems to thel "blev" is the past tense 
of a modal auxiliary 

A single segment turns out to be most often involved in additions. 

The following examples are regarded as linguistic slips due to 

the context in which the graphemes are added 

(8) en svag lukt ➔ svagt [sv~:kt lukt] 
(a slight smell) - -•t• is an inflection suffix 

(91 naturligtvis [natwrl iktvis] har okat ➔ oktat 
(naturally have increased) 

(10). smartorna pa Bosse ~ _§_pa 
(the pains on Bassel 'Bosse' is a proper name. The 

syntactic structure of the 
phrase is as bad in Swedish 
as in English. 

In some cases of additions where the linguistic influence is not 

obvious it may perhaps be more appropriate to consider the slip 

as graphic, i.e. a graphomotor command has been released twice 

(11) ratt nojd faktiskt-+ fakstiskt 
(quite satisfied, as a matter of fact) 

Also among the additions are examples of external influence from 

similar sequences, syntagmatic as well as paradigmatic 

(12 l 

(13) 

en grasklippare berattar 
(a lawn-mower tells} 

➔ berattare 
'-are' is-a derivative suffix 
meaning "the one that/who" 

borjade det plotsligt osa brant ~ dosa 
(it suddenly started to smell of smoke), "osa" is a verb, 

"dosa" is a noun meaning "box" 

Less skilled writers have a certain tendency to simplify the 

structure of the word by inserting a vowel in a consonant cluster. 

The inserted vowel is an anticipation of the following one 

(14) borta bra men hernma bast~ bara 
(proverb: there is no place like home) 

(15} seri dess tycker jag illa om piggsvin-+ piggs!vin 
(ever since I dislike porcupines} 

The same effect, i.e. a less complicated consonant structure, is 

obtained when a consonant is deleted in a cluster, a phenomenon 
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which dominates the deletions. Whenever a consonant is left out, 

it is deleted from a cluster. The only exception to this "rule" 

is single consonants in word final positions. Deletions in 

clusters can be regarded as a way to make sequences of linguistic­

ally similar segments (consonants} simpler. But it can also be 

ascribed to the fact that consonants in clusters very often share 

the same place of articulation. In this case, the similarity 

leads to deletion and not to assimilation as was the case with 

the substitutions. 

As can be seen from Table 2, both skilled and less skilled 

writers delete more than half of all consonants in medial clusters. 

Only the less skilled writers delete in initial clusters, whereas 

the skilled ones are more inclined to do so in final clusters. 

Table 2 

Deletion of consonants in clusters (%) 

Grade Position of cluster 
init. med. final 

4 30 52 18 

6 14 51 35 

12 2 55 43 

Emphasizing some differences between the two groups we must try 

to explain them. The fact that less skilled writers unlike skilled 

ones delete consonants in initial clusters has probably to 

do with the graphic units stored by the skilled writers. Such 

units are certainly more easily acquired for the first part of 

a word than for any other part, the structure of the first part 

of a word being constant in contrast to the final part, where the 

structure is changed by inflectional suffixes. 
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When a skilled writer deletes a single consonant at the end 

of a word (i.e. the consonant is not part of a cluster), the con­

sonant is in most cases an inflection, but when deleted by a less 

skilled writer it is more often part of the stem. Consequently, 

it seems to be merely a matter of position when a less skilled 

person deletes a consonant at the end of a word, whereas in the 

case of a skilled writer one might assume a strategy implying a 

programming of lexical and grammatical morphemes separately. 

The latter morphemes, being more redundant, may sometimes be 

overlooked. 

It is apparent from what has been said about deletions in 

consonant clusters that, in contrast to substitutions and addi­

tions, no segments (or sequences of segments) of similar phono­

logical quality triggering the deletions are found in the context. 

The occurrence of two or more consonants in sequence seems to be 

enough to cause a deletion. This is one of the few cases where 

there is not a certain distance between the trigger and the slip. 

In the substitutions and additions there are some examples of 

the trigger and the slip being separated by a word boundary only. 

In the group of the less skilled writers there are also a few 

examples of trigger and slip in the same syllable, the distance 

between them amounting to no more than one or two segments. 

On the whole, both groups favour the distance of one 

syllable between the trigger and the slip. Less skilled writers 

prefer the syllables involved to be part of the same word. No 

distance of more than six syllables is observed, once in each of 

the three grades. 

Conclusions 

Since it is apparent from the slips of the pen examined in. 

this study that both features, segments and morphemes are involved 

when comparing errors, intentions and triggers, the assumption 

that we use the same linguistic units when programming speech and 
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writing seems to be correct. The hypothesis that the distance 

between the trigger and the slip ought to be greater when the 

slip is made by a skilled writer, was confirmed inasmuch as the 

trigger and the slip were never found in the same syllable in 

errors made by the skilled writers. This was sometimes the case 

with errors made by less skilled writers. Moreover, in most 

cases concerning less skilled writers the trigger and the slip 

were found in the same word. For the skilled writers they were 

more often found in different words. 

Summary 

A phonetic-phonological coding is used, not only by less 

skilled writers but also by skilled ones. The difference between 

the two groups of writers lies mainly in the size of tne lingui­

stic units used as input to the graphomotor program and in the 

number and size of the graphic units internalized. 
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(ARIPUC 12, 1978) 

ST0D AND SYLLABICITY IN A JUTLANDIC DIALECT 

Peter Molb~k Hansen 1 

Abstract: The paper is concerned with the Hirnmerlandic dialect 
in North East Jutland. Certain phonological structures 
which are ambiguous with regard to occurrence of sylla­
bicity, namely long vocoids and certain sequences of 
sonorant segments, are discussed. It is argued - on 
the basis of certain prosodic phenomena (the behaviour 
of st~d and stress) - that from a functional point of 
view these structures are best described as disyllabic. 
A brief discussion of the possible connection between 
the Jutlandic apocope and the behaviour of these struc­
tures is given. 

1. Introduction 

This paper is concerned with some problems connected with 

the identification· of syllabici ty in a dialect spoken in Himmer­

land, a region in North East Jutland. In the following I shall 

refer to this dialect - which is my own first language - as H. 

The main problem is the following: in most cases there is general 

agreement among native speakers of H (including myself), and 

also among dialectologists who have dealt with Hor related dia­

lects, on the number of syllables in a given word. Thus, words 

such as [ n £ i ' J 'no' , [ s d £ i J 'place' , [ ha. u J 'sea' , [ ha n J 'he' , 
I\ I\ I\ 

[uan'] 'water', and [ Ian'] 'country' are considered by everybody 
I\ 

to be monosyllabic; and words such as [no? In] 'the needle', 
, I 

[no· In] 'the needles', [so.mln] 'gathers', [keln] 'basement', 
I 

[kann] 'jugs', and [sdreun] 'spreads dust' are considered by 
I\ 

everybody to be disyllabic. This is in fact implied by the above 

transcriptions in which nonsyllabic vocoids and syllabic contoids 

are marked off in accordance with the usual IPA transcriptional 

1) Institute of Phonetics, University of Copenhagen. 
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practice. There are, however, certain structures which may be 

called ambiguous as regards the number of occurrences of syllabi­

city. These structures may be grouped as follows: 

a) V: 

b) V·n 

c) Va· h 
d) V ·a h 
e) vhacs followed by pause or by a nonsyllabic segment 

f) V ·C h s 

g) whcs 

h) VC C s s 

where V = vocoid; Vh = high vocoid; Cs= sonorant contoid. 

Some examples of words containing these structures are given 

below; the sequences corresponding to the syllabically ambiguous 

structure types above are underlined. ~ denotes a particular 

rising-falling tonal movement (weak st~d, cf. below). 

a) [bb:s] 'stall' [ I~: s ] 'read' [ita°11ian] 'Italy' 
I\ 

b) [go• D] 'farms' [tu·n] 'tours' [ f i • D] 'four' 

c) [ h~ J 'heath' [hua·s] 'sock' [gya·] 'fertilizer' 
~ 

d) [ m ~] (personal name) [tru·as] 'is threatened' 
~ ~ 

e) [ d~] 'part' [sual] 'sun' 
~ r..... ~ 

f) [bl..:_!_] 'car' [ s u • I ] 'meat' [ pl..:_!_ J 'arrow' 

g) 
~ 

[sg~J 'shovel' [tcin] 'draw' 

h) [~] 'elms' [salm] 'hymn' [ f a.m I g] 'fumbled' 

The problem with these forms is that native speakers of H (in­

cluding myself) do not seem to have any firm intuition concerning 

the number of syllables in these particular types, cf. above. 

Personally, I tend to perceive them as disyllabic, but I am not 

sure that I am a reliable informant: during my work with my own 
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native dialect I have become increasingly aware that my percep­

tion of these things is somewhat influenced by my phonological 

analysis. Unfortunately, it is not very easy, either, to elicit 

reliable information on the perception of syllabicity in these 

particular structures from other (linguistically more naive) 

speakers of H. In conversations with informants I have often 

experienced that one and the same person stated, within less than 

half an ·hour, that 1) the words degn 'parish clerk' and dejen 

'the dough' (rendered here in normal Danish spelling) sound 
1 exactly the same, 2) that the word degn is monosyllabic, and 

3) that the word _.jen is disyllabic. This does not, of course, 

show that the syllable is irrelevant, but rather that the term 

'syllable' is too tied up with the orthographic tradition (of 

another dialect, namely Standard Danish (SD)), and that spelling 

rules learned in school are applied in such situations. 

In phonetics textbooks one often finds statements to the 

effect that native speakers of a language can, as a rule, "coun~ 

syllables", i.e. they can identify the number of syllables in a 

given utterance. Although there has been a tendency for it to 

be axiomatized, it should be remembered that this claim is, in 

principle, an empirical hypothesis (unfortunately, little work 

has been done to test this hypothesis; Bell, 1975, may be 

mentioned as an example; note that his results cannot be said 

to support the hypothesis). It must be remembered, too, that 

the very content of this hypothesis is open to several inter­

pretations, i.e. the whole issue depends crucially upon what is 

meant by the term 'syllable'. 

2. The phonological behaviour of syllabically ambiguous 

structures 

Whatever the perceptual status of the structures a) through 

h), there are good arguments for describing them as functionally 

1) This seems beyond di~ute; in my raw transcription they would 
both be rendered [dEin]. 
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disyllabic. This may best be illustrated by the behaviour of 

st~d in H. Like many other Danish dialects His a st~d-dialect, 

i.e. the stressed part of some words is characterized by a di­

stinctive glottal modification (the st~d). In SO the st~d is 

not normally considered to have systematic allophonic variants, 

whereas in H two clearly distinguishable types of glottal modi­

fication are in complementary distribution within the simple 

word, cf. below. I shall refer to these two st~d-types as strong 

and weak st~d. Impressionistically, the strong st~d is very 

similar to the SO st~d, whereas the weak st~d is more aptly de­

scribed as a rising-falling tonal movement, the last po~tion of 

which may be more or less glottalized. In my transcriptions I 

shall designate the weak st~d by the symbol"'"°' over the sequence 

of segments modified by it (cf. the transcriptions in section 1.). 

The strong st~d I shall designate by the symbol 'after the 

segment that is most clearly glottalized (this is the traditional 

way of transcribing the SO st~d). 

Morphophonemically, the strong st~d and the weak st~d are 
~ 

closely related, cf. e.g. [no: I J - [no? In] 'needle' - 'the needle', 

d f t • • • t 1 h 
I 

f th an rom a genera ive v1ewpo1n t e occurrence o. one or e 

other of the two types is entirely predictable if they are identi­

fied on an abstract level (whether this abstract st~d be under­

lying or inserted by rule). However, I shall be concerned here 

with the phonological behaviour of the two types of st~d in the 

surface phonological structure of short utterances (simple words). 

From this point of view the two types of st~d are in complementary 

distribution; and if, as seems natural, the strong and weak st~d 

are identified phonemically, their distribution must be stated 

in terms of phonemic conditions. However, the formulation of 

these conditions may vary drastically depending on whether or 

not reference to syllabification is allowed, and depending upon 

whether the structures a) through h) are interpreted as mono- or 

disyllabic. Let us assume first that the structures a) through 

h) are monosyllabic. The necessary conditions for the two types 

1) I.e., from the point of view of the predictability of the 
phonetic realization of a string of morphophonemic entities, 
including grammatical boundaries. 
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of st~d to occur may then be formulated like this: 1) The weak 

st~d may occur on one of the struc ures a) through h) or on one 

of the disyllabic structures WV and VC V, provided that none of 
/\ s 

the structures is followed by a syllabic segment. 2) The strong 

st~d may occur on one of the structures V·, W, and VC, provided 
/\ s 

that these structures do not meet the conditions under which the 

weak st~d is possible. Thus st~d-words like [nei '] 'no', [ lei 'f] 
I\ I\ 

(a personal name), [han'sn] (a surname) have the strong st~d 
I 

(the conditions for the occurrence of weak st~d are not met); 
~ ~ /""\ 

st~d-words like [man I J 'almond', [ ita: I ian] 'Italy', [o: lsn] 
~ ,.. ~ I 

(a surname), [br~un] 'the bridge' 'brown', [ lana] 'the country', 
"" I\ [hnua] 'the sea', on the other hand, have the weak st~d (although 

I\ 

the sequences V·, VV, and VC occur, the conditions for the weak 
/\ s 

st~d to occur are met; therefore, the strong st~d is excluded); 

finally, st~d-words like [he i 'na J 'the fence', [bi? In J 'the car' 
,.. I 

have the strong st~d (the structures which might otherwise carry 

the weak st~d are followed by a syllabic segment in these exam­

ples). These formulations, although observationally correct, 

are obviously quite unrevealing and unnatural from a phonological 

point of view: for one thing, if, as assumed here, the struc­

tures a) through h) are monosyllabic, it is strange that they 

should be equivalent (in relation to the st~d) to the structures 

WV and VC V which are undoubtedly disyllabic, cf. above. This 
/\ s 

might suggest that the syllable is irrelevant to the manifesta-

tion of the st~d, but that seems to be contradicted by the fact 

that the occurrence of a syllabic segment after the structures 

in question is crucial for the manifestation of the st~d. 

However, a close inspection of the structures a) through h) 

and the structures WV and VC V, i.e. the structures which may 
" s 

carry the weak st~d if they are not followed by a syllabic seg-

ment, will reveal that a long vowel is equivalent to a short 

vowel followed by two sonorant segments, and that a half-long 

vowel is equivalent to a short vowel followed by one sonorant 

segment in relation to the weak st~d; the sequences which may 

carry the strong st~d, namely V·, W, and VC, show that in 
/\ s 

relation to the strong st~d a half-long vowel is equivalent to 
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a short vowel followed by one sonorant segment. This suggests 

an analytical interpretation of length, that is V· = VV, and 
I\ 

V: = VVV {if monosyllabic), or V: = VVV {if disyllabic, cf. 
I\ I\ I\ 

below) . 

Under this interpretation the formulation of the st~d­

conditions will have to run like this {on the assumption, still, 

that the structures a) through h) are monosyllabic): 1) the 

st~d requires for its occurrence a sequence of sonorants, the 

first of which must be a vowel; this sequence must contain at 

least two segments. 2) if the sequence of sonorants contains 

only two segments, the st~d will be of the strong type. 3) if 

the sequence of sonorants contains three segments, the st~d will 

be of the weak type. 4) if the sequence of sonorants contains 

more than three segments, the st~d will be of the weak type 

provided that the fourth segment is nonsyllabic; otherwise the 

st~d will be of the strong type. This formulation, too, fails 

to account for the fact that disyllabic structures like VVV and 
I\ 

VCsV behave like the allegedly monosyllabic structures a) through 

h), although it seems somewhat less unnatural than the first 

formulation. 

If, instead, we assume 1) that the structures a) through 

h) are all disyllabic, and 2) that syllabification is relevant 

to the distribution of the two types of st~d, the utterances 

under investigation must of course be syllabified on independent 

grounds. I shall not discuss the general problems connected with 

syllabification {for a detailed discussion of such problems, see 

Basb~ll, 1974); suffice it to mention that there are at least 

two types of criteria which have generally been considered im­

portant in this respect, namely 1) universal {phonetically 

oriented) tendencies (e.g. two intervocalic consonants the 

first of which is sonorant, are normally heterosyllabic), and 

2) language specific distributional criteria (above all: syllable 

initial and syllable final segment combinations should corre­

spond to {structurally) possible word initial and word final 

segment combinations, respectively) (see also Pulgram, 1970). 
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Now, according to both types of criteria the structures which 

may carry the strong st~d show a striking similarity: these 

words can all be syllabified in such a way that the structure 

which carries the strong st~d (a vowel+ one sonorant, non­

syllabic segment) is homosyllabic, cf. /hei '-na/, /nei '/, etc. 
A A 

If, as suggested above, the structures a) through h) are inter-

preted as disyllabic and if, in addition, the analytical inter­

pretation of vowel length is maintained, these structures can be 

brought together with the undoubtedly disyllabic structures 

WV and VC V under the common formula VCV where V designates any 
A S 

syllabic segment, and C designates any nonsyllabic segment. 

It may then be stated that the structures which may carry the 

weak st~d share the property of having no well defined internal 

syllable boundary. In languages (like the Germanic ones) with 

heavily stressed syllables contiguous with unstressed syllables, 

single intervocalic consonants are often described as ambi­

syllabic, and this interpretation can be applied to the dialect 

in question, cp. [ I~] and, e.g., English words like bitter; 

the same is true of single consonants separating a stressed 
/""'-

vowel and a syllabic consonant, cp. [man I J and, e.g., English 

words like little. In the case of ong vocoids forming two 

syllables (hiatus), cp. [bb1s], there is no well defined internal 

syllable boundary either. We may speak of overlapping syllables 

in all such cases (cf. Rischel, 1964; Pike, 1947, p. 65, 90). 

Under the disyllabic interpretation of the structures w~ich may 

carry the weak st~d, the latter may be said to be the manifesta­

tion.of the st~d in cases of overlap between the stressed syl­

lable and the following unstressed one. It is not clear to me 

whether such a mechanism can be said to be natural; anyway, the 

very possibility of bringing the structures carrying the weak 

st~d together under a common and typologically plausible structural 

description seems to me of interest. This could, of course, also 

be done by claiming that the structures which have hitherto been 

transcribed vyv and VCsV are functionally monosyllabic; as I 

have repeatedly mentioned, however, they are undoubtedly 

phon tically (perceptually) disyllabic; this is further supported 
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r" by typological considerations: to say that a word such as [ lana] 

is monosyllabic amounts to accepting that homosyllabic vocoids 

may be separated by a contoid, and this must be considered im­

plausible from a typological point of view: such an interpreta­

tion should only be accepted if there is strong language specific 

evidence for it. I have not found such evidence. 

The disyllabic status of the structures a)-h), on the 

other hand, is typologically and phonetically plausible, since 

it is in good agreement with the sonority principle, which is 

known to play a role in the syllable structure of many languages. 

Moreover, there are some language specific arguments in favour 

of this interpretation. For reasons of space I shall only dis­

cuss one (probably the strongest) of these arguments here. 

In prepositional constructions (preposition+ noun), clearly 
1 monosyllabic prepositions like [ i J 'in' and [te] 'to' are always 

unstressed if the first syllable of the following noun is stressed, 

and they are stressed if the first syllable of the following noun 

is unstressed, cp. [ (hob~~u'] 'in Hobro' (name of town) and 
" ~ [ i~nnns] 'in Randers' (name of town). Prepositions like [reun] 

" ~ 
'over', [unn] 'under', [uon] 'without', and [o:] 'off (with 

locative meaning)' do not, however, obey this rule: they are 

always stressed, irrespective of the stress contour of the fol-
0 1 , , lowing noun, cp. [reun~unns] 'over Randers' and [o:uJu'nn] 'off 

" " " I 
the wagon'; this behaviour is also characteristic of prepositions 

of the structure vc b V, e.g. [etn] 'after'. This clearly points 
0 S 

to a disyllabic status of the structures a)-h): if [o:] were 

monosyllabic, it would form an exception to an otherwise quite 
2 general rule. 

1) Except for special cases of emphasis. 

2) The stress pattern of prepositional constructions seems to 
be a special case of a more general tendency towards a 

trochaic phrase rhythm in H. 
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3. The Jutlandic apocope 

Like all Jutlandic dialects, His - from a dialectological 

point of view - characterized by the Jutlandic apocope, i.e., 

in these dialects the unstressed vowels of Old Danish have been 

deleted in word final position. In Eastern Danish dialects, upon 

which SD is mainly based, these vowels have been reduced to schwa 

instead, cp. the following correspondences between SD and H (the 

qualitative differences between mutually corresponding segments 

are irrelevant in this connection): 

SD H 

[b~:sa] 'stalls' ( sb. pl.) [bo:s] 

( 1) [daina] 'parish clerks' [dEin] 
/\ 

[elma] 'elms' [EI m] 

( 2) 
[ lana] 'countries' [ lanJ 1 ) 

[tnga] 'thank' (vb. inf.) [ta.g]2) 

It has often been assumed (more or less implicitly) by 

(some) Danish dialectologists that the loss of a vowel entailed 

the loss of a syllable. This is undoubtedly true of words like 

those in (2) above. If, however, as I have suggested, H words 

like those in (1) above are disyllabic, two hypotheses concerning 

the historical development suggest themselves: 1) such words 

remained disyllabic after the apocope; 2) such words became 

monosyllabic as a result of the apocope but were later reinter-

1) Aged speakers of the (eastern) variety of Himmerlandic, here 
referred to as H, may distinguish words such as [kan] 'can' 

[kan·] 'j9g'. Both these words are distinct from [kann] (in a 
narrow transcription perhaps [kan:]). It is hardly to 1be doubted 
that the latter word is perceived as disyllabic, whereas the two 
former words are both perceived as monosyllabic. In my own speech 
the two former words cannot be distinguished. 

2) In the Western varieties of Himmerlandic, such words have the 
so-called West Jutlandic st~d, cf. Ringgaard 1960. 
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preted as disyllabic. It is interesting that st~d words with a 

segmental structure like that of the st~d-less words in (1) may 
~ 

be disyllabic (since e.g. [elm] and [elm] are only distinguished 

by presence vs. absence of weak st~d, they must be equisyllabic; 

it would seem far-fetched to claim in a synchronic phonology 

of modern H that presence of (weak) st~d is a "phonetic mani­

festation of monosyllabicity" or the like. Thus, if the above 
,'\ 

words are disyllabic, the corresponding st~d words [bo:s] 'stall' 
r'\ F\ 

(sb. sg.), [dein] 'parish clerk' and [elm] 'elm' are also di-

syllabic (I am not concerned here with the problem of how to 

transcribe these forms adequately». These st~d words were un­

doubtedly monosyllabic prior to the apocope. (On the apocope, 

see Ringgaard, 1963.) If hypothesis 1) above is correct, the 

result of the apocope may have been almost the opposite of what 

is normally assumed for H words which today have a segmental 

structure like those in (1) above: it may be imagined that the 

apocope did not cause originally disyllab1c words of this type 

to become monosyllabic; rather it may have been an indirect 

result of the apocope that originally monosyllabic words like 

[b~s] etc. were reinterpreted as disyllabic. 
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"ST0D" AND UNEXPECTED SUBSTITUTIONS IN THE SPEECH 

OF DANISH 2-YEAR-OLD CHILDREN 

1 John J~rgensen 

1. Introduction 

The aim of the present paper is to add new data - in the 

form of observations - to the study of child language. Danish 

being the maternal language of the children, it seemed natural to 

pay special attention to a phenomenon which is characteristic of 

Danish, viz. the "st~d". Danish "st~d" can be characterized as a 

sort of phonemic accent with the syllable as its domain. A phono­

logical description of "st~d" is given by e.g. H. Basb~ll (1969). 

It is well known (to Danes at least) that foreigners learning 

Danish have great difficulties both in producing the 11 st0d" and 

in placing it correctly. But is that also the case with Danish 

children learning their mother tongue? 

Another feature which attracted my attention during my sur­

vey of the material was the children's substitutions of other 

sounds for certain sounds of the adult language. The substitutions 

were unexpected in the sense that they did not agree very well 

with what might be predicted from the hypotheses proposed by Roman 

Jakobson in his fundamental work on this topic (1941). 

According to Jakobson, stops are acquired before fricatives 

(and therefore stops are substituted for fricatives, whereas the 

reverse substitution is not possible). Among the fricatives 

/s/ is claimed to be the most fundamental and, accordingly, it 

should not be possible to find any phonemic system where /s/ is 

lacking. 

1) Institute of Phonetics, University of Ccipenhagen. 
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Jakobson does not directly mention "sti,d" in his work butl 

using nasalized vowels as an example, he states that phonemic phe­

nomena which are found only in few languages, are acquired very 

late by children. 

2. Material 1 

The material on which my observations are based consisted of 

tape recordings of four two-year-old children's non-imitated speech. 

About 125 phrases (containing 2-3 syllables on an average) were 

recorded for each child. 

All recordings were transcribed in relatively narrow phonetic 
I 

transcription. About one fifth of the phrases were transcribed in 

very narrow phonetic transcription. 

3. Results 

3 . 1 "s t<;6d" 

Out of a total of at least 1000 syllables "stc;6d" was in­

correctly treated by the children in only 41 instances, i.e. less 

than 5 percent. In order to decide whether this surprisingly good 

result was caused by the fact that the children had avoided 

phrases containing "st<;6d" in the target language,. the percentages 
I 

of phrases with and without "st<;6d" was calculated. 40 per cent of 

all phrases contained one or more occurrences of "stc;6d" and 60 per 

cent contained no "stc;6d". These figures agree quite well with 

what is found in adult language. The distribution of "st<;6d"-mis-

takes among the subjects was relatively uniform, viz. MI 11, KR 12, 

NO 11, and TI 7. 

A quantification of the mistakes into 3 groups gave the 

results shown in table 1. 

1) A detailed description of the material and how it was collected 
will appear in the next issue of ARIPUC. 
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Table 1 

Distribution of "st~d" errors 

Lack of "st~d" on a syllable which 25 
should have the "st<;Dd" 

"St~d" on a syllable which should 10 
have none 

"St~d" on wrong segment of the syllable 6 

It should be added that the syllables with "st~d"-mistakes seemed 

to have no specific phonological structure in common. 

3.2 Substitutions 

Only two types of substitutions will be dealt with here. 

One concerns the phonetic realisation of the phoneme /s/, ,the 

other the realisation of the phoneme /k/. With a very few excep­

tions the /s/ phoneme was realised by all four children as a non­

sibilant fricative with its place of articulation somewhere between 

the dental and pre-palatal regions. As no palatograms or other 

physiological data were acquired, the above articulatory descrip­

tion can only be a qualified guess. It has, however, been con­

firmed by other trained phoneticians who listened to the tapes. 

The sounds produced by the children may be transcribed [e] or[~+]. 

As for the realisation of the /k/ phoneme there seemed to be 

very little, if any, consistency among the subjects. One child 

correctly realised /k/ as [gh]. Another substituted a dental stop 

for /k/. Still another substituted the fricative [x] for /k/. 

And the fourth child realised /k/ as a retracted [gh-J or•a re-
oh+ 

latively advanced [g ]. 

4. Discussion 

I shall not attempt to give a conclusive explanation of the 

discrepancies between Jakobson's predictions and my observations 



S-28 

on the linguistic behaviour of a very limited number of Danish 

children. A few points will be mentioned, however, which may de-• 

serve being taken into consideration in discussions of Jakobson's 

hypotheses: 

a) One possible explanation of the early acquisition 

of the "st~d" may be that the "stc.Dd" is treated as a 

prosodic phenomenon by the children. It is well known 

that prosodic phenomena (e.g. intonation) are acquired 

very early. 

b) The [s] - [e] substitution may reflect the children's 

inability to produc an [s] with its characteristic 

and complex tongue shape. Thus the substitution may 

be considered a purely phonetic one, and it is worth 

noticing that none of the children had a phonemic 

opposition between /s/ and /e/. 

c) The substitution of a fricative for /k/ may be explained 

partly by the fact that Danish /k/ is strongly aspirated 

(and affricated), and partly by the fact that it is 

more difficult to make fine adjustments with the back 

of the tongue than with the tip and blade. 

5. Final remarks 

It should be stressed that the value of the above considera­

tions is strongly limited by the small amount of data on which 

they are based. Moreover, there is an unfortunate scarcity of 

data from other studies to compare with. Especially the very first 

steps in language acquisition are almost unexplored. 
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(ARIPUC 12, 1978) 

ON THE PRODUCTION OF THE SWEDISH TJE-SOUND 

Per Lindblad 1 

Introduction 

The Swedish tje-phoneme in words such as kivas and tjuta 

have two main variants; being, firstly, an affricated pronuncia­

tion that can be written as [t~] and, secondly, a fricative pro­

nunciation usually transcribed as [g]. Both variants have a 

certain latitude of pronunciation. The affricate is the normal 

pronunciation in Fenno-Swedish and is found to some extent in a 

number of dialects in Sweden. The affricate was the dominant 

pronunciation in Sweden, even up to the early 1900's, but today 

nearly all Swedes use the fricative variant. 

The phonetic value of the symbol[~] is exemplified in IPA 

as the German ich. The normal Swedish tje-phoneme and the typical 

German [g] are, however, distinctly different, while the Polish 

~ and the Swedish tje-phoneme are very similar. The IPA symbol 

of the Polish ~-sound is [,J. In the following paragraphs I 

will use the IPA symbol[~] to clearly accentuate the special 

pronunciation of the Swedish tje-sound and also to establish 

connections with IPA. 

Both[~] and the palate-alveolar[~, JJ can be produced, 

as is known, by different articulatory gestures. It is possible 

that the specific articulations for[~] also vary with different 

speakers, perhaps because, just as for [s] and[~, JJ, the di­

stinctive high frequency components of[~] are determined much 

more by the dimensions of the front cavity than by the maximum 

contact area. Since the shape and size of the tongue, tooth 

ridge, teeth and lips may vary from speaker to speaker, a given 

size of the front cavity may be obtained by different gestures 

in different speakers. Another important quality of the sounds 

1) Department of Linguistics, University of Gothenburg, Sweden. 
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in question, their sharpness, is produced primarily by a con­

centrated airstream directed by the tongue against the teeth. 

Speakers with different shapes of the anterior part of their 

vocal tracts would achieve this effect in different ways. 

Despite the variation between different speakers in the 

pronunciation of [s] and[?, f] it seems reasonable to assume 

that articulatory gestures can be grouped into a limited number 

of gesture types, and that a certain gesture type would be the 

norm for a certain sound within a language, and probably in a 

number of (or perhaps even most) languages having the sound 

quality in question. For example, [s] in Swedish is evidently 

normally pronounced with the tip of the tongue resting against 

the lower incisors, and with the tongue blade against the alveolar 

ridge immediately behind the upper teeth (Fritzell 1973, p. 41; 

Soderpalm Talo 1976, p. 16). A recent investigation (Bladon and 

Nolan 1977) has shown the same type of gesture to be predominant 

in English. 

The normal articulation for Swedish[~] is probably the one 

shown in figs. 1 and 2. I have observed this articulation in two 

X-ray filmed subjects. 

Design and Material 

Figs. 1 and 2 illustrate the tje-pronunciation of two 

Southern Swedish male subjects, called hereafter A and B. 

They were X-ray filmed in profile while uttering the phrase 

EBBE SCHISE TJASAR I SODASJO 

vl v2 v3 v3 

and five other versions of that utterance, where the marked vowels 

were systematically varied while keeping the other sounds con­

.stant. Each of the vowels [ i :,Q:,u:,e:,y:,~:] appeared once in 

the respective v1 , v
2 

and v
3 

positions in the six phrases. Thus 

[~] appears in the following context: 
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Figure 1 

Profile X-ray tracings, speaker A. Left: [P] 
before [ i :· a.: u : e : y : 1.U: J . Right: the vowe 1 [ i : ] . 

I 
Figure 2 

Profile X-ray tracings, speaker B. Left: [G] 
before [ i: a.: u: e: y: w: ]. Right: the vowel [ i :]. 
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I. : 

u : 

E : 

y : 

1.U: 

Both speakers were recorded while repeating the six phrases 

twice, which gives the two series I and II. The diagrams in 

this article are based on series I. Series II showed essentially 

the same tendencies as series I. 

The X-ray films were taken at the X-ray department of Lund 

hospital. 1 The film speed was 75 frames/sec. Tape recordings 

were made at the same time. Representatives of every case of 

[~] have been taken from the frame where the tje-gesture shows 

maximum contact. This point usually occurs immediately after 

the midpoint of the fricative sound. On the basis of these 

frames the most important contour lines of the articulatory 

organs were drawn in profile diagrams. Figs. 1 and 2 show the 

contour lines for[~] preceding the six different vowels in 

series I. As a contrast is shown each subject's articulatory 

position for the pronunciation of [ i:]. 

Results 

The following features of[~] are strikingly constant for 

both subjects despite the varying vowel context and, besides, 

alike for the two speakers: 

I. Angle between the lower and upper jaw, which was very small. 

II. Position of the body of the tongue, which was raised and 

advanced as for [ i: ]. 

1) For helping with the X-ray photography I take this opportunity 
to thank Sidney Wood and Gunilla Holje, Rolf Schoener and 

Gudmund Swahn from the X-ray department of Lund Hospital. 
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III. Position of the front of the tongue, which differs from 

that of the [i: J articulation. Figs. 1 and 2 show how the 

blade of the tongue for both subjects is withdrawn from 

the lower front teeth for[~] (about 10 mm) but not for 

[ i: ]; subject B had a rather sharp edge. The surface of 

the tongue below this edge points steeply downwards. In 

subject A the bending is somewhat more gradual. Thus a 

cavity is formed between the surface of the tongue and 

the lower front teeth. This cavity is about 15 mm deep. 

Observe that this front tongue position means that the 

cross-section of the vocal tract is widened abruptly in 

front of the displacement for[~]. 

These features seem to be essential for the production or 

the normal Swedish tje-sound. To this can be added another two 

features which, as far as can be seen, are also essential to 

the production of[~] but which cannot be illustrated with the 

help of profile diagrams: 

IV. The blade of the tongue forms, just by the marked forward 

edge, a maximum constriction against the alveolar ridge. 

The cross-section area of this constriction is of the same 

order of magnitude as that of [s], and it is, as in [s], 

groove-shaped rather than slit-shaped. At the constriction 

the air-stream generates turbulence, so here is a sound 

source. 

V. The concentrated air stream which is formed at the con­

striction is directed against the edge of the lower front 

teeth, so that turbulence is also generated here. The 

sound associated wi [~] is, then, produced both at the 

narrow constriction and at the teeths 
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I have obtained information concerning IV by direct obser­

vation of subjects A and B, and also a number of other speakers. 

For those who are not satisfied with this direct method, there 

is the possibility of proving the hypothesis instrumentally, 

using X-ray sections or palatography. I plan to experiment 

along these lines. 

The assumption of V, that the teeth's effect upon the air 

stream is an important source of sound, is reinforced by two 

different factors: Firstly, that[~] is changed radically 

even by a slight lowering of the jaw while the tongue is held 

constant relative to the upper jaw. Secondly, subject B who has 

protruding front teeth pushes his lower jaw forward about 4 mm 

for his pronunciation of[~]. This causes the teeth to get into 

the air stream. With other sounds, however, his lower jaw moves 

little in a horizontal direction from its position of rest. 

See fig. 3. 

In contrast to the features already discussed, the lip 

articulation for[~] varies considerably in the different vowel 

contexts, especially with subject A. See figs. 1 and 2. All of 

these lip gestures are, however, variants of a non-rounded 

gesture. This can be observed when, for example, the sound is 

pronounced isolated. The basic lip articulation for[~] is, 

then, the same as for [ i:] and [j]. 

The contrast[.] - [ i :, j] 

The tongue and lip articulations for [b] and [ i :, j] are, 

as we have seen, very similar. But they are not completely so. 

See figs. 1 and 2. What basically differentiates them is, 

partly, that the lip articulation for[~] seems to be more 

likely to vary, and partly that the front of the tongue makes 

a specific articulation in[~] which obviously implies a com­

plication when contrasted with [ i :, j]. 

That[$.] is a "difficult" sound is shown by the facts that 

a child learns the sound late in life, and that adult foreigners 

often fail to master its idiomatic pronunciation. [~] is also 

a very unusual sound in the languages of the world. The diffi-
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culty of the sound seems to lie both in its production and per­

ception. In contrast to this, [ i :] and [j] are learnt at an 

early stage by the child, and are very common among the languages 

of the world. [ i:] and [j] can be said to be both easy to pro­

duce and to perceive. 

The contrast[~] - [g] 

The typical German [g] should normally be produced with the 

same tongue body and lip position as [ i :], [j] and[~] but, un­

like[~], with the tip of the tongue against the lower teeth or 

the bottom of the mouth as in normal [ i J and [j] (see fig. 4). 

The maximum constriction in [g] is formed further back than in 

[~], with the back of the tongue against the hard palate. The 

cross-section of the point of constriction seems to be slit­

shaped, while it is groove-shaped for[~]. Unlike[~], the cross­

section of the vocal tract area increases gradually anterior to 

the point of constriction in [g]. Variation in the angle be-

tween the lower and upper jaw in [g], or the tongue tip's posi­

tion (between the bottom of the mouth and the lower teeth), only 

produces a slight acoustic-perceptual effect, also unlike[~]. 

Furthermore, [g] sounds more or less the same, whether it is 

pronounced with inhalatory or exhalatory air stream, while[~] 

is radically changed by inhalation. Two factors of production 

are eliminated in[~] by inhalation: Firstly, there is no longer 

an air stream directed against the teeth and, secondly, there is 

no steep increase of the cross-section area at the air stream's 

outlet from the constriction. There are, however, no such pro­

duction factors for [g] producing a difference in inhalation and 

exhalation. 

In the same way as[~], [s], [p] and [f] also change their 

character when pronounced with an inhalatory air stream. The 

sibilant character of the sounds disappear; they are no longer 

sharp and strident. It seems obvious that[~], just like these 

other sounds, is a sibilant. The most important articulatory 

condition for sibilance seems to be the perturbation of a con­

centrated stream of air at the teeth. It seems also that the 
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Figure 3 

Profile X-ray tracings, speaker B. Left: [~] before 
[ i : a,: u: £: y: 1.U.: ] • Right: the vowels [ i J (unbroken 
line), [a,:] (broken line) and [u:] (dotted line). 

Figure 4 

Profile X-ray tracings of [g]. Left: speaker B; 
[g] was spoken in isolation, a following [e:] being 
intended. Right: [g] as reproduced in W~ngler (195&). 
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steep increase in cross-section area anterior to the constriction 

contributes to the efficiency of the sound source as far as 

sibilance is concerned. 

Thus, [~] is a sibilant, whereas [g] is not. However, with 

regard to auditory brightness, the sounds resemble each other 

and both contrast with the brighter [s] and the darker[~]. 

Fig. 5 shows the typical acoustic differences and similarities 

between[~] and [g], as pronounced by speaker B, who does not, 

however, use [g] as a natural sound. Their spectra have approxi­

mately the same energy distribution, weak energy at the lower 

frequencies but from about 3 kHz and upwards a strong, wide 

energy band without very noticeable formant peaks. This acoustic 

similarity probably explains the similarity of their auditory 

colour. 

The typical difference between the spectra of the sounds 

as pronounced by speaker Bis the degree of steepness of the 

energy decline at lower frequencies. The lower limit at about 

3 kHz is steep for[~] and more drawn out for [g]. This differ­

ence may be a general acoustic cue to the auditory difference 

between[~] and [g], a hypothesis which I intend to investigate 

further. 

[ s ] , [ s; J and [ s J 

The contrast between [g] and[~] in fig. 5 probably illu­

strates the most important acoustic correlate of sibilance. This 

correlate should be comprised of a strong, broad energy band 

without very marked formant pe ks which goes abruptly down at the 

lower frequency limit. This observation is strengthened by the 

spectra of [s], [~]and[~]. See fig. 6 which shows typical 

spectra of these sounds. Observe that their energy patterns are, 

in their main features, similar to what was observed for[~]. 

The frequency positions for steep/abrupt lower limit of the pat­

terns vary, however, systematically between the sounds.[~] takes 

up the position between [s] and[~]. 

The relation between the frequency position for the lower 

limit (and thereby the sound's lowest effective resonance), the 
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2 4 6 8 kHz 

Figure 5 

Typical [g] and[~] spectra, spoken in isolation 
by speaker B . 

. • I 
I 

/ 

2 4 

Figure 6 

6 8 kHz 

Typical [s], [G], and[~] spectra, spoken in iso­
lation by speaker B. 
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relative size of the front cavity, and the auditory impression 

of brightness for these sounds is noticeable. The smaller the 

front cavity, the higher the frequency, and the brighter the 

quality. [~] takes here a position between [s] and[?]. The 

contrasts are not very great. 

In several Swedish dialects that have all of these three 

sounds, there is to be found a crowded sibilant dimension. The 

[~]-articulation is, as mentioned above, difficult to accomplish 

per se. The degree of difficulty of this articulation is further 

increased because of the small differences between[~] and the 

two other sibilants. 

Conclusion 

The front cavity of the sibilant sounds should be given 

great attention. The position of the body and front of the 

tongue in [s], [~], [~] and [JJ should be studied with special 

reference to their influence on the dimensions of the cavity be­

tween the tongue and the lower teeth. Because this cavity (the 

most important resonator) is small, even slight changes in its 

size (just as for the vestibule between the teeth and lips) 

give rise to great acoustic-perceptual effects in these sounds. 

In Linell, Svensson and Ohman (1971, p. 97), the Swedish 

tje-sound is classified as [-coronal] and [-strident]. From the 

above it should be clear that this is incorrect, and that the 

normal tje-pronunciation should, on the contrary, be [+strident] 

and [+coronal]. 
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PERCEPTION OF STATIONARY FORMANT PATTERNS
1 

··11 2 Hartmut Traunmu er 

The object of my research study was the role of intrinsic 

factors in perceiving stationary speech sounds. Features that 

are acoustically present within the segment in question are 

here called intrinsic factors, as distinguished from extrinsic 

(contextual) factors. As stimuli simple synthetic vowels with 

one or two stationary formants were used. 

The point of departure of my discussion is not the acoustic 

signal but the representation of sounds along the basilar mem­

brane, where the Bark scale of tonality z(F) is applicable. It 

has been pre upposed that formants and pitch are the decisive 

features of the phonetic identity of sounds. The question to be 

answered was to what extent the positions of - and the distances 

between - the relevant parts of the sound representation are used 

in phonetic perception. 

If distances are most essential, there seems to be no 

need to suppose a normalizing process in order to explain per­

ceptual invariance for isolated vowels produced by children, 

women, and men, despite overlap in formant-frequency data of 

different phonemes, since these age- and sex-conditioned differ­

ences on the whole are reflected as a uniform displacement of 

1) Summary of my paper entitled "Einige Aspekte der Wahrnehmung 
quasistationarer Vokale" in PILUS 32, p. 8-13, Stockholm 
Univ., oct. 1976. 

2). Department of Speech Communication, Royal Institute of Tech~ 
nology (KTH}, S-100 44 Stockholm 70, Sweden. 
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the sound representation along the basilar membrane. But there 

is a less than average displacement found in F1 of non-open 

vowels produced by men. 

One-formant vowels covering almost the whole range where 

phonetic interpreting is possible, were generated in steps of at 

most one Bark for F and the formant. For two-formant vowels 
0 

F 1 was maintained somewhat above F
0

, while F2 on the one side,· 

and F
0

, F1 on the other side were generated as above mentioned. 

F
0 

of the stimuli was non-stationary. 

The vowels were identified by two Austrian and two Swedish 

subjects. In the dialect of the Austrian subjects there occur 

five distinctive degrees of opening among vowels, which results 

in good resolution among one-formant vowels, while in the dia­

lect of the Swedish subjects there occur four maximally closed 

vowels, which results in good resolution among the 'closed' 

two-formant vowels. 

The results showed: 

1} that there is a la~ of agreement between the vowel identi­

fications of the different subjects, particularly with regard to 

those stimuli that were not perceived as natural vowels because 

of too high z(F
0

l or z(F 1 ). 

2). that the distance between F
1 

and F
0 

(z(F 1 )-z(F
0

)) is decisive 

for the identity o one-formant vowels as long as the distance 

is less than approximately 6 Bark, otherwise the identity is 

determined mainly by z(F 1 }. 

3} that the phoneme boundaries between [ i J - [y] - [~] in two­

formant vowels are determined mainly by z(F 2 ). This cannot 

explain the phonetic similarity of /y/ produced by different 

speakers. 

4) that one-formant vowels are identified not only as back 

vowels with corresponding F 1 . Instead of the expected sequence 

[u o ~ n a] the following sequence [u o ~re(~) ffi] was obtained 

from three of four subjects. 
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Result 1) points to the possibility that different persons 

may have different perceptual strategies. Results 2) and 3) are 

in accordance with the hypothesis that the phonetic identity 

primarily is determined by the distances between formants with 

a small mutual distance, including the voice fundamental (e.g. 

F 1 , F
0 

or F 4 , F 3 , F2 in front vowels). In addition, formant 

positions function as substitutes if adjacent formants are not 

perceived. No satisfactory explanation for result 4) has been 

found. It is, however, evident that this result cannot be 

brought to agreement with the idea that vowels_are perceived by 

means of simple matching of their total spectra against memorized 

patterns. 
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(ARIPUC 12, 1978) 

FORM FACTORS FOR POWER SPECTRA OF VOWEL NUCLEI 

Ulf J. Stalharnmar 1 

Abstract: The spectrum of the vowel nucleus is, within the pre­
sent framework, regarded in terms of 'Form Factor 
Elements'. One such element is reflected in the struc­
ture of formant clusters and may be expressed in terms 
of bandwidth. It is shown that in two-formant syn­
thesis a vowel can change its identity from /i/ to /e/ 
(or /y/ to/~/ with a decreased pole span) simply by 
an increase of the higher pole bandwidth. Prior to 
this discovery, and indicating its potential, a four­
formant synthesis experiment was conducted. In this 
part of the investigation the possibility of construc­
ting /e/ vowel spectrum envelopes containing either 
higher, equal or lower spectral centres of gravity, as 
compared to envelopes generating the auditory impres­
sion of /i/, is demonstrated. N.B. in the process of 
generating the power spectra for /i/ and /e/, the fre­
quency parameters F4 , F1 and F0 were held constant. 
The spectrum balance was achieved either by means of 
only frequency adjustments of F2 and F3 or, with these 
frequencies "frozen", by amplitude modifications of 
F2, F3 and F4. The two experiments emanate from an 
empirically found paradoxical relationship for one 
female voice between such parameters as Tongue Height 
plus Fronting versus Second Formant Prime, (F 1

2 ) 
versus Centre of Gravity for the Spectral Components 
above F 1 , (denoted here as G' 2 ). 
The psychoacoustic evidence ootained focuses the at­
tention towards the development of an "excitation area" 
theory of perception based on form factors. 

1) Department of Speech Communication, Royal Institute of 
Technology (KTH), S 100 44 Stockholm 70, Sweden. 
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Introduction 

The work to be described forms part of a research program 

dealing with vowel nuclei in production, synthesis and perception. 

In the present paper the latter two issues are concerned. The 

paper provides some background philosophy to and a summary pre­

sentation of the talk given at the "Svensk-Dansk Fonetiker Seminar 

1977" under the title: "'Formfaktorn' och dess betydelse for 

vokalperception" - "The 'Form Factor' and its Significance in 

Vowel Perception". The research is carried on in support of per­

ception and automatic recognition studies. The aim is to investi­

gate how modified spectra can nevertheless be perceptually identi­

fied as one and the same vowel, and ultimately to express each 

vowel in terms of one parameter only, if possible, and to use the 

same parameter for male and female voices. 

Background 

Space geometric properties of the human vowel tract allow 

the second formant, F 2 , to be positively correlated with tongue 

height/fronting until the extreme prepalatal region is reached. 

Within this latter region the two parameters will be reversely 

correlated as demonstrated in the spectrogram sequence of figure 

1. This fact focuses on problems referring to automatic speech 

recognition (ASR), decision logic and human perception. 

+ 

1 . 1 

constriction area 

I =- .~ llllli 
E.: e: ,. e: 

1 . 2 1. 3 1. 4 

Figure 1 

... 
a: 
.j.,. 

1 . 5 

Effect of increasing tongue height/fronting 
upon formant patterns. - Speaker US. 

'

ii,, 
I •• qll 

... 
1. 6 
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Figure 2 contains a vowel plot in terms of the F1/F 2 spaces 

of adult males, adult females and five to eight-year-old children 

of both sexes (Stalhammar, 1971). Each data point represents the 

F, 

3000-
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--
1500-

I 

200 

cj'male 

9 female 

Q chlld 

~ 

J 

~ , 
\ . 

800 

Fi·g·ure 2 

Sex dependent displacement of the F 1/F 2 locations. 

mean over ten subjects. Attention should be given to the relation 

between the vowels /i/ and /e/. The figure shows the relation-

ship F2i < F2e for all three speaker categories. Figure 3 demon­

strates that the relation is manifested, again as a mean, also in 

different contexts. Context 1 represents vowels in isolation, 

context 2 vowels embedded in C-C environment and context 4 vowels 

in fluent speech (Stalhammar, Karlsson, Fant, 1973). Obviously, 

it is clear that the i/e relationship cannot be adequately de­

scribed in terms of the F2 feature alone. This is a drawback for 

ASR systems having as vowel identifier the distance F2-F 1 . From 

a perceptual point of view, however, /i/ is perceived as [+high] 

in relation to /e/. An examination of figure 1.6 might provide 

the answer, the effect of the weak F2 amplitude due to its large 
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--- context 1 
--0-- context 2 

····O···· context ◄ 

1000 f; 

Figure 3 

Context dependent displacement of 
the F1/F 2 locations. 

distance from F 3 , which allows the perceptual focus to be oriented 

towards higher formants. This explanation is also supported by 

the matching experiments undertaken by Carlson, Fant, Granstrom 

(1975), in which test subjects were reported to match closer to 

F3 than to F2 for a synthetic /i/ vowel. 

Consequently, the use of a new parameter (G 1

2-F 1 ) in place 

of (F 2-F 1 ) should bring about an improvement from an ASR point of 

view; G1

2 represents the centre of gravity of spectral components 

above F1 . Under the described conditions which usually prevail 

in reality, a positive correlation between the parameters Tongue 

Height/Fronting and G1

2 is obtained. 

While the newly defined parameter (G 1

2-F 1 ) represents a 

definite improvement over the previousl~ used (F 2-F 1 ) parameter, 

a contradictory case of a female voice has nevertheless been found. 

Female case 

Two vowel spectra originating from a female test subject, 

AKS, are shown in figure 4 in which the power spectra pertaining 

to the instants identified by the sampling arrows are presented. 

It is noticed that Fli=285 Hz, F 2i=26OO Hz, F 3i=367O Hz, F4i= 

5190 Hz; similarly, F1e=3O5 Hz, F2e=3O3O Hz, F 3e=37OO Hz, F4e= 



S-51 

TY,- B/~5 SONACRAM KAY S:LEMETRICS CO. Pl~t 

' ( . . I 
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·Figure 4 

Visible speech and power spectrum cross-section 
patterns for vowels /i/ and /e/. - Female speaker 
AKS. 

4795 Hz. Again it is observed that F 2i < F 2e at the sampling 

locations, i.e. ~ = 4 30 Hz. More importantly, an unusually high 

amplitude of F 2i is observed. Based on visual examination it 

might be hypothesized that the G' 2 i could be even lower than the 

G' 2e within the steady state portions of the two sounds. In 

order to scrutinize this hypothesis quantitatively, the frequency, 

fG, of the spectral centre of gravity was computed: 

= (1) 

where Af is the linear amplitude of the component of frequency f. 

The cross-section patterns presented in figure 5 for the 

two vowels /i/ and /e/ were obtained by means of a computer 

operating at a sampling rate of 100 Hz. 

Two separate evaluations of G'
2 

were carried out using the 

frequency ranges 0. 8-4. 8 kHz ( test 1) and 0. 8-6. 8 kHz ( test 2 ),, 

respectively for the evaluation of the spectral centre of gravity. 

Test 1 was undertaken mainly to focus on the contribution of F2 
and F 3 to the spectral centre of gravity, and test 2, with the 

high frequency limit increased to 6.8 kHz, to include the influence 
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• Figure 5 

Power spectra for the vowels /i/ and /e/, 
obtained by computer evaluation of the signal 
together with centre-of-gravity markings, 
('). - Female speaker AKS. 

of higher spectral components upon the spectral centre of gravity. 

The following numerical values of G1

2 
were obtained: 

Test 1: G' 2i = 2137 Hz 

G' = 2687 Hz 2e 

/:),_ = G' - G' ~ -500 Hz 2i 2e 

Test 2: G' 2i = 2375 Hz 

G' = 2825 Hz 2e 

~ = G' - G' ~ -500 Hz 2i 2e 

Although for test 2 the upper cut-off frequency is increased by 

2 kHz the increase in G 1

2 is about ten times smaller, i.e. only 

approximately 200 Hz; A remains essentially constant. Although 

usually /i/ is associated with a higher spectral centre of gravity, 

G ' 2 i < G ' 2 e in this case . 

Comparison with previous equivalent formant methods 

An F 1

2 calculation was carried out using the 1975 formula due 

to Fant (Carlson, Fant, Granstrom 1975): 
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F' = 
2 1 + C 

C 

The following numerical values were obtained: 

F 1

2 i = 2860 Hz 

F' = 3450 Hz 2e 

~ = F' - F' ~ -0. 6 kHz 2i 2e 

( 2) 

The formula was later revised as follows (Bladon, Fant 1978): 

F' 
F2 + c2(F3F4)1/2 

(3) = 2 1 + c2 

A 
C = K(f)_li 

A2 

where A34 is the vocal tract transfer function in the valley be­

tween F3 and F4 at the frequency F 34 = (F
3

F 4 ) 112 and A2 is the 

transfer function at the second formant peak, F2. The factor K(f) 

in the weighting function is intended to include the additional 

preemphasis originating from source, radiation and higher pole 

corrections and in addition a correction for differences in 

equal loudness levels. 

With the new version the following numerical values were 

obtained: 

F 1

2 i = 2725 Hz 

F' = 3460 Hz 2e 

~ = F' 2 i- F' 2e ~ -0.7 kHz 

N.B. again with the /i/ as the lower counterpart. 
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Although the previous formul~ are adequate to represent most 

vowels, the contradictory exampl~ indicates that some additional 

modifications will be required to cover all vowels. 

It should be observed here that for speaker AKS, given the 

Fn data presented above, F 1

2i = 2860 Hz and F' 2e = 3450 Hz. In 

order to transform the F 1

2i value to coincide with the F' 2e value 

by means of shifting only one formant at a time, the F2 has to be 

shifted up to 3422 Hz, the F 3 up to 4031 Hz, or the F4 down to 

3283 Hz. It is understood that such a transformation of F4 is not 

permissible if the resulting transformed value is smaller than F 3 . 

F' 2e cannot in this case be reached by a shift in F1 only. 

Similarly, in a eve environment, for the observed female formant 

set (Stalhammar et al. 1973) for the vowel /I/, (F 1 350 Hz, F2 
2600 Hz, F 3 3075 Hz, F4 4000 Hz) and the male set, (F 1 325 Hz, 

F2 2315 Hz, F3 2915 Hz, F4 3400 Hz) it is noticed that each indi­

vidual female formant occupies a higher frequency position, yet 

the female F 1

2 = 2910 Hz and the male F 1

2 = 3035 Hz, i.e. 

F' 2fe< F' 2ma· In order to transform the F 1

2fe value to coincide 

with the F' 2ma' F 1 has to be shifted up to 505 Hz, F2 to 3030 Hz, 

F 3 to 3140 Hz, or F 4 has to be lowered to 3845 Hz. An increase 

of F4 results in a downshift of F 1

2 . 

Since it is now possible to state that neither the (F 2-F 1 ) 

parameter nor the (G 1

2-F 1 ) parameter nor the (F 1

2-F 1 ) parameter 

cover all possible cases, there must be another, as yet unknown, 

factor of importance. A preliminary attempt to determine the 

nature of such a factor will be done by means of (1) a four­

formant synthesis experiment and (2) by means of a two-formant 

synthesis experiment. However, for the sake of completeness, 

the r6le of formant transitions should first be considered. 

The Vowel - a Spectral Chameleon 

The low F1 vowels in Swedish, /i/, /y/, /tt/ and /u/, are 

mostly characterized by pronounced F transitions when uttered in n 
isolation (see e.g. the /i/ and /tt/ vowels in figure 6 and 

Stalhammar, Karlsson 1972). These vowels tend to be diphthongized 

towards a target of extreme tongue-palate closure for /i/ and /y/ 

and a target of labial closure following /tt/ and /u/. In order 
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Figure 6 

Spectra of an /i/ vowel, left, and an /tl/ vowel, 
right, together with indications of sample 1, 
(S

1
), and sample 2, (S 2 ), locations. - Speaker US. 

to obtain a more adequate representation of F for this category n 
of vowels, the location of two samples, s1 and s2 , are defined. 

s 1 is located at approximately 20% of the total duration from 

voice onset and the location of s 2 is derived from an articulatory 

target as follows: for /i/ and /y/ it is where the F 3 transition 

changes direction from positive to negative as in figure 6 or at 

other target criteria, and in /tl/ and /u/ where the F2 reaches 

steady state. The values of F 1 , F
2 

and F
3 

at the instant s 1 are 

redefined as being equal to zero; thus the endpoints which corre­

spond to s 2 reflect the difference, .AFn, between the final target 

value (at s 2 ) and the initial value (at s 1 ) of the Fn's. In 

figure 7 these ~F's are plotted for F 1 , F2 and F3 . The encircled 

digits indicate test subjects. A close examination of the plot 

reveals that the F-pattern shows great variability as a function 

of the two sampiing locations. For the vowel /i/ the F
1 

transi­

tion is negative and simultaneously associated with positive F
2 

and F 3 transitions for subjects 3 and 7. Similarly, for subjects 

0 and 4, F1 , F2 and F 3 all show negative transitions. For subjects 

5 and 8, F 1 is negative, F2 constant and F
3 

positive. For subject 

2, F1 is constant, F2 , F 3 negative. For subject 1, F1 is also 

constant, F2 negative; however, F 3 is positive. For subjects 6 

and 9, F1 and F2 are negative, while F
3 

is positive. 
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Figure 7 

~F's for formant transitions between the instants 
s 1 and s 2 for various vowels. •=normalized loca­
~ion for s 1 . o = llF's, obtained for various sub­
Jects at s2 . 

For the vowel /y/ all subjects display negative F
1 

transitions 

combined with positive F 3 transitions, while F 2 shows a less con­

sistent pattern. The vowels /tt/ and /u/ have clear negative 

transitions for both the lower formants. The negative F2tt transi­

tion for subject 9 is about 700 Hz. 

In view of the inconsistent transition patterns for F1 , F2 
and F 3 , it is imperative to search for more consistent parameters 

such as, e.g., the form factors described in this paper. 

In order to eliminate the possibility of any spurious effects 

on the present study, the signal obtained from speaker AKS was 

examined in terms of the following questions: 

1. Are the vowels produced by speaker AKS adequate and correct 

in all respects? 

2. What about the higher formant amplitude decreases in the later 

part of the /i/ vowel and the negative higher formant transi­

tions in the later part of the /e/ vowel? 
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With respect to question (1) a panel of 30 listeners judged the 

utterances of the speaker as being entirely proper and showing no 

spurious effects. With respect to question (2) the problem of 

amplitude decreases/transitions was avoided by means of retaining 

only the steady state portions of the vowels, i.e. approximately 

50% of the total durations. After the truncations were made, the 

steady states were repeated to reestablish the original durations. 

According to the same panel of listeners the reconstituted signals 

retained a sufficient phonemic identity (/i/ and /e/, respectively). 

Four-formant case 

In order to retain control over formant amplitudes, the four­

formant stimuli were produced by a computer simulation of parallel­

formant synthesis. Input data forming the reference construct, 

SO, are presented in figure 8. The data are typical of a male 

vowel /i/ with a slight modification in F 1 so as to obtain an inter­

mediate value between F 11 and Fie· This weighted value was adopted 
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so as to make the stimuli more sensitive to subsequent adjust­

ments of the higher formant frequencies. Based on this reference, 

adjustments have been made according to figure 8; the resulting 

preemphasized (+6 dB/octave within 0.2-5 kHz) computer generated 

envelopes are displayed in figure 9. In addition, loudness 

envelopes of the same stimuli produced by a HP 8051 Loudness Ana­

lyzer are shown. The Analyzer performs a continuous 1/3 octave 

level analysis of the noise to be measured and computes, by the 

method indicated by Zwicker (ISO recommendation 532), the loud­

ness Sin sonesG. In figure 8 FN represents any formant, BN the 

formant bandwidth, and LN the formant amplitude. 30 subjects 

judged the quality of the stimuli. 

Evaluation 

Stimuli SO and Sl showed a definite codability with /i/, 

S2 a high degree of codability with /i/, and S3 and S4 were de­

coded as /e/. Stimuli SS-S9 were classified as /e/. Stimulus 

Sl0 was ambiguous, and Sll and S12 showed a definite codability 

with /i/. 

Comments 

The auditory impression of /i/, inherent in the stimuli S0-

S2, is changed into /e/ in stimuli S3 and S4 simply as a function 

of formant amplitude modifications given a set of "frozen" formant 

frequencies. In stimulus SS the F 2 is shifted upwards approxi­

mately 0.35 kHz relative to SO, resulting in an auditory impres­

sion change from /i/ to /e/! The G 1

2 frequency decreases, where­

as the F 1

2 increases. However, cases exist where G' 2e >G' 2i as 

in cases 2. and 3., i.e.: 

(1) G1

2 (S5)l;e;<G' 2 (S0)j/i/; while (2) G 1

2 (SS)l;e;>G' 2 (Sl)j;i/ 

and (3) • G' 2 (SS) I /e/ > G' 2 (S2)1 /i/ 

Apparently the spectral centre of gravity is not the only decisive 

correlate in the i/e dimension. Since the upshift of F 2 in SS 

results in a perceptual shift from /i/ to /e/ relative to SO, it 

is evident that the positive correlation between F 2 and the 
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feature [+high] no longer exists when F2 clusters with F
3 

and 

higher formants. This is also evident in the samples S6-S8 

where the /e/ vowel identity is preserved at a successive de­

crease of F
3

. An L2 decrease in the sequence Sl0 to Sl2 relative 

to SS brings us back to /i/ (in Sl2 L2 is set to zero). 

Two-formant case 

Input data forming the 2-formant constructs are to be found 

in figure 8 with the resulting envelopes, preemphasized +6 dB/ 

octave within 0.2-5 kHz, displayed in figure 10. 

The 2-formant reference construct Sl3 is generated with the 

same_F 1 as F 1 of the 4-formant reference construct SO, while the 

upper formants are reduced to one pole equal to F 1

2 (S0). Similar­

ly, the higher pole frequency, F2 , of stimulus Sl6 is derived 

from F 1

2 of the 4-formant construct S6; F2 (S19) = F 1

2 (S7); 

F2 (S22) = F 1

2 (S8). However, F2 (S25) = G' 2 (S0). Furthermore, 

for each F 2 three amplitude levels are used, e.g.: 

Sl3 

Sl4 

S15 

L2 = L1-6 dB 

L2 = L2 (Sl3)+6 dB 

L2 = L2 (S13)+12 dB 

p-
ee 

,,b.: ....... -==-­
)( illllir- !-

Figure 11 

Broadband spectrograms and power spectra for stimuli SO, S13 
and S30. 
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Figure 10 

Computer generated spectrum envelopes of 
the 2-formant synthetic stimulil S13-S27 
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Evaluation 

Stimuli Sl3-Sl8 plus S25-S27 showed a definite codability 

with /i/, Sl9-S21 showed a high codability with /i/, and S22-S24 

a high codability with /y/. In all cases the higher pole band­

width was narrow. The amplitude of the higher pole had only 

minor effects. When the bandwidth of the higher pole was in­

creased, the auditory impression shifted from /i/ to /e/ and 

from /y/ to/~/ depending on the pole span. Figure 11 shows a 

four-formant construct, SO, and two two-formant constructs 

derived from it, Sl3 and S30, respectively, where F 2 (S13) = 
F' 2 (S0) and F2 (S30) is a bandwidth increased version, (B = 0.75 

kHz) , of F 2 ( S 13) . 

Conclusion 

The psychoacoustic evidence obtained from the present in­

vestigation suggests the development of an "excitation ~rea" 

theory of perception based on form factors. The combined inte­

grated effects of formant frequency and amplitude in the four­

formant case and of formant frequency and bandwidth in the two­

formant case both point in this direction. 
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SYNTHESIS OF A FEMALE VOICE, A PRELIMINARY STUDY 

. 1 
Inger Karlsson 

Abstract: The ultimate aim of my work is to synthesize a female 
voice with the help of our OVEIII synthesizer. I have 
started this work by surveying the existing literature 
where only three articles describing experiments in 
this area could be found, none of which claimed to have 
been successful. We copied one of those experiments 
and also tried to copy one utterance made by a female 
speaker. None of these synthesized samples were accep­
table as a female voice. 
To gain more knowledge about the perceptual load of dif­
ferent parameters we ran a test where the fundamental 
frequency, the bandwidths, and the higher formants 
were varied. The listeners seemed to be aware of dif­
ferences in average fundamental frequency that were 
greater than 10 Hz and were more sensitive to changes 
in the first formant than in the higher formants. 

Experiments with. female voice synthesis 

The ultimate goal of my research is to produce a fully 

acceptable synthesis of a female voice. Little seems to have 

been done in this area. I have found only three relevant articles: 

U. Goldstein (1972}, H. Sato (1974}, T. Yasuhiro and K. Ozeki 

(1976). None of those claimed to have been wholly successful. 

Anyhow, we decided to try to copy the most promising of these 

studies, namely the one by Yasuhiro and Ozeki. They have used 

LPC technique, see B. Atal and S. Hanauer (1971), the output 

rate being set to 1.3 times the input rate, thus increasing the 

formant frequencies and bandwidths by 30%, and the fundamental 

ll Department of Speech communication, Royal Institute of Techno­
logy (KTHl, S 100 44 Stockholm 70, Sweden 
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frequency being set to 2.1 times the original value. A sentence 

from a reading made by a male speaker was used as test material. 

The processed utterance was passed through a comb filter with 

zeros at 900, 2800, 4700 and 6600 Hz to get a more female-like 

result, and this way, according to the authors, 11 
••• an almost 

satisfactory female voice ... " was achieved. We tried to copy 

this experiment with the R. Carlson and B. Granstrom (1976) rule 

synthesis program, the formant frequencies and bandwidths being 

raised by the same amount as in the Yasuhiro and Ozeki experiment, 

and the resulting synthesis being filtered as described above. 

Examples of this synthesis, both filtered and unfiltered, were 

played at the seminar; neither of these examples had any great 

resemblance to a female voice. One possible explanation of this 

is that the relations between male and female formant frequencies 

and bandwidths are nonuniform, see G. Fant (1966) and O. Fujimura 

and J. Lindqvist (1971}, whereas in this experiment they were 

assumed to be uniform. We therefore synthesized the same sentence 

with the formant values set to typical average values for female 

speakers, but this did not remarkably improve the "femaleness" 

of the synthesized voice. We have also tried to make a synthetic 

copy of an utterance made by a woman. The result can be seen in 

Fig. 1, where spectrograms of the original and the synthesized 

copy are shown. These samples were also played at the seminar. 

Though a similarity could be heard between the two, the similarity 

was not so much in voice quality as in prosody, and the synthe­

sized voice could hardly be accepted as a female voice. 

In all the examples mentioned above the parameters altered 

to get a more female voice were formant frequencies, bandwidths, 

and fundamental frequency. As we could ascertain by listening to 

the synthesized speech, these parameters do not carry all informa­

tion that is needed to unambiguously define a certain sex. 

Further parameters to be taken into consideration are those of 

the voice source, as well as variations within and between sounds 

of the parameters that we used in the experiments described above. 
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Figure 2 

Spectrum sections of natural and synthetic speech. 
The spectrum of the natural speech is drawn with a 
solid line, the broken line indicates the synthetic 
speech. 
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Listening test 

We have also tried to estimate the relative importance of 

different parameters for the perception of similarity of sounds. 

To do this we used a listening test where the test participants 

were asked to judge tbe similarity between two syllables using 

a scale ranging from 5 for full similarity to 1 for no similarity. 

The first syllable was the same throughout the whole test: a 

syllable pronounced by a woman. The second was a synthetic copy 

of the first where the frequency and amplitude of the fourth 

formant, the average value of the fundamental frequency, the 

bandwidths of the first and of the second+ third formants were 

varied, one at a time. The other parameters were held at values 

that, as judged by spectrograms, were as similar to those of the 

first syllable as possible. Spectrum sections of the natural 

vowel and of the synthetic copy that was used as a reference for 

the different parameters are shown in Fig. 2. 

The results of the test are given in Fig. 3. We can see 

that the fundamental frequency has to be altered at least 10 Hz 

before the similarity rating decreases. For the fourth formant 

an 8 dB decrease in amplitude does not influence the result, 

whereas a 500 Hz decrease in frequency shows only a weak tendency 

towards lower ratings. That a frequency increase gives such high 

rating values probably depends on the fact that the speaker we 

used in the test has a strong fifth formant. The bandwidth of 

the first formant seems to be an important parameter, whereas 

the listeners seemed to be unaware of changes in the second and 

third formant bandwidths. Due to the type of synthesizer we used 

(a terminal analog synthesizer} it is impossible to tell whether 

it is really the differences in bandwidths that are perceived; 

it may just as well be the amplitude differences. According to 

Kakusho et al. (1971), the ear seems to be fairly sensitive to 

amplitude differences, especially if these are located in the 

first formant. This suggests that voice quality depends much on 
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Results of the listening test. Mean values and standard 
deviations of the similarity ratings are shown. The re­
ference sample that was judged the most similar to the 
natural speech sample from spectrograms is indicated with 
an arrow. 
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the lower parts of the spectrum, the fundamental frequency and 

the first formant region. It is interesting to compare with the 

K.Agren and J.Sundberg (1976) study of tenor and alto voices: 

they found that the differences between those two groups can be 

ascribed, for the most part, to a stronger fundamental and a 

higher, +400 Hz, fourth formant for the alto voices. Combined 

with our results this would indicate that the next thing I ought 

to do to improve the female voice synthesis would be to raise 

the amplitude of the fundamental. 
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MEASUREMENTS OF FORMANT BANDWIDTHS IN THE TIME DOMAIN 

1 Lennart Nord 

Abstract: Two methods of estimating formant bandwidth in the 
time domain were tried. The vocal tract with the 
glottis closed was excited, either by pulses or by 
a gated sine wave signal, with its frequency adjusted 
to one of the resonances of the vocal tract. Band­
width values were obtained from the decay curves. 
Measurements on Swedish vowels, articulated by two 
male and two female speakers were performed and the 
results compared to sweep-tone measurement data. 

Introduction 

Acoustic data such as bandwidth values are needed for a 

thorough modelling of the vocal tract, including losses. Sources 

of error when measuring bandwidths are glottal and nasal coupling 

which will broaden the formant peaks. A movement of the articu­

lators, shifting the resonance frequency will also result in too 

large values. 

Two techniques of measuring bandwidth in the time domain 

will be described. The experiments are part of a series of ex­

periments, investigating the acoustical properties of the vocal 

tract. (For some aspects of the wall impedance of the vocal tract, 

see Fant, Nord and Branderud (1976) .) 

Theory 

A resonance can be described in the frequency or in the 

time domain, see fig. 1. The bandwidth Bin the frequency plane 

1} Department of Speech Communication, Royal Institute of Tech­
nology (KTH), s-100 44 Stockholm 70, Sweden. 
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corresponds to the width of the resonance peak and can_be mea­

sured, for example by means of a sweep-tone analysis technique, 

see Fujimura and Lindqvist (1971). If a resonance is excited by 

a pulse, the amplitude will oscillate and decay according to 

fig. lb. In the time domain the damped oscillation can be de-
. . -TTBt ~ scribed by the expression A• e • cos (2!/fres • t), where the 

factor B thus determines the rate of decay. 

Experiment 

Method 1 See fig. 2. The vocal tract was excited by 

short pulses from an electromagnetic transducer (of a type nor­

mally used as a sound source for laryngectomized) driven by a 

pulse generator. The transducer had a contact area of approxi­

mately 7 cm2 and was placed just above the larynx on one side of 

the throat. The placement was adjusted so that loud clicks were 

heard when the subject held his glottis and velum closed and his 

mouth open. The pulse width and amplitude were adjusted to give 

a strong first transient and negligible ringing. (The resonance 

of the transducer alone was well above the first formant but 

could in some cases interfere with the second formant.) The sound 

was registered by a small condenser probe microphone and displayed 

on an oscilloscope screen. The probe was a thin damped plastic 

tube inserted about 1 cm into the mouth. For a given articulation 

a number of pulse responses of the vocal tract were recorded on 

an FM tape recorder. The recorded signals were played back at a 

reduced speed (by a factor 16} and a mingograph tracing of the 

signal was obtained. Consecutive peak-to-peak amplitude values 

of the decaying signal were plotted on a logarithmic scale and 

a straight line was fitted visually to the points. The slope of 

the line gave the bandwidth value of the resonance. For vowels 

with two formants lying close together it was sometimes necessary 

to bandpass filter the microphone signal to get the bandwidth 

value of one of the resonances. 
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Method 2 The exciting pulse did not correspond to an ideal 

pulse, which meant that only little energy was transmitted through 

the vocal tract wall at higher frequencies. This made it diffi­

cult to measure anything more than the bandwidth of the first 

formant reliably. 

Another way of exciting the tract was therefore tried. 

The transducer was fed with a sine wave signal of the resonance 

frequency of interest. By gating this signal, the rise and decay 

pattern of the recorded response signal'could be treat~d in the 

same way as the pulse response. In fig. 3 both types of response 

signals are shown together with the indicated pulse and sine wave 

excitation signals. The latter method demanded less energy from 

le transducer as all the energy was used; however, the mechanical 

constraints of the system, even with this method, made it diffi­

cult to get bandwidth data from higher formants. 

Measurements 

Both methods were tried on a number of male and female 

subjects. Some practice was usually needed to make the subjects 

aware of the type of articulation needed with the glottis closed 

and no nasal coupling. Method two also required that the arti­

culation was held fixed while the first resonance frequency of 

the tract was found with the oscillator. This could be avoided 

by some automated frequency scanning. 

Results and discussion 

Results for two male and two female speakers are plotted 

in fig. 4. No consistent difference was found between the meas­

urement values for the two methods that were tried. Therefore, 

no distinction is made in fig. 4. 

Included in fig. 4 are also average values from sweep-tone 

measurements made by Fujimura and Lindqvist (1971). The similari-
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ties are quite good with the same tendencies concerning male­

female differences and high bandwidth values when F1 is low, due 

to increased wall losses. For discussions on bandwidths, see 

articles by Fujimura and Lindqvist (1971) and by Fant (1972). 

The time domain data in fig. 4 appear to have somewhat 

lower values than the sweep-tone measurements. This might be 

explained by the fact that measurements in the frequency domain 

take longer time and will give broader peaks if the resonance 

frequency sh~fts during the frequency sweep. Time domain ana­

lysis is generally faster and a changing of the articulation 

will not affect the bandwidth to the same degree. 

If two formants are very close, such as F1 and F2 for high 

back vowels, a satisfactory filtering of F1 cannot be made. 

The impulse response will not decay exponentially and B1 cannot 

be evaluated in the manner described above. (Compare the problem 

of extracting bandwidths in the frequency plane when two formant 

peaks lie close together.) 

An alternative method of pulse excitation is to use an 

electric spark as an acoustic source inside the mouth cavity. 

This technique has been described by House and Stevens (1958). 

Summary. 

The two methods of estimating bandwidths in the time domain 

of the vocal tract, closed at the glottal end, gave promising 

results for the measurements of B1 . Values for some vowels 

articulated by two male and two female speakers were consistent 

with sweep-tone measurement data obtained by Fujimura and Lind­

qvist (1971). 
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FINAL LENGTHENING - A CONSEQUENCE OF ARTICULATORY AND PERCEP.TUAL 

RESTRICTIONS? 

Bertil Lyberg 1 

Introduction 

The duration of speech segments varies according to the 

position in the word and in the phrase. In the literature some 

of these variations are known as initial and final lengthening. 

Segmental variation has mainly been studied as an isolated 

phenomenon without any connection to parameters such as funda­

mental frequency and intensity variations. 

In this study, attempts have been made to explain some of 

the temporal regularities of spoken Swedish such as, e.g., "final 

lengthening" by means of articulatory and perceptual restrictions 

on the speed of fundamental frequency change. 

Segment durations 

Observations 

In an investigation reported previously (Lyberg 1977), 

vowel duration measurements were made for an invariant "probe" 

sequence [- 1da:g-J, where position at the word and phrase levels 

was systematically varied. The results from the study can be 

summarized by the following points: 

a) The duration of the test word vowel is longer when the 

word is at the end of a phrase, at least when the test word vowel 

is followed by fewer than two unstressed syllables. 

1). Department of Phonetics, Institute of Linguistics, Stockholm 
University, Fack S-10405 Stockholm 50, Sweden. 
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b) In phrase-final positions, the duration of the vowel 

segment decreases as a function of the number of preceding main 

stresses. 

c) In all other positions, the duration of the vowel does 

not show any systematic variations depending on the position in 

the phrase. 

Model based on a lengthening process 

If the "shortest" inherent duration of the speech segments 

is used as a basic input parameter, it seems possible to describe 

the durational patterns of Swedish utterances by means of the 

following expression: 

where u (n)_ = { ~ if n ~ 0 
if n < 0 

D = the segment duration of a given main stress vowel in 

a word and in a phrase 

D1 = the inherent "shortest" duration of the vowel segment. 

a = the number of syllables that follow at a given point. w 

a = the number of main p stresses that follow at a given point. 

b = the p number of main stresses that precede at a given 

ex, '3, k = constants. 

Contrary to the earlier.models (Lindblom and Rapp_l973, Lyberg 

1977) the constants used in the present model are totally inde­

pendent of the metric structure of the test words. 

point. 
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Fundamental frequency change 

Observations. 

Some of the sentences of the speech material used in an 

earlier investigation (Lyberg 1977} were also used in this investi­

gation in order to study the frequency contour for two of the 

speakers (JJ, PEN). The sentences used appear in Table 1. 

Sentence 

Dag 

Dagen 

Dagobert 

Idag 

Dag berornmer Dagobert 

Dagobert berornmer Dag 

Table 1 

syntactic structure 

s 
I 
NP 

I 
N 

s -------NP VP 

I -------N V NP 
I 

N 

The experimental results are presented for one of the two 

speakers in figs. 1 and 2. Every point in the diagrams represents 

a mean value of ten comparative samples. 

The fundamental frequency contour at the end of the sentences 

consists of a maximum followed by a minimum value. This phrase-

end signalling will always occur in the final word of the sen­

tences and different cases will occur depending on the metric 

structure of the final word: 

a) The final word consists of only one syllable. Both the 

maximum and the minimum have to be manifested in the same syllable. 
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b) The final word consists of a main stressed syllable 

followed by an unstressed syllable. The minimum value is then 

located in the unstressed syllable but the maximum will still 

occur in the main stress syllable. 

cl The final word consists of a main stress syllable 

followed by two unstressed syllables. Both the maximum and the 

minimum are located in the unstressed syllables. 

d} The final word consists of a main stress syllable pre­

ceded by an unstressed syllable. The maximum and the minimum 

are located in the main stress syllable. 

All the main stresses but the final one when it is followed 

by less than two unstressed syllables, are manifested by a mini­

mum in the frequency contour (cf. Carlson and Granstrom 1973). 

Segment duration· - a function of fundamental frequency change? 

Both the segment duration and the fundamental frequency 

contour are treated differently in the phrase final position 

as compared with all other positions. The question then arises 

whether the lengthening phenomenon is related to the phrase-end 

command of the fundamental frequency. 

In a phrase final word that consists of only one syllable, 

both the maximum and the minimum of the phrase-end command have 

to be executed in the same syllable. But in a phrase final word 

that consists of a main stress syllable followed by an unstressed. 

syllable, the maximum will be located in the main stress syllable* 

and the minimum in the unstressed syllable. 

If the time required to perform a certain frequency devia­

tion is a monotoni~ally rising function of the frequency devia­

tion, it is obvious that the stressed vowel in a phrase final 

word like /dag/ is longer than the stressed vowel in e.g. /dagen/. 

The segment duration is thus only prolonged when it is 

necessary in order to perform the required fundamental frequency 

deviation. The variation of the segment duration at different 
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places in a sentence is then only a secondary effect of the 

signalling by means of the fundamental frequency. 

References 

Carlson, R. and B. Granstrom 1973: "Word accent, emphatic 
stress and syntax in a synthesis by 
rule scheme for Swedish", STL-QPSR 
2-3/1973, p. 31-36 

Lindblom, B. and K. Rapp 1973: "Some temporal regularities of 
spoken Swedish", PILUS (Papers from 
the Institute of Linguistics, Uni­
versity of Stockholm) No. 21 

Lyberg, B. 1977: "Some observations on the timing of 
Swedish utterances", Journal of 
Phonetics 5, p. 49-59 





S-87 

(ARIPUC 12, 1978) 

THE GLOTTAL GESTURE IN SOME DANISH CONSONANTS -

PRELIMINARY OBSERVATIONS 

. . t 1 Birgit Hut ers 

1. Introduction 

In the present paper some preliminary fiberoptic and glotto­

graphic observations of various Danish obstruents will be pre­

sented. Furthermore, some of our preliminary EMG2 results will 

be mentioned. But it should be emphasized that the results are 

very preliminary, and thus the present account may deviate some­

what from the results as they will appear in the final report. 

2. Procedure 

Photo-electric glottograms of various obstruents in stressed, 

intervocalic position were made with the fiberscope positioned in 

the pharynx, serving as light source, and a photo-transducer 

placed on the frontal part of the neck. In addition to the light 

source function the fiberscope has a controlling function: during 

the glottographic recording a still-picture of the larynx is 

taken during each test sound, making it possible to control the 

stability of the light and the larynx. This stability is very 

important for the reliability of the glottographic recordings. 

1) Institute of Phonetics, University of Copenhagen. 

2) The EMG project at the Institute of Phonetics is part of a 
larger framework titled: "The glottal behaviour in Danish 

consonants, stress, and st~d". Fiberoptic and glottographic 
investigations are also included in this main project. 
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Furthermore, the still furnishes immediate information about the 

state of the glottis and the surrounding structures at the moment 

of exposure. A synchronizing pulse is recorded in order to syn­

chronize the still and the glottogram. Moreover, a microphone 

signal is recorded. Fig. 1 illustrates the curves used for seg­

mentation and extraction of parameters, and the still of the 

glottis, taken in the exemplified test sound, is displayed as 

well. The obstruents mentioned in this paper are pt kb i ~ f s 

said in the frame sentence "Deville sige [- i(:) 71)a]"- (they 
n 

would say ... ), i.e. the segment preceding and following the test 

sound is [ i J ("sige" is pronounced [si:]). All the test words 

are meaningful Danish words. So far, only one subject (Hu) has 

been closely investigated, but a cursory inspection of other 

subjects has been performed as well. The dialect of the subject 

treated here is Advanced Standard Copenhagen Danish. 

3. Extraction of parameters 

The acoustic and glottographic signals are segmented as 

seen in fig. 1: 

The 

Vl: 

V 2: 

Cl: 

C2: 

E: 

The 

acoustic signal 

onset of the preceding vowel 

offset of the following vowel 

onset of the consonant 

offset of the consonant 

explosion of the stop. 

9:lottog:raphic signal 

1 onset of the glottal gesture 

1 offset of the glottal gesture 

1) It should be noted that both the definition of the parameter 
called the opening-closing gesture of the glottis, and the 

identification of this parameter in the glottograms cause 
problems, which will be treated in a later report. 
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s
1

: offset of the vocal fold vibrations 

s 2 : onset of the vocal fold vibrations 

M: moment of maximum glottis aperture. 

On the basis of this segmentation a number of temporal para­

meters can be extracted, partly acoustic and glottal parameters, 

and partly parameters which may throw light on the temporal re­

lationship between acoustic and glottal events. Besides the 

temporal parameters the maximum amplitude of the glottograrns 

has been measured. 1 

4. Observations 

The fiberoptic and glottographic observations will be pre­

sented as a comparison, partly between two different categories 

of obstruents (ptk vs. bdg; E_! vs. fs), and partly between ob­

struents belonging to the same category (E vs. ! vs. ~; ~ vs. d 

vs. ~; i vs. ~). The stop consonants ptk and bdg are phono­

logically distinct only in syllable-initial position (principal 

rule). Both categories are voiceless and the difference between 

them is essentially one of aspiration, ptk being strongly aspi·­

rated. 

Fig. 2 depicts the acoustic and glottographic parameters 

of the eight obstruents, shown with inclusion of the preceding 

vowel i. Each set of parameters is averaged over 10 measure­

ments of one female subject, and presented in a stylized form. 

1) It is well known that the relations between the amplitude 
of the glottogram and the glottis aperture are very compli­

cated. These problems have been discussed in some detail in 
Hutters (1976) and will be treated again in a later report. 
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M 
/\ 

G1 
S2 
·• ... 

G2 

!1 ! E 

!2 
-P. < ---- t ~ 

I 
-···k 

I 

M 
-, 
' ' \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

' ' ' ' ' ' 
G1 

', .. s2 ....... G2 

-f. 
V1 c1 C2 

I : : -s; ---- 81 

M 

--i:! -~----.tli►l----4{--E---t ...... 

2

--------

Figure 2 

A stylized presentation of the acoustic and glotto­
graphic parameters of E ! ~ £ 3 ~ i ~ including the 
preceding vowel i, averaged over 10 measurements of 
one female subject. Line-up point is the onset of 
the preceding vowel. 
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Figs. 3 and 4 illustrate raw curves and stills of P and b (see 

the legend to figs. 3 and 4 for further explanatio~) . 1 

4.1 ptk vs. bdg 

The glottal behaviour of the two sets of stops is already 

rather well documented (see, e.g., Fr~kj~r-Jensen (1967, 1968), 

Fischer-J.0rgensen (1968), Fr0kj~r-Jensen, Ludvigsen and Rischel 

(1971) - in the following abbreviated F-L-R). The present 

glottographic as well as the fiberoptic recordings confirm that 

maximum glottis aperture is much larger in ptk than in bdg. 

It has been established that the ptk explosion falls rather 

close to the moment of maximum glottis aperture, whereas in bdg 

the maximum aperture is much earlier than the moment of explosion. 

In bdg the explosion falls very close to the offset of the glottal 

opening-closing gesture (O-C gesture). As seen in the figures, 

the ptk gesture is almost symmetric, whereas in bdg the moment 

of maximum aperture is biased to the left. 

Hirose (see, e.g., Hirose 1975) has shown that there is a 

high correlation between the maximum glottis aperture and the 

EMG peak value for the posterior cricoarytenoid muscle (PCA) in 

Japanese voiceless consonants. According to our recordings, 

this may not hold true as a universal rule. With some of our 

subjects - including the one used in the fiberoptic and glotto­

graphic recordings treated in this paper - the PCA values are 

of the same order of magnitude in ptk and in bdg, in spite of 

the big difference in maximum glottis aperture. The insufficiency 

of PCA activity (peak value as well as timing) as an indication 

1) The form of representation of the glottal gesture based on 
still pictures as mentioned in the legend to figs. 3 and 4 

is used for illustration only. This form of representation im­
plies that the timing of the acoustic events is invariant across 
the tokens. No attempt has been made to meet this requirement, 
however. An investigation of the information given by represen­
tations based on still pictures and on moving pictures, respec­
tively, and of the reliability of these two methods, is planned -
and in part in progress - at the Institute. 
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Figure 4 

A glottogram of a single b-token, and fiberoptic stills 
of b taken at different moments during the opening­
closing gesture of the glottis, as indicated by the 
filled circles (the stills originate from three different 
renderings of the same sound). 
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of the muscular activity underlying the actual articulatory 

realization is demonstrated very clearly by the EMG recordings 

of (voiced) v and l, which often show clear PCA activity, where­

as the fiberoptic and glottographic recordings do not reveal a 

corresponding opening of the glottis. 

4.2 pt vs. fs 

Comparing the onset of the glottal 0-C gesture to the 

acoustic onset of the consonant, it appears from my _data that 

the onset of the 0-C gesture lies earlier in the case of fri­

catives than in the case of stops. By measuring the distance 

from the onset of the preceding vowel to the onset of the 0-C 

gesture I find this distance to be longer for stops than for 

fricatives, i.e. there seems to be a difference of timing of 

the glottal gesture. In most of our subjects a corresponding 

difference is seen in the EMG recordings. 

So far the present recordings reveal that the maximum 

glottis aperture is smaller in fs than in E_!:, which is in agree­

ment with F-L-R. The EMG recordings seem to show a corresponding 

difference between fs and E_! if not just the PCA activity but 

also the activity of the interarytenoid muscle is taken into 

account. 

As mentioned above, the glottal 0-C gesture is almost 

symmetric in the aspirated stops; in the fricatives, however, 

the moment of maximum glottis aperture is biased slightly to 

the left. 

Finally, I shall make some observations concerning the dura­

tion of voicing. In the fricatives the vibrations of the vocal 

folds continue rather far into the opening gesture, whereas in 

the stops the vibrations cease quickly after the onset of the 

glottal opening, due to the supraglottal closure. This difference 

in the duration of voicing is also observed, among others, by 

F-L-R. Moreover, they found the reverse relationship for the 

onset of the vibrations. In the fricatives the vibrations did 

not occur again until the adduction of the vocal folds was almost 

completed, whereas in the aspirated stops they started well in 
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advance of the completion of the adduction. In the material 

presented here, however, this difference in onset time of the 

vocal fold vibrations between stops and fricatives does not 

appear. This discrepancy is probably due to a different quality 

of the following vowel. In the material presented in this paper 

the following vowel is l, whereas in the material of F-L-R the 

following vowel is a vowel of e or Equality. In another part 

of my material the following vowel is a vowel of~ quality, and 

here the vibrations of the vocal folds do indeed reoccur early 

in the adduction phase of the glottal 0-C gesture for stops but 

not for fricatives, thus confirming the observation made by 

F-L-R. Such differences in the offset and onset of vocal fold 

vibrations are due to different aerodynamic conditions, and 

consequently, not only the consonant is decisive but also the 

surrounding sounds. Furthermore, the anatomy of the speech 

organs - i.e. the size of the larynx and the supraglottal 

cavities - may be of importance for the voicing conditions. 

4.3 p vs. t vs. k 

The aspirated stops ptk differ in more respects than just 

place of articulation. As early as 1954, Eli Fischer-J~rgensen 

showed that the duration of "aspiration" (affrication plus aspira­

tion) is shortest in£, longer in~, and longest in!· This has 

been confirmed in a number of subsequent investigations and is 

confirmed also by my data, although the difference between E and 

k does not seem to be significant in this material (Hu). The 

difference in the duration of "aspiration" is correlated to 

affrication: the more the consonant is affricated, the longer 

is the duration of "aspiration". It is worth mentioning that 

the duration of the supraglottal closure - at least in the sub­

ject treated here - shows the opposite relationship, i.e. the 

£ closure is longest, the t closure shortest. In fig. 2 it is 

seen that the£ explosion lies closer to the maximum glottis 

aperture than does the! explosion, the~ explosion lying between 

E and!· But the differences in distance between the explosion 

and the moment of maximum aperture of the glottis is not caused 
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solely by differences in closure duration but also by differences 

in the timing of the moment of maximum glottis aperture. 

In several investigations of the glottal behaviour in stops 

it has been observed that there seems to be a correlation between 

maximum glottis aperture and place of articulation. The more 

the place of articulation is retracted, the larger is the maximum 

glottis aperture (see, e.g., Fischer-J~rgensen 1968, Ondrackova 

1970, Sawashima 1974, Petursson 1976). This seems to be partly 

confirmed by my glottographic and fiberoptic recordings. The 

difference between E and~ seems clear, whereas the maximum 

aperture in t varies considerably. 

4.4 b vs. d vs. g 

Some minor differences are also observed between~, 3, and~­

As pointed out by Eli Fischer-J~rgensen (1954, 1968), the dura­

tion from the moment of explosion to the onset of the following 

vowel is longer in~ than in~ and 3, due to the affrication of 

~- My data shows, furthermore, that the duration of the open 

phase is longer in~ than in~, due to the affrication observed in 

the younger generation's pronunciation of ~. 1 The difference in 

the degree of affrication is correlated to a difference in the 

timing of the explosion in relation to the offset of the glottal 

0-C gesture. 

Concerning the maximum glottis aperture, the relationships 

are similar to those found in ptk, in that we find the smallest 

aperture in band the largest aperture in~-

4.5 f vs. s 

It is obvious that the duration off is shorter than that 

of~, and a corresponding difference is seen in the duration of 

the glottal 0-C gesture. 

Concerning maximum glottis aperture, it is seen that the 

aperture of sis larger than that of f. 

1) It has to be recalled that the following vowel is~, which 
creates optimum conditions for affrication. 
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5. Final remarks concerning the control of the glottis 

Although the observations of glottal behaviour (and its 

relation to supraglottal events) in various Danish consonants 

presented here are rather random and very preliminary, I might 

venture some more general remarks concerning the glottal be­

haviour and some assumptions about its underlying control 

mechanisms. 

F-L-R put forward the interesting hypothesis that the 

opening-closing gesture in Danish ptk is due to neural commands, 

whereas the gesture in bdg may be a consequence of the aero­

dynamic conditions. The two gestures are called active and 

passive, respectively. This hypothesis was later rejected as a 

consequence of EMG recordings showing PCA activity in ptk as 

well as in bdg (see Fischer-J~rgensen, Hirose 1974). However, 

it is conceivable that the PCA activity observed in bdg has 

nothing whatsoever to do with the preplanned motor control of 

these stops, 1 but is rather caused by some peripheral reflex 

mechanism, elicited by the change in, say, the intraoral pressure, 

and having no special function in speech. The stills of the 

glottis in bdg show that the PCA activity influences only to a 

very limited degree the distance between the vocal processes 

and, furthermore, the maximum glottis aperture is not between 

the processes but in the middle of the ligamental part of the 

vocal folds as in the case of vocal fold vibrations. 

Many years ago, it was realized that the offset of voicing 

in Danish bdg is solely a matter of the aerodynamic conditions 

(Fischer-J~rgensen 1963), and the same explanation may be ad­

vanced concerning the opening-closing movement in these con­

sonants. If it is true that glottal behaviour in Danish bdg 

is primarily a consequence of the aerodynamic conditions and 

that the observed PCA activity is elicited by some reflex me­

chanism, then this glottal behaviour should appear also in the 

1) Any discussion in such terms must be taken with reservations 
since it is a fundamental problem whether the preplanned 

motor control involved in speech production is of a totally dif­
ferent nature than generally assumed. 
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I D 

Figure 5 

Fiberoptic stills of the larynx taken during [g] (I) 
and during an externally implemented closure (II). 
See the text for further explanation. 
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case of an externally implemented closure which can be obtained 

in the following way: the subject is phonating a sustained i 

vowel into an airtight mask with a small aperture. When the 

subject's phonation is momentarily interrupted, at unexpected 

points in time, by closing the external orifice of the mask, the 

aerodynamic conditions are changed in a fashion similar to that 

of Danish bdg. In fig. 5 are shown two stills of the glottis in 

these two conditions, and it is clear that the state of the 

glottis and the surrounding structures are very much alike. This 

primitive experiment (which has to be elaborated and supplemented 

by EMG recordings) and many small but probably stable differences 

observed in the glottal behaviour in consonant production may 

indicate, as far as I see it, a causal relation between the motor 

control of the laryngeal muscles and some sort of reflex mechanism, 

elicited by the conditions in other parts of the speech apparatus. 

If the suggested interpretation of the PCA activity in Danish 

bdg is confirmed, the hypothesis ventured by F-L-R can be main­

tained,in a slightly modified form. But in any case, we have to 

realize that motor behaviour of the speech organs is centrally 

as well as peripherally controlled with a complex interplay be­

tween the two control mechanisms, which ought to influence the 

interpretation of our experiments and our speech production 

models. 
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MODEL EXPERIMENTS ON LIP, TONGUE AND LARYNX POSITIONS 

FOR PALATAL VOWELS 

Sidney Wood 1 

Abstract: Languages contrasting [y] and [ i] prefer prepalatal 
constrictions. The larynx is low for [y] and high for 
[ i ], the lips are less rounded for [y] than for [u] 
and the tongue blade tends to be raised for [y]. The 
consequences of these manoeuvres were studied in a 
series of model experiments. Their advantages are two­
fold: they provide the best plain-flat [ i J-[y] spectral 
contrast and they ensure stable resonance conditions in 
the vocal tract. 

Introduction 

X-ray tracings collected from the literature (Wood 1975) re­

vealed language-specific preferences for either prepalatal or 

midpalatal tongue body positions for palatal vowels (Wood 1977). 

Languages contrasting [y] or[+] qualities with [ i J prefer the 

prepalatal position. There should be little difference of F2 be­

tween the two positions since this formant is least sensitive to 

constriction location perturbations throughout the prepalatal and 

midpalatal region (Stevens 1972). Three-parameter model nomo­

grams (Stevens and House 1955, Fant 1960) show that when the 

mouth-opening is narrowed, this zone is shifted anteriorly away 

from the glottis. Rounding the lips for [y], unaccompanied by 

other articulatory modifications would yield a vowel with F2 more 

sensitive to coarticulatory displacements of the palatal constric­

tion. There is a common belief that the tongue is retracted for 

1) Department of Linguistics, Phonetics Laboratory, Lund Uni­
versity, Sweden. 
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[y], compared with [ i ]. This is probably a misinterpretation of 

the lower F2 . Retraction for [y] would take the constriction 

even further from the zone where F 2 is least sensitive to location 

perturbations, and make the vowel even more sensitive to coarticu­

lation. Published X-ray tracings do not support retraction for 

[y] (Wood 1975). On the contrary, the vocal tract is often 

narrowed anteriorly to the prepalatal constriction (especially 

Danish, private communication from Eli Fischer-J~rgensen and Nina 

Thorsen). This is achieved by raising the tongue blade. This 

narrowing should occur in the zone (now advanced by lip-rounding 

for [y]) where F2 is least sensitive to location perturbations. 

The effect of this should be to make the vowel less sensitive to 

lingual coarticulation. The effect of tongue body position on 

vowel spectra was studied in a series of model experiments by 

systematically altering a prepalatal configuration to a velar con­

figuration in steps. The consequences of tongue blade raising 

will not be described here but will be deferred to a forthcoming 

report. 

The larynx is lower for rounded vowels and higher for spread­

lip vowels. X-ray tracings indicate an average overall range of 

about 15 mm for vertical larynx movement. Trained singers who 

have learned to control their larynxes may utilize a larger range 

(Sundberg and Nordstrom 1976). There are suggestions that larynx 

lowering compensates for labial undershooting (Riordan 1977), 

whereas X-ray films indicate that the larynx is lower the more 

the lips are rounded (Wood 1975, 1977), and that the lower lip 

alon very successfully compensates for disturbances to lip­

rounding (Wood, forthcoming). I offer the following hypothesis: 

increased lip-rounding shifts further from the glottis the zone 

where F
2 

is least sensitive to location perturbations; simultane­

ous larynx-lowering should restore that region to the vicinity of 

the hard palate so that the spectral consequences of tongue body 

manoeuvres and coarticulatory location perturbations will remain 

similar for all palatal vowels irrespective of rounding. To 

investigate this, the model experiments were repeated with both 

high and low larynx position. 
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Whenever differences of lip-rounding have been reported for 

[y] and [u], they have always indicated less close rounding for 

[y] (Lyttkens and Wulff 1885, Hadding et al. 1976, McAllister 

et al. 1974, Bannert et al. 1976 for Swedish; Benguerel and Cohen 

1974, Riordan 1976 for French). The same can be seen on X-ray 

tracings of Danish vowels (private communication, as above). The 

closer the lips are rounded for [y] the greater is the shift away 

from the glottis of the zone where F2 is least sensitive to loca-

'tion perturbations. I hypothesize that beyond a certain degree 

of rounding for [y] this zone is so far advanced that the palatal 

tongue gesture no longer produces its desired effect. The model 

experiments were repeated with four different lip conditions -

spread, neutral, moderately rounded and closely rounded. 

To test the generality of the results, key parts oft the in­

vestigation were repeated with both longer and shorter vocal tracts. 

This will not be reviewed here. The check did confirm that the 

results would apply to all vocal 
~~\..-

't>~~ ~JO 

~ 

p~( 
and 

approximation 

~~ C;, 

'2- ' 

tract sizes. 

Figure 1 

+10 mm 
for low 

larynx 

+5 mm 
for low 
larynx 

lowered 

The modifications made to the model vocal tract: 10 
tongue body positions from pre-palatal to velar, 4 
lip positions from spread to closely rounded,·high 
and low larynx positions. 
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of 
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at 
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larynx). 

Figure 
3 

C
onsequences 

of 
four 

different 
lip 

posi­

tions 
at 

10 
tongue 

positions 
(low

 
larynx). 



K
H

Z
 

4 3 2 1 

hi
gh

 
la

ry
nx

 

lo
w

 
la

ry
nx

 

-
--

-
--

-
-

-
--

--
h-

--
-__.

. 
--

""
 

I 
, 
~
 

~
~
 

PA
L

A
T

A
L

 
PR

E
 

M
ID

_ 

~
~
 
~
~
 

V
E

L
A

R
 

--
--

--
-

-
--

----
--

---
--

----
--

1 
2 

3 
4 

5 
6 

7 
8 

9 
10

 
R

et
ra

ct
io

n 

Fi
gu

re
 

4 

C
on

se
qu

en
ce

s 
of

 
la

ry
nx

-l
ow

er
in

g 
at

 
10

 

to
ng

ue
 

po
si

tio
ns

 
.(

m
od

er
at

e 
ro

un
di

ng
).

 

R
4 

R
3 

R
2 

R
 1

 

--
-- --

--
-

--
-

--
--

--
--

-
tH

•-
-

--
---

-
~
 
~
 
~
 ~
 

PA
L

A
T

A
L

 
V

E
L

A
R

 
ff

iE
 

M
ID

 

__
__

. 
__

__
.,.

 --
--

---
---

--
--

2 
3 

4 
5 

6 
7 

8 
9 

10
 

Fi
gu

re
 

5 

C
on

se
qu

en
c~

s 
of

 
la

ry
nx

-l
ow

er
in

g 
at

 
10

 

to
ng

ue
 

po
si

tio
ns

 
(c

lo
se

 
ro

un
di

ng
).

 

C
J)

 
I I-
' 

0 -.
...

...
] 



S-108 

Procedure 

Two X-rayed configurations (prepalatal [ i J and velar [u]) 

were adjusted so that they both had the same high larynx position 

and the same degree of constriction (cross-section aiea 0.5 cm2). 

Seven intermediate tongue profiles were then interpolated at even 

distances between them. A tenth profile was projected anteriorly 

to the prepalatal position. These modifications are illustrated 

in fig. 1. The degree of constriction was constant for a~l 10 

profiles. Numbering from the front, positions no. 2 (prepalatal), 

no. 4 (midpalatal) and no. 10 (velar) are attested by X-ray in­

vestigations as natural tongue body targets for monophthongs in 

speech. The other positions are imaginary, except as momentary 

passing points during transitions or lingual diphthongs. 

The low larynx position was modelled by lengthening the 

pharynx by 15 mm. The first 5 mm section outside the larynx was 

duplicated and an additional 10 mm was distributed over the pharynx 

above the epiglottis. This matched vertical larynx movements 

observed on X-ray films. 

The lips were modelled according to Lindblom and Sundberg 

(1971). The moderate degree of lip-rounding was arbitrarily set 

at full protrusion but no approximation (w = -10 mm, h ·= O mm). m m 
The close degree of lip-rounding comprised both protrusion and 

approximation (w = -10 mm, 
m 

modelled lip sections were: 

spread lips· 

neutral lips 

moderate rounding 

close rounding 

h m = -2 mm). 

0.5 cm x 

0. 5 cm x 

1.5 cm X 

1.5 cm X 

The dimensions of the 

2.5 2 cm 

0.95 2 cm 

0.66 2 cm 

0.33 2 cm 

Resonance conditions for intermediate lip conditions can be inter­

polated from the results. 

The resonances were found by computing the pressure distribu­

tion in the modelled vocal tract for increasingly higher excita­

tion frequencies until standing waves were found. The only losses 

included were for radiation. 

The length of the modelled vocal tract from the glottis to 

the central incisors (high larynx) was 14.5 cm. Three X-rayed 
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male subjects had this length for [ i ]. Two others had 15 cm. 

The corresponding measure for Fant's Russian subject was 16 cm. 

Results 

Fig. 2 shows how the frequencies of the first four resonances 

changed when the tongue body position was retracted in 10 steps 

from pre-palatal to velar, for four different lip positions and 

high larynx. Fig. 3 shows the same for the low larynx. Fig. 4 

shows the consequences of larynx-lowering at the 10 tongue body 

positions with moderate lip-rounding. Fig. 5 shows the same for 

close lip-rounding. 

Discussion 

For spread lips and high larynx, F3 was high with the pre­

palatal tongue position ·(Eon fig. 2) and low with the midpalatal 

position (Fon fig. 2). This is why the prepalatal [ i] sounds 

sharper than the midpalatal [ i ]. It is well known that for the 

plain-flat spectral contrast all the formants are lowered for [y] 

relative to [ i J and the spectrum is "flattened" by .bringing F3 

close to F2. Fig. 2 (or fig. 3) ·shows that lip-rounding lowered 

Fland F2 generally, F3 only for anterior tongue body positions 

and F4 hardly at all. Fig. 4 (or fig. 5) shows that laryngeal 

depression lowered F4 and F3 generally, F2 mainly for anterior 

tongue body positions and Fl slightly. These consequences of 

lip-rounding and larynx-lowering are predictable from acoustic 

theory (Fant 1960, pp. 63 and 64). For lowering the individual 

formant frequencies of palatal vowels, lip-rounding and laryngeal 

depression are complementary rather than interchangeable, except 

with the prepalatal configuration where the two manoeuvres combine 

to lower F2 and F3 (although the 200-300 Hz laryngeal contribu­

tion to F3 was small compared with the labial contribution). 

With the prepalatal configuration, lip-rounding lowered F3 much 

more than F2 (about 1000 Hz and 300 Hz respectively). It is this 

very large lip contribution to F3 of the prepalatal [y] that 

brings F3 close to F2 to flatten the spectrum. With the mid-
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palatal configuration the situation was reversed: lip-rounding 

lowered F2 more than F3 and consequently the difference between 

F3 and F2 actually increased. Lip-rounding does not flatten the 

spectrum with a midpalatal configuration. Only the prepalatal 

position is favourable for spectral flattening. 

The effect of degree of lip-rounding, tongue body position 

and larynx-lowering on the plain-flat spectral contrast can be 

studied in figs. 4 and 5. With moderate lip-rounding (fig. 4) 

and high larynx, retraction from the prepalatal position caused 

F2 and F3 to diverge (H) with consequent loss of spectral flat­

tening. With the larynx lowered, the F2 and F3 curves were 

virtually parallel in the prepalatal region (I) so that coartic­

ulatory location pertubations would have no appreciable effect 

on spectral flattening there. With close lip-rounding (fig. 5) 

retraction caused F2 and F3 to diverge (H') whether the larynx 

was high or low. Thus, moderate lip-rounding, with the pre­

palatal configuration and low larynx, is the more favourable 

combination for preserving the flattened spectrum of [y] (and 

hence the plain-flat contrast) against coarticulatory location 

perturbations. 

The results illustrate Stevens's finding that F2 of [ i J is 

hardly sensitive to location perturbations. For spread lips and 

high larynx, F2 varied about 5 Hz per mm of constriction displace­

ment within the prepalatal and midpalatal region (A on fig. 2). 

At tongue body positions further back than mid-palatal, F2 was 

very sensitive to location perturbations and fell about 50 Hz 

per mm of retraction. F2 of [ i ]-like vowels is very similar at 

both the prepalatal and midpalatal positions. With neutral lips 

and high larynx the least sensitive zone of F2 is more anterior 

(Bon fig. 2) as anticipated. For the two rounded conditions the 

least sensitive zone is considerably advanced (C and Don fig. 2). 

With the larynx lowered 15 mm the least sensitive zone of F2 

was less advanced and was located in the palatal region (A', B', 

C' on fig. 3), as hypothesized. For moderate lip-rounding, the 

least sensitive region of F2 coincided with the prepalatal con­

striction (C' on fig. 3), while F2 was still very sensitive to 
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location perturbations at the midpalatal position. In this re~ 

spect, the prepalatal tongue body position, with moderate lip­

rounding and lowered larynx, is more favourable for [y]. The 

midpalatal position is less fav~urabler. _even with the lowered 

larynx. 

With close lip-rounding, the least sensitive zone for F2 

is very much advanced even with the larynx lowered (D' on fig. 3). 

In this respect, close lip-rounding is less favourable for [y] at 

either tongue body position and with any larynx height. Other 

experiments (report forthcoming) show that raising the tongue 

blade will in this case make F2 less sensitive to location per­

turbations. 

Conclusions 

The prepalatal position is more favourable for the plain­

flat contrast. F3 is high in [ i J and low in [y], providing the 

greatest contrast. F 3 is lowered more than F 2 by lip-rounding 

so that both formants come closer together in [y], ensuring 

spectral flattening. The midpalatal position is less favourable 

since .F3 is already low for [ i ], providing a smaller [ i ]- [ y] con­

trast. Further, lip-rounding lowers F
3 

less than F 2 so that the 

[y] spectrum would not be flattened. 

With more than moderate lip-rounding, the spectral flattening 

of [y] becomes increasingly sensitive to lingual coarticulation, 

F2 and F3 responding differently to location perturbations. With 

moderate lip-rounding and the larynx lowered, F2 and F3 respond 

similarly to location perturbations throughout the prepalatal 

region so that the spectral flattening of [y] is safeguarded 

against coarticulatory location perturbations. 

The laryngeal contribution to formant frequency lowering for 

prepalatal [y] is small compared with the labial contribution. 

I conclude therefore that the main function of larynx-lowering 

for [y] is to stabilize resonance conditions with the consequence 

that lingual gestures have a similar effect on the formants of both 

spread-lip and rounded palatal vowels. This requires the larynx 

to be lower as lip-rounding increases, a correlation that can be 

observed on X-ray films. This stabilizing effect can be backed 

up by raising the tongue blade. 
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1 (ARIPUC 12, 1978) 

A SIMPLIFIED EXPLANATION, IN PHYSICAL TERMS, OF THE ACOUSTICAL 

CONSEQUENCES OF TONGUE AND LIP MOVEMENT IN VOWEL PRODUCTION1 

Nina Thorsen 

Abstract: This paper presents an excerpt from a larger exposition, 
attempting to give non-technicians a basic insight in 
the relationship between articulation and acoustics of 
vowels and consonants. 
By means of Newton's second law (force equals the prod­
uct of mass and acceleration) and Boyle-Mariotte's law 
(at constant temperature the product of pressure and 
volume for a given quantity of air is constant) one can 
explain the fact that "When a part of a pipe is con­
stricted its resonance frequency becomes low or high 
according as the constricted part is near the maximum 
point of the volume current ... or of the excess pres­
sure ... " (Chiba & Kajiyama, 1958, p. 151). This is a­
chieved mainly by considering the relative forces that 
act on a thin slice of air, oscillating back and forth 

·through the open end of a quarter-wavelength resonator 
at its first resonance :requency: a decrease of the 
volume of the pipe near its closed end increases the 
forces that keep the slice in motion and thus raises 
its frequency, and vice versa. Inversely, diminishing 
the opening of the resonator decreases the forces that 
keep the slice in motion, and thus lowers its frequ<ncy, 
and vice versa. 

1. Introduction 

This paper does not pretend to be scientific and original in 

the ordinary sense of the words. I just try to explain to pho­

neticians without any special training in physics and mathematics, 

in a simpler fashion than do most of the articles and books on the 

subject, the often cited fact that "When a part of a pipe is con­

stricted its resonance frequency becomes low or high according as 

the constricted part is near the maximum point of the volume cur­

rent ... or of the excess pressure ... " (Chiba & Kajiyama, 1958, 

p. 151). 

1) emes --Translation of a contribution for the 9 Journees d'E~ude 
sur la Parole, Lannion 31 mai - 2 juin 1978. 
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2. Initial simplifications 

I 
17.5cm 

Figure 1 

The vocal tract and a simpli­
fied model of the vocal tract. 

() 
... 

T' 
2.4cm 

.L 

Suppose the vocal tract is a cylindrical pipe, 17.5cm long 

and with a diameter of 2.4cm, closed at one end, open at the oth­

er, see fig. 1. Let us say, further, that the walls of the pipe 

are perfectly hard and non-yielding (i.e. they do not absorb a­

coustic energy) and that there is no radiation of energy from 

the open end of the pipe to the exterior (i.e. there is no dif­

fraction of sound from the lips. This is, of course, a monstrous 

absurdity, and in practice it would mean that we could not hear 

each other speak, but it is a convenient simplification and one 

which is not a serious obstacle to the qualitative considerations 

that follow.) Thus we are dealing with an ideal uniform quarter­

wavelength resonator, with resonances at approximately 500, 1500, 

2500, ... Hz (cf. p. 9). 

3. The vibratory pattern in the uniform quarter-wavelength pipe 

at its first resonance frequency 

As point of departure, let us consider the uniform pipe of 

fig. 1 (i.e. the neutral vowel). Let us look at the column of 

air, after it has been made to oscillate at its first resonance, 

and let us suppose that this oscillation continues with undimin-. 

ished amplitude so long as we are interested in studying it. 

(In practice this is impossible without a constant supply of en­

ergy; this is of no consequence for the present treatment.) 



Figure 2 

3 

The distribution of 
pressure variation (a) 
and volume velocity (b) 
in a uniform quarter­
wavelength pipe at its 
first resonance. 

-,.pression 
I 
I 

tvilocitf 

We know that at the open end of the pipe (the lips) the va­

riation of volume velocity 1 is maximum, i.e. the air particles 

perform oscillations in and out through the opening with maximum 

elongation. At the closed end (glottis) the pressure variation 2 

is maximum. We also know that there is pressure variation and 

volume velocity, respectively, all along the pipe but that the 

pressure variation decreases from closed to open end (where it is 

zero) and that the velocity decreases from open to closed end 

(where it is zero), see fig. 2. (These facts can also be illuci-

dated in an intuitively comprehensible fashion, but not without 

exceeding the limits of this paper.) 

However, as long as we are dealing with only the first res­

onance, we can conceive of the column of air as if its movement, 

i.e. the volume velocity, were concentrated at the open end and 

as if the pressure variation were concentrated at the closed end 

of the pipe. (Thus we are dealing with a system of concentrated 

constants, with one degree of liberty, i.e. it can oscillate at 

one, and only one, frequency.) In this case the acoustic system 

can be likened to a mechanical system, composed of a mass and a 

sprtng, attached to a hard wall, sliding on a perfectly smooth 

surface, which means that no friction occurs between the surface 

and the mass, when it oscillates, see fig. 3. 

All movement presupposes a fo.rce: if the mass is displaced 

to the left (3b) the compression of the spring exerts a force to 

the right, and when we let go of the mass this force will set the 

1) "variation of volume velocity" is occasionally abbreviated 
"volume velocity", or just "velocity" in the following. 

2) "pressure variation" is occasionnally abbreviated "pressure" 
in the following. 
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a ~ 
b -
C ~ Vibratory pattern of 

a spring and mass, at-

~ 
tached to a hard wall, Figure 3 

d sliding on a smooth 
surface. 

e ~ 
f --

mass in motion, towards its rest position. The mass will pass 

the rest position (3c), because every body that has a mass has 

inertia as well, which means that a movement will continue some 

time after the force which initiated it has ceased to operate. 

Thus, the spring becomes more and more stretched and exerts a 

growing force to the left which will eventually stop the motion 

of the mass (3d) and a movement to the left begins, towards the 

rest position. Because of its inertia, the mass will once more 

pass its position of equilibrium (3e), the spring is compressed 

anew and exerts a growing force to the right until the mass is 

stopped (3f) and a movement to the right commences, and so on and 

so forth. If no energy is lost anywhere, the mass will oscillate 

eternally with undiminished elongation. Its frequency depends on 

the tension of the spring and the size of the mass: the greater 

the tension, and the smaller the mass, the higher its frequency 

of oscillation, and vice versa. The elongation of the mass de­

pends only on the initial displacement which sets the system in 

motion. 

In the same fashion we can consider the behaviour of a thin 

slice of air, S, at the open end of the pipe, see fig. 4 (the 

movements and thickness of this slice are greatly exaggerated in 

the figures). What keeps this slice of air in motion is the com­

bined action of (1) the pressure variations that arise in the 



Figure 4 

5 

Vibratory pattern of 
a thin slice of air at 
the open end of the uni­
form quarter-wavelength 
pipe. 

a 

b Pc, 

Xcm 
c---t 

I I 

=t15•:= --♦ I I 
I I Po 
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cm .._... 

pipe due to the motion of Sand (2) S's inertia. When S commenc­

es a movement to the right (4a) it is because the pressure in the 

pipe is greater than the atmospheric pressure outside the pipe, 

and when S passes its rest position (4b) it is because S has a 

certain (however small) mass and therefore inertia. Thereby the 

pressure within the pipe decreases, and the atmospheric pressure 

constitutes a (relative to the pressure in the pipe) growing 

force to the left, which eventually stops Sand sets it in motion 

back towards the position of equilibrium (4c). This oscillation, 

too, will continue eternally, with undiminished amplitude, if no 

energy is lost anywhere from the system. 

There is a close tie between the forces that act on S, 

S's mass, and S's motion, which is given by Newton's second law: 

[ 1.1] F = m•G (force equals the product of mass 
and acceleration) 

a) the force, in our case, is the product of pressure and the 

area of the surface to which the pressure applies: 

[ 1. 2 J F = P•A 

This area is constant (see fig. 4). Only the pressure in the 

pipe varies. 

b) Sis simultaneously influenced by two antagonistic forces, 

one due to the pressure in the pipe and one due to the atmos­

pheric pressure outside. The resultant force is due to the 

difference between these two pressures. 
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c) S's mass is constant. 

Thus, one can paraphrase Newton's second law: 

[ 1. 3 J 

[ 1. 4 J 

[1.5] 

i.e. 

( (Po+ tP) - Po ) • A = m • G 

tP = k•G 

thus or 

where Po is atmospheric pressure, 6P is the pressure increment 

(or decrement) in the pipe, k is a constant, equal to the mass of 

S divided by S's surface area, and G is S's acceleration, which 

can be taken as an indication of S's mean velocity. Thus S's ve­

locity varies according to the difference in pressure within and 

outside the pipe. This difference is positive and negative, in­

termittently, and S thus moves from left to right and back again 

through the opening of the pipe. 

4. Non-uniform pipes with constant opening 

It can be shown that 

a) S's elongation depends only on the magnitude of the initial 

force. 

b) S's elongation and frequency are independent of each other. 

c) S's frequency depends only on the relative changes of pres­

sure that are induced in the pipe due to S's motion, which, 

in their turn, are determined by the total volume of the uni­

form pipe. 

All this is a consequence of Newton's second law and of another 

law which states that, at constant temperature, the product of 

pressure and volume for a given quantity of air is constant 

(Boyle-Mariotte's law): 

[ 2 .1] P•V = k 

In our case it means that when the volume of the column of 

air is increased by S's movement out of the pipe, the pressure in 

the pipe decreases, and vice versa. The most important fact to 

note is that as long as the volume increments and decrements are 

small compared to the total volume of the pipe, the pressure and 

volume variations are proportional to one another: 
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Let Po and Vo be pressure and volume, respectively, in the rest 

condition: 

[ 2. 2] 

We decrease the volume by tv and get a pressure increase of 6P1: 

[ 2. 3] 

[ 2. 4] 

(Po+ 6P 1 ) (Vo -6 V) = k i.e. 

We decrease the volume by 26V and get a pressure increase of ~P2: 

[ 2. 5] 

[ 2. 6] 

thus [2.7] 

6P2(Vo-26V) = k - Po (Vo-2LiV) = Po•Vo - Po(Vo-26V) = 
2•Po•bV 

tP 2 = 2•Po •6V _ 2•LiP1 (Vo-LiV) ~ 2 . 6p 1 if /N<<<Vo 
(Vo-26V) - (Vo-2~V) 

It follows that if a volume decrement of tVcm 3 causes a 

pressure increment of 6Pµbar, a volume decrement of 2bVcm 3 will 

render a pressure increment of 2bPµbar. (In practice the volume 

changes are very small indeed, since the elongation of the air 

particles is of an order of magnitude of a few millionths of a 

millimeter.) 

Re ( a) and ( b) ( p . 6 ) 

Let us say that the initial force which sets S going is a 

displacement to the left by Xcm (see fig. Sa). This produces a 

pressure of (Po+LiP)bar in the pipe. When we let go of Sit 

starts moving to the right, and we know of its acceleration (and 

thus its mean velocity) that it is porportional to the difference 

between the pressures within and outside of the pipe. 

[ 3 .1] i.e. 

If, instead, we commence by giving Sa displacement of 2Xcm to 

the left ( see fig. Sb) , the p .. essure within the pipe will be 

(Po+2tP)bar. We get an acceleration as follows: 
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[ 3. 2] 

thus [3.3] 
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The relationship between 
initial elongation of S 
and pressure increment in 
the lud form pipe. 

- Po 2liP 
= Jc 

Figure 5 

The mean velocity of Sin the second case is twice that of Sin 

the first case, but the elongation is also twice that of the 

first case, and thus the frequency of oscillation is identical in 

the two cases, and is independent of the elongation. 

V 

a 

b 

Re (b) and (c) 

Xcm 

I I 

' 'S I • 1 I I 
The relationship between 
pressure increment and 
elongation of Sin two 
uniform ~ipes with vol­
umes Vern (a) and ½Vcm3 

( b) . 

Figure 6 

If one displaces S 1 and S2 of fig. 6 by Xcm to the left, 

in pipes having volumes of Vcm 3 and \Vcm 3
, the relative volume 

decrement in the lower pipe is twice that of the upper pipe, and 

th~s the pressure increment in the lower pipe is twice that of the 

upper pipe. The force which acts on S2 is thus twice as large as 

the one that acts on S 1. The mean velocity of S2 is therefore 

twice that of S1, and since their elongations are identical, the 

frequency of oscillation of S2 must be twice as high as that of 

S1. (This is in complete accord with what we obtain from the 

formula for resonance frequencies in uniform quarter-wavelength 
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pipes: 

where c is the speed of sound in air, Lis the length of the 

pipe, n is the number of the resonance. If c=35000cm/sec, 

L 1 =17.5cm (a), and L2=8.75cm (b) we get: 

35000 (a): f 1 = 70 = 500Hz (b): f 1 = 35 000 = l000Hz ) 
35 

The model of oscillation described above is extremely sim­

plified, because velocity and pressure are not concentrated at 

the open and closed ends, respectively, of the pipe, see fig. 2. 

In practice this means that a volume change will have the great­

est influence on the first resonance if it is located near the 

closed end of the pipe, where pressure variation is at its maxi­

mum. 

Figure 7 
Models of two vowels 
[ a. ] and [ i ] • 

[aJ 1.---C -----~ 

[i] c _____ :=::::---= 

We may conclude that the frequency of the first resonance of 

the pipe in fig. 7 above, which is a model of the vowel [a.], must 

be higher than that of the uniform pipe ([a]) and that, inversely, 

the first resonance of the pipe in fig. 7 below, which is a model 

of the vowel [ i ], is lower than that of [a], which is confirmed 

be empirical facts. (See also the summary.) 

If we wish to consider the effect of volume changes upon the 

second, third, etc., resonances, we can no longer compare the 

system with a single slice of air (one mass) and one volume with 

pressure variation (one spring). The pressure distribution along 

the pipe at its second resonance frequency is depicted in fig. 8. 

If the column of air oscillates only at its second resonance the 

system behaves exactly as if it were combined of three pipes, 

each 1/3 Lem long. The two imaginary pipes to the left in fig. 
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The pressure distri­
bution in a uniform 
pipe at its second 
resonance frequency. 

Figure 8 

Sb are joined with the open ends against each other, and the pipe 

to the right is joined, closed ends together, to the one in the 

middle. Now we can reason about the system in the same way as 

for the first resonance, only there are two places where a change 

of volume will have an appreciable effect on the (second) reso­

nance, namely at the closed end and at a distance of 2/3 Lem from 

the closed end. At the third resonance there will be three plac­

es, at the fourth four places, etc., where volume changes will 

affect the resonance frequency appreciably. Each resonance has 

a pressure maximum at the closed end of the pipe, and thus all 

resonance frequencies rise or lower as a consequence of a decrease 

or increase of the volume near the closed end (but not always to 

the same degree, see the summary). 

5. Uniform pipes with varying degrees of opening 

R1 

a 

R2 

b 

Pc,+t.P 

Pc,+t.P 

Xcm 
~ 

The relationship between 
the elongation of two 
slices of air with areas 
of Acm2 (a) and \Acm 2 (b) 
and pressure increment in 
the uniform pipe. 

Figure 9 

Let us now consider what happens if we decrease or increase 

the volume at the open end of the pipe. The volume change in it­

self is of no consequence, since there is no pressure variation 
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at the open end of the pipe, but the vertical closening or open­

ing of the pipe is essential, and it is that only which is de­

picted in fig. 9. We compare two pipes of identical diameters 

and lengths. The upper pipe, R1, is fully open, i.e. the area of 

opening is Acm2 . The lower pipe, R2, has a circular opening of 

~Acm2 . The two slices, S1 and S2, are equally thick, Bern. We 

employ the laws of Newton and of Boyle-Mariette: F = m·G and 

P•V = k. 

The masses of S 1 and S2 are known if we know the volume of 

the slices and the density of the.air, p: 

[4.1] [ 4. 2] 

For a given pressure increment, 6P, in R1 and R2, we get forces, 

F1 and F2, that act on S1 and S2 as follows: 

[5.1] F 1 = 6P • A [ 5. 2] 

But force also equals the product of mass and acceleration, thus: 

[ 6. 1] /::,.P•A m1 • G 1 i.e. G1 
6P•A 6P•A 6P 

F1 = = = = = 
mi A•B•p B•p 

[ 6. 2] F2 l::,.p•~A m2•G2 i.e. G2 
1::,.p. \A /::,.P•\A 1::,.p 

= = = = ½A•B•p = B•p m 2 

thus [ 6. 3] G1 = G2 

The two slices of air will have the same acceleration (mean ve­

locity). BUT they do not have the same elongation. In order to 

induce in R1 and R2 the same volume decrement, and thus the 

same pressure increment, S 2 will have to be displaced twice as 

far into the pipe as S1, because the surface area and volume of 

S2 are only half those of S1. If the two slices have the same 

mean velocity, but the distance covered by S2 is twice that cov­

ered by S1, S2's period will be twice that of S1, and consequent­

ly the frequency of oscillation of S2 will be half that of S1. 

If, instead, we commence by giving S1 and S2 the same dis­

placement, as in fig. 10, we know that the volume decrement in 

R1 is twice that of R2. The pressure increment in R1 is thus 

twice that of R2, e.g. 26P as against 6P. These values are sub-
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The relationship between 
initial elongation of S1 
and S2 and pressure in- Figure lO 
crement in the uniform 
pipe . 

stituted in the expression for acceleration: 

[ 7 .1] 

i.e. [7.3] 

[ 7. 2] 

The mean velocity of S 1 will be twice as large as that of S 2 , and 

since the elongations are identical, the frequency of oscillation 

of S1 will be twice as high as that of S2. 

Since the volume velocity is not concentrated at the open 

end, but is distributed all along the pipe (see fig. 2) we may 

conclude that an occlusion will have a greater effect on the 

first resonance frequency near the open end of the pipe, where 

velocity is at its maximum. 

,t. v~locitt 
I 

1, 
11 

- - - - - - - - - -- I..- - - - - - - • 
cm 

The velocity distribu-
tion in a uniform ptpe Figure 11 
at its second resonance. 

If we consider the second, third, etc., resonances we must 

again look at the velocity distribution all along the pipe. At 

the second resonance (see fig. 11) there are two places where the 

variation of volume velocity is maximum, namely 1/3 Lem from the 

closed end, and at the open end. At the third resonance there 

will be three places, at the fourth four places, etc., where an 

occlusion will have an appreciable effect on the resonance. Each 

resonance has a velocity maximum at the open end and thus all 

resonances are lowered by an occlusion at the open end (but not 
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always to the same degree, se the summary below). 

6. Summary 

A volume increase in the pipe produces a lowering of a reso­

nance (and vice versa), the more so the nearer it is located to a 

pressure maximum for that resonance, and an occlusion produces a 

lowering of a resonance (and vice versa), the more so the nearer 

it is located to a velocity maximum for that resonance, and, all 

things being equal, the greater the change in volume or opening/ 

closing, the greater the change in frequency. However, in prac­

tice we cannot separate these two types of changes within the vo­

cal tract. Because of the limitations imposed by the articulato­

ry organs, variations in the cross-sectional area within the vocal 

tract are simultaneously volume changes and occlusions/openings. 

Therefore the general formulation "When a part of a pipe is con­

stricted its resonance frequency becomes low or high according as 

the constricted part is near the maximum point of the volume cur­

rent or of the excess pressure." 

It follows that if the constriction or expansion is situated 

exactly between a pressure and a velocity maximum, it will have 

no effect. Further: the vocal tract is an integrated system 

whose configuration is determined by the position of the tongue 

and lips. The tongue cannot simultaneously perform an extended 

constriction in the pharynx and at the hard palate, on the con­

trary, a pharyngeal constriction produces a relative expansion 

n~ar the hard palate, and vice versa, see fig. 7. The cumulative 

effect is a "double" raising ([a.]) or lowering ([ i ]) of the first 

resonance frequency. 

We have considered the acoustic consequences of changes in 

the cross-section of the vocal tract for each resonance separate­

ly. In practice a vowel is, of course, always composed of sever­

al resonances, that conjointly form one complex oscillation. 

This is of no consequence for our considerations one can 

treat this complex oscillation as a superposition of sinusoidal 

oscillations and consider the effect of a change in the vocal 

tract for each component separately. 

What is more important is the fact that as soon as one does 

not as point of departure take the uniform pipe, but a pipe al-
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ready deformed (like the one in fig. 7 below, [ i ]) one cannot 

quantify the changes in frequency in as simple a fashion as for 

the uniform pipe. This is due to the fact that the distribution 

of pressure and velocity is no longer sinusoidal (as it is in 

figs. 2, 8, 11). One example will suffice: for the model of 

[ i] the velocity at the second resonance is very nearly zero in 

the front third of the pipe near the opening, and an occlusion 

at the opening (rounding of the lips) will thus have very little 

effect on the second resonance. But since the velocity at the 

third resonance is maximum (greater, in fact, than for the uni­

form pipe) it will decrease radically due to an occlusion 

(rounding) at the opening. (For diagrams of the distribution of 

·pressure and velocity for several vowels and resonance frequen­

cies, see the works cited in the references.) This is why one 

can say, not wholly unjustified, that certain resonances are, in 

certain cases, more dependent on changes in one part of the vocal 

tract than in another, and this is true especially of the narrow 

vowels. 

7. Conclusion 

In real life, i.e. speech, the situation is far more compli­

cated than this demonstration would lead one to believe. The 

walls of the vocal tract are not hard, and there is a consider­

able radiation of energy to the exteriour. Apart from the loss 

of energy, this radiation causes a tuning of the resonances, 

which is not of the same magnitude for high and low frequencies, 

and it is, further, heavily dependent on the degree of opening at 

the lips. The voice source, i.e. the pulse train from the glot­

tis, constitutes another complicating element, among other things 

by the coupling it allows between the sub- and supraglottal cavi­

ties. Apart from all that, the mathematics and physics employed 

above do not suffice: in order to quantify the consequences of 

tongue and lip movement, one must. solve higher order differen­

tial equations. 
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(ARIPUC 12, 1978) 

ON THE IDENTIFICATION OF SELECTED DANISH INTONATION CONTOURS 

Nina G. Thorsen 

Abstract: 10 Copenhagen and 4 non-Copenhagen speakers identified 
15 human utterances, differing only in their funda­
mental frequency course, as being either declarative, 
non-final, or interrogative (forced choice). 
Responses are very clearly correlated with Fo: the 
most steeply falling intonation contours are identified 
as being declarative, the least falling (i.e. "flat") 
ones as being interrogative, and contours in the middle 
of the continuum as being non-final. Copenhagen speak­
ers clearly perceive three categories, whereas non­
Copenhagen speakers seemingly operate with only two. 
Several, mutually interdependent, parameters in the Fo 
course may account for the results, the two most power­
ful ones, however, being the levels of the last stressed 
and the succeeding unstressed syllable in the utterance. 
In a subsequent experiment, 7 Copenhagen speakers iden­
tified the same utterances as being either declarative 
or non-declarative. The majority of the (formerly) 
non-final sentences were now labelled non-declarative, 
rather than being split into partly declarative, part-
ly non-declarative categories. 
When a subset of the same utterances were mutilated, 
identification criteria changed, and identification 
deteriorated almost progressively with the number of 
syllables being cut away from the end of the utterance 
(but not seriously - until only the first stress group 
remained), whereas syllables cut away from the beginning 
hardly affected identification at all. 

1. Introduction 

In a previous volume of ARIPUC the results of a preliminary 

analysis of intonation in Advanced Standard Copenhagen Danish 

(ASC) were presented. They were summarized in a model for funda­

mental frequency in short sentences, cf. fig. 1. For a detailed 

account of the procedure that led to the formulation of this 

model, the reader is referred to Thorsen (1976). However, those 

features that are relevant to the present experiment will be 
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Figure 1 

A model for fundamental frequency in short sentences in 
Advanced Standard Copenhagen Danish. 1: statement ques­
tions, 2: interrogative sentences with word order inver­
sion and/or with interrogative particle, and non-final 
periods (variable), 3: declarative sentences. 
The heavy circles represent stressed syllables, the emp­
ty circles unstressed syllables, and the broken circles 
represent syllables with assimilated or elided /a/. 
The full lines represent the fundamental frequency pat­
tern associated with stress groups and the broken lines· 
denote the intonation contour. 
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briefiy outlined here: An underlying assumption is that the com­

plex course of Fo in an utterance is the outcome of a super­

position of several components. 

(1) A sentence component which supplies the INTONATION CONTOUR. 

(2) The contour is overlaid by a stress group component which 

furnishes the STRESS GROUP PATTERNS (both exemplified in fig. 1). 

(3) To the resultant of those two components is added a st~d 

component, rendering ST0D MOVEMENTS. (However, as st~d words had 

been excluded from the material, the model does not include this 

particular feature.) These first three components are language 

specific and thus "speaker controlled". (4) Finally, intrinsic 

fundamental frequencies of ~egments and coarticulatory variations 

at segment boundaries supply a MICROPROSODIC COMPONENT, which is 

not consciously controlled by the speaker, but due to inherent 

properties of the speech production apparatus. - The same point 

of view about "layers" in intonation has been expressed previously 

by several authors, see e.g. Bolinger (1970), Bruce (1977), 

Cohen and t' Hart (1967), Collier and t' Hart (1975), t'Hart 

(1966), t'Hart and Cohen (1973), and Lehiste and Peterson (1961), 

and for a more thorough account, see Thorsen (forthcoming). 

As may be seen from the full lines of fig. 1, the stress 

group pattern can be described as a (relatively) low stressed 

syllable followed by a high-falling tail of unstressed syllables. 

This pattern is a predictable and recurrent entity, allowing, 

however, for contextual variations in the magnitude of the rise 

from stressed to unstressed syllable, which decreases from the 

beginning to the end of the utterance. In fact, it was this 

observation which led to the definition of the stress group in 

Danish as a stressed syllable plus all succeeding unstressed 

syllables (within the same non-compound sentence), irrespective 

of intervening word- or morpheme boundaries, and it also led to 

the definition of the intonation contour as the course described 

by the stressed syllables alone, cf. the dotted lines of fig. 1. 

The same concept of the intonation contour can be found in 

Bolinger's (1958, 1970) treatment of American English, and it is 

similar to the "declination" line from which the "hat" patterns 
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set off in Dutch, cf. e.g. Collier and t'Hart (1975) and t'Hart 

and Cohen (1973). 

Fig. 1 may be accounted for in a different manner, namely in 
terms of top-lines and base-lines which are tangents to the maxima 
and minima, respectively, in the Fo course. This would be in 
accordance with the way Bruce and Garding (1978) describe Swedish, 
and, likewise, with the description by Breckenridge and Liberman 
(1978) of American English, except that in Swedish and American 
the top-line is tangent to the stressed syllables, and the base­
line to the unstressed syllables. A feature common to all three 
languages is the fact that both lines decline (more or less steep­
ly), but the top-line declines faster than the base-line, so that 
top- and base-line together create a wedge-shape. (Assuming that 
the stressed syllables determine the intonation contour, this would 
mean that the top-line carries the perceptual cue in Swedish and 
American, where it is the base-line in ASC Danish.) One objection 
that could be raised towards applying this description to Danish 
is that the stressed syllables do not always constitute the minima 
in the Fo course, - sometimes the "base-line" (i.e. the intonation 
contour) is transgressed by the tail of unstressed syllables, see 
e.g. contour "l'' of fig. 1. 

The intonation contour tends to vary systematically with 

sentence type, as suggested by fig. 1: declarative sentences 

having the most steeply falling contours (about 25%/sec), at one 

extreme, and statement questions (i.e. questions where only the 

intonation contour signals their interrogative function) having 

"flat" contours, at the other extreme. In between these two 

are found other types of questions as well as non-final periods. 

Further, there seems to be a certain trade-off between syntax 1 

and intonation contour: the more syntactic information is con­

tained in the sentence about its non-final or interrogative 

function, the more declarative-like, i.e. the more steeply falling, 

is its intonation contour, cf. Thorsen (1976, pp. 134-135). Such 

a trade-off has also been observed for other languages, see e.g. 

Bolinger (1964), Cohen and t'Har~ (1967), Danes (1960), von Essen 

(1956), Hadding-Koch (1961), and Mikos (1976). It was this 

observation that led to the formulation of the following three 

questions, which the experiments to be reported below were de­

signed to answer: 

1) I do not wish, by this use of the terminology, to exclude the 
possibility of treating intonation as an integral part of the 

syntax of the language, and 'syntax' (and 'syntactic') should 
therefore just be regarded as a convenient abbreviation for "oth­
er signals, such as word order inversion, interrogative particles, 
and the like". 
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(1) will listeners identify three types of contours, in corre­

lation with the actual course of Fo? 

(2) if the answer to the first question is affirmative: are 

these categories linguistic, rather than purely phonetic? 

(3) how early, or how late, in the sentence are the various 

contours perceptually differentiated? 

2. Test 1 

Test 1 attempts to answer the first question above, whether 

listeners will identify three categories of contours. The search 

for two or more (linguistic and/or attitudinal) categories of 

sentence intonation is anything but new, see e.g. Dane~ (1960), 

Delattre et al. (1965), von Essen (1956), Garding and Abramson 

(1965), Hadding-Koch and Studdert-Kennedy (1963, 1964, 1965, 1974), 

Isacenko (1965), Isacenko and Schadlich (1963), Johansson (1978), 

Miko~ (1976), Studdert-Kennedy and Hadding (1972, 1973), and 

Uldall (1960, 1961). The primary motivation for conducting yet 

another experiment on the identification of intonation contours 

is the fact that it has not been done with Danish material before. 

Furthermore, the material and procedure deviate somewhat from 

that of previous investigations. 

2.1 Test material - test 1 

A small part of the material recorded for the original 

analysis was selected for identification. I.e. natural speech 

was employed. The reason for this choice lies first and foremost 

in a curiosity to see how the contours, as actually produced by 

a speaker, would be identified, and whether the obviously and 

rather systematically different contours can serve a perceptual 

and linguistic purpose. Secondly, experiments with real speech 

would be a natural prerequisite to ones with synthetic speech, 

i.e. the relevant parameters for systematic variation in syn~hetic 

speech would appear in this fashion. Thirdly, the objection 

that could, rather maliciously and not wholly reasonably perhaps, 

be raised against the many investigations conducted with synthetic 

speech (or "semi-synthetic" speech, i.e. vocoder reproduced 
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segments with externally controlled Fo) that listeners are exposed 

to stimuli that could never occur in real speech, is muted from 

the outset. (Note that all of the perceptual experiments cited 

in the bibliography, except for parts of the material of Garding 

and Abramson (1965) and parts of Johansson's (1978) stimuli, have 

been performed with synthetically produced stimuli.) 

A further advantage is the fact that the stimuli presented 

to subjects here are fairly long, comprising three stress groups 

(7 syllables in all), whereas the studies by Hadding-Koch and 

Studdert-Kennedy (1963, 1964, 1965, 1974) and Studdert-Kennedy 

and Hadding (1972, 1973), which most closely resemble, in outline 

and purpose, the present study were conducted with utterances 

containing only one stressed syllable ('For Jane' and 'November', 

respectively) . 

2.1.1 Stimuli - test 1 

A subset of the material for analysis of intonation contours 

contained a statement, 5 different types of questions, and 3 

different types of non-final periods (i.e. 9 sentences in all, 

which had been recorded 5 times by four subjects), all variations 

on the same theme: 

" .. mange busser fra Tiflis II 

(' .. many buses out of Tiflis .. '), cf. Thorsen (1976, pp. 91-92). 

The statement, one type of question, and one type of non-final 

period were selected from the recordings of one of the male 

subjects (SH), according to the following criteria: the averages 

over the five recordings of each type should be well spaced on 

the frequency scale, whereas the five recordings of each sentence 

type must show a certain dispersion, so as to create an at least 

quasi-continuous series of stimuli, from the most steep~y falling 

to flat contours. (But this is, of course, where natural speech 

is at a disadvantage, compared to synthetic speech: it was not 

possible to procure a series of stimuli spaced completely equi­

distantly on the "slope-continuum".) These demands are best 
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fulfilled by SH's non-terminal main clause: 

"Der gar mange busser fra Tiflis, sa vi kan godt lade 

bilen sta." 

('There are many buses out of Tiflis, so ~e may well .leave the 

car.') and by the question with word order inversion: 

"Garder mange busser fra Tiflis?" 

('Are there many buses out of Tiflis?'). The statement was: 

"Der gar mange busser fra Tiflis." 

('There are many buses out of Tiflis.'). The important point to 

note is that these sentences are identical from the [m] in "mange" 

to the [s] in "Tiflis", so the only difference across this stretch 

of 7 syllables is the intonation contour. 

By means of a segmentator the sequence 

mange busser fra Tiflis ([ 1ma.l) 1gusA f'da. 1g
5

if!is]) 

' 

was isolated from the 15 items. Only so~?o ms of the final [s] 

was included, in order that no trace of the word ''sa" following 

the non-final period be detected. These stimuli are termed 

"D" (declarative), "NF" (non-final), and "I" (interrogative) and 

numbered from 1 to 5 (first, second, etc. recording) in the 

following. Fo tracings of the 15 stimuli are shown in fig. 2. 

(These tracings are not completely raw but have been processed 

so as to remove influence from surrounding obstruents, cf. Thorsen 

(1977,forthc.), but corrections for intrinsic Fo level differences 

have not been performed.) In table 1 are given measures of 

the duration (in cs) of the segments and of each stress group. 

Differences between average durations of a particular segment 

or stres~ group across the three sentence types are small and in 

no case statistically significant. 
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2.2 Test procedure - test 1 

A test tape containing 5 different randomizations of the 

15 stimuli, led by 5 dummies, i.e. 80 stimuli in all, was pre­

pared. Stimuli were introduced by numbers (read by the author) 

with a 3 sec interval for responding. The total duration of one 

run of the test tape was 11 minutes. 

Subjects were instructed that they would hear sequences cut 

out from a larger context (they were given several examples of 

possible contexts for each sentence type), and their task was to 

decide whether the cut originated from one of three sentence 

types:- "declarative", "non-final", or "interrogative" (forced 

choice). Three categories to choose from were, of course, mo-

tivated by the fact that the 15 stimuli represented 3 different 

types of sentences. Subjects were given forced choice with no 

possibility of responding "do not know" or of placing stimuli on 

a multi-valued scale, - mainly to facilitate the subsequent inter-

pretation of results. The test was presented twice, with at 

least one day's interval, giving a total of 10 responses to each 

stimulus by each subject. 10 subjects listened over head-phones, 

4 subjects over loudspeakers in a class-room. 

2.3 Subjects - test 1 

14 subjects took the first test. 10 were trained phoneticians 

(among them the speaker), 3 were language students, with no 

phonetic training, and one was a trained singer with no background 

in phonetics. Two of the phoneticians and two of the language 

students were born and went to school outside the Copenhagen area~ 

- the rest were genuine speakers of ASC. It turned out that 

Copenhagen and non-Copenhagen speakers behaved significantly 

different, and the two groups are treated separately in the fol~ 

lowing account of the results. 

2.4 Results - test l 

First of all, there is no "order effect" to be detected with 

any of the subjects. That is, neither "correct II nor "in'correct" 
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responses can be seen to be due to a particular stimulus/response 

immediately preceding. (An order effect would have been surprising, 

since stimuli occurred in 5 different randomizations on the tape, 

and since, further, a stimulus number was announced, by a different 

voice, and always with a declarative intonation, before each 

stimulus.) Secondly, the 10 Copenhagen speakers did not differ 

significantly among themselves, and they are, accordingly, pooled 

in figures and tables to follow. 

Figs. 3 and 4 and tables 2 and 3 present the results, for 

Copenhagen and non-Copenhagen speakers, respectively. In the 

figures, stimuli have been reorganized according to the number 

of responses they received, from maximally interrogative, through 

maximally non-final, to maximally declarative. 

It is immediately obvious from the shape of fig. 3 that there 

are stimuli in each of the three categories that have been well 

identified by the Copenhagen speakers: two declarative sentences 

(D-4 and D-5), two non-final periods (NF-1 and NF-2) and three 

interrogative sentences (I-1, I-2, and I-3) received 85% or more 

responses for the respective categories. It is equally obvious 

that non-Copenhagen speakers do not fare so well on the non-final 

category, which can hardly be said to have any peak in the 

identification function at all. Further, non-Copenhagen responses 

are, on the whole, far more overlapping: 9 stimuli received re­

sponses of all three kinds, as opposed to the Copenhagen speakers, 

who only gave all three kinds of responses to two stimuli (NF-3 

and NF-2). 

Stimuli that are grouped within parentheses in the two figures 

are stimuli whose distributions of responses in x2 tests turned 

out not to be significantly different. In both figures, 6 such 

groups appear, but the members of each group are not exactly 

identical. Neither is, by the way, the rank order of the stimuli, 

i.e. NF-3 is shifted one to the left and NF-4 is shifted two to 

the left in fig. 4 as compared to fig. 3. 

The non-Copenhagen speakers thus seem to have been in rather 

great doubt about the second category, the non-final one, and 

one might cautiously conclude that these speakers simply do not 

operate with more than two categories.· (However, 4 speakers, who 

were not even representatives of the same non-Copenhagen dialect, 
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Table 2 

10 Copenhagen speakers' response 
to the 15 stimuli in test 1. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

D-1 84 16 100 
D-2 75 25 100 
D-3 79 21 100 
D-4 97 3 100 
D-5 100 100 

NF-1 88 12 100 
NF-2 4 90 6 100 
NF-3 2 79 19 100 
NF-4 81 19 100 
NF-5 34 66 100 

I-1 5 95 100 
I-2 11 89 100 
I-3 15 85 100 
I-4 61 39 100 
I-5 57 43 100 

Total 556 556 388 1500 

Table 3 

4 non-Copenhagenen·speakers' re-
sponse to the 15 stimuli in test 1. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

D-1 23 16 1 40 
D-2 18 20 2 40 
D-3 21 17 2 40 
D-4 31 8 1 40 
D-5 39 1 40 

NF-1 27 13 40 
NF-2 7 23 10 40 
NF-3 2 15 23 40 
NF-4 16 23 1 40 
NF-5 12 25 3 40 

I-1 40 40 
I-2 40 40 
I-3 40 40 
I-4 20 20 40 
I-5 2 15 23 40 

'I'otal 171 210 219 600 

-----------------------------
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is too small a population for any definite statements about their 

behaviour to be made - and this point warrants a separate investi-

gation.) In the following, the results obtained from non-

Copenhagen spea~ers are omitted from consideration: conclusions 

and analyses of relationships between stimuli and responses are 

based exclusively on the 10 Copenhagen speakers' identification 

functions, i.e. ·fig. 3 and table 2. 

2.4.1 Correlations between physical properties of the 

stimuli and their identification - test 1 

Since there were no systematic durational differenc~s be­

tween stimuli, explanations for the distribution of responses 

must be searched for in the Fo course. 

(Intensity has not been considered. Its role in the per­
ception and identification of intonation contours is largely 
unknown, but is generally supposed to be minimal and, at any 
rate, subordinate and ancillary to that of Fo. - Garding and 
Abramson (1965) attach some importance to the discrepancy between 
Fo and intensity that may arise from synthesizing varying Fo 
courses upon one and the same stretch of segments, with one and 
the same distribution of intensity, and Breckenridge and Liberman 
(1978) found that even small amplitude adjustments have rather 
large effects upon judgments of the pitch of the second stressed 
vowel in a "maMAmamaMAma" sequence. Both studies, however, em­
ployed synthetic speech and there is as yet no reason to doubt 
that in natural speech fundamental frequency is the dominant 
factor in the perception of intonation.) 

Since stress group patterns are recurrent ehti ties', cf. 

fig. 1, he course of the unstressed syllables is to a very large 

extent predictable and might therefore be redundant, strictly 

speaking, for the perception of intonation contours (but maybe 

not wholly irrelevant). Further, intonation contours are pre­

sumably also identifiable in utterances consisting solely of 

stressed syllables. This line of reasoning emphasizes the 

importance of the stressed syllables in an utterance, in particular 

the relationship between them, i.e. the slope of the contour. 

Less weight is consequently assigned to the course of Foat the 

very end. This is in explicit contradistinction to the viewpoint 

expressed by Danes (1960), Isacenko (1965), and Isacenko and 

Schadlich (1963) who considered only the terminal Fo course in 
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an utterance to have any differentiating function. And although 

a number of writers have conceded that earlier parts of the course 

of Fo may play a role, they have all proceeded to test the sig­

nificance of the "terminal contour", see e.g. von Essen (1956), 

Garding and Abramson (1965), Hadding-Koch and Studdert-Kennedy 

(1963, 1964, 1965, 1974), Studdert-Kennedy and Hadding (1972, 

1973), and Uldall (1960, 1961). Let us see how far the working 

hypothesis, underlying the present experiments, will get us: 

In fig. 5 are depicted Fo tracings of those three groups of 

stimuli, members of which could not be shown to differ signifi­

cantly among themselves as far as the distribution of responses 

was concerned, and which were well identified, cf. fig. 3. 

They are, not unexpectedly, seen to be fairly well separated, 

and this separation is most evident in the final stressed vowel 

("T_!flis"), les~ evident in the second stressed vowel ("b~sser") 

but still without any overlap between the three groups. The 

unstressed syllables of the second and third stress groups tend 

to distribute themselves in the same manner as the stressed syl­

lables, but some overlap is to be found. It is hard to find any 

order at all in the first stress group. This is all as it should 

be, granted that different contours, departing from the same 

point, are more clearly separated, the further we progress in 

time, cf. fig. 1. 

In fig. 6 are shown Fo tracings of stimuli that have received 

ambiguous responses (i.e. stimuli at or near the cross-over points 

of the identification functions of fig. 3: I-4, I-5 and NF-5, D-2} 

as well as one well identified stimulus from each category (I-1, 

NF-1, D-5). I-4 and I-5 are well removed from I-1, and.much 

closer to NF-1 (especially in the third stress group}. Likewise, 

NF-5 and D-2 are well removed from D-5 (but not particularly close 

to NF-1). 

2.4.1.1 A closer look at stimuli 

Figs. 5 and 6 may thus account for the gross trends in the 

results, but they cannot account for the finer distinctions we 

observe in the identification functions. In order to find one 
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or more relevant parameters, i.e. parameters which will yield a 

high correlation with the distribution of responses, table 4 was 

prepared. It contains a number of measures of various points in 

the Fo tracings, as well as certain relations which have been 

calculated on the basis of these measures. 
Measuring Fo is not a wholly uncontroversial business. As 

a rule, in all the vowels, except [ 1Q], that point has been meas­
ured which lies at 2/3 of the distance in time from the beginning 
of the vowel, in accordance with Rossi's (1971, 1978) results on 
the perception of Fo movements that are too short and/or too slight 
to be perceived as anything but level pitches. However, delimit­
ing the beginning and end of a vowel (which· determine the "2/3 
point") is not a fool-proof pro9edure, and moving the point of 
measurement just 1 cs left or right may introduce quite consider­
able differences in the Fo measurement. Thus, the measures in 
table 4 should be taken cum grano salis. 

For the first stressed vowel, [ 1n], two measures are given: 

its minimum value (which is turned into account in the calcula­

tion of the total rise of Fo in that, first stress group), and 

the value at 2/3 of the distance from the beginning of its rise 

(which is turned into account in fig. 7). From [ 1 u] and [ 1 i ], 

and their time interval, a "base-line" slope, Sb, has been cal­

culated, and, likewise, from [
0

/\] and [
0

i ], a "top-line" slope, 

St' is determined. The distance between each stressed and the 

immediately succeeding unstressed vowel (or sonorant consonant) 

is also given. 

Note that stimuli have been grouped in table 4, as in fig. 

3, according to the rank order of their responses,. from maximally 

interrogative (rank 1), through maximally non-final, to maximally 

declarative (rank 15), as indicated in small script next to the 

stimulus-designations. The 6 groups of fig. 3 are maintained, 

and for each group averages have been calculated. Every measure 

has been assigned a rank, from highest (1) to lowest (15), as 

indicated in small raised script to the right of each value. 

Further, the averages have been assigned ranks in the same 

fashion, from highest (1) to lowest (6), as indicated in small 

lowered script. 

If we let the "natural order" be the ranks assigned to 

stimuli according to responses, i.e. the order in which stimuli 

have been tabulated from top to bottom in table 4, then it is 
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Table 4 (continued on the next page) 

Fundamental frequency measurements of segments and relations be­
tween certain segments in the 15 stimuli of test 1. Stimuli have 
been re-grouped according to identification by 10 Copenhagen 
speakers, cf. fig. 3. Numbers in small script indicate ranks from 
highest ( 1 ) to lowest ( 15

) on a 15-point rank order scale. For an 
account of the measuring procedure, see the text. 

I ( 1) 
a. . m1.n 

I-1 1 107 lO~ 

I-3 2 112 4
~ 

I-2 
3 111 7 

Av. 110.0 
3 

I-5 4 104 1 5 

I-4 5 105 13
\ 

Av. 104.5 
2 6 

NF-3 6 114 

NF-1 7 112 

NF-2 8 112 

Av. 3 112.7 

NF-5 9 108 
4 

D-2 1 o 116 

2 

1 

9 

4 

D-3 l l 110 8 

NF-4 12 107 lo\ 

D-1 13 112 4
\ 

Av. 111. 3 
5 2 

D-4 14 106 12 

D-5 15 105 13
~ 

Av. 105.5 
6 5 

'a.~(2) 

116 6 ~ 

119 1 \ 

112 11 

115.7 
3 

108 13 \ 

108 13 \ 

108.0 

119 

116 

118 

117.7 

110 

118 

6. 

1 

113 l O 

115 

117 

115.8 

115 

5 

2 

105 l 5 

1) I a. 
min is measured at 

2) I 0. ~ is measured at a 
the rise of [ I 0. ] • 

3) 8max is the maximum 

( 3) 
l)max 
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2 

125 1 0 

4 

126 8 
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(continued from the preceding page) Table 4 

s (4) s (5) O.min-
2 

Q,3 - I u- /\ I . . 
0 b t 'lmax 'lmax 0 

I -
0 

I 

-4.2 2 9.3 1 55 46 1 22 2 15 I-1 1 

153 

144 2~ 4.3 5 23.5 6 48 • 2 41 2\ 20 3\ 15 6 I-3 2 

144 
2~ -4.4 1 11.5 3~ 42 4~ 41 2\ 15 9\ 7 1 1 \ I-2 3 

147.0 -1.4 14.8 48.3 42.7 19.O 10.7 Av. 
l 1 3 1 l 1 2 

134 6 -2.1 3 11.3 2 44 3 40 t+ 15 9\ 8 9 I-5 t+ 

134 6 2.0 t+ 15.4 5 35 1 2 32 10\ 14 1 2 7 1 1 \ I-4 5 

134.O o.o 13.4 39.5 36.O 14.5 7.5 Av. 
2 2 2 2 2 4 5 2 

137 4 17.O 8 24.O 7 38 8 33 9 18 s\ 13 2 NF-3 6 

134 6 10.4 7 29.1 8 40 6 36 6 20 3 ~ 9 7 NF-1 7 

130 8 8.5 6 30.8 9 38 8 32 1 0 ~ 18 5~ 6 1 3 NF-2 8 

133.7 12.0 28.O 38.7 33.7 18.7 9.3 Av. 
3 3 t+ 3 4 2 3 3 

127 9 20.8 9 11.5 3 ~ 36 1 1 34 8 8 1 5 12 3 ½ NF-5 9 

4 t+ 5 3 6 4 

124 l 0 26.5 10 36. 5 l l 28 1 3 ½ 26 1 3 ½ 17 7 11 5 D-210 

115 1 2 27.7 11 45.5 13 38 8 35 7 15 9 ~ 3 1 5 D-31 1 

120 l l 29.8 13 33.3 10 37 1 0 29 1 2 15 9 ½ 12 3 \ NF-4 12 

113 l 3 ~ 30.4 14 54.7 14 42 4 \ 37 5 23 8 9 D-l 1 3 

118.O 28.6 42.5 36. 3 31.8 17.5 8.5 Av. 
5 5 5 If 5 3 4 5 

113 l 3 \ 29.2 12 45.3 12 28 1 3 ½ 19 l 5 12 1 3 5 l 4 D-414 

104 1 5 34.015 70.4 15 26 1 5 26 l 3 ½ 9 1 4 5 9 0-51s 

108.5 31.6 57.9 27.O 22.5 10.5 6.5 Av. 
6 6 6 6 6 5 6 6 

4) Sb is the slope of the intonation contour ("base-line" slope), 
in cs/sec, based on the measurements of [ 1 u] and [ 1 i ], and 

their time interval. 

5) St is the slope of the "top-line", in cs/sec, based on the 
measurements of [

0
A] an~ [

0
i ], and their time interval. 
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immediately obvious that certain parameters deviate less from 

this natural order than do others. And if we just look at the 

ranks of the averages, Sb, [ 1 i] and [
0

i] are even seen to follow 

the natural order exactly, and the rank order for the averages 

of [ 1u] is reversed in only one place. These parameters, there­

fore, look like go9d candidates and worth inspecting more closely, 

in the search for correlations between the physical properties 

of stimuli and the responses they yielded. Fig. 7 is a 

stylized graph of the intonation contours and the final rise from 

stressed to u~stressed [ i J, based on the measures of [ 1 u], [ 1 i ] 

and [
0

i ]. To complete the picture of the contour, the value of 
1ni has been included (plus 15% to compensate for intrinsic 

Fo level differences between [ 1u] and [ 1 i ], on the one hand, 

and [ 1n] on the other, for this particular speaker, cf. Reinholt 

Petersen, 1976). 

Fig. 7 clarifies figs. 5 and 6 and "explains" some things 

that were less transparent in those figures: for instance, I-4 

and I-5 were seen in fig. 6 to be very nearly concurrent with 

NF-1, and one was left to wonder why, then; had these two inter­

rogative sentences not been labelled "non-final" more than about 

50% of the time by listeners? It is clear from fig. 7 that 

the slopes of I-4,5 are different from those of the well identi­

fied non-finals, i.e. they are very nearly flat, whereas the 

slopes of NF-1,2,3 are falling. In short, the six groups 

of fig. 3 and table 4 emerge rather clearly. 

Since the members from each group do not differ significantly 

among themselves, as far as distribution of responses goes, one 

might leave it at that and be satisfied that slope, final stressed 

and final unstressed vowel all correlate exactly with responses 

when averages are considered. However, this is slightly un­

satisfactory, partly because stimuli are different, and did 

receive different responses, partly because it is not possible to 

say which of the three parameters is the most crucial for identi-

fication. Accordingly, the data in table 4 were turned into 

account for the calculation of correlations between responses, 

on one hand, and each of the parameters of table 4, on the other. 
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Table 5 

Spearman rank correlation coefficients, r, between the 
rankings of responses to the stimuli of t~st 1, on one 
hand, and the rankings of each of the parameters in ta­
ble 4, on the other hand. The ~evel of significance (if 
better than .10) is indicated in the right hand column. 

Correlation between 
response rankings 
and rankings of 

I a. 
min r 

I 0. ~ r 

8max 
r 

'u r 

I\ r 
0 

0 a. r 

I j r 

0 i r 

Sb r 

St r 

a.min-f)max r 

2 
0. 3 -f)max r 

I u - /\ r 
0 

I . . r I - I 
0 

= 
s 

= 
s 

= s 

= 
s 

= s 

= 
s 

= s 

= s 

= 
s 

= s 

= s 

= s 

= s 

= s 

.08 

.18 

.64 

.89 

.77 

.71 

.98 

.98 

.95 

.88 

.71 

.74 

.38 

.30 

level of sig­
nificance 

.005 

.0005 

.0005 

.005 

.0005 

.0005 

.0005 

.0005 

.005 

.005 

.10 



39 

Table 5 gives Spearman rank correlation coefficients (cal­

culated, when necessary, with corrections for tied ranks) between 

the rankings of responses to the stimuli, and the rankings of the 

measures of various points in the fundamental frequency trancings, 

as presented in table 4. 

It is obvious from table 5 that Sb, 1 i; and 
0

i, i.e. the 

slope of the intonation contour (or "base-line" slope), the levels 

of the final stressed and the final unstressed vowel, respectively, 

all correlate very highly with responses. 

2.4.1.2 Terminal rises 

Before we proceed, it is interesting to note that the magni­

tude of the final rise, i.e. 1 i-
0

i, shows only a slight and non­

significant correlation with responses (and no correlation at all 

(r = .05) when this rise is expressed in percentage of the level 
s 

of the stressed vowel). This must be taken to mean that the 

magnitude of the final rise was not, in this experiment, a per­

ceptual cue to the identification of intonation contours, but its 

placement on the frequency scale is (i.e. the levels of the final 

stressed and succeeding unstressed vowels). 

However, Danish listeners are not insensitive to terminal 

rises: In the course of some informal experiments, conducted at 

the Institute of Linguistics, Uppsala University, with the ILS­

system for analysis and synthesis of speech, the declarative 

sentence "Der gar mange busser fra Tiflis." was recorded (by the 

author). It was then re-synthesized with the final unstressed 

syllable, "-lis", being raised 60Hz, in steps of l0Hz (everything 

else being ept constant). These 6 utterances, together with the 

original, were later played back to a group of phoneticians in 

Copenhagen. The first two steps up of "-lis" made no apparent 

difference. At +30Hz and +40Hz listeners reported that they heard 

a statement, but a rather obstinate one. At +50Hz the utterance 

began sound interrogative (to some listeners), and at 60Hz the 

utterance was classified as a question by the majority, but a 

rather surprised or disbelieving echo-question. Other listeners 
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would not accept the utterance as a question at all, but dis­

missed it as being wholly unnatural. 

This illustrates very nicely a point where real and synthetic 

speech part company: it is possible to make listeners respond in 

certain (and often predictable) ways to cues, or rather combina­

tions of cues (cf. below), which are not found in real speech, but 

analyses of and perceptual experiments on real speech may then 

serve to dissolve any ambiguity as to which of the cues, found to 

be operative in synthetic speech, is the dominant one in speech 

perception. The interpretation presented here for Danish could 

probably also be applied to the results obtained for Swedish (and 

American): Hadding-Koch (1961) found in her analysis of Swedish 

that statements tend to end in a terminal fall, questions in a 

terminal rise (but there were differences to observe in earlier 

parts of the utterance, also). In experiments with synthetic 

stimuli Studdert-Kennedy and Hadding (1972, 1973) found that if a 

low peak (in the stressed vowel of 'November') is heard, listeners 

tend to interpret the utterance as a statement unless it is followed 

by a large terminal rise (in the final, unstressed syllable). If 

a high peak is heard, listeners tend to interpret the utterance 

as a question, unless they also hear a large terminal fall. In 

other words: everything else being equal, the higher the terminal 

rise, the more _questions are heard, and vice versa, or, again, 

everything else being equal, the higher the terminal peak, the 

more questions are heard, and vice versa. They conclude that 

peak and perceived terminal glide are the two factors that seem 

to govern linguistic judgments of intonation contours (although 

they are not just and simply additive in their effects). However, 

in consequence of the line of argument for Danish above, I would 

be inclined to give top priority to their peak level. 

2.4.2 Correlations and concordances between various points in 

the course of fundamental frequency in the stimuli 

Although table 5 is informative, it may also be slightly 

misleading. The high correlations we observe between responses 

and Sb, [ 1 i ], and [ 
0

i] (and [ 1 u] and St), respectively, are 
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of course partly due to the fact that these parameters are inter­

correlated themselves. If [ 1 u] is high, [ 1 i] is likely to be 

high also, etc.; in fact, this is precisely the kind of prediction 

that can be read off from the model in fig. 1. 

The Spearman rank correlation coefficients (with corrections 

for tied observations, when necessary) between a number of pairs 

of measurements in the tracings, as well as the Kendall coeffi~ 

cient of concordance between several measures, have been calculated 

and are presented in table 6. The level of significance, when 

better than .10, is indicated in the right hand column. 

Table 6 focuses upon the maxima (first unstressed syllable in 

each stress group) and minima (the stressed syllables) and their 

correlations to each other. A couple of aspects seem worth com­

menting upon. If we set the limit between high and low correla­

tions at r = .70, we note, first of all, that all correlations in­
s 

volving the first stressed vowel, 1aj or 1a. 1 , are low and so are, min 
with one exception (Q ~ A) all correlations involving 8 • max O max 
The course of fundamental frequency during the first stress group, 

in short, does not correlate very highly with later parts of the 

utterance. 

Correlations between the stressed vowel and the rise to the 

succeeding unstressed vowel, in the second and third stress groups, 

are also low. Apart from that, every point of measurement in the 

second and third stress groups correlate highly with every other 

point, and "top-line" and "base-line" slopes, St and Sb, are highly 

correlated. (Further, the stressed vowels correlate highly with 

Sb and the unstressed vowels with St - but one should bear in mind 

that these slopes have been calculated from [ 1 u] and [ 1 i ], and 

[
0

A] and [
0

i ], respectively, and are thus anything but independent 

of these measures.) 

The degree of concordance between the three maxima (unstressed 

syllables) is considerable and is higher than that between the 

1) 1 a . renders lower coefficients than does I a~, and since I a~ m1n thus seems to be the more "consistent" of the two meas-
urements, correlation coefficients between 1a. and all other 
points have not been calculated. min 
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Tabl~ 6 (continued on the next page) 

Spearman rank correlation coefficients, r, between 
the rankings of a number of pairs of paraffieters in 
table 4, and Kendall coefficients of concordance, W, 
between the rankings of several such parameters. The 
level of significance {if better than .10) is indi­
cated in the right hand column. 
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l~O. . min 
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I U~ i 
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r 
s 
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rs 

rs 

rs 

r s 

r s 
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= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

.98 

.92 

.01 

.11 

.96 

.75 

.57 

.19 

.82 

.38 

.45 

. 90 

.94 

.67 

.48 

level of 
signifi­
cance 

.ocos 
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.0005 

.005 

.025 

.0005 

. 10 

.OS 

.0005 

.0005 

.005 

.os 
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Table 6 (continued from preceding page) 

level of 
signifi-
cance 

I 2 a.3~Sb rs = .02 

I a. 2 r = .58 .025 3~1)max s 

'a.i~ /\ r = .66 .005 0 s 
I 2 . r = .28 0.3~ I 

0 s 
'a.2~10.2-1) r = .12 3 3 max s 
'a. . ~f) r = .49 .05 min max s 
I a. 

min ~'a. min-l)max r = .34 s 

f)max~ 0 
/\ r = .84 .0005 s 

f)max~ 0 i r s = .66 .005 

./\~ i r = .82 .0005 0 0 s 

Sb~St r = .89 .0005 s 

r)max~oA~oi w = .84 .005 

1a.i~ 1u~ I f w = .66 .01 

I 0. I • I w .61 .025 , ~ U~ f = min 

'a.i~f) ~
1

U~ A~ 1 i~ i w = .73 .0005 m X o o 

I a. I I• i : w = .70 .0005 , ~I) ~ U~ A~ I~ min max 0 0 
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three minima (stressed vowels), which is somewhat surprising, -

but it might possibly reflect a greater uncertainty about measur­

ing Fo in [ 1 Q], i.e. finding the relevant point to measure, than 

in other vowels. Finally, the concordance between all six points, 

maxima and minima, is high as well. (Again, when 1 Q~ is used, the 

concordance is slightly higher than when 1 Q. is used.) min 
The fact that the two stressed vowels, [ 1 u] and [ 1 i ], corre­

late highly with [
0

A] and [ 
0

i ], respectively, but not with the 
magnitude of the rise from stressed to unstressed vowel, together 
with the fact that responses show low correlations with these rises, 
cf. table 5, may be interpreted thus: the distance between 
stressed and first unstressed vowel in a stress group, which de­
creases from beginning to end of the utterance, does not, also, 
decrease as a function of the kind of intonation contour upon 
which the stress group patterns are imposed. In other words, top­
lines and base-lines decline (more or less, depending on the sen­
tence) and top-lines decline more rapidly than do base-lines. 
But top-lines do not decline relatively more rapidly, the steeper 
the base-line is: 

The differences between S and S were calculated and ranked. 
The correlation coefficient be~ween tRis ranking and that of Sb 
is .18 only,~ whereas it is .89 between the rankings of Sb ana 
St. - Thus, base-line and top-line are highly correlated, and 
top-lines are steeper than base-lines, cf. table 4, but the dif­
ference in slope between top- and base-lines is, within certain 
limits, more or less random, averaging about 15Hz/sec. However, 
only a subset of the recordings of one subject is involved, and 
nothing definite can be said about this point yet. 

Since all points in the course of fundamental frequency in 

the second and third stress groups correlate rather highly with 

each other, the high correlations listed in table 5 between re­

sponses and [ 1 i ], [
0

i ], Sb, [ 1 u], and St cannot be said to be 

mutually independent. On the contrary, there is good reason to 

believe that identification has been based on the whole F~ course 

during the second and third stress groups, rather than on· one 

single parameter, but, as mentioned in the abstract, the level of 

the final stressed and undtressed vowels can almost, alone, 

account for the way responses were distributed over the 15 stimuli. 

One example will suffice to illustrate the point made above: 

[ 
1 i J and [

0
i] gave th~ highest correlation with responses, and they 

correlate highly with each other as well. The Kendall rank corre­

lation coefficient, T, between response and [ 1 i J is .93, between 

response and [ i J it is . 9 4, and between [ 1 i J and [ i J it is . 91. 
0 0 
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The Kendall partial rank correlation coefficient between response 

and [ 1 i ], with the effect of [Qi J partialled out, is .57, and the 

partial rank correlation between response and [Qi], with the 

effect of [ 1 i] partialled out, is .60. Both coefficients are a 

good deal lower than the non-partial correlations, and we may 

conclude that the relation between response and [ 1 i] is not in­

dependent of [Qi], and, vice versa, the relation between response 

and [Qi J is not independent of [ 1 i ]. Since the non-partial corre­

lation coefficients decrease by approximately the same amount 

we cannot determine which of the two, [ 1 i J or [Qi], is more de­

pendent upon the other. 

2. 5 Conclusion - test 1 

In conclusion we may say about the results of test 1, that 

they confirm the implications of the model in fig. 1 and the 

working hypothesis outlined in section 2.4.1: intonation contours 

are more widely separated in later than in early parts of the 

utterance, and the stressed syllables in this later part are more 

decisive for identification than are the un~tressed syllables, cf. 

table 5. Since the correlation/concordance between points in the 

Fo course in the second and third stress groups is high, cf. table 

6, it is not possible to establish a single parameter which, 

independently of all other parameters, will account for listeners' 

identification. Rather, identification may be determined by all 

of the later part of the Fo course, probably, however, with the 

level of the final stress group having slightly more weight than 

that of the second stress group. The terminal rise from stressed 

to unstressed syllable was of no consequence whatsoever. 

Copenhagen speakers identified three clear categories, non-

Copenhagen speakers did not. Whether these three categories 

are purely phonetic, i.e. a matter of dividing a physical (near-) 

continuum into X number of classes, or whether this categorization 

reflects some real linguistic categories is a matter for test 2 

to resolve. However, I did think that there was some support 

for a hypothesis of linguistic categories already in the fact 

that speakers do indeed produce more than two kinds of intonation 
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contours, which do tend to arrange themselves along three slopes, 

with a good deal of overlap, however, between individual items. 

3. Test 2 

If the categorization performed by subjects in test 1 were 

purely phonetic, or non-linguistic, i.e. the continuum had been 

divided into three equally large bits, without regard to any lin­

guistic analysis, then one would expect listeners to divide the 

same continuum into two equally large bits, when presented with 

only two categories to choose from. Accordingly, the test tape 

from test 1 was presented to 7 of the 10 Copenhagen speakers 

(and two of the four non-Copenhagen speakers), about 6 months 

later. The procedure resembled exactly that of test 1, except 

that stimuli now were to be labelled either "declarative" or 

"non-declarative". (Subjects did not know that the two tapes were 

identical. ) 

3.1 Results - test 2 

Table 7 and fig. 8 present the 7 Copenhagen speakers' distri­

bution of responses in test 1 to the 15 stimuli. Comparing fig. 

8 to fig. 3, we see that the response distributions are almost 

identical: the same 6 groups turn up in fig. 8 as in fig. 3, but 

the ordering of stimuli within some groups is slightly different. 

Thus, I-3 and I-1, I-4 and I-5, NF-1 and NF-3, and NF-4 and D-2 

have changed places. However, the Spearman rank correlation 

coefficient between response rankings by 10 and by 7 listeners, 

respectively, is .99, and we may safely conclude that the 7 lis­

teners employed in test 2 are a representative subset of the 10 

listeners employed in test 1. 

Table 8 and fig. 9 present the results of test 2. As in 

test 1, there was no "order-effect" to be found with any subject, 

nor did subjects differ significantly among themselves. 

It is evident that stimuli have not, in test 2, been divided 

into two equally large classes. There are differences in the 

rank ordering of stimuli in test 2 and test 1 (for the 7 listeneri) 

but the Spearman rank correlation coefficient between these rank-
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ings is .96 and the response distributions in the two tests are 

thus highly correlated. The only non-predictable difference be­

tween figs. 8 and 9 is that whereas the cross-over point between 

the non-final and declarative categories lies to the right of 

stimulus NF-5 in fig. 8, the corresponding cross-over point be­

tween the non-declarative and declarative categories lies to the 

left of NF-5 in fig. 9. But the cross-over point is still sharp 

and well-defined, and only three groups are now formed, cf. the 

parentheses around stimuli designations in fig. 9. (A group is 

formed by stimuli whose response distributions cannot, by a X2 

test, be proved to be significantly different at the .10 level.) 

About the change of NF-5 from one category to another in the 

two tests: in fact, its identification in test 2 as mainly decla­

rative (67% of the time) is less curious than its identification 

in test 2 as mainly non-final (79% of the time by the 7 Copenhagen 

speakers). If we go back to (table 4 and) fig. 7, we see that 

NF-5, in slope and position on the frequency scale, runs very close 

to those stimuli that have been identified mainly as declarative 

(D-1,2,3,4,5 and NF-4). This would have warranted an identifica­

tion in test 1 as declarative. However, it is the "top" contour 

in that group of "low" ones in fig. 7, and its identification as 

mainly non-final in test 1 might possibly reflect an attempt by 

listeners to balance responses (i.e. to try and give 33% responses 

in each category) and if one of the "low" contours is to be 

affected by this attempt, it is precisely NF-5. 

The two non-Copenhagen speakers who took test 2 did not, this 
time, differ remarkably from the Copenhagen speakers. The cross­
over point between the two categories is in the same place as for 
Copenhagen speakers. But to the left of NF-5 everything is unan­
imously labelled "non-declarative", whereas the identification 
functions to the right of the cross-over point are slightly more 
slowly rising and falling than for Copenhagen speakers. Again, 
however, 4 and 2 (non-homogeneous) non-Copenhagen speakers, re­
spectively, are not sufficient for sound conclusions to be drawn, 
nor for attempts at explaining their behaviour. 

In conclusion, the s imuli that were labelled "non-final" in 

test 1 were not split up ·nto two equally sized bits, each going 

to the de·larative and non-declarative categories, respectively. 

With one exception, the formerly "non-final" stimuli were now cat­

egorized as "non-declarative" and this may be taken as an indica­

tion that linguistic categories were at play. (A further support 
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Table 7 

7 Copenhagen speakers' response 
to the 15 stimuli in test 1. 

response DECLARATIVE NON-FINAL INTERROGATIVE 

stimulus 

D-1 
D-2 
D-3 
D-4 
D-5 

NF-1 
NF-2 
NF-3 
NF-4 
NF-5 

I-1 
I-2 
I-3 
I-4 
I-5 

Total 

61 
52 
56 
70 
70 

3 
1 

56 
20 

389 

9 
18 
14 

59 
63 
58 
14 
50 

3 
4 
1 

32 
34 

359 

11 
4 

11 

67 
66 
69 
38 
36 

302 

Total 

70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

1050 
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Figure 8 

Identification functions for the 15 stimuli in 
test 1, as identified by 7 Copenhagen speakers. 



no. of re­
sponses 

response 

stimulus 

D-1 
D-2 
D-3 
D-4 
D-5 

NF-1 
NF-2 
NF-3 
NF-4 
NF-5 

I-1 
I-2 
I-3 
I-4 
I-5 

Total 
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Table 8 

7 Copenhagen speakers' response 
to the 15 stimuli in test 2. 

DECLARATIVE NON-DECLARATIVE 
Total 

68 2 70 
66 4 70 
63 7 70 
70 70 
70 70 

70 70 
8 62 70 
3 67 70 

59 11 70 
47 23 70 

70 70 
70 70 
70 70 
70 70 

1 69 70 

455 595 1050 

70 • - • - • - • - • - . ___ 

60 

50 

40 

30 

20 

10 

" non-declarative \ declarative 

\ 
\ 

............ ·~ . ---. 
( 13 11 12 14 Nfl 15 NFJ Nf2) NF5 (NF4 03 02 01 04 05) 

Figure 9 

Identification functions for the 15 stimuli in 
test 2, as identified by 7 Copenhagen speakers. 
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0£ this hypothesis would have been if running the same test, but 

with response labels "interrogative" and "non-interrogative", had 

given a cross-over point in the identification functions in the 

neighbourhood of stimuli I-4/NF-3, cf. fig. 3. This ought, as a 

matter of fact, to be tried.) 

4. Tests 3 and 4 

Tests 3 and 4 were designed to answer the third question in 

the introduction: how early or how late in the utterances are 

the various contours perceptually differentiated? From the re­

sults of test 1 (table 5, more precisely), we might expect stimuli 

to be rather well identified even when the third stress group is 

missing, given that responses to test 1 correlated fairly highly 

with [ 1u] and [ A], - but identification should not be much 
0 

better than chance, given only the first stress group to judge 

from. Likewise, we may predict that identification should not be 

affected much in the absence of the first and second stress 

groups. If the predictions hold water it will be a further sup­

port of the hypothesis that earlier parts of the utterance do 

carry information about the contour, on the one hand, and that 

the final stress group alone may do the job, on the other hand. 

4.1 Test 3 

Test 3 comprised stimuli with a greater or lesser number of 

syllables cut away from the end. 

4.1.1 Stimuli - test 3 

7 of the 15 stimuli from test 1 served as parents for the 

stimuli in test 3. The seven stimuli were two interrogative 

sentences (I-1 and I-2), three non-final sentences (NF-1, NF-2, 

and NF-3), and two declarative sentences (D-1 and D-4) - all 

stimuli that had been well identified by the Copenhagen speakers 

in test 1, cf. figs. 3 and 8. Three non-finals were included 
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because this was the category which, although well identified, 

subjects had been least sure of. D-5 was omitted because it was 

so very much different from the other declarative sentences, cf. 

figs. 1 and 7, and in a test with relatively few stimuli no one 

stimulus ought to stand out clearly from the rest. The ratio-

nale behind choosing, for test 3, stimuli that had been well 

identified in test 1 was simple: stimuli that had been ambiguous, 

given the whole of three stress groups to judge from, would be 

even more so when they were mutilated. However, as Robert Porter 

has pointed out to me in a personal communication, this may be 

an erroneous assumption. When stimuli are mutilated, identifica­

tion criteria must necessarily change, - and originally ambiguous 

stimuli might turn out to reveal some interesting features. 

(However, even with only 7 parent stimuli, the test was already 

rather long - but these 7 might, of course, still have included 

one or two of the originally ambiguous stimuli.) 

By means of a segmentator, the 7 parent stimuli were being 

relieved step-wise of the last 5 syllables, thus: 

cut no. 1: mange busser fra Tif 

cut no. 2: mange busser fra 

cut no. 3 : mange busser 

cut no. 4: mange bus 

cut no. 5: mange 

7 parents times 5 cuts give a total of 35 stimuli. Two test 

tapes, each containing 2x35 randomized stimuli, plus 5 intro­

ductory dummies, i.e. two tapes with 80, differently randomized, 

stimuli on each were prepared. Stimuli were introduced by 

numbers (read by the author) with a 3 sec interval for responding. 

The total duration of one run of each test tape was 8 minutes. 

Subjects were instructed exactly as in test 1, cf. section 

2.2. 

One test tape was presented three times, the other twice, 

giving a total of 10 responses to each stimulus by each subject. 
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No subject did more than one run of a test tape per day. All 

(four) subjects listened over head-phones. 

4.1.2 Subjects - test 3 

4 of the 10 Copenhagen speakers (all phoneticians) from 

test 1 served as subjects in test 3. Four is, certainly, a small 

number, and the results presented below thus may not be con­

clusive, but they may at least serve as indications of certain 

trends. 

4.1.3 Results - test 3 

As in tests 1 and 2, there is no "order-effect" to be de­

tected, and subjects do not differ significantly among themselves. 

Fig. 10, top left, and table 9 present the 4 subjects' distri­

bution of responses in test 1 to the 7 parent stimuli employed 

in test 3. Compared to fig. 3, NF-1 and NF-3 have changed places 

(still being members of the same group), but the Spearman rank 

correlation coefficient between the rankings of responses to the 

7 stimuli used in test 3, by 10 subjects (fig. 3), and the ranking 

of responses by four subjects to these stimuli (fig. 10, top left) 

is .96 and as for the 7 subjects in test 2, we may conclude 

that the 4 subjects in test 3 are a representative subset of 

the 10 subjects employed in test 1. 

Fig. 10 and table 10 present the results. (In fig. 10, sti­

muli have been grouped according to the same criteria as in figs. 

3, 4, 8 and 9, cf. sections 2.4 and 3.1.) 

4 .1. 3 .1 Cut no. 1: "mange busser fra Tif" - test 3 

Fig. 10, top right, shows three clear peaks in the identi­

fication functions. Comparison with response distributions to 

the parent stimuli, fig. 10 top left (and tables 9 and 10), 

shows the same order of stimuli, but a raised proportion of 

"declarative"-responses, at the expense of both "interrogative" 

and "non-final" responses. And a x2 test on the distributions 

of declarative-responses in the parent and cut no. 1 cases shows 
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Identification functions for the 7 stimuli in 
test 3, as identified by 4 Copenhagen speakers. 
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Table 9 
4 Copenhagen speakers' response in 
test 1 to the 7 stimuli of test 3. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

D-1 32 8 40 
D-4 40 40 

NF-1 31 9 40 
NF-2 3 33 4 40 
NF-3 1 31 8 40 

I-1 1 39 40 
I-2 4 36 40 

'l'otal 76 108 96 280 

Table 10 

4 Copenhagen speakers' response 
to the 7 stimuli of test 3. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

cut 1 

D-1 39 1 40 
D-4 40 40 

NF-1 9 31 40 
NF-2 19 20 1 40 
NF-3 14 25 1 40 

I-1 1 39 40 
I-2 5 35 40 

Total 121 83 76 280 

cut 2 

D-1 25 14 1 40 
D-4 38 2 40 

NF-1 7 31 2 40 
NF-2 9 38 3 40 
NF-3 6 16 18 40 

I-1 1 39 40 
I-2 5 35 40 

Total 85 97 98 280 

(continued on the next page) 
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Table 10 (continued 
from the preceding page) 

4 Copenhagen speakers' response 
to the 7 stimuli of test 3. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

cut 3 

D-1 23 17 40 
D-4 39 1 40 

NF-1 1 25 14 40 
NF-2 12 20 8 40 
NF-3 3 21 16 40 

I-1 1 39 40 
I-2 1 4 35 40 

Total 79 89 112 280 

cut 4 

D-1 34 6 40 
D-4 40 40 

NF-1 4 31 5 40 
NF-2 5 30 5 40 
NF-3 10 26 4 40 

I-1 1 7 32 40 
I-2 2 13 25 40 

Total 96 113 71 280 

cut 5 

D-1 3 25 12 40 
D-4 39 1 40 

NF-1 8 26 6 40 
NF-2 12 25 3 40 
NF-3 11 22 7 40 

I-1 7 10 23 40 
I-2 14 19 7 40 

·rotal 94 128 58 280 
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that this difference is statistically significant beyond the 

.001 level. 

Losing the last unstressed syllable thus pulls in the direc­

tion of declarative-identification. The easy explanation would 

be that the terminal movement is, after all, essential and, 

everything else being equal, the lack of a final rise increases 

the number of declarative-identifications. However, this is 

too facile: It is important to note that as soon as one cuts 

away bits and pieces, the utterance is no longer "natural" and 

does not necessarily resemble and contain the same amount of 

information as a corresponding non-mutilated one, in this case 

one that never had a final unstressed syllable (like: "mange 

busser fra Brest", for instance). In fact, another part of the 

material for the original analysis (Thorsen, 1976) contained 

questions and non-final periods, all variations on: " .. mange 

timer i statistik .. " (the final syllable in "statistik" is 

stressed). And although the level of this final stressed syllable, 

"-stik", varies according to sentence type in the same fashion 

as does "Tif-", there are also minor differences to be observed 

in the movement of Fo within the stressed [ i ]: the higher it is 

on the frequency scale, the less falling it also is (and in some 

instances, with some subjects, it is even slightly rising, -

but this is the exception rather than the rule). This variation 

in Fo movement is not, generally, found in the stressed vowel of 

"Tiflis". Thus, if variation in Fo movement is a general feature 

of stress groups consisting only of one (stressed) syllable, it 

may be interpreted as a compensation, in the absence of the high 

ris that a succeeding unstressed syllable would have brought 

about. 

A more appealing account of the discrepancy (which is, after 

all, not very great) between fig. 10 top right and top left would 

therefore be that the Fo movement of the vowel in "Tif-" in NF-3 

and NF-2 (which are those two stimuli that contribute most to the 

difference between response distributions) are too steeply falling 

(cf. fig. 2) to perceptually compensate for the lack of a final 

unstressed syllable, wherefore NF-3 and NF-2 begin to resemble 
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declarative utterances. (But this presupposes that subjects 

judged the stimuli in cut no. 1 as if it were a complete utterance.) 

As it turns out, the pattern almost repeats itself when we get 

to cuts no. 3 and 4 (mange busser vs. mange bus), and I think the 

explanation just offered is a fairly likely one. (See, however, 

a general reservation towards this comparison between parents 

and offspring at the end of section 4.2.5.) 

In table 11 are given Spearman rank correlation coefficients 

between rankings of responses by the four subjects to the stimuli 

in test 3 and rankings of a number of the Fo measurements pre­

sented in table 4. Since cuts no. 2 and no. 3 had the same re­

sponse rankings, they are treated together. Note that the corre­

lation coefficients in table 11 are not directly comparable to 

those in table 5 which are based on rankings of 15 stimuli, whereas 

table 11 is based on rankings of 7 stimuli. But the coefficients 

in table 11 are comparable within and across cuts. 

In cut no. 1 [ 1 i] and [
0

A] are seen to correlate highly with 

responses, with [ 1u] as a close follow-up. [
0

i J is no longer 

there, and [
0

A] seems to have taken over its role, being now the 

last maximum in the utterance. 

4.1.3.2 Cut no. 2: "mange busser fra" - test 3 

It is apparent from fig. 10, mid left, that losing the whole 

of the third stress group is not detrimental to the identification 

of three categories, - and, further, we are back at a distribution 

which resembles that of the identification of parent stimuli 

rather closely, but the order of stimuli has been shifted in one 

place: NF-3 is moved one step to the left in cut no. 2. However, 

the identification functions are slightly less steep at the cross­

over points than in fig. 10, top left. 

Table 11 says that [ 1u] and [ 
0

A] are most highly correlated 

with responses (and [ 1n] is closely following them), and they 

have evidently taken over the role played by [ 1 i] and [
0

i Jin 

the parent stimuli, being now the last stress group in the stimuli. 

(Note that this cut ends in a terminal fall (as does any stress 

group that contains more than one post-tonic syllable) cf. fig. 2, 

but this does not diminish the number of interrogative-responses.) 
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Table 11 (continued on the following page) 

Spearman rank correlation coefficients, r, between the rankings 
of responses to the stimuli of test 3, onsone hand, and the rank­
ings of certain Fo measurements in these stimuli, cf. table 4. 
The level of significance (if better than .10) is indicated in 
the right hand column. 

Correlation between response 
rankings and rankings of 
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.005 
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.025 

.025 

.025 
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(continued from the preceding page) Table 11 

Correlation between response 
rankings and rankings of 

Cuts no. 2 
and 3 
( continued) 

Cut no. 4 

Cut no. 5 

'a. -1) 
min max 

I a. 2 n 
3 -'Jmax 

1 u- A 
0 

I a. 
rnin 

IQ. i 

f)max 

'u 

I a. 
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-'u 
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I 0. . 
min 

I a.~ 
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r = .75 s 
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s 
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r s 
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4.1.3.3 Cut no. 3: "mange busser" - test 3 

The top in the identification function for the non-final 

category is rather broad-banded, cf. fig. 10, mid right, but 

the shapes of the three curves still bear a good resemblance to 

fig. 10, top left. The order of stimuli is the same as in cut 

no. 2, i.e. NF-3 is shifted one to the left, compared to fig. 10, 

top left, and the proportion of interrogative-responses has risen 

at the expense of the non-final category, compared to the parent 

stimulus. The correlations between responses and Fo are the 

same as for cut no. 2. 

4.1.3.4 Cut no. 4: "mange bus" - test 3 

Even in this case, fig. 10 lower left, three peaks in the 

identification functions appear, and the order of stimuli is 

again only disturbed in one place, as compared to fig. 10, top 

left, i.e. NF-3 has been shifted one to the right. Compared to 

fig. 10 top left, the proportion of declarative-responses has 

risen, mainly at the expense of the interrogative-category. 

Compared to fig. 10, mid right (cut no. 3), both the declarative 

and non-final categories grow, whereas the interrogative one 

shrinks. This last pattern.was also observed between parent 

stimuli and cut no. 1, and serves to confirm the explanation 

offered for this phenomenon in section 4.1.3.1. 

In table 11, "cut no. 4", have been included the correla­

tions between responses and the measured rise from [ 1 Q] to [ 1 u], 

which are seen to be as high as (or higher than) that between 

responses and [ 1 u]. (And, as in test 1, 1QI still renders a 

slightly better correlation than 1n .. ) This rise is indicative min 
of the slope between the two stressed vowels, and seems to play 

the role here that Sb did in test 1 (and cut no. 1). 

As long as two stressed vowels remain (which together 

suffice to determine a slope), identification is not very seriously 

affected and is not very different from identification of the 

parent stimuli. 
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4.1.3.5 Cut no. 5: "mange" - test 3 

Now the picture changes completely. The order of stimuli in 

fig. 10, lower right, is a complete mess, the groups no longer 

resemble those of fig. 10, top left, and only one stimulus, D-4, 

received unambiguous responses. The non-final responses dominate. 

The strongest correlation between responses and fundamental fre-

quency is found in the level of Qmax' cf. table 11, but since 

this point does not correlate too well with the rest of the con­

tour, cf. table 6, there is no real cue in it as to the kind of 

utterance it occurred in. 

4.1.4 Conclusion - test 3 

It seems that the predictions made in the introduction to 

tests 3 and 4 (section 4.) are substantiated by the results. 

Earlier parts of the utterance do carry information about the 

intonation contour and identification deteriorates but slightly 

when stimuli are mutilated - until nothing is left but the first 

stress group, which contains no relevant information. 

Subjects use all the cues they are given, still, however, with 

a slight predominance of the level of the last stressed (and un-

stressed) syllable in the utterance. And now for the second 

part of the prediction, that identification should not be affected 

much by the removal of the first and second stress groups: 

4.2 Test 4 

Test 4 comprised stimuli with the first and second stress 

groups cut away from the beginning. 

4.2.1 Stimuli - test 4 

9 of the 15 stimuli from test 1 served as parents for test 

4. They were: I-1, I-2, I-3 NF-1, NF-2, NF-3 D-1, D-3, 

D-4, i.e. the three best identified stimuli from each category 

(disregarding D-5). For a discussion of this choice, see section 

4.1.1. 

By means of a segmentator, the 9 parents were deprived of 
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the first and second stress groups, thus: 

cut no. 1: 

cut no. 2: 

busser fra Tiflis 

Tiflis 

9 parents times 2 cuts give a total of 18 stimuli. A test 

tape containing 5xl8 randomized stimuli, plus 6 introductory 

dummies, i.e. 96 stimuli in all, was prepared. Stimuli were 

again introduced by numbers (read by the author) with a 3 sec 

interval for responding. The total duration of one run of the 

test tape was 11 minutes. 

Subjects were instructed exactly as in tests 1 and 3, cf. 

section 2.2. 

The test tape was presented twice, with at least one day's 

interval, giving a total of 10 responses to each stimulus by 

each subject. 

4.2.2 Subjects - test 4 

The same subjects were employed as served in test 3. (In 

fact, they took test 3 and test 4 intermittently.) 

4.2.3 Results - test 4 

The results of test 4 may be got over with quickly: 

Fig. 11, top, and table 12 present the 4 subjects' distribution 

of responses in test l to the 9 parent stimuli of test 4. Com­

pared to fig. 3, NF-1 and NF-3 have changed places, but the_ 

Spearman rank correlation coefficient between response rankings 

by 10 subjects in test 1 to the 9 stimuli of test 4 and response 

rankings by 4 subjects to these stimuli is .98 and the 4 

subjects are still, of course, good representatives of the 

original 10. 

Fig. 11 and table 13 present the results. (In fig. 11, 

stimuli have been grouped as in the earlier figures, cf. sections 

2.4 and 3.1.) 
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4.2.4 Cut no. 1: "busser fra Tiflis" - test 4 

Fig. 11, mid, shows three very clear peaks in the identifi­

cation functions. In fact, the categories are more clear-cut 

than those for the parent stimuli. The task must have been easy, 

probably due to the fact that there were fewer different stimuli 

than in test 1. 

In table 14 are given Spearman rank correlations coefficients 

between rankings of responses, on the one hand, and rankings of 

a number of the Fo measurements presented in table 4. 1 [
0

i ], 

[ 1 i ], [ 1u], St, [
0

A], and Sb all correlate highly with responses, 

[ 
0

i J slightly more so than the others, and the same conclusion 

as about test 1, section 2.4.2 may be made: that these parameters 

are all intercorrelated and no one single parameter can be made 

much more responsible for identification than the others. 

4. 2. 5 Cut no. 2: "Tif lis" - test 4 

Here again, fig. 11, bottom, subjects evidently found no 

difficulty in recognizing three categories, and in fact, the 

distribution of responses almost exactly is 1/3 to each category, 

cf. table 13, "cut 2". Compared to the parent stimuli, cut no. 2 

received a higher proportion of declarative-responses and a 

smaller proportion of interrogative responses, i.e. a certain 

number of responses were moved one down on the interrogative­

declarative scale (leaving the non-final category intact). The 

same sort of argument that was used in section 4.1.3.1 about the 

difference between parent stimuli and "mange busser fra Tif" may 

serve again: The original material for analysis also contained 

one-word statements and questions, among them "Tiflis." and 

"Tiflis?". Not only did the level of these words vary, but so 

did the Fo movement in the stressed syllable, which was falling 

1) Note, again, that the coefficients in table 14 are not 
directly comparable to those in table 5, being based on 

rankings of only 9 items. 
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test 4, as identified by 4 Copenhagen speakers. 



65 

Table 12 

4 Copenhagen speakers' response in 
test 1 to the 9 stimuli of test 4. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

D-1 32 8 40 
D-3 31 9 40 
D-4 40 40 

NF-1 31 9 40 
NF-2 3 33 4 40 
NF-3 1 31 8 40 

I-1 1 39 40 
I-2 4 36 40 
I-3 1 39 40 

Total 107 118 135 360 

Table 13 
4 Copenhagen speakers' response 
to the 9 stimuli of test 4. 

response DECLARATIVE NON-FINAL INTERROGATIVE 
Total 

stimulus 

cut 1 

D-1 39 1 40 
D-3 36 4 40 
D-4 40 40 

NF-1 38 2 40 
NF-2 3 37 40 
NF-3 37 3 40 

I-1 1 39 40 
I-2 1 39 40 
I-3 7 33 40 

Total 118 126 116 360 

cut 2 

D-1 40 40 
D-3 35 5 40 
D-4 40 40 

NF-1 1 37 2 40 
NF-2 3 37 40 
NF-3 2 29 9 40 

I-1 40 40 
I-2 5 35 40 
I-3 7 33 40 

Total 121 120 119 360 
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Table 14 

Spearman rank correlation coefficients, r, between the rankings 
of responses to the stimuli of test 4, onsone hand, and the rank­
ings of certain Fo measurements in these stimuli, cf. table 4. 
The level of significance (if better than .10) is indicated in 
the right hand column. 

Correlation between response 
rankings and rankings of 
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/\ 
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in the statement and rising in the question. This variation was 

not found in the longer sentences. Apparently, in one word 

utterances Fo movement in the stressed vowel takes over and 

compensates for the lack of a contour proper. And this lack of 

compensation in the mutilated stimuli of test 4's cut no. 2 may 

account for the discrepancy between fig. 11 top and bottom. 

As a matter of fact, it might be argued that since cut no. 2 

received an almost perfect distribution of responses (very nearly 

1/3 in each category), the lack of a compensatory Fo movement in 

the stressed vowel of "Tiflis" had no effect at all, and should 

therefore be deemed unimportant for the identification of intona-

tion contours. (In this connection it is only fair to say that 

we do not know what the identification functions for the parent 

stimuli of tests 3 and 4 had looked like, had they been the only 

stimuli in test 1 there might have been very little discrepancy 

to account for between identification functions in test 3, cut 1, 

and test 4, cut 2, respectively, and the parents.) 

The correlation between responses and [ 
0

i J and [ 1 
i J are very 

high indeed, in fact, it almost reaches unity with [
0

i ]. 

4.2.6 Conclusion - test 4 

Evidently, and not surprisingly, the end of the utterance 

alone may suffice for identification of the intonation contour 

it rides upon. Thus, the predictions made in the introduction 

to tests 3 and 4 (section 4.) are borne out, and the model (fig. 

1) as well as the results of test 1 are confirmed. 

5. General conclusion and discussion 

In a previous analysis of Advanced Standard Copenhagen Danish 

intonation, the intonation contour (as defined by the course of 

the stressed syllables in an utterance) was found to vary according 

to sentence type, being most steeply falling in declarative sen­

tences, flat in statement-questions, and varying in between these 

two extremes in other types of questions and in non-final periods. 
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A certain trade-off between intonation contours and syntax 1 was 

found: the more syntactic information about the non-declarative 

function is contained in a sentence, the more declarative-like is 

its intonation contour. Thus, we may acoustically recognize 

roughly three types of intonation contours, but each with acer­

tain dispersion and with a certain overlap as well. As it turned 

out, Copenhagen listeners can identify such utterances solely on 

the basis of their fundamental frequency course (i.e. given no 

contextual and no syntactical information): the less falling the 

intonation contour, the more interrogative utterances are heard, 

the more steeply falling the contour, the more declarative utter­

ances are heard, and contours in the middle of the continuum are 

identified as being non-final. (Note that identification is not 

always in agreement with the speaker's intention, however.) 

Judging from the identification functions, perception seems to be 

ea gorical: three clear peaks are found, one for each category 

of interrogative, non-final, and declarative, respectively. (Non­

Copenhagen speakers, on the other hand, did_ not, in these 1-5 stim­

uli by a Copenhagen speaker, identify three categories, but any 

conclusions as to the reason why must await an acoustical analy­

sis of intonation contours in various dialects.) 

Close inspection of the course of fundamental frequency in 

the stimuli revealed rather high correlations between response 

distributions, on one hand, and the course of Fo, on the other, 

with a slight predominance of the level of the final stress 

group in the utterance (whereas the final rise from stressed to 

unstressed syllable gave no such high correlation to responses). 

However, as all points of measurements during the second and 

third stress groups were highly correlated/concordant (ie., if 

one point is high, so are all the others), and since partial rank 

correlations could not determine one single parameter as being 

more independent of the others than any other parameter, we may 

conclude that identification is determined not just by the level 

of the final part. of Fo, but by earlier parts as well. That 

this is actually the case was demonstrated by the identification 

1) See the footnote on page 2o. 
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of stimuli where a greater or lesser number of syllables had been 

cut away from the end. Only when just the first stress group 

remains is identification seriously affected. This is not sur­

prising, since intonation contours are least different in this 

first part of the utterance and since, further, the course of 

Fo during the first stress group showed a rather low correlation 

with later parts. On the other hand, utterances are identified 

very well indeed when only the last stress group is presented, 

which is also to be expected, since this is the stretch where 

different contours are most widely differentiated acoustically. -

All in all, we may conclude with Bolinger (1951, p. 206) that 

" ... the basic entity of intonation is a pattern, not a pattern 

in the relatively abstract sense of grammatical recurrences, but 

in the fundamental, down-to-earth sense of a continuous line 

that can be traced on a piece of paper." 

As for the number and kinds of categories established: 

Three perceptual categories of intonation contours seem to be the 

rule, rather than the exception: Garding and Abramson (1965) 

established three in American English, "neutral statement", "yes 

or no question", and "counting in a series" (plus two that I 

would be inclined to call attitudinal: "anger", and "delighted 

surprise''). Hadding-Koch and Studdert-Kennedy (1963, 1965, 1974) 

found for Swedish and American subjects three categories, 

"statement", "question", and "talking-to-self" (the linguistic 

status of this last category is not transparent and was one whose 

meaning they had some difficulty in explaining to their subjects 

I suspect that labelling it "non-final" or "continuation" might 

have made the task easier for the subjects and rendered the same 

results). Isacenko and Schadlich (1963) found three categories 

in German, "nicht-Frage", "progredient" or "wei terweisend", and 

"Frage". Johansson (1978) established three categories in Swed­

ish and labelled them "declarative", "continuation", and "inter­

rogative". Uldall (1961) found two categories in English, "ques-· 

tion" and "statement" - but some stimuli were highly ambiguous 

and one is left to wonder whether the introduction of a third 

category might not have resolved this ambiguity. 

The acoustical manifestation of the three categories varies 

from one language to another (although the similarities may be 
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greater than the differences) and so do the perceptual cues to 

their identification (but even the perceptual processing of into­

nation contours may be less divergent than different authors on 

the subject would have us believe). Thus, any variation aside, 

there is little doubt that in a number of languages (or dialects) 

subjects are able to identify three types of intonation contours. 

Whether they all represent a linguistic reality is another ques­

tion: it is characteristic that most of the perceptual experiments 

have had subjects work in a forced choice situation (Uldall, 1961, 

is an exception). Sven Ohman has objected (in a personal communi­

cation) that this is a doubtful procedure, and that the suspect 

third category, "non-final" or "continuation", may be a waste-paper 

basket into which everything is thrown that does not fit either 

the declarative or interrogative categories. Had all the in-

vestigations been conducted with synthetic stimuli (and without 

prior acoustic analyses), one would have had to give the non-final 

category the benefit of a doubt. But the present investigation, 

and partly also those of Garding and Abramson (1965) and Johansson 

(1978), has been carried out with real speech stimuli, chosen from 

a set of statements, questions,and non-final periods whose intona­

tion contours varied accordingly, and subjects were thus not con­

fronted with stimuli that are unlikely to occur in real speech, on 

the contrary: what they heard and identified was something that 

speakers actually produce, i.e. a linguistic reality. Therefore, 

I think, there are good grounds for accepting declarative, non­

final, and interrogative intonation contours on an equal footing. 

(We may even have to continue the search, cf. Mikos (1976) who 

found three types of interrogative contours, "yes-no que.stions", 

"wh-questions", and "alternative questions", plus a "declarative".) 

Postscriptum 

Although I do not, of course, wish to throw doubt upon the 

results reported above to a degree that would make them inconclu­

sive and invalid, I do think it necessary to add a word of reser­

vation: The four tests were based on only 15 utterances by a 

single speaker. This speaker, SH, is probably neither more, nor 

less, typical of ASC Danish than any of the other three speakers 

employed in the previous analysis, and the 15 stimuli were chosen 
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among SH's recordings mainly for "technical" reasons, cf. section 

2.1.1. We cannot know for sure (only make qualified guesses a­

bout) how the listeners would have reacted to other stimuli by SH 

or to stimuli by other ASC speakers. (And we do not know whether 

the non-ASC subjects might not have identified three categories 

of intonation contours in utterances by speakers of their various 

dialects.) Likewise, we do not know how great, or how small, a 

relative weight sentence intonation contours carry in speech per­

ception in real-life communication where context and syntactic in­

formation are not suppressed the way they were in the present ex­

periments. 
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ON THE UNIVERSAL CHARACTER OF PHONETIC SYMBOLISM 

WITH SPECIAL REFERENCE TO VOWELS112 

Eli Fischer-J~rgensen 

1. Introduction 

(ARIPUC 12, 1978) 

In various articles (1964, 1967, 1970, 1971) Bertil Malmberg 

has mentioned the fact that "l'arbitraire du signe" is never abso­

lute in a language; there will always be layers of the vocabulary, 

representing a more primitive stage of the language, in which the 

relation between sound and meaning is partly motivated, i.e. 

onomatopoetic and expressive words, particularly oft~n found in 

child language and in poetry. Partly inspired by Roman Jakobson, 

Malmberg calls attention to the need for a systematic investiga­

tion of this vocabulary in various languages, supplemented by 

psycho-linguistic tests in order to find out what is universal in 

the expressive function of these partly motivated signs. The 

present article is meant to give a contribution (though a very 

modest one) to the solution of this problem. 

As far as purely onomatopoetic words are concerned, it is 

evident that they have a universal basis, although their form is 

also determined by the phonological system of the language in 

question. It is more problematic whether expressive words, which 

do not imitate sounds, have a universal basis. 

1) Published in Sign and Sound, Studies presented to Bertil Malm­
berg on the occa·sion o·f his sixty-fif'th bir·thday (eds. B. Sigurd 

and J. Svartvik) ,· Studia tinguistica 32/1-2, 1978. 

2) I am grateful to Niels Davidsen-Nielsen for improvements of 
my English style. 
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2. Westermann's descriotion of phonetic symbolism. in 

West African languages 

In 1937 D. Westermann published an interesting paper on 

sound and meaning in some West African languages. In these lan­

guages (Ewe, Twi, Ga, Guang, Nupe, and Temne, which are all 

genetically related), expressive words (which Westermann calls 

"Lautbilder") play a much more important part than in European 

languages. The words may be old and common to related languages, 

but new ones can be formed any moment and are immediately under­

stood by the listeners because they are created according to 

definite principles. Almost all phonetic features may have an 

expressive value: reduplication, vowel length, vowel quality, 

intensity and manner of the articulation of consonants, and pitch. 

According to their expressive value the vowels of these 

languages can be divided into three categories: (1) ~ ~ ~ 

(2) ~ £ ~ (3) i. In Westermann and Ward 1933 the a of West 

African languages is said to be most often close to Italian~' 

but in the cardinal vowel diagram of Ewe (the main source of 

Westermann's examples) it is placed very close to Cardinal vowel 

No. 4. This means that a in these languages may be a front or a 

central vowel. In Westermann's article on sound and meaning it 

is said that in the cases where a language has two ~-sounds, the 

back a will belong to the~£~ category. The two categories 

~~~and u £~are thus generally front (and central) uhrounded 

vs. back rounded. They are used to expr~ss opposite meanings, 

which are characterized very generally as "intensive" versus 

"extensive", but which can be divided into the following four 

groups (Westermann 1937, p. 166): 

Runder dunkler Vokal 

a) massig, dick, plump, ge­
dunsen, bauchig, hohl, 
rund, tief 

b) schlammiq, schleimiq, 
lose, weich, schwach 

Flacher heller Vokal 

dlinn, lang gestreckt, gerade, 
flach, ausgebreitet, offen 

hart, fest, steif, stark 
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schwer, langsam, unbeholfen, 
lassig 

d) dunkel, trube, dumpf 

leicht, rasch, behende, ge­
wandt, lebhaft 

hell, glanzend, heller Klang. 

Generally, in expressive words,~~ a are combined with 

high tone and~£~ with low tone, but it is not always the case, 

and besides reinforcing the expressive value of vowel quality 

tone differences have other expressive values; in particular 

low tone is used to indicate big and lax things, and high tone 

to indicate small and tense things, or a high degree of something. 

And the tone may be shifted to give shades of meaning so that, 

for instance, a word which indicates things that are normally big 

will normally have a low tone, but if in certain situations the 

thing indicated is small, the tone is changed to high. 

It is a characteristic feature of these languages that the 

vowel i does not come within the category of front unrounded 

vowels, but has its own specific expressive values, indicating 

something narrow, tight, squeezed or very dark. 

Westermann gives ample documentation from several languages 

of the expressive functions described. 

3. Testing Westermann's vowel categories on Danish subjects 

In order to test whether these expressive values of the 

vowels in West African languages are found at least as latent 

possibilities in quite unrelated languages as well, I undertook, 

a very simple experiment. Two groups of Danish students (43 in 

1951, and 56 in 1963), who had just started a course in elemen-

tary phonetics, were asked to match the two vowel categories 

~~~and u o ~ with the members of a selected set of adjective 

pairs taken from Westermann's description. The pairs of adjec­

tives were for (a) thin/thick (Danish tynd/tyk), and flat/round 

(flad/rund); for (b) hard/soft (hard/bl~d), tight/loose (fast/l~s), 

and weak/strong {svag/st~rk); for (c) light/heavy (let/tung), 

quick/slow (hurtig/langsom), and agile/clumsy (beh~ndig/klodset); 
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and for (d) bright/dark (lys/rn~rk). 

The two vowel categories were written on the blackboard in 

phonetic transcription, and the adjective pairs were also listed 

on the blackboard with the two members in random order, i.e. in 

some pairs the member that corresponded to West African~~~ 

was first, in some last. The students were asked to match adjec­

tives and vowels so that the members of each adjective pair were 

distributed on the two vowel categories. (It should be noted 

that Danish a will be pronounced as a front vowel [ffi] in isola­

tion, whereas it is a relatively back vowel before and after r 

and, when it is short, also before velars and (for most speakers) 

before labials.) 

This was a rather crude test since the vowels were not 

tested separately, and there was only a forced choice answer, so 

that if, e.g., "thick" was felt to match with~.£~' then "thin" 

had to be matched with e £ a. The answers can therefore only 

prove that there is a relative difference between~~~ and u o ~ 

in this respect. 

It is striking, however, how close the agreement is with 

the way the vowels are used in the West African languages, a~d 

there is also a very close agreement between the two groups of 

students. For the six pairs belonging to Westermann's groups 

(a) (c) and (d), 79 to 98% of the Danish students were in agree-

ment with the West Africans. (In a few cases the students did 

not make any decision (the maximum is 7, for agile/clumsy in 

the 1951-experiment). In the calculation of percentages these 

few cases have been distributed evenly on the two categories.) 

All these answers are significantly different from chance at the 

0.01% level. For group (b), however, (comprising hard/soft, 

tight/loose and weak/strong) only hard/soft shows a positive 

agre ment ~ith the use in the African languages (76 and 67%, 

significant at the 0.1 and 1% level), whereas the two other pairs 

did not give any significant difference. The answers are dis­

played graphically in figure 1 , where they are ordered from left 

to right according to the degree of agreement (a,d,c,b). 
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It might be assumed that the vowels of the Danish adjectives 

have influenced the answers. In the examples flad/rund, let/tung 

and beh~ndig/klodset the vowels support the answers given, but 

not in the other cases which have just as high a per~entage, so 

this cannot be the reason. Moreover, the results are supported 

by other experiments on Danish vowels (E. Fischer-J~rgensen 1967). 

That Danish~~~ are felt to be brighter than~£~ has been 

proved by various experiments with a large number of subjects, 

who have been asked to group vowels as bright or dark, or to 

evaluate their brightness on a seven point scale, or to match 

vowels with a grey scale or with colour charts. As for the other 

oppositions, experiments with seven point scales have shown~~~ 

to be felt as thicker than~£~' and experiments with a smaller 

number of vowels using the same method have shown E to be harder, 

lighter, and more flat than J and u. But for tight/loose the 

order did not correspond to Westermann's two categories (but de-. 

pended on the degree of openness of the vowel), and just as in 

the first mentioned experiment, there was no clear distribution 

for strong/weak (but Westermann also had very few examples for 

this latter opposition). These other experiments thus support 

the results of thee Ea/~£ J test in every respect. The only 

two pairs which have not been tested by other methods are agile/ 

clumsy and quick/slow. (It should be noted that in these latter 

tests the point of view has been shifted. Westermann stated that 

e.g. the vowel~ was used to express something dark, but in these 

tests the question was whether the vowel~ could be called a dark 

sound. However, this difference is not crucial to the issue, 

since a dark sound must be able to symbolize something dark.) 

r 

As for the vowel!, it was not included in the test under­

taken to investigate the agreement with the West African phonetic 

symbolism, but it was included in all the other tests, and in all 

cases it behaved like the other front vowels, and! even had an 

extreme position, being the most thin, flat, bright, light, and 

hard of all the vowels. As for the specific expressive values 

mentioned by Westermann, there is agreement in so far as i was 

considered to be more small, tight, tense, and compact than the 
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other vowels (and of these qualities only small/big showed a 

correlation with front/back), but l was never considered to be 

dark, on the contrary it was the brightest of all vowels. 

4. Evidence from other languages 

The almost complete agreement between the value of vowels 

in expressive West African words and the results of tests with 

Danish subjects clearly shows that these values are not dependent 

on specific languages or cultures. Moreover, experiments with 

speakers of various other languages, reported in the literature, 

support the hypothesis of almost universal values. 

The connection of bright-dark with front and back ~owels, 

respectively, has been mentioned very often. For instance, sub­

jects who have associations between vowels and colours generally 

tend to combine front vowels with bright colours and back vowels 

with dark colours, and front vowels are also often combined with 

specifically bright hues (particularly yellow), and back vowels 

with specifically dark hues (particularly blue). Cases of audition 

coloree for single persons showing this tendency are mentioned 

by Roman Jakobson 1941, p. 66-67 (German and Czech), G. Reichard, 

R. Jakobson and E. Werth 1949 (Serbian/Hungarian), D.U. Masson 

1951 (English). Collections of more extensive material comprising 

many persons and showing the same tendency are reported by 

Flournoy 1893 and A. Argelander 1927 (German, French, an~ English). 

Normally the vowel i goes with the front vowels, but there are, 

also examples of! being felt as black. This is e.g. the case for 

some French subjects and a great number of English subjects. 

Newman (1933) used comparisons of nonsense words and also 

found that front vowels were considered to indicate brightness 

and back vowels darkness. Similarly, 97% of F6nagy's subjects 

(1963) considered i to be brighter than~' cf. also Peterfalvi 

1965. 
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As for the other oppositions it is well known that Sapir 

(1929) undertook some experiments on sound symbolism and found 

that nonsense words with relatively open vowels were considered 

to indicate big things as compared with words with relatively 

close vowels (cf. also Tarte 1974). Miron (cit. ehastaing 1964) 

asked American and Japanese subjects to place eve-syllables on 

7-point scales and found that syllables with front vowels were 

considered smaller, thinner, lighter, and quicker than syllables 

with back vowels. The subjects used by F6nagy (1963) fo4nd ! 
to be smaller, quicker, lighter, thinner, and (partly) harder 

than~, whereas the answers to "stronger?" were less clear. 

In most cases front unrounded vowels have been compared with 

back rounded vowels, but it has generally been assumed that the 

front-back difference was the important one. Westermann, however, 

believed that the unrounded-rounded difference was the decisive 

one for the symbolism. The above mentioned experiments with 

Danish vowels, comprising rounded front vowels, showed that both 

rounding and backness contribute to make vowels seem darker, 

thicker, heavier, softer, and bigger. 

The results of these different investigations are in very 

good agreement with each other. Taylor's assumption (1963) that 

people's responses in tests should be due to accidental frequencies 

of some sounds in semantically related words of their mother 

tongue can thus be refuted. 

5. Expressive use of sounds in real languages 

The finding of universal symbolic functions by means of 

tests does not mean that these potential symbolic values are 

utilized to any great extent in the normal vocabulary of all 

languages. The West African languages certainly constitute an 

extreme case. But studies of other languages have also revealed 

a certain number of expressive words. Since it is difficult to 

judge about expressiveness in one's mother tongue, comparative 

or statistical methods are preferable. 
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Otto Jespersen (1922) found that the vowel i was used in 

words for "little", and in words for small things, children and 

young animals, in a large number of languages much more frequently 

than should be expected (cf. also Thorndike 1946). Roman Jakobson 

(1960) interpreted the findings of Murdock concerning phonetic 

similarities between the words for mother and father in many 

unrelated languages. Chastaing (1964) studied dictionaries and 

frequency lists and found that in French 90% of the words for 

"small" contain front vowels (particularly.!_ and y), whereas 80% 

of the words for "big" contain back vowels. Similarly, most of 

the French words for "dark" have back vowels, and most o~ the 

English words for "bright" have front vowels (but not vice versa)· 

Thus, the symbolic values of vowels are used to a certain extent 

also in European languages. 

It has also been attempted to test the universal character 

of expressive sounds in normal words by translating pairs of 

words with opposite meanings into a foreign language and ask 

subjects not knowing this language to guess what means what. 

Ertel (1969) gives a survey of a large number of experiments of 

this type, carried out by various psychologists, most of them 

with a positive result. He has himself undertaken such experi­

ments with German subjects using 25 different foreign languages. 

In contradistinction to most other investigators he does not use 

single German word pairs but 8 different adjective pairs,, covering 

the same semantic area, for comparison with each foreign word pair. 

He gets mostly positive results, but they are only significant 

for the semantic area "activity" ("Erregung"). Even with the 

precautions taken by Ertel this method seems rather dubious, 

because so much depends on the words chosen. In one case 

(Maltzman et al. 1956), English subjects were also asked to com­

pare word pairs in two unknown languages (Japanese and Serbo­

Croatian). This gave a negative result, which was not astonishing. 

Since they did not know the meaning, they could not base their 

guesses on relations between sound and meaning. And since the 

words were at best partly expressive, they could not know which 

sounds to compare. 
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Grammont, whose "Traite de phonetique" 1933 contains a long 

chapter on "phonetique impressive", takes his starting point in 

the onomatopoetic function of sounds, arguing that when e.g. i 

is used to imitate sounds that can be described as light and fine, 

it can also be used to express other light and fine objects. 

But this does not permit the conclusion that i is really used in• 

this way. 

6. Explanations of phonetic symbolism 

Once the universal character of the expressive values of 

sounds has been documented, the next task will be to explain 

these values. This problem has been discussed in various books 

and papers, by Flournoy (1893), Mahling (1926), Argelander (1927), 

Wellek (1931), F6nagy et al. (1963), Peterfalvi (1965) 1 , Ertel 

(1969), Karwoski and others. It will only be treated briefly here: 

Some authors prefer articulatory explanations of phonetic 

symbolism, e.g. Westermann and F6nagy. In some cases it is quite 

convincing, e.g. when the consonant~ is used in words for 

"press , "squeeze", "closed", etc. in West African languages. 

The same is true of the symbolic value of! in these languages 

("squeeze", "press", "narrow"), and it is probable that it is 

this articulatory starting point that leads to the symbolic value 

"dark". As mentioned above, a number of English subjects also 

characterized the vowel i as black. This was a written inquiry, 

and it has been suggested that they thought of the name of the· 

letter [ai J (but [ai J is not dark in Newman's experiment 1933), 

or that they have seen i as a black line, and~ (which was called 

black) as a white spot with a black ring around it. This is not 

completely improbable, but in any case the symbolic value of i 

1) The later and more extensive work by Peterfalvi (1970) has 
not been accessible to me until the moment when this paper 

went into press. 
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in the African languages cannot be explained in this way, so 

perhaps the English responses have also been based on articula­

tion, cp. that Danish subjects considered!, y and u to be the 

most tight and compact of all vowels (E. Fischer-J~rgensen 1967). 

And perhaps Newman (1933) is right in assuming that the expres­

sive value "large" of open vowels has something to do with their 

big mouth opening (but why, then, is~ bigger than i?). 

However, in many cases it is more probable that it is the 

auditory impression which is at the base of the symbolic value, 

e.g. bright-dark. F6nagy's articulatory explanation that for! 

the tongue is raised towards the bright world outside, whereas 

for u it is moved back towards the dark pharynx can hardly be 

taken completely seriously. The explanation of front vowels as 

bright and back vowels as dark cannot be separated from the ex­

planation of the fact that in general high tones, or sounds 

dominated by high frequencies, are considered to be bright, and 

low tones, or sounds dominated by low frequencies, are considered 

to be dark as generally known and also shown in many experiments. 

Now, this is only one step in the explanation, for why is 

"high" combined with "bright", and why are frequencies called 

"high" and "low"? F6nagy thinks it is because we stretch our 

neck (and raise our larynx) when singing high tones. There may 

be something to it, but it can hardly be the whole explanation. 

F6nagy has, however, a good argument for his articulatory point 

of view: Deaf children who have learned to articulate give the 

same answers as normal children: ! is smaller, thinner, quicker, 

brighter, more cheerful and kinder than~ (cf. also Ertel 1969, 

p. 73ff). But the same is true of F6nagy's blind subjects. How 

can they consider! bright and u dark? 

Part of the explanation is probably that there are inter­

relations between the qualities designated by the adjectives. 

The qualities "high, bright, thin, light, small" as against 

"low, dark, thick, heavy, big" generally go together. If deaf 

persons feel! as small and thin, it will also be bright. This 

means that phonetic symbolism cannot be explained independently 

of the general phenomenon of synesthesia. 
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Various explanations have been given of this phenomenon. 

Karwoski, Odbert and Osgood 1942 emphasize the importance of a 

general cultural, linguistic tradition with conventionali.zed 

synesthetic relations, e.g. the normal application of adjectives 

to different senses (a warm room, a warm colour, warm greetings, 

etc.), and the metaphoric use in poetry. This is certainly im­

portant, and may influence a subject's response in a concrete 

test situation. And it would be of great interest to make a 

comparative study of the use of adjectives in different languages 

from this point of view (Ertel mentions such a study by S.E. Asch, 

which has not been accessible to me). - But what, then, is the 

origin of such a tradition, and why are the similarities between 

synesthesia in quite unrelated cultures so striking? And why do 

small children have more synesthesia than grown-up people? 

(cf. Werner 1948). 

Some authors have pointed to general experiences or the 

outer world: Big animals have lower voices than small ones, big 

things are heavier than small things, the sky is high and 

bright, whereas it is dark down in the basement, etc. Therefore 

small, light, high, and bright are related and opposed to big, 

heavy, low, and dark (e.g. Argelander 1927, F6nagy 1963). This 

is certainly of importance. But it can hardly explain every­

thing. 

Others have assumed that there are some deeper interrela­

tions between our senses, on a more or less psychological or 

physiological level. Flournoy talks about·similarities of the 

emotional connotations for different senses, Karwoski et al. 

(1942) find more abstract parallelisms in polarities and_gradua­

tion (cf. also Argelander 1927 and Peterfalvi 1965). This would 

explain why it is possible to equate e.g. a given tone with a 

given shade of grey and a given smell (cf. the experiments of 

Hornbostel 1931) within a given reference frame, once the orienta­

tion of the dimensions has been equated (e.g. low= dark); but 

this latter point is important. Ertel (1969) attempts to reduce 

phonetic symbolism to the three fundamental dimensions set up by 

Osgood for the study of connotational meaning: Activity, potency, 
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and valuation. But his attempt to apply these dimensions to the 

symbolic use of vowels is not very successful. There also seem 

to be some more concrete physiological interrelations, cp. that 

the impression of colours can be influenced by the simultaneous 

perception of sound and vice versa (e.g. Mahling 1926), and that 

the calming and exciting effects of colours have been demonstrated 

also in animal experiments (Argelander 1927). There is still 

much to be done in this field of study. 
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THE INFLUENCE OF ASPIRATION ON THE FUNDAMENTAL FREQUENCY 

OF THE FOLLOWING VOWEL IN DANISH: SOME PRELIMINARY OBSERVATIONS 

Niels Reinholt Petersen 

Abstract: Some preliminary observations are reported which seem 
to indicate that the fundamental frequency of a stressed 
vowel is higher after an aspirated than after an un­
aspirated stop consonant, and that the difference is not 
restricted to the beginning of the vowel but is also 
found at the middle and frequently all through the vowel. 

1. Introduction 

It is well known that the fundamental frequency of a vowel is 

higher after a voiceless than after a voiced stop consonant, other 

things being equal (see e.g. Di Cristo and Chafkouloff 1977, 

Fischer-J~rgensen 1968, House and Fairbanks 1953, Johansson 1976, 

Lofqvist 1975, Lehiste and Peterson 1961, Lea 1973, Mohr 1971). 

This tendency is most marked at the onset of the vowel, but the. 

difference has been found to persist even at the end of the vowel 

(e.g. Lofqvist 1975, Hombert 1976). 

The effect of aspiration on the fundamental frequency of the 

following vowel seems to be less well established. For Danish, 

where the only distinction between ptk and bdg is one of aspira­

tion (both series being voiceless), Fischer-J~rgensen (1968) found 

no difference in Foat the onset of the following vowel. Jeel 

(1975), on the other hand, found a difference at that point of 

measurement, wh~ch was statistically significant. Jeel ~lso meas­

ured Foat the point of minimum Fo in the vowel and at the end of 

the vowel (it is not explicitly stated where the minimum point is 

located, but it seems to be in the middle third of long vowels 

(cp. section 2.3 below) and somewhat earlier in short vowels). 

At these points of measurement there was a tendency for Fo to be 

higher after aspirated than after unaspirated stop, but the differ­

ence was significant in neither case. Nor do data from other 
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languages having an aspirated-unaspirated opposition such as 

Thai (Gandour 1974), Korean (Han and Weitzman 1970, Kagaya 1974) 

or Hindi (Kagaya and Hirose 1975) show any consistent trend for 

the effect of aspiration on the Fo of the following vowel. 

Hombert and Ladefoged (1977) have employed a cross-language 

approach in an attempt to clarify the matter. On the basis of 

their comparison of Fo contours after French and English£,~' and 

~' they conclude (p. 34) that "it is clear from these data that 

there is not a direct correlation between the duration of the 

aspiration after a voiceless consonant and the onset fundamental 

frequency of the following vowel since English and French' voice­

less consonants have very similar perturbatory effects on the Fo 

of the following vowel". Things become less clear, however, if 

one compares their data on English ptk and bdg, the latter being 

referred to (p. 34) as "voiceless unaspirated or "voiced"". It 

turns out, then, that Foat the onset of the vowel is considerably 

higher after ptk than after bdg (about 20 Hz and 60 Hz for the 

male and female subject, respectively), and that the difference, 

although decreasing, still persists after 12 voice periods. 

The aim of the present paper is to report in a very prelimi­

nary form some observations concerning the influence of aspiration 

on the fundamental frequency of the following vowel in Danish. 

The questions to be considered below are the following: 1) Do 
I 

aspirated and unaspirated stops influence Fo of the following vowel 

differently? 2) How far into the vowel does the difference, if 

any, persist? 3) Do stressed and unstressed vowels behave differ­

ently with respect to the influence of aspiration on the Fo of 

the following vowel? 

2. Method 

2.1 Material 

The material to be considered here consisted of the vowels 

[ i J, [ a. J ,. [ u J occurring in nonsense words of the type /pV' pV: pV / 

([ghv 1 ghV:ghV]) and /bV'bV:bV/ ([gV 1 gV:gV]), the vowels being iden­

tical in the three syllables. Tle test words were embedded in 
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the carrier sentence "stavelserne i forkortes" ('The 

syllables of ......... are shortened'). Each test word occurred 

five times in a randomized list. 

2.2 Eecordings and speakers 

The recordings took place in an anechoic chamber by means of 

professional recording equipment. Two female subjects (BH and JG) 

and three male subjects (JB, SH, and NR (the author)) acted as 

speakers. They were all phoneticians, and all speakers of Advanced 

Standard Copenhagen Danish (see Basb~ll 1968). Each subject read 

the list twice, so that ten tokens of each test word were obtained. 

2.3 Data processing 

The recordings of three of the subjects (JG, JB, and NR) were 

processed by the Multiple Channel Processing system which is im­

plemented on the Institute's PDP/8 minicomputer. The MCP system 

(which is described in some detail in Holtse and Stellinger 1976) 

samples and averages slowly varying analog signals (in this case 

the output from hardware fundamental frequency and intensity 

meters) at a rate of 200 samples per second within selected time 

windows of 1250 11s. Up to seven channels may be sampled simul­

taneously. The line-up points used in the averaging process were 

the onset of the vowels in the CV'CV:CV test words. These points 

were determined from intensity tracings. Since only one line-up 

point can be specified in each channel for the averaging, the 

signal from the Fo meter was sampled in parallel in three channels, 

the first channel being averaged around the onset of the first 

(pretonic) vowel, the second channel around the onset of the 
I 

second (long stressed) vowel, and the third channel around the on-

set of the third (posttonic) vowel. The output from the intensity 

meter was sampled in the fourth channel. 

displayed on a graphic terminal screen. 

The averaged curves were 

Figs. 1 to 18 show photo-

graphs of the screen. The average curves in the figures represent 

10 tokens of each test word, i.e. both readings of the word list. 

The MCP tracings w re supplemented by a set of measurements 

of the fundamental frequency at the point of minimum Fo in the 

long stressed vowel. This set included data from all five subjects. 
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IPUC OATALAI 11111. 11 '." 31, AUGUST 19'.78 

FILENAMEI PIXX1X.N~ 
PIAX Nl.lt11ER OF TOICENS lt •ltt• 
fl LES AVERAGED 
PIXX1Z.NR PI><>C2Z,NR 

\ _.) 

I ea St 

~D~l'l 
fl2 

1 

Figure 1 

1th 

• 128 

H 

tN• 

• '12• 

Ha 

IN 

.. 

• 

Average curves of the testword pi'pi:pi spoken by subject NR. 
The upper three channels (F01, F02, and F03) contain F0 tracings 
averaged with the onset of the fist, second, and third vowel of 
the testword, respectively, as line-up points (see section 2.3). 
The fourth channel contains the intensity averaged around the 
onset of the first vowel. The unbroken curves indicate the aver­
age, and the dotted lines on either side indicate the average 
plus and minus one standard deviation. The vertical broken lines 
at o cs on the time axis indicate the line-up points. Immediate­
ly below each channel the number of measurements (expressed as 
the percentage of the maximum number) included in the averaging 
of that channel is shown as a function of time. (For F0 channels 
any measurement lower than 60 Hz is excluded from the averaging.) 
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FILENAMEs BlXX1X.NR 
1WC NUM€1t OF TOICENS 11 • tt•• 
FILES AUEMCED 
IIXXlZ.Nlt II>OC2Z.Nlt 

95 

St I ea St 

r-\[\ ~11 

fN 
~ ~,,~,. ... 
~f·'-~ .. -· .. 
r ... • ; -~ 

St • t ea S. 

12t ... ... 
.. 

1MII 

• 121 

Ha 

lH 

It 

1~ 

• 121 

H1 .... 

[\CJ¼{'}17 
6t 

di I I . 
. -• .. ....... 1-·,. . : •. ·, •.. .. . . ' 

• • \• .,-.~, ! "Ii y. • : • II• .f , 

I ea H 

Figure 2 
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Average curves for the test word bi'bi:bi spoken by subject NR. 
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/ 

lttll.le • Jl. MMUIT 1111 

MX fU9P a, TOGNI lt •IIM 
rlLH....._D. 
l'MXIZ ... ,-,CU ... 

......... • 

Figure 3 

... 
Ha ... .. ., 

1th 

• 12t 

Ha , .. 
.. 

1th 

• l2t 

Ha ... .. 

Average curves for the test word :pa.':pa.:·pa. spoken by subject NR. 

f"ILENAMEI BARX1X.NR • 

MMX NUfllElt OF TO([NS It • l M• 
F'JLES AVER#IQED 

Figure 4 

Average curves for the test word ba.'ba.:·ba. spoken by subject NR. 
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MX NUM0t 0, TOICDtl 11 •l ... 
F'I LH IWDMl:D . 
l'U)O(IZ .,a PUXXa. ,a 

. . 

97 

I ea . H 

r\f\ ~ 

Figure 5 

tin 

• lzt 

Ha 

lN 

Average curves for the test word pu'pu:pu spoken by subject NR. 

11, .... u - 31, MIGUIT 1171 

FILENAMEs 8UXX1X.NR 

IUX)(1Z ... IUX>CIZ. ,_ 

Figure 6 

Average curves for the test word bu'bu:bu spoken by subject NR. 
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MX ..... 0, TOGNI te •l ... , 

FJLHMMltl . 
~IIOClZ.JI ~IMXIZ.JI 

Figure 7 

I ,._ 
I~ ,n 

... 
HI 

•• 
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Ha 

13' 

lN 

13' 

Average curves for the test word pi'pi:pi spoken by subject JB. 

IIUC _,.. 111•~-·.;.11. _, 11'11 

FILENMlt -~l~Uf.JI 
,we ..... .,,_ ....... ,.w .... . 
11..a ... , ....... . 

.. . 

l ·-:-L-------------_.J 

Figure 8 

Average curves for the test word bi'bi:bi spoken by subject Ja. 
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Figure 9 

Average curves for the test word pQ'pQ:pQ spoken by subject JB. 
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Figure 10 

Average curves for the test word bQ'bQ:bQ spoken by subject JB. 
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JPUC MTAL"I ll•at,11 - 31, AUGUST 1171 

FILENAME• PUXX1X.JI 
MX NUflKlt OF T()(INS lt •l ... 

PUX><lZ.JI ,U,OCU.JI 

Figure 11 
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Average curves for the test word pu'pu:pu spoken by subject JB. 
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Figure 12 

Average curves for the test word bu'bu:bu spoken by subject JB. 
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JPUC Df\TIIIL.AI lt•Sl, ◄I - 31, MJGUIT 1971 

PILENAMEi PI1ZZX.v~ 

MX NUflt£R OF TOICENS 11 •1-­
F"J LES MIEIMQED 
PllZZZ.JC PIUZZ.JG 

Figure 13 
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Average curves for the test word pi'pi:pi spoken by subject JG. 

11••.n - 11. _, ,.,. 

M)( ...... ,...,. , •• , .. 

,nrs-.aMII . 
lltZZZ.JI IIGIZ.JI 

Figure 14 
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Average curves for the test word bi'bi:bi spoken by subject JG. 
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IPUC DATALAJ 11119,11 - 31, AUQUST 1911 

FILENAME: PAR1ZX.JG 
MX HUf'fJ£R OF TOICENS 11 • 1.._ 
F"JL£S AUER~D 
PNU ZZ. JC ftM2Z2. JC 

Ha 
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L,.._ __________ ____ 

Figure 15 

Average curves for the test word pa'pa:pa spoken by subject JG. 

JPUC MTALM 

FILENANEa IARIZX.JQ 
M>< IUIIP OF TOICDtl ll •1-­
f'J LES IIWIMQED . 
MQZZ.JQ IMIZZ . .M 

,...._ 
l 

Figure 16 

Average curves for the test word ba'ba:ba spoken by subject JG. 
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IPUC DATALAI 11112,51 - 31, MJGUST 1971 

FILENAMEi PU1ZZX.JG 
PIAX NlffllER Of' TOKENS 1t •1NII 
FI LES MIERACED 
PUlZZZ.JC PU2ZZZ.JQ 

Figure 17 

1861' 

e 
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; 195 

158 

2• 

Average curves for the test word pu'pu:pu spoken by subject JG. 

IPUC MTALAI 11,sa.11 - J1. MJGU1T 1971 

FILENAMEt BU1ZZX.JQ 
MX NUfllElt Of' TOIC£NS tt • 1 ... 
FI LES #JEltlllQtD 
IU1ZZZ.JQ IUIZZZ.JQ 

Figure 18 

Average curves for the test word bu'bu:bu spoken by subject JG. 
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As mentioned in section 1 above, the stressed vowels of Advanced 

Standard Copenhagen Danish normally have a falling-rising Fo move­

ment with its minimum in the middle third of the vowel, i.e. 

roughly between 50 and 150 ms from the onset of the vowel in the 

long vowels of the material under consideration here. 

These measurements were submitted to a two-way analysis of 

variance (preceding consonant x vowel quality). The analysis was 

undertaken for each subject and for each reading of the list se­

parately. The reason for keeping the readings apart was the fact 

that for some subjects there was a difference in general Fo level 

between the two readings, which would unduly add to the within 

group variance. 

3. Results 

In fig. 19 averaged Fo curves are shown for E- and ~-words 

superimposed upon one another in order to facilitate comparison. 

The curves are drawings made on the basis of photographs of the 

graphic terminal screen (similar to those displayed in figs. 1 to 

18), enlarged to exactly the same scale. (The time axis is correct 

within but not between the vowels of a test word.) 

3.1 Stressed syllables 

It appears from fig. 19 that E and b influence the fundamental 

frequency of the following stressed vowel differently. But the 

pattern of influence varies between subjects, and to some extent 

also within subjects. Subject NR has the clearest difference in 

the middle of the vowel, Fo being higher after Ethan after b. 

There seems to be no consistent difference at the beginning of the 

vowel. Subject JB has a higher Fo all through the vowels! and u 

after E· In the vowel~' on the other hand, the difference is 

limited to the initial portion of the vowel. For subject JG, 

Fo is higher throughout all three vowels!,~' and~ following£, 

although in! and n the difference grows smaller toward the end 

of the vowel. In u the difference remains constant during the 

vowel. 
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Table 1 

Averages of F measured at the point of minimum F in 
0 0 

long stressed vowels. 

subject reading vowel b diff. 
qual. p_ - p_-b_ 

i 219 209 10 
1 a, 188 185 3 

u 225 221 4 
BH 

i 212 199 13 
~ 

2 a, 175 172 3 
u 213 209 4 

i 211 205 6 
1 a, 186 178 8 

u 230 217 13 
JG 

i 201 200 1 
2 a, 177 172 5 

u 214 211 3 

i 140 138 2 
1 a, 117 117 0 

u 144 139 5 
JB 

i 143 140 3 
2 a, 120 119 1 

u 145 141 4 . 

i 126 119 7 
1 a, 111 108 3 

u 126 121 5 
SH 

i 126 121 5 
2 a, 111 111 0 

u 127 122 5 

i 93 91 2 
1 a, 83 82 1 

u 95 92 3 
NR 

i 95 92 3 
2 a, 87 83 4 

u 97 92 5 

I 
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The results of the measurements of fundamental frequency at 

the minimum points of the stressed vowels are summarized in tables 

1 and 2. Table 1 contains the means for the vowels!,~, and u 

after E and b. It appears that the differences are quite small, 

varying from Oto 13 Hz with an average of 4.4 Hz, but as can be 

seen from table 2, the effect of the preceding consonant was in 

all cases significant at the 5 per cent level or better. (There 

was also a highly significant effect of vowel quality.) The inter­

action between preceding consonant and vowel quality was in no 

cases significant (E > 0.5). 

Table 2 

Levels of significance obtained for the effect of pre­
ceding consonant on the Fo measured at the point of mini­
mum Fo in long stressed vowels. 

reading 1 

reading 2 

BH JG 

p<0.01 p<0.01 

p<0.05 p<0.05 

3.2 Unstressed syllables 

JB 

p<0.05 

p<0.05 

SH 

p<0.01 

p<0.01 

NR 

p<0.01 

p<0.01 

From fig. 19 it appears that no consistent pattern of in­

fluence of the preceding consonant can be found in the fundamental 

frequency of the unstressed vowels, whether pretonic or posttonic. 

There are indeed cases in which Fo is higher after£ than after~, 

but cases of no difference are equally frequent, and there are a 

few examples of the opposite relation. The pattern of influence 

of the preceding consonant seems not to be affected by the posi­

tion of he unstressed syllable, i.e. whether it is pre- or post­

tonic~ 

From the curves in figs. 1 to 18, displaying the number of 

measurements as a function of time, it appears as if~ in posttonic 

syllables may sometimes be voiced (or rather that the energy during 

the closure has been high enough to trigger the Fo meter). For 
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the subjects NR and JB, however, this apparent voicing may be due 

to differences between tokens in the position in time of the line­

up point in relation to offset and onset of voicing in the sur­

rounding vowels. Taken token by token the posttonic stops were 

very rarely voiced with these subjects. For subject JG, on the 

other hand, it is evident that her posttonic stops, both Q and E, 

are voiced in the majority of cases. This can also be seen from 

the Fo curves in the figures, which show an almost continuous move­

ment during the entire tonic and posttonic part of the words in 

b-words as well as in £-words. One explanation for the very fre­

quent voicing of JG's stops is probably her high speaking rate; 

her distance in time between the onset of the first vowel and the 

onset of the third vowel in the test words is about 35 cs on an 

average. The corresponding distances for NR and JB are 50 and 45 

cs, respectively. An inspection of intensity tracings and spectro­

grams of the test words uttered by JB revealed a tendency for the 

voicing to be slightly weaker in Ethan in b. Before the vowel i 

E was followed by a phase of voiced aspiration, before u and n 

such aspiration could be seen in a few cases only. 

Neither b nor E were voiced in pretonic syllables for any of 

the subjects. 

4. Discussion 

Although the material under consideration is rather.limited 

the main results seem to be quite clear, namely that the fundamental 

frequency of a vowel in a stressed syllable is higher after a 

voiceless aspirated than after a voiceless unaspirated stop, and 

that the difference is not restricted to the initial portion of 

the vowel, but is found also in the middle and in a great number 

of cases all through the vowel. 

These results seem to be somewhat in disagreement with what 

would be predicted from current hypotheses dealing with the effect 

of aspiration ori the fundamental frequency of the following vowel. 

tt has been suggested that the high Fo after an aspirated 

stop could be explained by the high rate of airflow upon release 

of the stop (e.g. Ohala 1973). It is true that the glottis aper-
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ture is far larger in Danish aspirated stops than in unaspirated 

stops (Fr~kj~r-Jensen, Ludvigsen,and Rischei 1971, Hutters 1978), 

and also that the airflow is higher (Fischer-J~rgensen 1968). 

This could explain a higher Foat the onset of the vowel following 

an aspirated stop, but not the persistence of the difference be­

tween the effects of the aspirated-unaspirated distinction as far 

into the vowel as is found in the present data. 

Hombert, Ohala, and Ewan (1976) and Ohala (1978) suggest 

that the voiced-voiceless opposition affects the vertical. tension 

of the vocal cords both within the consonant and in the following 

vowel. Under the assumption that the vertical tension of the vocal 

cords is reflected by the height of the larynx they employ larynx 

height data measured by means of the "thyroumbrometer" (Ewan and 

Krones 1974) in support of the hypothesis. Ewan and Krones in­

vestigated the vertical movement of the larynx in vowel-stop-vowel 

sequences in English, French, Thai and Hindi. They found the 

larynx to be significantly higher in unvoiced stops than in voiced 

stops, and - what is interesting from the point of view of the 

present investigation - they found that in Thai and Hindi the di­

stinction between voiceless aspirated and voiceless unaspirated 

was not accompanied by significant differences in larynx height, 

neither in the stop nor in the vowel followi~g it. According to 

the vertical tension hypothesis, then, no difference should be 

expected between aspirated and unaspirated voiceless stops with 

regard to their influence on the Fo of the following vowel. This 

is in agreement with the Thai data of Gandour (1974) and the Hindi 

data of Kagaya and Hirose (1975), but not with the data on Danish 

reported above. Unfortunately Ewan and Krones (1974) do not 

accompany their larynx height data with imultaneous Fo tracings. 

Another "tension hypothesis" has been advanced y Halle and 

Stevens (1971), who suggest that the vocal cords should be stiffer, 

i.e. have a greater longitudinal tension, in aspirated than in un­

aspirated stops. This would predict the higher Fo after aspirated 

stops actually found in the present materi 1. On the other hand, 

EMG data on the behaviour of laryngeal muscles, among them the 

vocalis, in Danish stops reported by Fischer-J~rgensen and Hirose 

(1974) do not indicate that the vocal cords should be any stiffer 

in ptk than in bdg in Danish. 
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The results for the unstressed syllables are much less con­

sistent than the results for the stressed ones, and the conclusion 

to be tentatively drawn is that the fundamental frequency of un­

stressed vowels is not affected by a difference in aspiration of 

the preceding stop consonant. This is not very surprising, since 

the aspiration of stops in unstressed syllables is considerably 

shorter than in stressed syllables. It is also in line with fiber­

scopic observations reported by Birgit Butters (personal communi­

cation) that the difference in glottal gesture between E and bin 

unstressed syllables is far smaller than in stressed syllables, 

the gesture of E being more similar to that of b. 
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SLIT HEIGHT AND BLOWING PRESSURE AS PARAMETERS CONDITIONING THE 

FUNCTION OF THE CLARINET AS A QUASI-QUARTER-WAVE RESONATOR
1 

Niels Bak 

Abstract: Using mechanical blowing applied both to a conventional 
clarinet and to experimental devices with the same reed 
excitation mechanism, the author has investigated the 
relationships referred to as "clarinet embouchure". 
The results confirm John Backus' statement that "Apparent­
ly, the intonation characteristics of the clarinet 
(and, perhaps, the other woodwinds) depend on more than 
just the geometry of the instrument" (Backus 1964, p. 
2014) . 

1. Purpose of the investigation 

The primary purpose of this author's research project dealing 

with the clarinet has been to throw light on those properties of 

tone production which are influenced by the player's blowing tech­

nique - his embouchure. The present paper deals with but a single 

aspect of this complex of problems, viz. the question why the 

clarinet has resonant properties typical of a tube closed at one 

end, even in such, frequently occurring, cases where by witness 

there is only a transient closure or no closure at all in the 

vibratory cycle of the reed during tone procution. It is the 

aim of the present paper to contribute to an explanation of this 

crux. 

1) I am indebted to professor Eli Fischer-J~rgensen for her en-
couragement and her kind permission to use the facilities of 

the Institute of Phonetics. My thanks are extended to the staff 
of the Laboratory, and to my two excellent assistants, Ole Birk 
Wulff, M.Sc., and Jan Nicolas Fredholm, M.Sc., for their enthusi­
asm and diligence in contributing to complete the various tasks 
within this project. Moreover, I wish to thank Dr. Johan Sund­
berg of the Speech Transmission Laboratory, Royal Institute of 
Technology, Stodkholm, for fruitful and inspiring discussions. 
I am particularly indebted to Professor J~rgen Rischel, now at 
the Institute of Linguistics, University of Copenhagen, for his 
advice and extensive help in bringing the text of this re-
port into its present shape. 
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2. Presentation of the basic clarinet 

Figure 1 

The primary components of the clarinet, viz. the excitation 
mechanism and the resonator tube. (From Backus 1969, p. 189.) 

In a somewhat simplified exposition the clarinet may be de­

scribed as a woodwind instrument consisting of two parts: 

(i) the resonator, i.e. the (quasi-)cylindrical tube whose acoustic 

length can be varied by the fingering. 

(ii) the excitation mechanism, i.e. the mouthpiece with reed, which 

is attached to the "upper" end of the tube and functions as a 

valve-like regulator of the stream of exhaled air forced into the 

instrument by the player. The outermost part of the reed, which 

is thin and elastic, performs oscillatory movements up and down 

during tone production and thus varies the slit height at the tip 

of the mouthpiece. This action of the reed is a crucial factor in 

the excitation and maintenance of vibrations of air in the tube. 

Although those acoustic properties of the clarinet which are 

associated with the geometry of the tube are quite well understood, 

there are still many unsettled questions concerning the excitation 

mechanism. The research project of which some results are pre­

sented in this paper is intended to counteract this bias in the 

research. It focuses primarily on acoustic properties which -

although they are inseparable from the functioning of the instru­

ment as a totality - are specifically associated with the mouth­

piece and with the blowing technique used in clarinet playing. 



115 

3. Aims and purposes of recent research on the acoustics of wind 

instruments, and the need for research of a complementary kind 

During the last couple of decades improvements in measuring 

techniques have made it possible to gather highly reliable data 

on the acoustic behaviour of wind instruments, and thanks to a re­

search activity of high quality, significant advances have been 

made towards an understanding and description of the functioning 

f h . t 1 o t ese instrumen s. 

The following passage from Nederveen (1969) will serve to 

illustrate what kinds of issues have been predominant in previous 

research (according to the literature accessible to me): "The aim 

of the investigations was to find a method for calculating the 

right position and size of the holes of a woodwind instrument. 

This can be useful for designing a new instrument or changing an 

existing one." Research with this expressed goal may first and 

foremost be useful to the professional musician as a performer, 

since he may expect new insights to assist the manufacturer in 

designing instruments for easy intonation and with the timbre 

desired by the expert player. It is different for the clarinet 

teacher, however. Among his tasks is the very essential one of 

guiding his pupils in their struggle to establish the embouchure, 2 

which is so crucial in clarinet playing. The scholarly literature 

referred to above hardly offers much information that will assist 

him in accomplishing this. 

1) Henri Bouasse's works, which appeared some decades earlier, 
were a valuable source of inspiration (Bouasse 1929; 1930). 

One of the landmarks of this research is A.H. Benade (cf. Benade 
1959; 1960; and also his book, Horns, Strings and Harmony, Anchor, 
Garden City, N.Y., 1960, which is intended as a textbook for the 
common reader). In more recent years, John Backus anq C.J. Neder­
veen have likewise contributed significantly along much the same 
lines as Benade. A thorough and lucid survey of the major advances 
due to the research of the last few decades is available in Benade's 
book from 1976. 

2) The term embouchure is here used in the wide sense associated 
with it in Webster's Dictionary: "( ... ) the mouthpiece of a 

wind instrument; also, the fitting of the lips and tongue to the 
mouthpiece in playing a wind instrument". 
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The organization of the present project reflects the author's 

opinion that conditions are favourable now for attempts to arrive 

at a better understanding of the role of the embouchure as a com­

ponent of clarinet playing. The possibility of arriving at results 

which may be applicable in a pedagogical framework was an essential 

driving force. 

The approach chosen for this purpose consists in a continua­

tion and further development of the kind of experimental work that 

is represented so instructively in Backus' pioneer work (Backus 

1961, p. 806-809, and 1963, p. 305-313) with the goal of making it 

possible to throw light on various aspects of the acoustics of the 

clarinet which still await elucidation. 

Since the investigation dealt with in this paper is speci­

fically directed towards the excitation mechanism, it seems useful 

to start by presenting the following list of symbols to be employed 

in the remainder of the paper. 

HI: the constant slit height (i.e. the height of the slit be­

tween the reed and the lay at the tip of the mouthpiece) 

with no load on the reed, 

P: 

Pthr: 

the constant slit height if the reed is loaded by lip 

pressure only, 

the constant slit height just before the reed begins to 

oscillate, 

the excess air pressure on the outer side of the reed 

compared to a mean value of air pressure inside the 

mouthpiece during excitation (this corresponds to 

"blowing pressure" or "mouth pressure" in the case of 

natural blowing), 

the lower threshold for excitation of tone at a given 

embouchure. 

4. Experimental setup 

The basic components of the experimental setup is shown 

in fig. 2a. In a number of cases it proved advantageous to produce 
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.Air regulator 

Airtight tank 

Vacuum 
cleaner 

Figure 2a 

Manometer 

Simplified presentation of the experimental setup used for a 
detailed investigation of the excitation mechanism. 

Slit 

Container with an 
appropriate 
amount of 
lead pellets 

I I Support 

Airtight balloon Ligature 
filled with water 

Lip ,/ 

--- -- ..... 
Mouthpiece 

Figure 2b 

Bore 

An enlarged section of fig. 2a, presenting the embouchure end of 
the clarinet in more detail. 
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the desired press~re difference by establishing a "negative pres­

sure" in the mouthpiece and resonator, compared to the ambient 

pressure (the latter representing the "blowing pressure" in this 

case). A tank (size 78x32xl5 cm), whose walls consisted of a 

rigid framework of metal threads covered by a plastic bag, was 

attached to the clarinet bore - or (in some experimental series) 

a cylindrical plastic tube of an inner diameter of 17 mm in such 

a way that only approximately one fourth of the instrument (viz. 

the end to which the mouthpiece was attached) was situated in the 

atmospheric air outside the tank. The "negative" pressure was 

established by attaching a vacuum cleaner with an air regulator 

to the tank via a hose. Various admission pipes for registration 

purposes were likewise connected to the cavity inside the tank. 

When using pressure above the atmosphere instead of "negative" 

pressure, the bag functioning as a tank for the air supply was 

fitted around the mouthpiece leaving the other, open end of the 

resonator free (in this case, the plastic bag was placed inside 

the metal framework for obvious reasons). 

In one specific experiment (see fig. 8) the above mentioned 

plastic tube was closed at the end opposite to the mouthpiece, 

thus functioning as a quasi-half-wave resonator. In this case, 

the blowing pressure was established by connecting the vacuum 

cleaner via a hose to the acoustic center of the resonator. 

Fig. 2b shows the mouthpiece in detail, with various com­

ponents of the experimental setup included. 

The slit height was measured by means of a microscope 1 with 

a measuring ocular and a stroboscopic light source 2 , as shown in 

fig. 2a. 3 The flashes of the stroboscopic light were used for re­

gistration of the movement of the reed during vibratory cycles 

(these movements are only ~entioned in passing in this preliminary 

report), but at the same time a number of reference points for the 

1) Put at the author's disposal by courtesy of the Institute of 
Plant Anatomy and Cytology of the University of Copenhagen. 

2) Put at the author's disposal by courtesy of the Audiologopedics 
Research Group at the University of Copenhagen. 

3) The actual setup included a considerable amount of instru-
mentation and acoustic shielding not shown in the schematic 

drawings. (An essential part of this extra outfit was required 
for the record~ng of data which are not included in the present 
paper.) 
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movements of the reed were established. 1 These included the posi­

tion of the edge of the reed when there is no. load (in terms of 

air pressure or mechanical pressure) on the reed (HI); further,. the 

position of the reed loaded with lip pressure but without any dif­

ference in air pressure between the outer side of the reed and the 

cavity inside the mouthpiece (HII); and, finally, the position of 

the reed when lip pressure is applied and there is, furthermore, a 

difference of air pressure that is just below the value making the 

reed begin to oscillate (HIII). 

Almost all the experiments were made employing a geometry of 

the tube corresponding to the excitation of tones in the low re­

gister, 2 viz. o3 , A3 and D4 . 

The measurements testify to the existence of the following 

tendencies, which as such are generally accepted: rising pressure 

(i the case of alternating pressure) inside the mouthpiece contri­

butes to a tendency toward greater reed aperture, and falling pres­

sure contributes to a tendency toward closing of the aperture. 

However, the results yield a picture of the functioning of the em­

bouchure which deviates on some points from the traditional view. 

For example, it has been known for a long time that there is no 

complete closure when notes are played piano, but authorities have 

been convinced that in mezzoforte, and under any circumstances in 

forte, there is an interval of complete closure which may last for 

as much as half of the duration of a complete cycle. This is not 

confirmed by my measurements, and other such details might be men­

tioned. 

It should be noted in this context that the basic parameters -

which fortunately are easily checked - such as P, Pthr' and the 

possibilities of varying the sounding frequency and the spectral 

composition of the tone, are in good agreement with measurements 

1) The use of stroboscopic light was not essential for measuring 
these positions, sin6e the reed was stationary in each position. 

However, the measurements were made in connection with measurements 
serving to determine the movement of the reed, and hence the strobo­
scopic light was used throughout. 

2) The choice of these particular notes was primarily due to the 
fact that he literature accessible to me fails to give detailed 

information on the conditions with respect to the embouchure for 
intonation in the deep register (see, e.g., Backus 1963, p. 311). 
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made by others. Impressionistically, the timbre of the tone was 

adequate, disregarding the necessarily artificial character of a 

completely stationary tone deprived of transient phenomena (cf. 

Backus 1969, p. 193, and Coltman 1973, p. 418 on the character of 

mechanically blown tones). 

Analyses of the spectrum of the tones produced by mechanical 

blowing show that the spectral composition can be varied apparent­

ly over the total range of variation possible with natural blowing, 

by manipulation of the parameters referred to above. 

Thus it can be concluded that the artificial embouchure used 

in this investigation was sufficiently good. 

5. Presentation of some experimental data with interpretation 1 

5.1 Threshold blowing pressure 

One way of approaching the many phenomena associated with the 

embouchure is to gather experimental data on parameters which in­

fluence Pthr' i.e. the minimum blowing pressure necessary for the 

starting transient of the clarinet tone to appear (provided that 

certain other conditions are met). Diagrams figs. 3a, 3b, and 3c 

exemplify this approach by presenting data from a pilot experiment. 

A setup of the type shown in fig. 2a above was used. In this 

case the resonator was the above mentioned cylindrical plastic tube 

adjusted for intonation of the note A3 . The clarinet reed was made 

of cane and of medium stiffness. During the experiments no moisture 

was applied to the reed (with the exception of a single experimental 

1) In this project a new type of pick-up: the flow-meter, was in-
troduced and, furthermore, the number of parameters to be 

studied was augmented by the addition of lip function, which does 
not appear in analogous fashion as a parameter in previous research. 
These novel features of the experimental approach entail a widening 
of scope of the research. As might be expected under such cir­
cumstances, part of this research must be characterized as pilot 
experiments. For this same reason, some of the results must be 
tentative, since further research may reveal relations and show 
the operation of factors which cannot be grasped at present. These 
reservations, however, apply specifically to results which are not 
included in the present paper. The relationships reported on in 
this paper can be interpreted with certainty. 

- - -----------------------
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Figure 3a 

Curves showing threshold blowing pressure versus lip pressure. 
The three curves represent different lip positions. In the case 
of the lowest curve the artificial lip was placed so as to leave 
the tip of the reed free, the area not covered by the lip ex­
tending 1 mm inwards from the edge; in the case of the next curve, 
this free area extended 2 mm inwards; in the case of the upper­
most curve, it extended 3 mm inwards. 
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Figure 3b 

The diagram shows the constant slit height (H11 ) in mm as a func­
tion of the lip adjustments shown in fig. 3a. 
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Figure 3c 

This diagram shows the size of HIII in mm, i.e. the slit height 

measured just before the blowing pressure, which was gradually 

increased, reached the value P = Pthr (the level at which peri­

odical oscillations of the reed will begin). H
111 

is depicted 

as a function of the lip adjustments shown in fig. 3a. 
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series not accounted for in this report). Thus the moistness of the 

reed was conditioned by the natural humidity of the surrounding 

air only. This solution was chosen in order to keep the elasticity 

and the weight of the reed as constant as possible during measure­

ments. 

The diagram fig. 3a exemplifies how the parameters lip posi­

tion and lip pressure influence the value of Pthr· It is seen 

that there is a trading relationship among these parameters: with 

a given lip position (measured as a displacement from the extreme 

position at the tip of the reed) and a given lip pressure, acer­

tain blowing pressure is required to just excite a tone, viz. the 

Pthr; the further the lip is moved inwards, and the lesser lip 

pressure one employs, the higher is the value of Pthr' and vice. 

versa. 

On closer inspection several ·factors conditioning this trading 

relation can be singled out. One obvious cause is that if the 

lip position and the lip pressure are such that the slit height is 

reduced only very slightly, a much higher static pressure differ­

ence, P, between the outer side and the inner side of the reed is 

required in order to force the reed inwards toward the lay. Hence, 

under such conditions of lip position and lip pressure, Pthr is 

correspondingly higher. However, this interpretation is an over­

simplification of the causal relations. 1 This is because any change 

in either P or the slit height, H, has a multiple influence on the 

entire sound generating mechanism (with reed and resonator as in­

tegral parts). Because of this complexity it is useful to sort 

out as a separate intermediate step a series of experiments serving 

to establish the influences of variations in Hand in Pon the 

entire oscillatory system. 

1) To exemplify the relationships, it may be pointed out that HrI 
assumes practically the same value, according to figs. 3b and 

3c, under the following three conditions: (i) Lip position A+ 1 mm, 
lip pressure 90 g; (ii) Lip position A+ 2 mm, lip pressure 110 g; 
(iii) Lip position A 3 mm, lip pressure 130 g. However, the size 
of HIII is different, viz. 0.36 mm, 0.40 mm and 0.42 mm, respective­
ly, see fig. 3c. - It may be added that the performance of the reed 
as a variable valve is highly dependent upon the size of HIII. 
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5.2 The dependence of resonance conditions on slit height 1 

In most of the series of experiments dealt with in this paper 

a test instrument, Buffet-Lyre S 1, model no. F 152064, was em~ 

ployed.
2 

As mentioned.already, the clarinet bore was replaced by 

a cylindrical tube (of an inner diameter of 17 mm) in some of the 

series. The mouthpiece was a Vandoren 5 R v. 

As shown in the schematic drawings of the experimental setup 

for resonance measurements (figs. 4 and 5), the resonator was ex­

cited by an external sound source, viz. a Philips loudspeaker, 

type RH 541 MFB. Measurements were made in an anechoic chamber. 

The resonance conditions were analyzed by a sweep-tone tech-
3 nique. The analyzer, B&K, type 2010, was manually operated. By 

using this approach under otherwise favourable conditions, the 

author succeeded in acquiring more precise information than pre­

vious investigations did about the values of the resonant frequen­

cies. 

1) In the following the frequency measurements are converted into 
values of frequency deviation, viz. the deviation of a resonant 

frequency from the frequency of the corresponding component in the 
complex tone in question. ( 10 0 cents = 1 tempered semi tone.) The 
deviations of the resonant frequencies of a half-wave resonator can 
be calculated by means of this formula: 

f 
deviation= log res n x (1200/log 2) cents 

n x fblow 

With reference to a quarter-wave resonator, the formula is like 
this: 

f 
deviation= log res n x (1200/log 2) cents 

(2n-l)fbl ow 

where fres n is the n'th resonant frequency, and fblow is the 

blowing frequency of the tone in question. 
This paper deals with measurements made with the test instru­

ment adjusted for the notes D3 and A3 . In the calculation of fr~-

quency deviations it is assumed that the blowing frequencies of the 
tones in question are 146.7 Hz and 220 Hz, respectively. 

2) The test instrument was placed at the author's disposal by 
courtesy of Marno S~rensen Instrument Dealers, Copenhagen. 

The staff of this firm kindly assisted the author in modifying the 
clarinet by closing the radial holes (which are otherwise available 
for changing the acoustic length of the clarinet by means of the 
fingering) and in other ways. 

3) Put at the author's disposal by courtesy of the Acoustics Labo­
ratory of the Danish Technical University and Bruel & Kj~r, 

N~rum. 
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B&K 
type 2010 

BFO 

Figure 4 

variable lip pressure 

B&K 
type 2607 

t-------------1 B&K 
type 2305 

Schematic drawing of the experimental setup employed in measure­
ments of the resonant frequencies of the resonator with external 
excitation. 

I 
from B&K1 type I 

2010 
BFO 

I I 

I I 
1< 30cm>i 
I I 

I 

airtignt tank 
(positive pres­
sure) 

air control 
vacuum 
cleaner 

Figure 5 

to B&K 
type 2607 

Schematic drawing of the setup employed in measurements of resonant 
frequencies (cf. the setup in fig. 4) with Padded as a variable. 
In this case a "positive" pressure was established in the tank 
which included the upper end of the clarinet. Note that in the 
case of resonance measurements P did not represent a "blowing pres­
sure" in the traditional sense, since the slit height was kept 
constant for such measurements. 
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(In return, the measurements had to be confined to relatively few 

notes, as against the greater number of frequencies investigated 

with the automatic technique of Backus.) 

The method of external excitation cannot be used to obtain 

quantitative information about the amplitudes of the resonant peaks, 

however (cf. Backus 1968 and 1974). But as will be pointed out 

later, it is possible to get some qualitative information about 

the differences as long as the excitation is made in exactly the 

same fashion, viz. with the same sound source placed at the same 

distance from the open end of the resonant tube. 

During the measurements presented in fig. 6, the clarinet reed 

was replaced by a plasticine pad. All radial holes in the clarinet 

were closed. This means that the measured resonant frequencies 

should be evaluated with reference to the note o
3 

(fundamental 

frequency 146.7 Hz). 

The lowest curve in fig. 6 (represented by a filled circle) 

shows the resonant frequency under conditions of total closure at 

the embouchure end of the clarinet, the plasticine pad forming an 

airtight closure with the lay. 

The next lowest curve in fig. 6 (represented by filled tri­

angles) shows data that were recorded after the conditions at the 

embouchure end had been modified as follows: before placing the 

plasticine pad against the lay of the mouthpiece, a sheet of paper 

(thickness 60 my) was placed over the lay so as to cover its tip. 

The plasticine pad was then placed in the same position as in the 

first experiment, and the paper was removed with care so that a 

very narrow slit was formed between the pad and the lay, the slit 

height, H, being equal to the thickness of the paper. 

The uppermost curve in fig. 6 (represented by filled squares) 

shows data that were recorqed after the slit height (adjusted by 

the just mentioned approach) had been enlarged from the previous 

size to a fraction of one millimeter, H being now similar to average 

height found under conditions of mechanical blowing, according to 

the author's estimate. 

In fig. 6 the two uppermost curves have been cut off (for 

considerations of space), so that the plots of the frequency de­

viation of the first harmonic are missing. The values were as 

follows: for the smaller value of H (the data plotted with filled 
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Figure 6 

Diagram showing the result of three series of resonance measure­
ments made with the setup shown in fig. 4, but with a pad of plasti­
cine replacing the reed. This diagram shows the deviation (in 
cents) of the actual resonant frequencies from those of an ideal 
quarter-wave resonator tuned for a first resonant frequency of 
146.7 Hz (corresponding to the note D3). The curves represent 
different degrees of aperture at the embouchure end (see text for 
details). - For limitations of space the deviation of the first 
harmonic is omitted from two of the curves; the values are re­
spectively 880.8 cents (for the next highest value of H) and 
937.4 cents (for the highest value of H). 
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triangles) the deviation was 880.8 cents, and for the higher 

value of H (the data plotted with filled squares) the deviation 
- -- 1 

was as much as 937.4 cents. 

The diagram fig. 7 gives a more detailed picture of the de­

pendence of the first harmonic on slit height. In this experiment 

the clarinet was supplied with a reed made of cane, but otherwise 

the setup was the same as for the measurements shown in fig. 6. 

The slit height being controlled by the artificial lip, a stepwise 

reduction of HII was achieved by increasing the lip pressure from 

0 g (i.e. HII = HI) over 50, 100, 150, 200, 223, 249 to 269 g (the 

1 . . . 0) 2 ip pressure giving HII = • 
The experimental results presented here, as well as the results 

of the many other experimental series within this project, confirm 

the presence of a conspicuous nonlinearity in the relation between 

variations in Hand variations in the resonance conditions in the 

bore of the clarinet (even when there is no flow through the slit). 

This nonlinearity is most pronounced for the first resonant fre­

quency. The measurements shown in fig. 7 indicate that the first 

resonant frequency varies with lip pressure in such a way that 

there is a rather constant sensitivity to this parameter in the 

lowest range of lip pressure (ea. 0 - 150 g), whereas the sensi­

tivity rises steeply with higher values of lip pressure. 

1) In the recording of the data plotted in the two uppermost 
curves in fig. 6, an STL-Ionophone was used as a sound source 

(the choice between a loudspeaker and a Ionophone was, however, im­
material under.these experimental conditions). - The Ionophone was 
put at this author's disposal by courtesy of the Speech Transmis­
sion Laboratory of the Royal Institute of Technology, Stockholm. 

2) With a lip pressure of 269 g, there was effective closure from 
the point of view of the acoustics of the clarinet. This is 

documented by the close agreement between values for the four low­
est resonances measured under these conditions (151.2 Hz, 441.5 Hz, 
706.0 Hz, and 951.7 Hz) and the values for these resonances mea­
sured (two days earlier) with the plasticine pad replacing the 
reed and forming a tight closure with the lay (resonant frequencies: 
151.1 Hz, 441. 7 Hz, 706. 9 Hz, and 951. 9 Hz) . (The ambient tempera­
ture was 25° C in both experiments.) 
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Figure 7 

Diagram showing how much the first harmonic deviates (in cents) 
from the blowing freauencv of 146.7 Hz (the note D3) as a function 
of lip pressure. Measurements were made at lip pressures of 0, 50, 
100, 150, 200, 223, 249 and 269 g. Experimental setup as in fig. 
4. 
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5.3 The dependence of resonance conditions on flow through 

the slit 

One of the experimental setups used to investigate the rela-

tion between flow through the slit and resonant frequencies is 

shown schematically in fig. 8. The resonator in this case was the 

cylindrical plastic tube mentioned earlier. The clarinet mouth-

piece was attached at one end, and the other end was closed by 

means of a closely fitting plate. Close to this latter end admit­

tances were made for an earplug functioning as a sound source, and 

for the tip of a probe microphone. Care was taken to make these 

perforations airtight so as not to spoil the conditions at this 

closed end of the resonator. At the embouchure end the reed was 

replaced by a plasticine pad, there being only a very narrow slit 

between this pad and the lay (cf. the earlier experiment described 

in 5.2). Under these conditions the tube functioned as a (quasi-) 

half-wave resonator. The airflow through the slit of the mouth-

piece was produced by suction .in this setup, the "negative pressure" 

in the tube being established by connecting a hose from the vacuum 

cleaner to the acoustic center of the resonator. An U-tube manometer 

was connected to the same point for measuring P. 

The data plotted in fig. 9 (deviations from Fblow' the latter 

being indicated on the Y-axis) show that when a "negative pressure" 

was established inside the mouthpiece (as well as in the rest of 

the resonator system), there occurred a drastic change of the first 

resonant frequency for pressure variation in the range 0-10 cm H2o, 
whereas pressure changes in the range above 10 cm H2o did not sub­

stantially affect the offset between this resonant frequency and 

the blowing frequency of 220 Hz. Considering that all experimental 

data reported in this paper have been measured in order to throw 

light on the parameters determining Pthr' it is evident that this 

is a crucial point. 

5.4 A qualitative assessment of the resonator Q as a function 

of (i) flow and (ii) slit height 

As mentioned in section 5.2, the external excitation does not 

make it possible to elicit quantitative information about the Q 

of the bore of a wind instrument. An arrangement that would make 
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plastic tube 
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( earplug) to B&K 

2607 
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microphone Ito 

J manometer 

to vacuwn cleaner (suction) 

Figure 8 

Schematic drawing of a half-wave resonator with a mouthpiece at­
tached at one end, and an earplug, used as a sound source, and a 
probe microphone inserted at the opposite, closed end. At the 
mouthpiece end a tiny slit was formed between the lay and the 
plasticine pad which otherwise covered the opening. The hose 
attached to the acoustic center of the tube served to remove air 
by suction so as to cause a flow inwards through the slit at the 
mouthpiece end because of the "negative pressure" in the system. 
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Diagram showing the deviation of the first resonant frequency from 
a reference blowing frequency, as a function of the "negative 
pressure" inside the system. The reference, viz. 220 Hz, repre­
sents the fundamental frequency of the tone produced by the set-
up with an artificial embouchure (as mentioned earlier), and a 
suitable "negative pressure" inside the system. (The blowing 
frequency had been determined in some earlier experiments.) -
The setup shown in fig. 8 was employed. 
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such measurements possible is described by Backus (1974, p. 1266ff). 

It is, however, possible to acquire certain qualitative information. 

Figs. 10 and 11 show the results of some series of measurements 

illustrating how the Q varies as a function of lip pressure or of 

blowing pressure. (Cf. figs. 4 and 5.) 

Each figure presents a series of curves recorded one after an­

other on a B&K Level Recorder type 2305 attached to the analyzer 

(B&K type 2010). The curves are placed with an offset of 10 dB 

between each pair of curves in order to keep them visually a.part. 

In each figure vertical (broken) lines serve to mark the harmonic 

frequencies for a hypothetical, naturally blown tone with a funda­

mental frequency of 220 Hz. The uppermost curve in fig. 10 as 

well as fig. 11 is a reference curve showing the frequency response 

of the clarinet with fingering for the note A3 and complete closure 

at the embouchure end. The bottom curve shows the frequency re­

sponse of the loudspeaker used as a sound source. These measure­

ments of the frequency response were performed in the anechoic 

chamber, without the clarinet present and with the microphone placed 

at a distance from the loudspeaker corresponding to the length of 

the clarinet plus 50 cm. The other curves (i.e. the resonance 

curves) were measured with the same setup except that the clarinet 

was placed adjacent to the probe microphone (thus with a distance 

of 50 cm between the open end, the flare, of the clarinet and the 

loudspeaker). The analysis was made automatically, using the 

sweep tone from the tone generator of the analyzer, geared to the 

level recorder. 1 

1) The determination of frequencies from these automatically re-
corded curves is inherently less accurate than the results ob­

tained with manual operation of the analyzer, as used for the other 
experimental series reported on here (cf. section 5.2). Backus has 
estimated that frequencies determined from automatically recorded 
curves 11 should be accurate to within some 20-30 cents" (Backus 
1968, p. 1276). As for the frequency axis, Backus' curves and 
the curves shown in this paper differ very much. (Backus used a 
paper speed three times lower than the one employed by the present 
author, but it seems reasonable to assume that the accuracy of fre­
quency measurement does not differ markedly for that reason, the 
limitations of accuracy having to do with the use of automatic re­
gistration rather than with the paper speed. Thus the determina­
tion of frequencies from the curves in the present case may be 
assumed to exhibit the same degree of accuracy as Backus' measure­
ments.) 
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The difference between the two series of experiments was that 

in the case of fig. 10 the variable parameter was lip pressure 

(or the resulting slit height, which is dependent upon lip pres~ 

sure), there being no suction, whereas in the case of fig. 11 the 

reverse obtained: the slit height was fixed, the reed being re­

placed by a metal strip leaving only a gap with a height of a small 

fraction of a mm at the tip of the mouthpiece, and the pressure 

drop across the slit was varied instead. In the first series the 

lip pressure was chosen so as to produce a variation in HII/HI 

ranging from 1 (at 0 g lip pressure) to 0 (at maximum lip pressure). 

In the second series, i.e. with pressure drop across the slit as 

parameter, the following values of the pressure difference were 
1 used: 0, 2, 4, 20, 40, and 60 cm H2o. 

Although the independent variable controlled in the experi­

mental series presented in fig. 10· was lip pressure, the parameter 

of direct interest is slit height. The two being obviously direct­

ly correlated (see fig. 3b concerning the general relationship 

1) In reports on related investigations of the impedance as a 
function of airstream it is mentioned that turbulence in the 

airstream causes trouble for the measurements (Backus 1963, p. 311; 
Coltman 1973, p. 418). The question, then, is why the present 
series of recordings could be made in the presence of flow without 
posing serious problems. Note in this context that there were no 
sudden increases of the internal cross-sectional area downstream, 
as seems to have been the case with the setup used by Coltman for 
his measurements. On the contrary, the cross-sectional area inside 
the mouthpiece expands in such a way that it performs like an effec­
tive diffuser of the air streaming through the mouthpiece (cf. Ower 
and Pankhurst 1969, p. ll0ff.). Thus it is very possible that there 
may, in specific circumstances, have been turbulence affecting 
Coltman's measurements. Presumably, in designing the mouthpiece, 
instrument designers have attempted to minimize such turbulence by 
giving the mouthpiece a quasi-conical shape. This explanation of 
the shape of the mouthpiece is corroborated by the fact that it is 
crucial to have laminar flow in the vicinity of the slit, even at 
high rates of flow. The better the flow passes straightly through 
the slit and onwards along the inner side of the reed, the more 
effectively will the (alternating) height of the slit be influenced 
by the Bernouilli force during tone production. 

If the present measurements were less affected by noise from 
turbulent air than seemed to be the case in the experiments made 
by Backus under otherwise identical conditions, the reason probably 
is that the present author used a sweep tone with a very high sound 
pressure level (the loudspeaker producing its maximum effect accord­
ing to specifications), because this had proved expedient. Thus 
the signal passing via the bore of the clarinet into the microphone 
probe in the mouthpiece has been so intense that noise from the flow 
has not been able to override it completely and hence to upset the 
recording of the response curve of the instrument. 
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between lip pressure and H11 ), it may be concluded that these 

curves give just as reliable information on the impedance charac­

teristics of the resonator as a function of slit height. 

The most interesting feature of figs. 10 and 11 is that 

essentially the same changes occur, both with respect to resonant 

frequencies and with respect to the Q of the resonator at the vari­

ous resonances (as indicated by the peakedness of the curves), 

irrespective of whether one or the other parameter is chosen as 

the independent variable. This similarity is most conspicuous 

for the first resonant mode. Note that for this mode one finds 

the highest resonant frequency when_H is at its maximum, or Pblow 

at its minimum). Under these conditions one also observes a re­

sonant peak indicating a fairly high Q. When the influence of the 

parameter in question is increased, changes occur which exhibit 

two distinct phases. In the first phase the resonant frequency is 

shifted downwards by a substantial amount, and the flattening of 

the peaks indicates a very considerable reduction of the Q (see 

the first resonant peak at 240 g lip pressure in fig. 10 and, 

correspondingly, at a Pblow of 4 cm H2o in fig. 11). The second 

phase (i.e. the situation when the influence of the parameter in 

question is increased further) is characterized by two features: 

(i) the Q is increased (i.e., the influence on Q is reversed), and 

(ii) the resonant frequencies asymptotically approach a set of 

values which are only slightly higher than the ones measured with 

complete closure at the mouthpiece end (see the uppermost curve in 

figs. 10 and 11). 

Since the presentation of data in this section fs confined 

to analyses of the conditions for the note A3 , it is essential to 

emphasize that tracings made for other notes recorded under identi­

cal conditions, exhibit quite analogous shifts in resonant frequen­

cies and Q as described for the note A
3

. 

Returning to fig. 9 it may be added that a similar effect -

with two distinct phases - was found in experiments using the half­

wave resonator and producing a stepwise increase in the flow through 

the slit by varying P. There was, however, a difference of degree 

in that the aperture occurring at the tip of the mouthpiece under 

these conditions was so small that the effect of the flow on the 

acoustic impedance and hence on the resonant properties was much 
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less pronounced. Therefore, the first resonant frequency and the 

Q (which is not documented in this report) changed less as a func­

tion of variations in the parameter involved than in the experi­

ments to which fig. 11 refers. 

6. Discussion 

Curves such as the one in fig. 7 and the next lowest curve in 

fig. 10 (lip pressure: 0 cm H2o) suggest that as long as the com­

bined reed-resonator system of the clarinet is not influenced by 

the player's embouchure, the tube acting as a resonator is a hybrid 

transitional type, being something in between a half-wave resonator 

and a quarter-wave resonator, although it is more closely related 

to the latter. It is seen from the same figures that the charac­

teristics of the resonator become successively more like those of 

a quarter-wave resonator the more the player reduces the cross­

sectional area of the aperture at the embouchure end (i.e. the 

slit) by means of his lip pressure. 

It should be mentioned in passing that the blowing pressure 

applied by the player will contribute further to move the reed 

inwards toward the lay because of the pressure difference between 

the layers of air at the outside and at the inside of the reed. 

At the flexible tip of the reed the pressure drop is, furthermore, 

influenced by the Bernouilli effect which varies during a vibratory 

cycle because of the flow through the slit (cf. Benade 1976, p. 

438). The issue here is, however, the acoustic effect of flow 

on the characteristics of the resonator as documented by the curves 

in fig. 11 and the curve in fig. 9. In agreement with results 

from numerous other similar measurements performed as part of the 

present project, these curves show that the clarinet bore behaves 

like a quasi-quarter-wave resonator if the blowing pressure exceeds 

a certain value, even though the clarinet is not totally closed at 

the embouchure end. This relationship is, of course, particularly 

important for the interpretation of the behaviour of the clarinet 

when there is not a complete closure between the reed and the lay 

during any interval within a vibratory cycle. 
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We return to the issue raised in section 1 of this paper. 

For obvious reasons a closure of the slit during tone production 

cannot be accomplished by using lip pressure (which would prevent 
., 

the reed from oscillating). Thus the only type of sustained 

closure available is "acoustic closure". 

The curve in fig. 9 may seem to indicate that a blowing pres­

sure slightly exceeding 10 cm H2o would suffice to establish this 

"acoustic closure". The values measured for Pthr spread evenly 

from some 10 to some 30 cm H2o. It should be noted, however, that 

the clarinet reed used in these experiments had not been exposed 

to humidity except for that of the atmospheric air. In natural 

blowing the air exhaled by the player will cause the reed to ab­

sorb humidity because of condensation. If the reeds had been ex­

posed to a similar absorption of humidity in connection with the 

present measurements, all measures of Pthr given in this report 

would have been slightly lower (the difference being of the order 

of a few cm H2o, according to this author's estimate). 

It may be added that in laboratory experiments involving 

artificial embouchure it is not very difficult to adjust the em­

bouchure to a much lower Pthr· Thus, by using a soft plastic reed 

it proved possible to get a Pthr of no more than 6.6 cm H2o. (In 

that extreme case the excitation was of no importa~ce from the 

point of view of musical applications since no audible tone was 

produced. Vibrations of the air were, however, recorded via the 

probe microphone picking up the alternating pressure inside the 

mouthpiece, and were visible on the oscilloscope screen.) 

This concludes the report on experiments serving to determine 

the influence of the parameters in auestion on P h. 
~ t r 

7. Goals of the research project in its totality 

As stated in the introductory section, this paper is confined 

to one aspect of the complex of relationships which must be studied 

in order to arrive at a complete description of clarinet embouchure. 

The results presented here are useful as a basis for further re­

search on the acoustics of the clarinet and the conditions obtaining 
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in blowing. This further research has been undertak~n on the 

basis of a wealth of experimental data gathered during the work 

with the project but in part still awaiting processing. 

One of the obvious tasks for further investigation is to 

examine what happens if the blowing pressure is increased success-

ively as the only independent parameter, for given values of the 

other two parameters: lip position and lip pressure. The present 

author has found that this is a useful way of acquiring insight 

into the influence of the just mentioned parameters on the spectral 

composition of the tone, as well as on the dynamics of clarinet 

playing. It would lead too far to give details here, but it may be 

mentioned that the data clearly indicate that it is quite crucial 

both for the spectral composition of tones and for the dynamics 
-- -

how the two parameters conditioning HII (cf. the graph fig. 3b) are 

weighted in relation to one another. Thus the following passage 

from Nederveen (1969, p. 36): " ... the player has a wide choice of 

lip positions. So the mere excitation of the instrument is not very 

critical" can hardly be considered generally valid. It must be 

understood in the context of the specific assumptions on which it 

was based. 

According to the experience gained from the experimental data 

of the present project it must be the case that a shift in lip 

position of the order of 1 mm or less may have a significant effect, 

e.g. on the timbre of the tone and on the dynamic variations which 

the clarinet player is able to perform. 
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