ARIPUC VoOL. 7.

v

f
{ -

I\PJPQLJ/\l_ F(E]D()F21r

of the
Institute of Phonetics
University of Copenhagen

jversitet

Kobenhavns Uns
Institut for anvendt 08
) : . r. ".
matemausk lingvistk

COPENHAGEN 1973




ARIPUC VOL.

ANNUAL REPORT

of the
Institute of Phonetics
University of Copenhagen

COPENHAGEN 1973



CONTENTS

Personnel of the institute of phoneticCsS .cccccccecccccns I

AbbreViationS l-.Q...l.l..'..,.I‘.I.......'.......l..... IV

PublicatiOnS by staff memberS © 0 0000000000666 00066080000e000 V

hecturesuand courges dn. 1972 . ceitniieeieesssontiessswnms s VLL

Instrumental equipment of the laboratory ..cccccecceceses XII

Installation of a PDP8/E computer at the laboratory .... XVII

Reports on phonetic and phonological analyses of
SEeech ® 0 0 O 0 O 0 T OO T O PO O O ST SO P LSO PSSO l

A study of the role of syllable and mora
for the tonal manifestation in Greenlandic

(Hideo Mase) ® 0 0 © 90 6 0 00 0 500 O OO0 0GOSO SO0 SN G l

Influence from dialectal background on
the score in hearing tests employing
speech stimuli

(Carl LU.dVigsen) ooooo-ooo--.c..o-o‘nc.ooo.o..- 99

Notes on Danish consonant combinations
(Hans BaSb¢ll) ® & 8 & 9 9 O 9 OO OO OO OO eSS e NS 103

(continued)




Perception of German and Danish vowels

with special reference to the German

lax vowels /I, Y, U/

(Eli Fischer-=J@rgensSen) .cseccecssscscscssscscs

An instrumental investigation of the

Danish "stgd" .
' (Pia Riber Petersen)

Identification and discrimination of closely

closely spaced synthetic vowels

(Peter Holtse) ® 0 0 0 0 9 00 00 00 00O 0 PO E O PPN OSSN EC PSS

Falling word tones in Serbo-Croatian (II)

(Per Jacobsen) ® 9 0 00 0 0 000 000000 0P 0PN NIPOEEENPEEPLDE

A glottographic study of some Danish

consonants

(Bgrge Frgkjer-Jensen, Carl Ludvigsen,

and Jg¢rgen Rischel)

® 6 8 000000000 OGO BOESEBSIOEPLESTOSES

143

195

235

265

269



PERSONNEL OF THE INSTITUTE OF PHONETICS

Permanent Staff:

Eli Fischer-Jgrgensen (professor, director of the Institute)

Lecturers:

Jgrgen Rischel (general phonetics)

Hans-Peter Jg¢rgensen (general phonetics)

Oluf M. Thorsen (general and French phonetics) -

Bgrge Frgkj@ar-Jensen (experimental phonetics)

Hans Basbgll (general phonetics)

Karen Landschultz (general and French phonetics)

Nina Thorsen (general phonetics)

Hideo Mase (general phonetics), temporarily appointed
Peter Holtse (geheral phonetics), temporarily appointed
Birgit Hutters (general phonetics), temporarily appointed

Technical Staff:

Carl Ludvigsen (M.Sc.)

Poul Thorvaldsen (B.Sc.) until December 1, 1972 .
Svend-Erik Lystlund (technician)

Inger @stergaard (secretary)

Aase Thiim (secretary)
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Preben Andersen

Kirsten Gregersen

Peter Molbak Hansen
Niels Reinholt Petersen
Pia Riber Petersen

Guest Research Workers:
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Marie-Héléne Galvagny (Paris): investigations of German vowels.

Professor Stephen Anderson (Harvard): phonological investi-
~gations.

Professor Antti Sovijdrvi (Helsinki): segmentation of speech

| ’ sounds.

Furthermore several phoneticians from European countries,
Australia, Canada, and the United States of America have
visited the laboratory.
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LECTURES AND COURSES IN 1972

l. Elementary phonetics courses

One-semester courses (two hours a wéek) in elementary
phonetics (intended for all students of foreign languages ex-
cept French) were given by Preben Andersen, Kirsten Gregersen,
Peter Molbak Hansen, Peter Holtse, Birgit Hutters, Hans-Peter
Jgrgensen, Niels Reinholt Petersen, Pia Riber Petersen, and
Nina Thorsen.

There were two parallel classes in the spring semester
and 17 in the autumn semester.

Courses in general and French phonetics for students of
French (two hours a week in two semesters) were given through
1972 by Ole Kongsdal Jensen, Karen Landschultz, and Oluf M.
Thorsen. There were 6 classes in the spring semester and 7

in the autumn semester.

2. Practical training in sound perception and transcription

Courses for beginners as well as courses for more ad-
vanced students were given through 1972 by Jg¢rgen Rischel,
Nina Thorsen, and Oluf M. Thorsen. (The courses which are
based in part on tape recordings and in part on work with in-
formants, form a cycle of three semesters with two hours a

week.)
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3. Instrumental phonetics

Courses for beginners as well as courses for more ad-
vanced students were given by Bgrge Frgkjar-Jensen in the
spring semester (experimental acoustic phonetics and experi-
mental physiological phonetics), and in the autumn semester
(registration of the intensity and fundamental frequency of

speech) .

4. Phonology

Hans Basb@gll gave a course for beginners. Jgrgen Rischel
gave two courses for more advanced students. (The courses
form a cycle of three semesters with two hours a week. The
contents were: elementary phonological method, trends in phono-
logical theory, generative phonology.)

5. Other courses

Eli Fischer-Jg¢rgensen lectured on auditory phonetics and
held seminars on experimental phonetics.

Bgrge Frgkjar-Jensen gave a course in general acoustics.

Carl Ludvigsen and B@grge Frgkjazr-Jensen gave a three-
week course in Fortran-programming in the autumn.

. Peter Holtse gave a course in English phonetics.

Birgit Hutters gave a course in the physiology of the
speech organs.

Carl Ludvigsen gave a course in mathematics, electronics,
and statistics in the spring and autumn semesters, and, further-
more, he gave a course in statistics for graduate students in
the autumn semester.
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6. Seminars

The following seminars were held in 1972:
Professor Max Wajskop (Bruxelles) lectured on threshold values

for the perception and identification of isolated vowels.

Professor Egerod (Copenhagen) lectured on phonation types and

tones in some East-Asian languages.

Professor William S-Y. Wang (Berkeley) lectured on tone lan-
guages.

Eli Fischer-Jgrgensen and Bgrge Frgkjar-Jensen gave an account

of their impressions from congresses and symposia in 1971-72.

Niels Reinholt Petersen presented a study on the influence of
the degree of opening on the perception of vowel length in
Danish.

Professor A. Sovijdrvi (Helsinki) presented an X-ray film of
the speech organs.

Oluf M. Thorsen lectured on vowel features in French.

7. Participation in congresses and lectures at other institu-

tions by members of the staff

Eli Fischer-Jg¢rgensen participated in the following con=-
ferences: the "Conference on Speech Production, Speech Percep-
tion and Cortical Function" in Vancouver (April), the "Con-
ference on Speech Communication and Processing" in Newton,
Mass. (April), the "83rd Meeting of the -Acoustical Society of
America" (April), at which she read a paper on "Tape-cutting
experiments with stop consonants", and the "2nd International




Phonology Conference" in Vienna (September).

Eli Fischer-Jg¢rgensen gave lectures (in April) at sever-
al American universities and research institutions (MIT, Ann
Arbor, Michigan State University, Berkeley, Los Angeles, Ohio
State, and Harvard) and (in September-October) at universities
in Czechoslovakia (Bratislava and Praha) and in Belgium (Vrije
Universiteit and Université Libre).

Eli Fischer-Jgrgensen read a paper on auditory phonetics
at: Videnskabernes Selskab, Dansk Selskab for Logopadi og Fo-
niatri, Fysisk Forening, and Lingvistkredsen.

Eli Fischer-Jgrgensen visited the phonetic institutions
in MIT, Haskins Laboratories, University of Ann Arbor, Michigan
State University, University of California, Berkeley, Los Ange-
les, Ohio State University. Université Libre de Bruxelles,
Vrije Universiteit van Brussel (Neurolinguistiek), Instituut

voor Perceptie onderzoek, Eindhoven.

Jprgen Rischel participated in the "XIth International
Congress of Linguistics" in Bologna (September).

Jgrgen Rischel lectured on the Danish stress rules at
the University of Lund, and read a paper on The Danish stress
from a generative point of view at "Selskab for nordisk filo-
Togi" .

Hans Basbg¢ll and Jgrgen Rischel participated in the
"Spring Seminar", arranged by "Forskningsgruppen f8r kvanti-
tativ lingvistik" in Abo and Stockholm (April), and each read

a paper at this seminar (see publications: Derivational Pro-

cesses) .
Hans Basbgll lectured on the Danish stgd at the Uni-
versity of Lund, and at "Selskab for nordisk filologi".
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Bgprge Frgkjer-Jensen read a paper on glottography at
the University of Leeds. ,

Bgrge Frgkjar-Jensen visited eight phonetic and/or
linguisﬁic institutions in Edinburgh, Leeds, Colchester,
Reading, Cambridge, and London (June), under the Foreign Uni-
versity Interchange Scheme.

Karen Landschultz participated in the "3rd International

Congress of Applied Linguistics" in Copenhagen.

Karen Landschultz, Nina Thorsen, and Hans-Peter Jgrgen-
sen participated in various courses at the Pedagogical Insti-

tute of the University of Copenhagen.
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INSTRUMENTAL EQUIPMENT OF THE LABORATORY
BY THE END OF 1972 .

2 Sona-Graphs, Kay-Electric, type 6061 A

2 amplitude display/scale magnifier units,

Kay-Electric, type 6076 A

1 contour display unit, Kay-Electric, type 6070 A

1 fundamental frequency extractor ("Trans Pitchmeter").

1 intensity meter (dual channel, with active variable

highpass and lowpass filters) -

1l electro aerometer (dual channel)

2 air-pressure manometers, Simonsen & Weel, type HB 66

R = = e I S R ST Y

(modified)

photo-electric glottograph

Fabre-Glottograph

palatoscope with complete outfit for palatography
segmentator, model IPO (Eindhoven)
Meyer-Schneider pitchmeter

stroboscope, Philips, type PR 9103
segmentator, type PT

electro-aerometer, four channel, type AM 508/4
audio frequency filter, type 445

data collecting system, type PT

Instrumentation for speech synthesis

1
1
X
: §

formant-coded speech synthesizer
provisional vowel synthesizer
voice-source generator

larynx vibrator with power supply
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Filters

1 LC highpass filter (with stepwise variation of cutoff
frequency)

1 active RC lowpass filter

Instrumentation for wvisual recordings

mingograph, Elema 42 (4 channels)
mingograph, Elema 800 (8 channels)
kymograph (with electro-motor)

I I S

automatic frequency response and spectrum recorder,
Brllel & Kjar, type 3332

oscilloscope, Telequipment (single beam)

oscilloscope, Solartron, type CD 1400 (dual beam) -
oscilloscope, Tektronix, type 502 A

oscilloscopes, Tektronix, type 564 storage

dual-trace amplifier, Tektronix, type 3Al

four-trace amplifier, Tektronix, type 3A74

dual-trace differential amplifier, Tektronix, type 3A3
time-base, Tektronix, type 3B3

L S i L S R S

time-base, Tektronix, type 2B67

Tape recorders

1l professional recorder, Lyrec (stereo, speeds 7.5" and
15") i

2 professional recorders, Lyrec (mono, speeds 7.5" and

15")

1l semi-professional recorder, Movic (stereo, speeds
3 3/4" and 7.5")

3 semi-professional recorders, Revox (stereo, speeds
3 3/4" and 7.5").

1l portable semi-professional recorder, Uher, type 4000,
stereo
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4 recorders, Tandberg, type 92 SL
1 recorder, Tandberg, type 7, stereo

4 semi-professional recorders, Revox (stereo, speeds
3 3/4" and~7.5")

6. Gramophones
1 gramophone, B & O (mono, Ortofon pick-up)
3 gramophones, Delphon (mono, Ortofon pick-up)
7. Microphones
1 microphone, Neuman, type KM 56
1l dynamic microphone, Sennheiser, type MD 21
2 crystal microphones, of different brands
2 microphones, Altec
1 1" microphone, Brltlel & Kjar, type 4131/32
1 1/4" microphone, Brillel & Kjar, type 4135/36
1 larynx microphone
8. Amplifiers
1l microphone pre-amplifier, Telefunken
1 microphone amplifier, Brllel & Kjzr, type 2603
1 laboratory amplifier (mono/stereo, with matching for
different impedances)
9. Loudspeakers/headphones

7 different loudspeaker systems
5 headphones, AKG, type K 58
3 loudspeakers, Beovox, type 2600
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General-purpose electronic instrumentation
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oscillator, Hewlett & Packard, type CD 200

function generator, Wavetec VGC III (0.003 c/s-1 Mc/S)

frequency counter, Rochar, type A 1360 CH (5 digits)
vacuum-tube voltmeters, Brilel & Kjar, type 2409
vacuum-tube voltmeter, Heathkit, type V-7A
vacuum-tube voltmeter, Radiometer, type RV 23 b

DC millivoltmeter, Danameter, type 205

DC nanoammeter, Danameter, type 206

universal meter, Philips, type P 817

transistor tester, Taylor, model 44

Piston-phone, Brliel & Kjzr, type 4220

component bridge C/L/R, Wayne Kerr, type B 522

AC automatic voltage stabilizer, Claude Lyons,
type BTR-5F

resistance decades, Danbridge, type DR 4
condenser decade, Danbridge,'type DK 4 AV
stabilized rectifiers

multi-generator, Exact, type 126 VCF
stabilized rectifiers, Danica, type TPS 1ld
stabilized rectifier, Danica, type TPS 3c

impulse precision sound level meter, Briflel & Kjar,
type 2204

attenuator set, Hewlett Packard, type 350 D
band-pass filter set, Brllel & Kjar, type 1615
digital multimeter, Philips, type PM 2422
timer counter, Advance, type SC3

oscillator, Advance, type J2E

Additional oscillators, rectifiers, etc., for special
purposes
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Outfit for photography

12,

1l Minolta camera SR-1 (with various accessories)

1 complete outfit for reproduction (including 1
Liesegang UNI-RAX with frame)

1l Telford oscilloscope camera, type "A" (polaroid)

13.

tape punch, Facit, type 4060
control unit, Facit, type 5106
tape reader, GNT, model 24
DECwriter, Digital, LA3OP
computer, Digital, PDP8/E, 8K

T oA T

Projectors

Liesegang epidiascope
Leitz projector for slides
Voigtldnder Perkeo Automat = J 150

16 m/m tone film projector, Bell & Howell
"Filmsound 644"

overhead projectors with accessories

S N

[ (%)

1 projector, Leitz, type Pradovit color 250
2 overhead projectors, 3M company
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INSTALLATION OF A PDP8/E COMPUTER AT THE LABORATORY
Bgrge Frgkjar-Jensen

The Institute of Phonetics has obtained a grant from the
University of Copenhagen to bu& a "Digital Equipment Coopera=
tion" computer. . The first part of the computer system was
ordered in July 1972 and has been installed in January 1973.

This set-up includes a PDP8/e central processor, which
is a parallel-transfer computer with single adressing and
fixed word length using 1l2-bits, 2's complement arithmetic. .
The cycle time of the 8196-words random address magnetic core
memory is 1.2 microseconds, which allows 385,000 additions per
second. Standard features are indirect addressing, instruc-
tion skip, and program interrupt. Five 1l2-bits registers which
can be loaded directly from the programmer's console are used
for control of programs and addresses and for intermediate
data storing.

The communication with the central processor unit takes
place via a DECwriter data terminal type LA30 (electric type-
writer) with parallel interface. Output and input devices for
punched paper tapes (GNT reader and GNT puncher both with a
speed of 70 characters/sec.) have been interfaced. .

The programming can be made in two ways: (1) in higher
level language such as the interactive FOCAL or BASIC, or in
a compiler language such as FORTRAN; (2) in assembly languages
which are translated directly into machine language commands.

The total set-up is to include a dual drive DECtape unit
with control unit, a hardware arithmetic unit, a programmable
digital clock, an 8 channel analog-to-digital converter with
multiplexer, a 16 channel digital-to-analog converter with de-
multiplexer,.and an X/Y recorder.
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A STUDY OF THE ROLE OF SYLLABLE AND MORA FOR THE TONAL
MANIFESTATION IN WEST GREENLANDIC

Hideo Mase

~1l. Introduction

The purpose of this investigation is to see the relation
between syllable and mora in connection with the tonal mani-
festation of the word in phrase-final position.

A mora is here to be understood as a unit of length
which consists of (C)V, i.e. a short vowel segment with or
without a preceding consonant. A short vowel is a one-mora
vowel and a long vowel is a two-mora vowel. A syllable-final
consonant is also taken as a mora,while a syllable-initial.
consonant is a non-syllabic, non-mora consonant. Thus, a long
(i.e. geminate) consonant consists of one mora and one non-
mora consonant. The terms "mora vowel" and "vowel mora" will
be used synonymously, and so will "mora consonant" and "con-
sonant mora"..

2. Earlier studies of Greenlandic prosodics and the purpose

. of the present investigation

2.1. . Stress

The great 19th century scholar Kleinschmidt (Holtved
1964) recognized that stress placement in Greenland Eskimo is
tied up with segmental word structure and has merely a de-
marcative function. Thalbitzer (1904) gave a less clear




account, which was to some extent due to his failure to re-
cognize consonant‘length correctly in all instances (many of
Thalbitzer's'apparent examples of contrastive stress place-
ment are entirely predictable once the distinction between
long and short consonants is made consistently). Petersen
(1970) argues that stress is acquiring some relevance because
there is a tendency to clip off the final parts of words in
running sPeech without moving the stress from its position
in the representations prior to clipping.

In the present study the problems of stress are dis-
regarded.

2.2. Tonal accent and intonation

The following is a brief survey of previous literature
on tone in Greenlandic Eskimo.

2.2.1. Thalbitzer's description of musical accent

First it should be mentioned that there is actually no
tonal accent in this language, so what Thalbitzer calls
"musical accents" are elements of intonation patterns.
Further, the tonal patterns which he describes seem to be
what is called a phrase-final intonation below. Our concern
here is whether the tone base is a syllable or mora in his
description.

Thalbitzer (1904) describes "musical accent" in terms
of (combinations of) two relative pitches: high and low.

He says (1904) that v

"a change of tone often takes place during the pro-

nunciation of a long sound, and this change is chroma-

tic, not sudden. But changes of tone from syllable to

syllable seem to take place in sudden leaps." (p. 136)



A combination of pitches (for example, a high-low pat-
tern) may, according to Thalbitzer, be realized on a short
Vowel, on a long vowel, or on two short vowels divided into
two syllables.

As for the distribution of the‘threé'types of "tones",.
he says that in dissyllabic words both rising (i.e. low-high)
and compound (i.e. high-low-high) patterns occur, but the
former is the more frequent. In three-syllable words the
compound pattern is normal. The last high pitch is usually
highef than the first one. 1In polysyllabic words there is an
instance where the syllables of a word fall into pairs, each
of which is given a low-high pattern. But the realization of
this pattern is often blocked by the occurrence of a compound
pattern, i.e. a high-low-high pattern. There are no further
descriptions of the tonal patterns of polysyllabic words.
Anyway, we can see no systematic description of tonal phenome-

na in his work.

In table 2-1 some of Thalbitzer's word examples are

given for illustration.l

1) Phonetic notation by Thalbitzer, and phonemic notation
by me.



TABLE 2-1

Examples from Thalbitzer (1904)

( 1 = high, | = low, k = middle pitches)

l=-syllable word: [kbtk] /kuuk/,

Lo e b
2-syllable words: [uneqg] /unig/, [ma-ne] /maani/,

Lo v 4
- [ik+a] /ikka/, [garA,-t] /gqarliit/,

b =~ ‘ e S
las+aq] /assaq/, [ma*wna ] /maana/,

10 1L :
(qup-aq] /quppag/, L[pina--] /pinaa/,

[qhm-&t] /qummut/,. [aw{-l-q] /annuug/,

1L
3-syllable word: [tdsane] /tasani/,

.5 b 9
4-syllable word: [sinip-+ise] /sinippisi/,

S L
5-syllable word: [pujors-imasoq] /pujursimasuq/.

(The phonemicization follows Thalbitzer's transcription,
which is not entirely correct as regards quantity. Note in
particular that the last-mentioned 2-syllable word actually
has a long vowel in the first syllable: modern West Green-
landic /aannuug/. Note also that Thalbitzer does not have the
distinction between two s-phonemes which is made in this paper.
This is a matter of dialect difference. Editors' note.)




2.2.2. Collis/Petersen's description of intonation

Collis (1970

p. 277) says that according to Petersen

(op. cit.), intonation is more important -than stress.

Moreover, Collis makes the following statements, more

or less as a paraphrase of Petersen:l

When the stress falls on the antepenultimate, it is

accompanied by a rising pitch on the final syllable, except

in the case of an interrogative intonation (i.e. a 'yes-no' .

question, HM) in which case the final syllable has a falling

pitch. Thus, when

the antepenultimate syllable is a closed

one, the intonation pattern is

I\
(V2

/

N\

IS\

for example,

(statement) ,

(question) ,

/'taandrpidq/, and /'taanndrpiaq/.

However, since the
stress accent does
but the intonation
closed syllable(s)
firms the priority

closed syllable always takes stress, the
not always fall on the antepenultimate,
contour is unaffected by the existence of
and remains unchanged. Thus Petersen af-
of intonation as the distinctive feature

of the last three syllables of the word.

1) As far as I can see in Petersen (op. cit.), stress and
intonation is not so explicitly described as Collis will
have it. Consequently I refer to the latter's descrip-

tion partly as

his own and partly as Petersen's, i.e.

as Collis/Petersen.




It is not certain whether the two intonation patterns
described by Collis/Petersen afe ones that occur in the
same position in the sentence. The pattern which is said to
be associated with "statement", i.e. the "rise-fall=-rise" .
pattern, seems to be the phrase-final intonation defined in
2vd<3.

According to Collis/Petersen the tonal contours of the
last three syllables of words serve to distinguish intona-
tional patterns. However, as will be shown in the following
section, it is actually the tonal contour of the last three
(vowel) moras which is fixed, and not the contour of the last
three syllables of the word.

2.2.3. Rischel's description of intonation

Rischel (1971 and personal communication) considers the
single vowel segment rather than the syllable to be the unit
of measure in West Greenlandic prosody. A long vowel is ana-
lysed as VV, i.e. a succession of two segments. He makes the
following tentative analysis of the West Greenlandic intonation
pattern in terms of terminal contours:l

(a) Phrase-internal contour: a succession of words be-

longing to one sentence may form a phrase. A word boundary
which is non-final in a phrase, is signalled by high pitch on
the last vowel segments (i.e. vowel moras), the penultimate
one having in most cases a slightly higher pitch than the
neighbouring ones ("raised" pitch).

1) A similar description of some of the intonation types is
found in Petersen (1970). . (Cf. 2.2.2.)



(b) Phrase-final contour: the penultimate vowel seg-

ment (i.e. vowel mora) of the word has a low pitch, whereas
the antepenultimate and ultimate‘ones have a high pitch. For
example, in /akiwug/ and /akiwuna/ the underlined vowels are
low-pitched. When the penultimate vocalic segment is part of
a long vowel or of a diphthong /ai/ (the diphthong occurs
only word-finally), the part in question has a low pitch.
Thus, there is a falling pitch on the penultimate syllable

of a word like /gaawuq/, and there is a rising pitch on the
ultimate syllable of a word like /aniqaaq/.

(c) Yes—no question contour: the ultimate vowel seg-

ment of the word is low-pitched, the penultimate and ante-
penultimate vowel segments are high(er)-pitched, the tonal
peak being on the antepenultimate one (except in some types
of very short words). The relationship may be described as
high-mid-low, or perhaps rather: raised-high-low. (If the
penultimate vocalic segment is low-pitched, the word will
presumably be perceived as having contour (e) below.)
Examples of (c) are, schematically:

takuwaana ?

takuwaanna ?

(d) Wh-question contour: a laow pitch occurs on the

penultimate vocalic segment, and a higher pitch occurs on the

antepenultimate and ultimate vowel segments, for example,
kina takuwijuk ? = ("kina" = "“who").

It is not clear whether this contour exhibits some systematic

difference from (b) above. 1In (d) ‘the ultimate pitch may not

be equal in height to the antepenultimate one.




(e) Absolutely final contour: . the antepenultimate vowel
segment has a high pitch, but the last twofsegmenté are low-
pitched. The pattern of distribution of this contour is not
well known, and it is difficult to distinguish rigidly between
(b) and (e). Presumably the latter has a more marked status,
i.e., (e) tends to be used only if finality is to be expressed
explicitly. Schematically, the intonation is

takuwaana,

takuwaanna.

Other syllables than those involved in the contours men-
tioned in (a)-(e) have normally a neutral pitch, but three
tendenciés should be mentioned.

(I) Other conditions being equal, heavy syllables tend to be
a little higher-pitched than light ones. (II) Long vowels
tend to have less abrupt tone jumps than bisyllabic sequences.
(III) There is a certain tendency for pitches over the utter-
ance to go down gradually as the utterance goes on. But this
~gradual fall of pitches is not always observed.

In Rischel's description we understand that the tone
base is definitely a vowel mora. His view is also summarized
in Mase-Rischel (op. cit.):

"the tonal contour of the word is closely bound to

the vowel segments. For example, the typical contour

before a non-final pause is characterized by nonlow

tone on the antepenultimate and ultimate vowels, and low
tone on the penultimate, no matter how they are distri-
buted on syllables; schematically:

o Ty : () y mm :
(aéwaa 'he fetches it' - akiwara 'I answer him' .




The tonal rules are as yet quite imperfectly under-
stood, but there is evidence that the vowel segment
(thgl"syllabic"),plays'at least as important a role as
the syllable in prosodic rules." .(p. 193)

It now seems evident that Thalbitzer's 'compound' (i.e. high-
low-high) pattern and Collis/Petersen's intonation pattern
for the statement (i.e. rise-fall-rise pattern) correspond to
Rischel's phrase-final intonation, if and only if each of the
last three syllables contains a short vowel.

" 2.3. Purpose of the present investigation

According to Rischel's scheme we should get the same
type of tonal realization on the last three vowel moras of a
word, irrespective of their distribution on syllables. For
example, the phrase-final contour will appear as follows on
three-mora words of three and two syllables:

i-ki-tit; na-ka-taq;

ii~tit (tid-tit); kaa-taq (kaa-taq);
=54 __ = i _f i

i-wiit (i-wiit); a-maaq (a-maaq) ;

Likewise, we should get different pitch distributions on
syllables of three-syllable words which have different
. numbers of moras.
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For example,
na-ka-taq, and
- -
a-naa-waa,
but not
*_. s
a-naa-waa.

The first thing is to see how Rischel's terminal contours are
manifested acoustically.

The next question is whether a consonant mora behaves
more or less like a vowel mora. By way of definition, every
syllable-final consonant is a mora.l Two kinds of consonant
moras should be distinguished: (I) voiceless, and (II) voiced.

(I,a) Word-medial single versus double (= geminate) con-
sonants: the pitch on the voiceless consonant mora is of
course not realized. If, in word pairs such as

katak tagaq
mattak o qaggadq,

we find that the timing of the tonal contour of /mattak/ and
/qaggaq/ with respect to the two vowel segments is different
from that of /katak/ and /taqag/ and is similar to that of,
for example, /nakataq/, then we can say that the voiceless
consonant mora counts the same as a vowel mora. If, on the
other hand, the tonal contour of /mattak/ and /qaqggaqg/ is
realized in the same way as in /katak/ and /tagaqg/, then we
can say that the voiceless consonant mora is not counted as
a tone base..

l) I.e., such consonants are here labelled "moras", not by re-
ference to some potential or actual role in the realiza-
tion of intonation contours, but on a distributional basis.
The category may, however, be found useful pboth in con-
nection with quantity (cf. Mase-Rischel 1971), stress, and
intonation.




11

(I,b)  Word-final consonant mora: Do /illu/ and /illut/ .
have the same bt different tonal contouré? ‘
(II) Voided consonan£ mora: . The same question could
be asked about the voiced consonant mora. In the type of
material investigated here the word-medial nasal is the only
type of voiced consonant mora.l

In words such as

l. nmaana,
2. manna, and

3. maanna,

it is possible that a voiced consonant mora counts like a
vowel mora, so that 1 and 2 are grouped together, or it may
not, so that 1 and 3 are grouped together.

A priori, one would certainly consider it fairly pro-
bable that a nasal mora behaves in the same way as a vowel
mora, whereas reference to voiceless consonant moras in the
tiﬁing of intonation would seem a most improbable hypothesis.
Both Collis' and Rischel's descriptions suggest that conson-
ant moras altogether do not participate in regulating the
intonation patterns.

The purpose of this investigation is to see how these
things are realized acoustically.

3. Procedure in the acoustic—-phonetic investigation

3.1l. Subjects and recording

Three native, male speakers of central West Greenlandic

(RP, AS, and GT) recorded the material during July and August

1) It must be mentioned that reduction phenomena, and their im-
plications for tonal realizations, are not considered here.
According to Petersen (1970) long (voiced) consonants may
arise in connected speech by optional deletion of vowels be-
tween two like consonants. These long consonants would form
a separate object of study from the point of view of in-
tonation.
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1971 in the sound treated studio of the Institute of Phonetics,
University of Copenhagen. Each subject spoke each of two
texts (see 3.2. below) six or seven times, so that twelve or
thirteen recordings of each word token were obtained. The
word lists were read distinctly at an even speed, but no fur-

ther instructions were given.

3.2. Word list and text

A list of 90 wordforms (phonological words) was pre-
pared.l In the text these words were arranged in random
order, but, in order not to disturb the natural rhythm of
- speech, care was taken not to put next to each other words
which contain drastically different numbers of syllables and/or
moras, and words which, in sequence, might arouse some unusual
or comical association of meaning. Two texts with different
order of words were made, in such a way that a word which was
put at the beginning or end of the line in one text was put in
the middle of the line in the other text.

64 words with different numbers of syllables and moras
were chosen for this investigation.2 (Six five—-mora words
= nos. 86-91 were added after RP's recording was finished.)
But due to difficulties in the precise segmentation, some of
the words which include [31 (/3/), [wl (/w/)3, [y] (/g/)or [s]
(/r/) had to be omitted. Consequently, the number of words
which are included in the following data is not the same among

1) I am very much obliged to Mr. Jgrgen Rischel who was kind
enough to make the original list.

2) The remaining 26 words contain various voiced continuants in
intervocalic position and may be used later, particularly
for the purpose of investigating the status of combinations
of vowel+semivowel+vowel vis-a-vis long vowels on the one
hand and sequences of vowel+fricative+vowel on the other.

3) Segmentation was not difficult when the phoneme /w/ was
realized as a [v]- or [pl-like sound.
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all three subjects. . This explains why there are some missing
tokens'in the tables below. . The word list is shown in table
3-1. e | |

Each separate item of the word list was expected to be
read with the terminal contour which is here called "phrase-
final" in accordance with Rischel (see 2.2.3. above). It was
rather easy to check whether this is actually the case. The
phrase-final intonation is supposed to have a high-low-high
.pitch pattern on the last part of the word. The last vowel
segments in the wh-question has a similar pattern, but it is
uncertain whether this is phonologically the same intonation.
The other patterns,according to Rischel,have descending
pitches on the last two vowel moras, i.e. the penultimate
vowel mora is higher than the ultimate one. With some excep-
1 an
words in the recordings were found to exhibit the first-men-

tions which could be sorted out on a principled basis,

tioned relationship, i.e. a rise from the penultimate to the
ultimate vowel mora. So, if there is any remaining mixture
of intonations in the material of this investigation, it must
be a confusion between phrase-final and wh-question intona-
tions. However, no single question word is found in the text,
so this possible source of variation can be disregarded.

3.3. Registration

All the material was registered on mingograms displaying
a fundamental frequency curve, a duplex oscillogram, and four
intensity curves (with an integration time of 5 msec) with dif-
ferent frequency filterings: (1) HP with cut-off frequency at

1) A few words which seem to have been spoken‘with absolutely
final intonation because they occurred at the end of a
line, were omitted from the measurements. '
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1000 or 1200 Hz,. .(2).:HP. at 500 Hz, (3) LP at 500 Hz,:and: (4)
no filtering. Some wide—band.speCFngramS'Were‘taken.to check
the segmentation of the mingograms, but actually the'difficul-
ty of segmentation was the same both on the spectrogram and
mingogram. |

TABLE 3-1

List of words
(in phonemic notation) -

No. word Nos. in words to bé compared with
texts
l.  taaq - (18, 64)
2. puut (80, 80) 20. puukka
3. illu (2, 79) 4. illut
4, 1llut (-6, 72) 3. i1lu
5. . katak (.4, 78) 9. mattak, 19. kaataqg
6. masak (7, 74) 7. nasaq, 10. asSak
7. nasaq (22, 59) 6. masak, 10. asSsak
8. tagaq (24, 56) 12. gaggag
9. mattak ( 3, 76) 5. katak o
10. adsgak (9, 71) 6. masak, 1ll. asSSaq
11. assaq (20, 62) 7. nasaqg, 10. aSSak
12. gaggaqgq (21 ,58) 8. tagag
13. manig (26, 54) {16. anniq, 17. marniq, 23. taaniq,
31. maanniqg, 32. maarniq
14.  tuwit (82, 83) 29. tuwikka
15. manna (84, 84) 22. maana, ‘' 30. maanna
l6. anniqg (29, 53) See word 13.
17. marniq (44, 36) . See word 13.
a8, . tiieit (50, 28) : 24. dwiit, 26 dkitit
19. kaatag (28, 52). 5. katak, 25. amaaq, 27. nakatag
20. - puukka . (81, 81) 2. puut

21l.  quurga (85, 85) - - 36. quurgaa




- 36.

TABLE 3-1
(continued) -
No. word
22, maana
23. - taaniqg
24, - iwiit

25, amaaq

26:- -1kibit
27. nakataq
28. awatag
29. tuwikka
30. maanna
" 31l. maanniqg
32. maarniqg
33. ammaaq
34, aataa

35. aappaa

quurdgaa

37. . tuurpara
38. naalagaq
39. kisiisa
40. sukkuutit
41. killuutit
Rl awataaq
43. naparutaq
44. ugqurluni
45. igganarpugq
46. iggarsarpugq
49. ammagaaq
50. < anaawaa

Nos. in

texts

(54,
(52,

(41,
i E;

(25,
(42,

(47,

(83,
(19,

(32,
(38,

(16,

(12,
(15,
(35,

(61,
(43,

(79,
(33,
(49,

(53,

(48,
(36,
(66,
(64,

(89,
(77,

29)

31)

41)
70)

82)
61)

48)
42)

63)

69)
67)
47)

18)
39)

2)
49)
33)

30)
32)
44)
16)
17)
90)

4)

15

words to be compared with

15
See

18.
33.
27.

18.
19.
28.

42.
19.
27.
14.

See

} See

25.

21.
28.

57.

manna, -30. maanna
word 13.

tiitit, . 26 ‘itkisit
ammaaq, - 19. kaataq,
nakataq, 28. awataqg
Eiieit, 24. iwilk
kaataqg, 25. amaaq,
awataqg

awataaqgq :
kaataq, 25. amaaq,
nakatagq

tuwit

word 15.
word 13.

amaagq

quurga

awataqg

annaawaa




TABLE 3-1
(continued) -

No.

51.
92,

53.
54.

.95,
56.

57.
60.
62.
63.
64.

word

tikinnilag
ikusimmi
aamaliwik
amaaliwik

aputitugaqgq
akisimawugq

annaawaa
¢ o' vv
iisassaawuq
naluumasurtugq
. A vVvY
ilisassaawuq
ilutusimapput

16

Nos. in
texts

(88,

(91,

(39,
(46,

(86,

(87,
(62,

(67,

- (37,

(75,
(63,

86)
89). -

43)

34)

88)
gL}

20)
12)

45)

7)
21)

words to be compared with

50. anaawaa

63. iliSa¥Saawug

60. iifasfaawuq
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3.4. Measurenments

Only five recordings (= samples) of each word token by
each informant were used in this investigation. 1If possible,
these five samples were selected from the first two or three
recordings of each text, but if a difficulty arose in these
words, other recordings were used. One word, AS's No. 51
/tikinnilag/ has only four samples, because /i/ between the
initial /t/ and the following /k/ was devoiced in all record-
ings except these four.l Other typical reasons for dis-
carding a sample were: (a) straightforward problems of seg-
mentation (see 3.4.1.), (b) extreme shortness of a vowel
(after a voiceless consonant) causing a badly defined funda-
mental frequency, (c¢) a gradual onset of a word-initial vowel
after a period of irregularity (glottal catch), which made it
difficult to define the duration of the vowel proper, (d)
other occasional occurrences of highly irregular F -curves
(bad phonation?).

3.4.1.  Duration

: ; . . 2
Segmentation was carried out according to conventions.
N
Accuracy of measurement is - 0.25 cs.

1) This devoicing seems to have occurred due to strong affrica-

tion of the preceding /t/ ([tS]), and perhaps partly due to

devoicing of an unstressed high vowel between voiceless con-

sonants.

2) As for the accuracy of measurement, the disadvantage of a

mingogram without the "aid of supplementary broad band spec-

trograms" (Fant 1957, p. 62) seems to have been overcome to
a high degree by the use of four intensity curves with dif-
ferent filtering frequencies. .
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Long vowels, i.e. two-mora vowels, occur in various con-
sonantal environments, i.e. (-C) (C)_(C)(C-), and in various
positions in the words. We cannot a priori decide where the
mora boundary lies between two moras of a long vowel. Conse-
quently, a long vowel was arbitrarily divided into two identi-
cal halves at the middle of the long segment. As for the long
nasal, the first two thirds of the total duration was arbi-
trarily assigned as a mora-nasal and the last one third as
the initial nasal consonant of the following syllable. This
arbitrary decision was based on the observation that the mini-
mal or maximal value of the fundamental frequency often occurs
after a lapse of approximately two thirds of the total dura-
tion. .

Initial and final consonants of words were not measured.

As mentioned in 3.2. it was not easy to delimit inter-
vocalic [j], [w], [y], and [8]. 1In the transcriptions used
here, /j, w/ after respectively /i, u/ stands for more or less
audible glides. After other vowels /j, w/ are clearly distinct
both from zero and from other fricatives. However, even when
[j] was clearly heard, the change from [j] to the vowel was
smooth and gradual on the acoustic curve. As a result, words
containing /j/ were all omitted. [w] (/w/) was just as dif-
ficult to segment as [j], but when the phoneme was realized as
[v] or [B], segmentation was not difficult. [y] posed just the
same problem as [j]. The uvular fricative [&] showed a very
low and often very irregular pitch, and the pitch of the adja-
cent vowel was very much influenced and became rather irregular.
The influence was most conspicuous in words spoken by GT, who
had a very deep voice, so that most of his words containing /r/
had to be discarded. (And, as shown later, words'containing
the consonants in question caused a certain irregularity in
the results.)

Segmentation was also sometimes difficult in the case
of nasal plus vowel or vowel plus nasal.
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3.4.2.  Fundamental frequency -

Fundamental frequencies are measured at the following
points: for a short vowel, the beginning and end of the seg-
ment; for a long vowel, the beginning, miadle; and end of the
segment; and for a mora nasal, the beginning, middle and end
of the segment. As mentioned in 3.4.1., two thirds of the
total duration of a long (i.e. geminate) nasal are assumed to
represent a mora nasal, so the middle and end of the mora-
segment correspond to the 1/3 and 2/3 points of the total du-
ration of a long nasal, respectively. When a long vowel or a
long nasal has a rise-fall or fall-rise pitch, more than three
points were measured. Accuracy of measurement is f.1.25 Hu.

As is generally known, the fundamental frequency curve
of a vowel segment is sometimes distorted and shows some ir-
regularity during the first and/or last one to two centi-
seconds of the segment, due to the influence of adjacent con-
sonants (especially the preceding one). However, such irregu-
larity might also arise as a consequence of the instrumental
processing. In order to test the reliability of the frequency
measuring device used for registration, a calibration with an
intermittent sine wave of 125 Hz was carried out, and the re-
sult shows that the first and last cycles are registered a
little lower than the rest.

The problems associated with these boundary phenomena
were to some extent circumvented in the méasurements: when any
irregularities were found at the beginning and/or end of the
segment, the tangent was drawn from the stable part and mea-
sured as the beginning and/or end. But it was sometimes dif-
ficult to decide whether the irregulafity was an acoustic
reality or an instrumental artifact. - (Cf£. section 5. and
fig. 5-3.) |
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4. Results

4.1. Method of calculation

The original raw data were fed into a computer and run
through a program which calculated the arithmetic mean and
standard deviationl for each word token.2 Each word token con-
sists of five samples, except AS's word token No. 51, which has
only four samples. Calculations were made for the duration,
mean fundamental frequency, and slope of each tone base, and
the difference of mean fundamental frequency between two tone
bases adjacent to each other.

4.1.1. Mean fundamental frequency

The mean fundamental frequency of a tone base was calcu-
lated in the following way. [beg = beginning of a tone base,
mid = mid point, end = end; V = vowel mora, N = nasal mora. ]
1) short vowel: Mean = (F(beg) + F_(end))/2,

1) The standard deviation as published in the tables below .
was calculated by the formula:

o 2(x-x)2 '

N , which actually gives a somewhat too
small estimate of the standard deviation in a large popu-
lation because of the small number of samples of each token.
Correction was made for the use of N instead of (N-1) in
this formula, when the findings were tested for significance.

2) I am very much obliged to Mrs. B. Auld and Cand. polyt. Carl
Ludvigsen. Mrs. Auld was kind enough to undertake the
laborious work of punching the cards and to write the first
part of the program, and Mr. Ludvigsen very kindly completed
the program in a very short time.
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2) long vowel:
i) when counted as one tone base: Mean = (F_(beg+mid+end))/3,
ii) when counted as two tone bases: Mean = F_(beg + end)/2,
where for the first tone base, beg = beg, end mid of a
long vowel, and for the second tone base, beg mid, end =
end of a long vowel,

'3) nasal mora: Mean = F_(beg + mid + end) /3,
where beg = beg, mid = 1/3 point, end = 2/3 point of a
long nasal,

4) a vowel mora + a nasal mora = one tone base:
Mean = (VF_(beg + end) + NF_(mid + end)) /4.

In‘the data processed by the computer, the mean frequency
values were calculated over three points of measurement for a
long vowel, but a long vowel sometimes had a fall-rise or rise-
fall contour, instead of a unidirectional rise or fall. For
those long vowels which showed such rise-fall or fall-rise
contours more than three points were measured and a hand-
calculation was carried out to get the mean fundamental fre-
quency value. (In the tables the values calculated by the latter
method are shown in [ J.)

These values of mean fundamental frequencies of tone
bases are compared in order to reveal any high-low relation be-
tween neighbouring tone bases. The reason why the mean values
are compared is that, since the role of the direction and degree
of pitch change of a tone base is not known, we cannot be sure
whether a comparison reasonably should be made between begin-
nings and/or ends of two tone bases.

According to Rossi (1971), when one cannot hear a glis-
sando during a (vowel) segment, it will be perceived as if it
has a static pitch corresponding to the frequency at the trans-
ition between the second and third portions of the segment.
Consequently, a comparison of mean fundamental frequencies
seems to be reasonable at the first step, no matter whether a
rise or fall is significant.

The absolute values of mean fundamental frequencies of
tone bases may vary according to segmental constituents (and
other factors). Thus, for example, the fundamental frequency
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of a penultimate vowel, which is lower than that of the ante-
penultimate in the same word, may be higher than that of the
antepenultimate vowel in another word, which has the same re-
lationship between the antepenultimate and penultimate vowels.
This relation may also be seen among the samples within one
and the same word token. In the following, our main concern
is the difference in fundamental frequency between vowels.

Word tokens are classified not according to their vowel
quality nor consonantal environment, but accbrding to the
numbers of syllables and/or moras.

4.1.2. Slope

A vowel or a nasal consonant has usually a rising or a
falling pitch. That is, a certain fundamental frequency
change or interval can be observed during a certain period
of its duration. One question about this change is whether
the absolute value of the frequency interval of the vowel (or
the nasal consonant) is a constant, or whether it increases
with increasing vowel duration.

Another question, which is of specific interest to the
present investigation, is whether the direction of the funda-
mental frequency movement in a vowel is determined by the
syllable or mora position.

To answer the first question the slope was calculated as:
Slope = (Fo(end) - Fo(beg))/Duration.

See the values of samples in the following word token used for
illustration.
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Sample Dur. . Interv. . Slope  Arctang(Slope)
[No.] [es] [Hz] [Hz/cs] [radians]

1 12.5 2.27 - 1.19
2 5.5 245 0.46 0.43
3 . 20.0 4.00 1.33
o 7.0 5.0 0.71 0.62
5 4.5 5.0 1.11 0.84
X 5.5 9.0 1.71 0.88
s 0.84 6.4 1.30 0.34

The values of duration vary between 4.5 and 7.0 cs,
while the frequency intervals vary between 2.5 and 20.0 Hz.
The variation of the numerical values is usually greater in
the frequency interval than in the duration. When a sample
(or two) has a slope whose value deviates very much from the
others, the distribution is skewed to the right of the normal
curve when the values are positive (and to the left when the
values are negative). Since a word token in the present in-
.vestigation has only five samples, this kind of deviation
affects the results rather strongly.

But it is true that all five samples in the token shown
above have positive slopes, i.e. they are all different from
zero in positive direction. When the value of the slope
is transformed to Arctangent(Slope), i.e. Arctangent(Hz/cs),
the distribution of samples becomes less skewed. And we can
see that this particular token has a slope whose mean value is
significantly different from zero in positive direction. The
figure on the next page shows the relation of values in
(Hz/cs) and Arctang(Hz/cs).
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In the following, the first slope (i.e. Hz/cs) will be
called "slope 1" and the second transformed one (i.e. Arctang
(Slope)) "“slope 2". As for the slope, vowels are classified
according to their position in the word and consonantal en-

vironments.

Relation between slopes 1 and 2

Arctang (Hz/cs)

SLOPE 2

4ttt t—p—t—t—t-> Hz [ S
1 2 3 [A 5

SLOPE 1

4.1.3. Other remarks

The positior; of the syllable or mora in the word is
reckoned from the end of the word. Thus, the ultimate syl-
lable or mora is called S1 or Ml, the penultimate one S2 or
M2, the antepenultimate one S3 or M3, and so on (where "S"
and "M" stand for "syllable" and "mora" respectively).

Structurally a syllable or mora consists of (C)V (V) (C).
But, since the consonants (except some mora consonants funct-
ioning as tone bases) are disregarded in the following, the
vowels in S1, S2, Ml, M2, etc. are often, for convenience,
abbreviated as S1, S2, M1, M2, etc.
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When a syllable is considered to be a tone base one
vowel is counted as one tone base, whether it is long or short.
When a mora is considered as a tone base, a short vowel and a
nasal mora are counted as one base each, and a long vowel is

counted as two bases.

4,2. Duration

4.2.1. Consonants

The statistic calculations were only carried out for
short and long consonants in two-syllable, two-mora words and
. for all short and long nasal consonants.

As for short and long voiceless consonants in two-syl-
lable, two-(vowel) mora words, a phonemically long consonant
is phonetically longer than a phonemically short one in the
same or a similar environment. The difference is significant
at the 99% confidence level.

In this investigation, a "mora nasal" is arbitrarily
considered as 2/3 of the total duration of a long nasal. 1In
this case, a short nasal consonant is shorter than a mora nasal
in the same or similar environment. The difference is signi-
ficant at the 99% confidence level.

4.2.2. Vowels

No exhaustive comparison was attempted, since not all
short and long vowels appear in (sub)minimal pairs or sets.
It is not altogether certain whether the difference between
short and long vowels is always significant at, say, the 95 or
99% confidence level. But the difference (i.e. a short vowel
is shorter than a long one) ‘is significant at the 99% level in
some of the pairs or sets. .




26

nation is signalled by ‘@ high-low-high pitch pattern on the

last three tone bases. ' That is, with regard to the mean fun-

damental frequency, the tone base of S1 or Ml can be expected
to be higher than that of S2 or M2, and that of S2 or M2 can
be expected to be lower than that of S3 or M3. The tonal con-
tours of the preceding tone bases (i.e. from S4 to S6, or from

M4 to M6) are largely unknown.

4.3.1. Is the tonal pattern regulated on a syllable basis?

4.3.1.1. Words containing only short vowels

The number of words are:

["=s" = syllable]

HP B8 . GI

2=8 14 <] 15
- 3 4 4
e 3 6 4
- (o) 1 2
- 1 1 1
total 21 27 26

See table 4-1,

(1) 82-Sl: S2 will be lower than S1l: The vowel of S2 is
lower than that of S1, and the difference is statistically
significant;,in.alljthe:tORensfof.thnee.spéakers-

1) Hereafter, statistically significant means at the 95%
confidence level.
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(2) 83-S2: S3 will be higher than S2: All the vowels of
S2 are lower than those of 83, and the difference is signifi-
cant in all tokens. .

(3) S4-S3: In all four tokens spoken by RP, S4 is lower
than S3 in their mean values, but there are some samples where
S4 is higher than S3. The result is that'the difference be-
tween the two vowels cannot be shown to be significant. 1In
all eight tokens spoken by AS, S4 is significantly lower than
S3, and so it is in all seven tokens spoken by GT.

(4) S5-S4: In all six tokens (three persons pooled), S5
is lower than S4, and the difference is significant except in
GT's token (56) akisimawugq.

' (5) S6-S5: There is only one six-syllable word for each
speaker. S6 of RP's token is significantly higher than S5,
while S6 is significantly lower than S5 in the same tokens
spoken by AS and GT.

The mean fundamental frequencies of vowels of both S3
and S1 can generally be expected to be rather high. 83 is
generally lower than Sl1. The number of word tokens in which
S3 is significantly lower than S1 is 5 out of 7 of RP's, 11
out of 12 of AS's, and 10 out of 11 of GT's words.

As a whole, the difference is smaller in RP's than in
AS's and GT's words. This is due to the fact that the range
of variation of the fundamental frequency is smallest in
RP's words.

In the tokens where the differences between adjacent
vowels are significant, the mean values of vowels which are
assumed to be the higher ones are more than 5 Hz greater than
those of the lower ones. One exception is AS's token (64)
ilutusimapput, where the difference between S4 and S3 is 4.0 Hz.
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In addition to the assumption on the pitches of the last
three tone baées, when wé“tentaﬁively assume that S3 is higher
than S4, that S4 is higher than S5, and that S5 is higher than
S6, the number of tokens where the differences between ad-
jacent tone bases are significant is as follows. [The figure
to the left of the slash{indicates the number of tokens where
the difference is significant; the figure to the right of the
slash indicates the total number of tokens. ]

"RP - AS - ' GT
s2< sl 21/21 27/27 26/26
S3 > 82 . 124127 11713
S4<¢ 83 0/4 8/8 7/1
S5< S4 1/1 2/2 o e
S6< S5 0/1 3/1 1/1

[NB: In RP's token S6 is significantly
higher than S5.]
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TABLE 4-1

Mean fundamental frequency values (in Hz), and the
significance of differences of mean fundamental fre-
quency values between adjacent vowels. The calcula-
tions are carried out on a "syllable" basis in words
containing only "short" vowels.

(+: agrees significantly with the assumption,
-: differs significantly from the assumption,
O: no significance.)

Mean fund. freq. Significance

Supiestt SE s4 .83 82 s1 | ac3|32|2aa
5. ka-tak 132.0 152.3 +
6. ma-sak 129.5 151.0 .2
7. na-saq 135.5 154.0 +
8. ta-gaqg : ek ddeS, - 155.8 +
3+ 11=1ln 140.5 157.5 +
4. il-lut 139.5 154.8 +
9. mat-tak 138.3 154.0 +
10. as-Sak 180,5 * 152.0 -
11. as-Saq 144.8 150.8 +
12. gag-gaqgq 135.8  147.8 +
13. ma=-niq 138.0 157.5 +
15. man-niqgq 137.5 154.0 +
l6. an-niqg 143.3  150.5 +
17. mar-niq 136.5 . 150.8 +
$6u imki~tit 151.3 ' 139.3 159.5 + +
27. na-ka-tag 143.5 : 133.0 - 153.5 + +
28. a-wa-taqg g . A4la8 2 131.0.-156.3 + +
44. u-qur-lu-ni 141.8 147.3 .134.3 155.5 0] + +
45. ig-ga-nar-puq|l48.3 148.3 137.3 155.3 o + +

46. ig-gar-sar-
140.0 147.3 137. L5355 + +
puq ) 53 5_ (0]
64. i-lu-tu-si-

map-put 144.8 152.5 125.5 155.8 (o] + +

S6 S5 6<5 |5<4
64. 145.5 139.3 | - +
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TABLE 4-1
(continued)

Mean fund. freq. Significance
pRalects  AD T S LR G .'4A<._3.|.3.v>.,2|.2<1
5. ka-tak 125.3+< 1881% +
6. ma-sak 117.8 “159.5 +
7. na-sagq 120:¢3 '154.8 +
8. ta-gaq . i . 120:3 15753 +
3, il=lu 132.0 167.8 +
4, il-lut 137.3:.167.8 +
10. a$-gak 129.5 164.0 +
1l1. as-Saq 128.8 162.5 -
12. gag-gaq ' 131.5 " 1%61.0 +
14. tu-wit 124.5" 15373 +
13. ma-niq ‘ 121.8 158.3 +
15. man-na 140.8 161.8 +
16. an-niq 129.8 155.8 +
17. mar-nigq 128.0 156.8 .
26+ 1=ki~-tit 142.5 128.0 167.3 + +
27. na-ka-taq 138.8 121.8 " 157.8 + +
28. a-wa-taq . 130.5 121.5 156.3 + +
29. tu-wik-ka A 148.3 . 127.5 16%.8 + .+
.43. na-pa-ru-taq 126,0° 138.3 117.0 - 1530 + + +
44. u-qur-lu-ni 3273 ' 151.3 1225 159:% + + +
45. ig-ga-nar-pugq 129.8 147.8 126:5 - 162.5 + + +
46. ig-gar-sar-puq 1256:8" 146.3 119.3 - 153.5 + + +
51. ti-kin-pi-laq 138.1 < 152.5-"118.4  ldB.8 + + +
52. i-ku-sim-mi 136.3 148.8 134.0 '153.8 + .+ +
55. a=-pu-ti-tu-gqaq 143.5 . 150.3 126.3 . 158.5 s 5 + +
64. i-lu-tu-si-map-put 145.0 149.0 124.5 159.5 | + + +

i
. 86 . BB L N oo RSB SCH
DO . 128.3. +
64. 126.5 132.8 + +
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TABLE 4-1
(continued)
" Mean fund. freq. . " Significance
~Subject: GT .
s4 83 sz Usi | ac3f3sz|ac

5. ka-tak 100.0 138.0 +

6. ma-sak 101.3 139.8 +

7. na-saqg 96.5 .133.5 +

8. ta-gaq .. 98.3 . 130.3 . +

3. il-lu 111.3 -144.5 +

4, il-lut 114.0 144.3 +

9. mat-tak 101.8 - 138.5 +
10. ag-Sak 106.8 141.5 +
11. as-%aq 104.0 144.3 +
12. gag-gaq , 87.3  132.8 +
14. tu-wit 103.5 134.5 +
13. ma-nig 97.8 138.8 +
15. man-na 110.0 140.3 +
16. ‘an=nlq 103.8 134.0 +
17. mar-niq 101.8 . 14250 +
26." 1-ki~tit 120.8 107.8 144.0 + +
27. na-ka-taqg 109.8 i.3. 130,5 + +
28. a-wa-taq 110.0 96.8 135.5 + +
29. tu-wik-ka ce . ARE0 5 X00.3 137,585 + .+
44, u-qur-lu-ni 102,0 130.8 - 105.0 139.3 + + +
45. ig-ga-nar-puq 105.0 " 120.3  107.5 147.8 + + +
51. ti-kipg=ni-lag ¥15.8 122.0 105.0 132.8 + + +
52. i-ku-sim-mi 109.8 . 127.0 . 123153 . 140.5. .1 . & .. +i. . ®
55. a=-pu-ti-tu-qaq {111l.3 127.3 102.8 132.8 + + +
56. a=ki=gi-ma-wug |112.3 k6 132.3 ..103.3" 131.3 L R +
64. i-lu-tu-si-map-|{121.3 138.3 110.0 150.5 + + +

. S6 S5 .. : 6<5|5<4

585. 103.3 +
56. by . 1083, . .1 . -
64. 105.0 116.3 + +
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4.3.1.2. Words containing both short and long vowels

Table 4-2 shows the mean fundamental frequencies of
the vowels and the differences of mean fundamental frequencies
betweén the vowels.

The assumption on the pitches of the last three tone
bases holds true of two-syllable words of the type VV-V and
three-syllable words of the type VV-V-V (where VV is a long
vowel and V is a short vowel, and a hyphen shows a syllable
boundary, and consonants are disregarded). But in two- and
three-syllable words of other types, the results are quite
different.l Cf. fig. 4-1 which shows the values of the
mean fundamental frequencies of vowels in adjacent syllables.
The values of vowels which can be expected to be the higher ones
are given on the y-axis and the one which can be expected to
be the lower ones on the x-axis.

In two-syllable words of the V-VV type of words ((24)
i-wiit, (25) a-maaq, and (33) am-maaq), S2 is either higher
or lower than S1. This difference is significant in some
cases, but not in other cases. 1In the VV-VV type of words
((34) aa-taa, (35) aap-paa, and (36) quur-gaa), no signifi-
cant difference is seen between S2 and S1, except that in the
tokens (36) spoken by RP and GT, S2 is significantly higher
than Sl.

With regard to three-syllable words, in the V-VV-V
type of words ((39) ki-sii-sa, (40) suk-kuu-tit, and (41)
kil-luu-tit), S2 is significantly lower than S1, but S2 is
either higher or lower than S3. That is, S2 is significantly

1) We have a few words which have more than four syllables
(see table 3-1 ), but since the last three syllables of
these words contain only short vowels, they are irrelevant
to the present task of checking the pitches of the last
three tone bases.
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Fig. 4-1.

Values of mean fundamental frequencies of vowels in two
adjacent syllables. [The values of vowels supposed to
be the higher of the two are given on the y-axis, and
the other supposed to be the lower on the x-axis.)
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lower than S3 in the token (39) spoken by RP and in the token
(41) spoken by AS. S2 is significantly higher than S3 in the
token (39) spoken by GT. In other cases the difference be-
tween S3 and S2 is not significant.

In the V-V-VV type of words ((42) a-wa-taaqg, and (49) -
am-ma-gaaq), S2 is significantly lower than S1 in the token
(42) spoken by AS, and S2 is higher than S3 as regards the
mean value of the same token (42) spoken by RP, but in other
- cases S2 is significantly higher than either S3 or Sl. Final-
ly, in the V-VV-VV type of words ((50) a-naa-waa, and (57)
an-naa-waa), S2 is the highest of the three syllables in all
six tokens (three persons pooled). S2 is significantly higher
than S1 in 3 out of 6 cases, and it is higher than S3 in 5‘out
of 6 cases. :

If our assumption is correct, the mean values of vowels
in fig. 4-1 should be plotted to the left of the diagonal,
but we find not a few tokens which are plotted to the right of
the diagonal.

The results are, except for the VV-V and VV-V-V types
of words, surprisingly different from those for the words
containing only short vowels where all the vowels of S2 are
significantly lower than either Sl or S3. The following table
shows the number of tokens out of the total number of tokens
which agree with our assumption.

S3 > S2 - 82i< 81

2-syll. words: :

(a) vv-v: 9/9 9/9 9/9

(b) V=-VV: ~ 0/3 2/2 1/3

(c) vw=-vv: 0/3 0/3 0/3
3-syll. words:

(d) vv=v-Vv: > 2/2 - o 2/2 -

(e) V=-VVv-V: 1/3 3737 . OKS 3/3 3/3 3/3

(£) v=-v-vvV: 0/1 0/2 0/2 0/1 1/2 0/2

(g) V=VvVv-VV: 0/2 0/2 0/2 0/2 0/2 0/2
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TABLE 4-2

Mean fundamental frequency values (in Hz), and
the significance of differences of mean funda-
mental frequency values between adjacent vowels.
The calculations are carried out on a "syllable"
basis in words containing both "short" and "long"
vowels.

([ . ] indicate values calculated over more than
three points of measurements.

+: agrees significantly with the assumption,

-3 differs significantly from the assumption,

O: no significance.)
Mean fund. freg. Significance
Subject: RP S4 S3 S2 Sl 4<3|3>2|2<l
L8y Bii-tie 140.3 157.3 +
19. kaa-taqg 134.8 146.8 +
20. puuk-ka 137.5 1533 +
21l. quur-ga 135.0 143.5 +
22. maa-na $32:5 150.3 *
23. taa-niq 132.7 150.3 2
30. maan-na 136.5 150.3 +
3l. maan-niqg 137.2 153.3 +
32. maar-niqg 134.8 152.8 +
24, i-wiit 141.8 143.2 o)
25. a-maaqg 145.8 [136.3] 0
34. aa-taa [144.7] [136.7] o)
35. aap-paa 143.8 134.0 o)
36. quur-gaa 146.5 [132.1] -
39. ki-sii-sa 140.8 136.5 151.0 + o+
40. suk-kuu-tit 147.8 144.3 159.0 Qi ¥
41. kil-luu-tit 142.3 141.3 158.0 L« I
42. a-wa-taaq 139.0 146.3 [135.0] o -
50. a-naa-waa . -134.8 -{142.3) {131.3] - o}
57. an-naa-waa - | - . 146+8-.:::145.8-- 213731272 20250
53. aa-ma-li-wik 142.5 144.3 134.8 156.3 |0 + +
54. a-maa-li-wik 142.8 145.2  133.5 1518 |O “# "%
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TABLE 4-2
(continued)
Mean fund. freq. Significance
Subject: AS
g, 83" 8% .81 4<3| 352|241

38, til-tit 134.3  171.3 +
19. kaa-taq [124.)1] #452.8 +
20. puuk-ka 134.8 k89.5  ;
21. quur-ga 13545 159.0 +
22. maa-na LX28.1) 5165:3 +
23. taa-niqg 125.% :59.8 +
30. maan-na 132.7 154.0 o
3l. maan-nig 130.5 158.3 - 3
32. maar-niq 132.3 158.8 +
25. a-maaq 133.0 140.0 +
33. am-maag 136.0 142.3 7
34. aa-taa 1378 .:135.8 0
35. aap-paa 133.7 136,08 0
36. quur-gaa 138.2 13T.7 o)
37. tuur-pa-ra 139.0 112.8 139.8 L SN .
38. naa-la-gaq 139.7 120.5 146.0 + +
39. ki-sii-sa 138.5 138.8 157.8 R
40. suk-kuu-tit 140.0 138.5 165.5 -l
41. kil-luu-tit 141.0 134.2 165.8 . s
42. a-wa-taagq 124.0 135.0 [140.5] -+
49. am-ma-qgaaq 127.8 139.8 140.7 - o
50. a-naa-waa 127.0 [139.1] [136.0] = <
57. an-naa-waa 130.0. [140.3]) [132.7] - -
53. aa-ma-li-wik|131.8 146.5 127.8 155.0 e, oo
54. a-maa-li-wik|123.5 140.8 128.0 157.5 o, -
62. na-luu-ma-

sur-tuq 138.8 148.0  128.3 161.5 e e |

B 5<4

62. 125.0: +
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TABLE 4-2
(continued)
Mean fund. freq. - Significance
Subject: GT
-S4 s3 . S2 Sl L4<3 3>212<l
18, kif-tit 113.3 151.8 +
19. kaa-taq 101.2 133.8 +
20. puuk-ka 117.8 140.8 *
21l. quur-qa 117.0 139.8 +
22. maa-na [105.3] 136.8 +
23. taa-niq 106.7 134.8 N
30. maan-na d11.7 129.8 :
3l. maan-niqg 109.5 L33sD +
32. maar-niq 111.3 140.0 +
24. i-wiit 114.8 [120.9] +
25. a-maagq ¥16.5 1105.%7] -
33. am—maaq 110.8 114.7 o
34. aa-taa $17.0 1177 o)
35. aap-paa 110.8 108.7 o
36. quur-gaa 118.7 115.2 -
39. ki-sii-sa 106,30 113.0. 137.9 el
40. suk-kuu-tit 118.0 120.0 146.0 N
41. kil-luu-tit 1312.5 : "X16.0 - 146.5 s MERE -
42. a-wa-taag 100.3 117.3 1ll4.0 AR -
49. am-ma-gaaq 103.8 226.3 116.2 -
50. a-naa-waa 103.8 [120.4] [106.8] - -
57. an-naa-waa 108.8 125.0 [109.4] - -
53y aa-ma-li-wik" 1105.5 . 126,0 &= 104.0 137.3 [+ <+ +
54. a-maa-li-wik 106.5 122.0 106.0 137 3" }# + +
60. ii-Sa$-Saa-wug|110.5 128.0 113.67 134.0 |+ + +
63. i-li-%ag-%aa-
wug |[110.8 126.5 117.5 136.3 [+ + +
S5 5<4
63. 103.8 +
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4.3.2. TIs the tonal pattern regulated on a mora basis?

4.3.2.1. ' The role of the voiceless consonant mora

In section 1., every syllable-final éonsonant was con-
sidered as a mora. If a word-final consonant is taken to
count as a tone base, then in the (C)V-CVC type of words the
vowel of the final syllable will be M2, and the vowel of the
initial syllable will be M3. 1In this case, M2 is the mora
which has the highest mean fundamental frequency. It is
higher than that of M3, and this difference is significant!
‘This is contrary to the assumption concerning phrase-final
intonation. Further, in one pair of words, (3) illu and (4)
illut, there is no significant difference of mean fundamental
frequency between the final vowels of the two words. Conse-
quently, the word-final consonant (which is always voiceleés)
should not be counted as a tone base.

If part of the word-medial voiceless consonant is taken
as a tone base, the first vowel of (C)VC-CV(C) words will be
M3, and the word-medial consonant mora will be M2. As is seen
in table 4-1 , there is no difference of mean fundamental fre-
quency between the vowel of M3 (= S2) in the (C)V-C-CV(C) type
of words and that of M2 (= S2) in the (C)V-CV(C) type.

Consequently, in the following a voiceless consonant
mora is not taken as a tone base. The behaviour of a voiced
consonant mora, i.e. a nasal mora, will be taken up later in
4.3.2.4.

4.3.2.2. Words containing only short vowels (and no long

nasal)

Since a voiceless consonant mora is not taken as a tone
base, the results are the same as those obtained for words
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with short vowels on a syllable basis, except that words
containing a long nasal are, for the time being, not in-
cluded.

4.3.2.3. Words containing both short and long vowels

(and no long nasal)

Here a short vowel is counted as one mora vowel, and
a long vowel is counted as two mora vowels. See table 4-3.

(1) M2-Ml: M2 will be lower than Ml: The numbers of
tokens are 20 for RP, 22 for AS, and 22 for GT. In all the
tokens M2 is significantly lower than Ml.

(2) M3-M2: M3 will be higher than M2: The numbers of
tokens are 18 for RP, 20 for AS, .and 20 for GT. 1In all the
tokens M3 is significantly higher than M2.

(3) M4-M3: The numbers of tokens are 10 for RP, 13 for
AS, and 12 for GT. 1In five tokens spoken by RP, M4 is sig-
nificantly lower than M3. In three tokens of the same person
M4 is lower than M3, but the difference is not significant.
Two tokens of his ((39) kisiisa, and (40) sukkuutit) have sig-
nificantly higher M4. 1In the tokens spoken by AS, 11 out of
13 tokens have significantly lower M4. Two tokens ((40)
sukkuutit, and (41) killuutit) have either higher or lower
M4. 1In the tokens spoken by GT, M4 is significantly lower
than M3 in four- and five-mora words (10 tokens). But in two
six-mora words the result is different. In (60) iisaSSaawuq,
M4 is significantly higher than M3, and in (63) iliSa¥Saawuq,
M4 is either higher or lower than M3. (These six-mora words
are found only in GT's list.)
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(4) M5-M4: In the token. (50) anaawaa spoken by RP, M5
is significantly lower than M4, but in two other tokens spoken
by the same person the difference is not significant. In AS's
four tokens and in GT's five tokens, M5 is significantly lower
than M4. )

(5) M6-M5: The numbers of tokens are 1 for AS and 2 for
GT. M6 is significantly lower than M5.

As for M3 and M1, M3 is significantly lower than M1l in
12 out of 18 tokens of the material spoken by RP, in 17 out
of 20 tokens by AS, and in 14 out of 20 tokens by GT.

The number of tokens which agree with our assumption is
as follows. [The figure to the left of the slash indicates
the number of tokens in which the difference is significant;
the figure to the right of the slash indicates the total number
of tokens. ]

RE A5 G
M2 < M1 20/20 22/22 . 22/22
M3 > M2 18/18 20/20 20/20
M4 < M3 5/10 11/13 10/12
M5 < M4 1/3 4/4 575
M6 < M5 = 1/1 2/2

[NB: In RP's (39) and (40) M4 is
significantly higher than M3;
in GT's (60) M4 is siénificantly
higher than M3.]

When words containing only short vowels or both short
and long vowels are put together, but words containing long
nasals are omitted, the number of tokens which agree with our

assumption on the mora basis is as follows.
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RP AS  Gr

M2 < M1 38/38  44/44  43/43
M3 > M2 25/25 30/30 29/29
M4 < M3 5/14 17/19 . 15/17
M5 < M4 2/4 6/6 7/8
M6 < M5 0/1 2/2 3/3

In the tokens in which the differences between adjacent
moras are significant, the following tokens have values of

less than 5.0 Hz difference. [Values in Hz. ]

M3 > M2:
AS: (42) awataagq (4.3)
GT: (22) maana (5.0)
(24) iwiit (5.0)
M4 £ M3:
RP: (35) aappaa (4.2)
(36) quurqgaa (4.2) :
(50) anaawaa (3.0 ¢
(53) aamaliwik (4.3)
M5 M4:

GT: (53) aamaliwik (5.0)

M6 < M5:
GT: (60) ii

n<
<
<

a

[}

aawuq (3.0)
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TABLE 4-3

Mean fundamental frequency values (in Hz), and the
significance of differences of mean fundamental fre-
quency values between adjacent vowel moras. . The cal-
culations are carried out on a "mora" basis in words
containing both "short" and "long" vowels (and no
long nasal).

([ . J]: indicates values calculated over more than
two points of measurement,
+: agrees significantly with the assumption,
-: differs significantly from the assumption,
O: no significance.)
Mean fund. freq. Significance
pabdect:  TE M4 M3 RIS CMEE AR e
1. ta-aqg [127.8] [140.3] -
2. pu=ut s LbBoad e LOKEd | O+
3. t£i=1=tit 141.5 135.5 157.3
19. ka-a-taqg 134.8°  126.3 146.8
20. pu-uk=-ka 141.3 133.8 153.3
21. gu-ur=qa 135.8 130,5 143.5
22. ma=-a=-na 132.9 128.5 150.3

+ 4+ +++++
+4+++++++

23. ta=a=-niq 133.8 1265 15653
24. i-wi-it 141.8 - .134.3. " 1498
25. a-ma-aqg 145.8 . [132.2] [145321°
34. a-a-ta-a [140.8] [148.5] [128.7] 142.5 |+ + +
35. a~ap-pa—a 140.8 145.0 26,3 " 1350 |# + +
36. gqu-ur-ga-a 141.3° 145.5:({126.3] [186. 2]+ + . +
39. ki-si-i-sa 140.8 13645 13620 15E.0 | - -+ e
41, kil-lu-u-tit 14243 142.8 1:8355460 158 .0 O + -
42, a-wa-ta-aq k39,0 . 146.3 . 112981 143255 10 . . &4
50. a-na-a-wa-a 140.3 [143.3] [126.5] 138.0 |+ + +
53. a=a=ma-li-wik| 140.0 1493 134.8 156.3 | + -+ e
54. a-ma-a-li-wik| 142.8  144.3  133.5 151.8 |0 + +
MBS el
50. 134.8. -+
b3, 14138 0
54. 142:.8 (0}
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TABLE 4-3
(continued)

" Mean fund. freq. " Significance
aegRar Rg M4 M3 M2 ML [4<3[332]2<L”
I. ta-ag £255:3 145.0 +
2. pu=ut - e 154.8 +
183 " ti~i=tit 141.3 126.8 17%.3 + +
19. ka-a-tagq LdaCr, B el 15.51 152.8 + o+
20. pu-uk-ka 140:3 "53425.59 159.% + +
21. gu~bxr~qa 140.0 121.0 159,0 + +
22. ma—a-na [131.31.°322.8 155.3 + +
23. .ta~a-niq 1290 118.5 159.8 + +
25. a=-maraq L33TO A 25, 5 150.8 + O
34. a-a-ta-a 130.0 14355 120.8 142.8| '+ + +
35. a~ap-pa-a 126.5 136.5 123.0 146.0| + + +
36. qu-ur-ga-a 132.8 140.3 L22.8 143.8] + + +
37+ ta*ur-pa-ra 134.3 3a9 .5 11d.8 139.8] + + +
38. na-a-la-gaq 133.3 140.8 120.5 146.0| + + +
39. ki-si~l-sa 138.5 145.0 127.0 157.81 + + +
40. suk-ku-u-tit |140.0 141.0 7 ff A 165.5].Q + +
41. kil-iu-p~tit |141.0 139.5 243 165.8| O + +
42, a-wa-ta-aq 124.0 pasesanl13),21. 15381 + + +
50. a-na-a-wa-a 136.0 [142.2] [125.7] 150.5| + + +
53. a~a-ma-li-wik|[134.3 146.5 127.8 155.5] + + +
54, a-ma-a-li-wik|136.3 .. 144.0 . 128.0 1573 + .+

62. na-lu-u-ma-
sur-tugq 140.3 148.0 328.3 161.851:# + +
M6 M5 _:4‘_L6<5A5<4
50. 127.0 +
53. 125.8 +
54. :l‘.2:3:':5: o V.
62. 125.0 133.5 + +




TABLE 4-3
(continued)
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" Mean fund. freq. "Signifiéance
Subject: ' GT .
e M4 . M3 9 > Rk 1.:j4<3f3>2+2<1
l. ta—-aq 96.0 319.3 +
2. pu-ut 135,83 - 1EE +
18. ti-i-tit 118.3 108.3  "151.8 R
19. ka-a-taq 107.5 97.3 “133.8 E R
20. pu-uk-ka 133.0  Yido. 9808 o 7
2l. qu-ur-ga £18: 5 110.8 1398 + +
22. ma—-a-na 106.0 101.0 136.8 Es +
23. ta-a-niq 107.5 100.3  134.8 0
24, i-wi-it 114.8 [109.8] 133.3 RS -
25. a-ma-aq 110.5*[<96.4] 120.5 + o+
34, a-a-ta-a 109.8 12808 103+3 121+8 4 B -
35. a-ap-pa-a 103.0 118.3 95.5 115.8 + + +
36. qu-ur-gqa-a |110.8 126.0 101.3 12l.3 + + +
39, ki-si-i-sa [106.3 118.5 106.8 137.0 R Y
40. suk-ku-u-tit] 118.0 127.0  110.0 146.0 Mo g T
41. kil-lu-u-tit 112.5 122.8 106.0 146.5 e IR
42, a-wa-ta-aq [100.3 117:3° L B0 Y 1218 + + o+
50. a-na-a-wa-a |[116.5 '{124.2] [ 99.2] 116.0 R R
53. a-a=ma-li=- 49 6  126.0 104.0 137.3 MRS
wik
54. a-ma-a-li- 05 65 126.3 106.0 137.3 BT
wik
60. i-i-ga¥-ga- |..
st 7128.0 119.3 108:3" [134.0 & S
63. i-li-Sas-saq.,c 5 133,38  106.5 136.3 e e
a-wug E b
M6 M5 l6<5l5<4
50% 10638 +
53. 102.0 +
54, 106.5 +
60. 108.0° 111.0 i, g
63. 103.8 110.8 i
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4.3.2.4. Words containing a long nasal

In 4.3.2.1. it was mentioned that a voiceless consonant
mora is not a tone base. A nasal mora, on the other hand, may
behave differently, since this is a voiced sound with a well-
defined fundamental frequency throughout its duration. Three
hypotheses should be tested concerning the role of a nasal
mora as a tone base: (a) a nasal mora is not a tone base,

(b) a vowel mora and the following nasal mora form a single
compound tone base, and (c¢) a nasal mora is an independent
tone base.

It should be remembered that a nasal mora is arbitrarily
assigned two thirds of the total duration of a long nasal.

As for the results, see table 4-4.

In words in which the nasal mora /N/ occurs as M2 or
M3 when counted as a tone base, the results are as follows:

(a) When /N/ is completely omitted, the difference be-
tween mean values of M3 and mean values of M2 in (30) maanna,
(31) maanniqg, and (32) maarniq is less than 5.0 Hz, except
in AS's token (32).

(b) When /V/ + /N/ is counted as a compound tone base,
our assumption holds true of all the tokens. That is, the
differences between M2 and Ml, and M3 and M2 are significant,
and the mean values of the higher tone base are more than
5.0 Hz higher than those of the lower. '

(c) When /N/ is counted as an independent tone base,

M2 is significantly lower than Ml. But the difference between
M3 and M2 is not significant in GT's token (15) manna. And
the mean values of M3 are higher £han those of M2, but are
less than 5.0 Hz higher than those of M2 in RP's tokens (30),
(31), and (32), and GT's tokens (32) and (17) marnig. Notice
here that M2 is a nasal mora and M3 is a vowel mora. The

difference between M4 and M3 is contrary to the assumption in
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- most of the cases. In the following tokens M4 is significantly
higher than M3: for RP, (31); for AS, (30), (31), (51) tikinp-
nilag, and (52) ikusimmi; for GT, (32) ‘and (52)5 - In the rest
of the tokens the difference is not significant, except in

GT's (33) a-m-maaqg, in which M3 (= /N/) is significantly

higher than M4.l

1) In the transcription used here it should be remembered that
/rn/ stands for a long nasal with an initial uvular compo=-
nent. Hence /r/ may be referred to as a nasal mora.
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TABLE 4-4

Mean fundamental frequency value (in Hz), and the
significance of differences of mean fundamental fre-
quency values between adjacent moras in words con-
taining a long nasal.

(tb = tone base)
" Mean fund. freq. - Significance

Subdeess " BB M4 M3 M2 ML | 4<3[3>2]2<1
N # tb
15. ma(n)-na 137.5 154.0 +
16. a(n)=niq 143.3 150.5 +
17. ma(r)-niq 136.5 150.8 +
30. ma-a(n)=-na 136.0  133.3 150.3 0 -
31. ma-a(n)-niq 139.8° 134.8 - I53.3 + +
32. ma-a(r)-niq 135.0 . 431.3 :1152.8 o +
33. a(m)-ma-aq 149.8 1313  141.3 + +
57. a(n)=-na-a-wa-a 145.0 144.3 128.3 139.3 0 + +

M5 | 5¢4
4 g 146.8 0
V+N = tb
15. man-na 131.6  154.0 +
1l6. an=-niqg 136.5 .150.5 +
17. mar-niq 131.9 . 150.8 +
30. ma-an-na 136.0' 130.5 150.3 + +
31l. ma=-an-nig 139.8 - 132.5 153.3 + +
32. ma-ar-niq 135.0 3308 152.8 0 +
33. am-ma-agq 147.0 131.3 141.3 + +
57. an-na-a-wa-a M5 (/an/) = 144.6, "5<4" = 0.
N = tb
15. ma-n-na 137.5 128.3 154.0 o T
16. a-n-nigq 143,3-° 133.3° 150.5 + +
17. ma=-r-niqg 136.5" 129.7 v 150.8 S %
30. ma-a-n-na 136.0 133.3 129.07 150.3 | 0 .-+ %
3l. ma-a-n-nigq 139.8 - 134.8 - 130.8 - 153.3 - + +
32. ma-a-r-niq 135.0 131.3 -‘129:3° 152.8 0 + +
33. a~m-ma-aq 149.8 " 145.7. 131.3° 141.3 o + +
57. a-n-na-a-wa-a | M6 = 146.8, M5 (/N/) = 143.7,

|l6<5" o 0'

"5<4

"= 0.
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TABLE 4-4
(continued)
Mean fund. freq.: "SignifiCance
Subject: AS
M4 M3 M Ml,,4<3l3>2l2<1
N # tb
15. ma(n)=-na 140.8 < .1614'8 e
l16. a(n)=-niq 129 .8 15548 +
17. ma(r)-niqg 128.0...156+8 +
30. ma-a(n)-na 133.8 130.5 154.0 + +
31. ma-a(n)=-niq 132.8 130.8 158.3 o} +
32. ma-a(r)-niq 136:.0 1300158 48 + -+
52. i~ku-si(m)=-mi 136.3 148.8 134,0° '153.8} 4 + +
33. a(m)-ma-aq 3,367,/ 127 ¢8.+150.5 ]+ - +
51. ti~ki(g)-ni-lag 138.1 I5Z.5 118.4 '148.8 ]| + + +
49. a(m)-ma-ga-aq 127.8 139.8 129.3 145.5) + + +
57. a(n)-na-a=-wa-a 140.5 [141.9] [123.3] 144.8/ 0 + +
M5 5<4
57. 130.0 +
V+N = tb
15. man-na 133.3731:610:8 +
l6. an-nig 123.0 1558 +
17. mar-niq 233 96,8 +
30. ma-an-na 133,8 123.6 7. 154.0 + +
31l. ma-an-niqg 132.8 124.4 158.3 + +
32. ma-ar-niqg 136.0 ¥24.5158.8 + +
52. i-ku-sim-mi 136.3 148.8 125,8 +153.8.1 + +
33. am-ma-aq 137.8 d87+8 LS50 5 + +
51. ti-kin=-pi-laq 138.1 146.9 118.4 148.8 )| +  + +
49. am-ma-ga-agq 130.1 139.8 129.3 " 145.5| + + +
57. an-na-a-wa-a M5 (/an/) = 131.9,

ll5 (4" = +‘
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TABLE 4-4

(continued)

" Mean fund. freq. Significance

Subject: ' AS y '
me . M3 M2 Ml |4<3|302]2a

N = tb

15. ma-n-na 140.8 130.0 161.8 RO
16. a-n-niq 129.8 120.3 155.8 + +
17. ma-r-niq 128.0 119.5 156.8 . S
30. ma-a-n-na 133.8 130.5 119.3 158301 =i " %
3l. ma-a-n-niq 132.8 130.8 120.7 158431 0" '
32. ma-a-r-niq 136.0 130.0 121.0 A38en| =+ ' &
52. i-ku-si-m-mi 148.8 134.0 121.7 L83 B » s . 4
33. a-m-ma-aq 136.0 140.0 127.8 150.5| © % +
ks Bisgirg-ni-lag | L1352.5 1l44.6 118.4 148.81=" "+ &
49. a-m-ma-ga-aq 131.2 139.8 129.3 145.5} + + +
57. a-n-na-a-wa-a 140.5 [141.9] [123.3] 144.8{ 0 + +
M6 M5 6<5(5<4
52. 136.3 +
51. 138.1 +
49. 127.8 (o]
57. 130.0 132.7 O +
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TABLE 4-4
(continued)
Mean fund. freq. . Significance
Subject: GT -
M4 M3 M2 ML | 4<3[3>2|241
N # tb
15. ma(n)-na 110,05 14033 +
16. a(n)-niqg 103.8 - 134.0 -
17. ma(r)=-niq 101.8 - 142.0 +
30. ma-a(n)-na 112.3 .7 10933 12958 (0] +
3l. ma-a(n)=-niqg 110,8 - 108.5 133.5 o B
32. ma—a(r)—niq 109.5 '106.0 140.0 R +
52, i-ku-si(m)-mi 109.8 - 127.0° 121.3. 140.5 + + +
33. a(m)-ma-agq 110.8 - 101:97:121;3 + +
51. ti-ki(n)=-pi-lag| 115.8 122.0 105.0 132.8 + + -
49. a(m)-ma-ga-aq 038 . 126.3 1028 122.3 + + +
57. a(n)=-na-a-wa-a | 122.0 127.3 [101.2] 118.0 | + + +
M5 5<4
5ty 108.3 + .
V+N = tb
15. man-na 108.8..140.3 +
l6. an-niqg 99.0 134.0 +
17. mar-niq 100.1 142.0 +
30. ma-an-na 112.3 "102.8°  129.8 + +
3l. ma-an-nigq 110.8 103,11 1335 + +
32. ma—-ar-nig 109.5 -103.2 . 140.0 + +
52. i-ku-sim-mi 10985 1270, 11335 1405 + + +
33. am—ma-aqg 1l6.4 101.5 121.3 + +
51. ti-kinp-npi-lagq 1158 - 124.5 105.0 "132.8 + + +
49. am—-ma-ga-aq 106.6 126.3 102.8 - 122.3 + + +
57. an-na-a-wa-a M5 (/an/)= 110.4,

“5 (4"

= +.
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TABLE 4-4
(continued)
cal " Mean fund;‘freq. Significance
Subject: ' GT -
maomM3 w2 - oML |ac3f3s2f2a
N = tb
15. ma-n-na 110.0 108.3  140.3 < SN
1l6. a-n-nigq : 103.8 97.2 134.0 R
17. ma-r-nigq 101.8 99.2 . 142.0 TN L
30. ma-a-n-na 112.3 109.0 99,8 . 129,8 | Qs
3l. ma-a-n-niq 110.8 108.5 99.2 7 133.5 o + +
32, ma=-a-r-niq 109.5 106.0 1l01.3. 140.0 fo + +
52. i-ku-si-m-mi 12750 k2153 FA09 2 140,55 | = F oo
~33. a=-m~-ma=-aq 130:8 149,33 101,55 : 121.3 IS +
Sl tinki-g=firlag 122.,0, 124.8:1105.0 132810« "+
49. a-m-ma-ga-aq 108.0  186.3 102.8.122.3° % . 4+ ¥
57. a-n-na=a-wa-a . |.122,0.°127.3 [101.2] 118.0| + . + +
M6 M5 | ] 6¢5|5¢4
52. : 109.8 +
51. 115.8 +
49. 103.8 +
57. 108.8 111.0 o +
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4.4.  Slope

4.4.1.. Slope of short vowels (on a syllable basis).-

See 4.4.3. below.

4.4.2. Slope 1 of vowels (on a syllable basis)

Table 4-5 shows the slope 1 (i.e. [Hz/cs]) of vowels in
words containing both short and long vowels and containing no
long nasal.1 Both long and short vowels are counted as one
vowel segment. Is the slope of the vowel fixed according to
the syllable position? The results show that except for the
slope of S1, there is no definite tendency. The vowel of S1
has a positive slope. Notice that there are some tokens in
which the vowel of S2 has a significantly positive slope.

1) Notice that "+" and "-" are used here in a different way
than in the presentation of differences of mean fundamental
frequency values.




Slope 1 (Hz/cs) of vowels in two- and three-

23

TABLE 4-5

"syllable" words containing both "“short" and
“"long" vowels. .

(X = mean, s = standard deviation)

("+" at the upper right of the X value:
slope 1 is significant)

S3
Subject: RP X A 3 . % 2
18. tii-tit -0.6" .2]o0.1 0.5
19. kaa-taqg -0.4 sl P05 .
20. puuk-ka -0.6" .4 0.8 ;
21. quur-ga —0.5+ 2 P07 .
22. maa-na R ol | L.2" .
23. taa-nig -0.2% A 2.2 s,
24. i-wiit -1.67 " "0.3 ] 1.9% :
25. a-maag -0.6" 8] 1.2% .
34. aa-taa 0.6" R :
35. aap-paa 0.4 o. 1.2 o3
'36. quur-qaa Bia® ale balit %
39. ki-sii-sa -2.0% @, -0.4% .2 0.7 1,38
40. suk-kuu-tit -0.3 . =0% 3 3 0.6 1350
41. kil-luu-tit .67 o5 -0.4% o0.1]0.0 0.0
42. a-wa-taag -1.1 g gis” .51 0u ™= iR
50. a—-naa-waa -0.7 0.9 —0.3+ Ol 1.3+ .3
57. an-naa-waa -0.6 ‘ -O.3+ . .O+ 3




TABLE 4-5
(continued)

s - 3 s2 s1
Subject: ' AS fxhe " : e

: X s X s X S
18. tii-tit -1.27 . 0.3 230 w05
19. kaa-tag -0.57 " 0.3 3 .5
20. puuk-ka -1.7% 0.4 5t .6
21l. quur-ga -l.7+ 0.3 4 .4
22. maa-na <0, 74 00d a7t 5
23. taa=-niq -0.4% 0.1 o3 .
25. a—-maaq 0.7 0.6 3.8% 0.3
34. aa-taa 0.97 ¢ oy el 0.2
35. aap-paa 1,20 eiiia " ;
36. qguur-gaa 0¢h 0.4 1 9% .
37. tuur-pa-ra | 0.57 0.3 0.3 . 0.4 F3at :
38. naa-la-gag | 0.3 : 0.0y BRI e .
39, ki-sii-sa | -2.5" Rl RS R B T 8 4
40. suk-kuu-tit | -2.2% 0.7 | -0.8% 0.1 |-0.8 :
41. kil-luu-tit | -2.0% 0.4 | -0.9" 0.1 | 0.1 )
42, a-wa-taaqg 0.0 0. 1.6% 0.4 O .
50. a—-naa-waa 0.2 O3 -0.1 03 1.9+ .
57. an-naa-waa 05 2 (0 ]8 -0.6+ 0..2 1.9+ .



TABLE 4-5

(continued)

5%

83 S2 Sl
Subject:- GT. X B .2 .8 .“Xv . 8.
18. tii-tit .-0.67 o. .1 ;
19. kaa-tag -0.6" o. s
20. puuk-ka -0.9% 0.1 o i
2l. quur-ga -0.7" 0.1 6" ‘
22. maa-na —0.3+ . .4+ Q.25
23. taa-niqg -0.3" . 6" 0.6
24, i-wiit 8:ar .0, 457 als
25. a-maaqg l.O+ .4 ,7+ .
34. aa-taa 0.4% 0. .3+ e
35. aap-paa L e . -t .
36. quur-gaa 1.0t e a7t .
39, ki-sii-sa | -1.2¥ 0.3 | -0.77 Y 5 ;
40. suk-kuu-tit | -1.6" N -o0.8" % g .
41. kil-luu-tit| -1.1%¥ 0.5 | -0.7" " M .
42, a-wa-taaq 0.6+ 0.3 1.0 . 487 .
50. a=-naa-waa 0.4 0.5 *Del O. P .
57. an-naa-waa 0.1l 0.k 0.k Qs d .5+ .
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4.4.3. Slope of short vowels (on a mora basis)

Based on the results in the preceding section 4.3., we
tentatively assume that the tonal pattern is regulated on a
mora basis. (NB: When a word contains only short vowels, the
results obtained on a mora basis are equal to those obtained
on a syllable basis. And short vowels of M2 and M1l are always

equal to those of S2 and S1.) A nasal mora is not an inde-
: pendent tone base, but it is uncertain as yet whether a vowel
before a nasal mora forms a tone base with or without help of
the following nasal mora. Therefore, vowels immediately be-
fore a nasal mora will not be included here.

As for the results of slope 1 ([Hz/cs]) and slope 2
(LArctang (Hz/cs) ]), see table 4-6. Fig. 4-2 shows the number
of significant tokens.

In this section only the significance of the direction of
the slope is considered. But in section 5. the degree of the
slope and relations between the slope and the mean fundamental
frequency and the consonantal environment will be discussed.

The direction of the slope is not clear except for the
vowels of M1 and M2. 1In Ml there is a general tendency for
the slope to be positive, i.e. the pitch is rising. When the
slope is not significantly positive, the vowel is always pre-
ceded by a voiceless consonant. In M2 the slope is generally

" negative, i.e. the pitch is falling. The slope of M3 shows no

clear tendency common to the three persons; Fuxrther, in half
of all these cases, the slope does not differ significantly
from zero. In RP's and AS's tokens, the slope tends to be
negative, while in GT's tokens it tends to be positive. 1In

M4 there is no case where either slope 1 or 2 is significantly
positive, except in one of GT's tokens (i.e. (42) awataaq), in
whiéh the slape is significantly positive. The slopes of M5
and M6 have, as a whole, no significant direction.
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Fig., 4-2.
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[Values shown are those
(X = mean,
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TABLE 4-6

Slopes of short vowels in

each mora position.
of the slope 1.]
s = standard deviation)

("++" at the upper right of the X value: both
slopes 1 (Hz/cs) and 2 (Arctang(Hz/cs))
are significant;

"+" in the same place: slope 2 is significant.)

" RP

- AS

L GT

M1 b4 s X s R "2 s
37. tuurpa-ra o . i .6 -
22. maa-na s i . AL .9 g 5
44. uqurlu-ni | O o ; g sl 2w .6
38. naala-gag - - yioh 0.1 -
51. tikinpi-lag - 3T G080,
56. akisima-wuq - ” 5 g .9
60. ii¥a¥Saa-wuqg - - g s B
63. ili¥a¥gaa-wug - - ¥ 55 BT R
14. tu-wit - MOWREE VT R S B 0T
53. aamali-wik W 2.0 [3.9TT G S = 0.
54. amaali-wik g5t 0,9 LR Aae e 1,
13. ma-nigq The e W BTG Ot o 1
23. taa-niq ' 0, e a St b og
15. man-na & g . el W BT -
30. maan-na > . . ++‘ 0.6 g .4
52. ikusim-mi - B i A B OLS
16. an-nigq LG5 DB [ B B
31. maan-nig 57T : e R - Jos .8
17. mar-nigq g e BT i R W e
32. maar-nig ARy T A i REAR T T
39. kisii-sa -0.7 WL UE S P ARG v R gl
5. ka-tak -0.5 0i8 [ 14T Ol et o dl
19. kaa-taq S5, 1.0 B . e .
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TABLE 4-6

(continued) -
" RP - AS . &T
M1 L - P

27. naka-tag w05 . 0 o ghr
28. awa-taq 0.1 i o I T B
43. naparu-tagq - Ty A

8. ta-qaq 1.3 B B T G
55. aputitu-qaqg - 1.8 BT

6. ma-sak 0.0 aye 197 5 ko)

7. na-saq -0.8 %y g L
18. tii-tit 0.1 540 0.3 K48
26. iki-tit -0.6 i $q7Y
40. killuu-tit -0.6 .0 |-0.8 B g
41. sukkuu-tit 0.0 . 0.1l . oy
20. puuk-ka -0.8 038 I 1 IRIT g
29. tuwik-ka - 007" " ki
2l. quur-qga s ¥ 1.9 e

3. il-lu -0.6 - BAES Ve s ot

9. mat-tak 0.0 . 2" .
12 qaqg-qaq o 1 . Lg s
10. a¥-¥ak 0.2 R 5 R Dl bt
11. a$-faq 0.1 OO O "o
64. ilutusimap-put | -0.7 0. gart 5 L
45. igganar-pug -1.5++ 0.8 1.0 - S
46. iqggarsar-puq -1.3%7 0.2 |-0.2

62. naluumasur-tugq s 0.0 o)

4. il-lut -0.2 B I 1 . T S S e R
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TABLE 4-6
(continued) : :
' RP - AS GT
M2 5 . ol :
X 3 - 5 . 4 T SR s
10. a¥-Zak -2.77" 1.0 | 0.9 0.6 | -0.3 )
11. a¥-%¥agq -2.1"" 0.8 | -1.4"" 0.4 | -0.2 .
3. il-lu -2.6"" 0.9 | -1.4% il stiet g,
4. il-lut o b SR W IS 2 Lo S T T T e
38. naa-la-gaq - 0.0 . -
56. akisi-ma-wuq - " -0.7"* o.5
13. ma-nig “0,8'% 0.4 | wogt e Tig.3™ B2
53. aama-li-wik 0.2 0. 04" . ova B0t
54. amaa-li-wik 0.1 0. 0.2 0:8:! | =0,3"" . 0,
28. a-wa-tagq -0.9%" o, o P AR ERRY, i o B s RO
6. ma-sak =1:2"" 0.8 | %0.9" o [lso. 6™ a's
7. na-saq L o WS, b o TR S SR
43. napa-ru-tag - -0.5%% 0.3 -
64. ilutusi-map-put -1.8%* 0.4 -2.91t 0.4 -2.9%* .
9. mat-tak -0.9 0.8 | =~L.88"  asi Shta.Et . o
45. igga-nar-pug N «3,877 " 0.8 BT g
29, tu-wik-ka - o T8 R 5 G O B e
51. tikin-pi-laq - -0.1 0.4 | -1.5"F o,
14. tu-wit - <P e 0T e
8. ta-gaq 28T 0.7 e, Bk =10 o,
5. ka-taq o R . S P O Sl el S
27. na-ka-taq -1.8%" 0.6 -1.6"" 0.2 -1.0"* .
55, aputi-tu-gaq - “2.3™ 5.8 | ~1.678 o
26. i-ki-tit SRS 0.5~y e e e
12. qag-qaq o % T’ T O P B e SRR L TN
62. naluuma-sur-tuq o -1.67"" 0.3 -
37. tuur-pa-ra - -0.3 0.4 »
44. uqur-lu-ni -1.9"% 0.6 | -0.5 0.5 |-0.9"" o.3
46. iggar-sar-pugq -2.5% o. -2.0"t 0.6 -
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TABLE 4-6
(continued) -

| 'RP ‘As GT

M3 | - |
i X s | % 2. F. s

28. a-wataq -1.1 ! : 0.5 | 0.97" o.
25. a-maaq -0.6"" . . 0.6 | 1.0"" .
24. i-wiit -1.677 0. - DL LR
26. i-kitit -2.2"" o, 0.7 0.7 | =0.4 1
53. aa-ma-liwik -0.8"" 0.5 | 0.0 0'1.0.7 "
42. a-wa-taaq 0 T i 0.5 146°T . 0 i .
27. na-katagq 0.0 0.7 0.3 . G .
62. naluu-ma-surtuq - -1.5%F . eg
49. am—-ma-gaaq w -0.8%* . y D% 0.5
43. na-pa-rutaq - -1.3"F . -
29. tu-wikka - -1.0"" 0.2 |-0.3 0.8
56. aki-si-mawug = - -0.7"% 0.2
64. ilutu-si-mapput | =0.7 0.6 | =2.1** 1.2 [-0.3 0.4
52. i-ku-simmi - -1.6*"  o.5 | 0.1 0.4
55. apu-ti-tuqgaq - -1.4 .1 |=-0,9% 0.4
44. u-qur-luni SN - ity B VR T 0 T Ll T8 M
45. ig-qga-narpuq -0.8 0. “0. 77 0.5 | 0.7 L0
46. ig-qgar-sarpuq ~1.4%* 0. -1.2% 0.9 -
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TABLE 4-6
(continued) , ) 75

o % .8 X s X 8
42. a-wataaq -1.17% . 0.0 0.6 O{6++ 0.
44. u-qurluni -1.4™ o0.6|-0.5 1.2 | -0.8 i
52. i-kusimmi - -0.7 0.8 | -1.77F o.
45. ig-qganarpugq L1977 0.8 | 0.3 T Ot G0 0.8
46. ig-garsarpuq -1.6%t . -0.4 0.7 -
43. na-parutaq ~ -1,3%* 0.4 -
55. a-pu-titugaq . -0.5"t 0.3 0.3 0.7
64. ilu-tu-simapput -1.9%"  o.5|-1.7" . -0s97" “*0.3
51. ti-kipnilag - =1.6" IR A eI v s
39. ki-siisa w207 0.4 | =28 00 RS e
56. a-ki-simawugq - - o, AP
60. ii-¥a¥-Saawuq - - O HE TS 5 2
63. ili-Sa¥-%aawuq ’ - - -0.4 0.3
40. suk-kuutit -0.3 Q% TG S s, e 0t 0, U5 M TR
41. kil-luutit et 11 =2 a%E gk bttt gk

M5

54. a-maaliwik -1.6"F . . 0.5 0.0 0.3
50. a-naawaa “07 . . 0.3 | 0.4 0.5
55. a-putituqgaq - . *1e2 -0.2 0.3
56. a-kisimawuq o " -0.1 .
64. i-lu-tusimapput 0.1l 0.8 | 0.4 0.3 I AR
63. i-li-%a¥faawuq - e g it 0.6 w4

M6
64. i-lutusimapput -l.2f+ 0.2 0.4 0.5 0.2 0.4
63. i-lifagSaawuq - - 0.4 0.4
62. na-luumasurtuq - -0.3 0.3 s
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4.4.4. Slope of lohg vowels (on a mora basis)

As opposed to the slopes of the short vowels, the slopes
of long vowels seem to have rather fixed directions, depending
on the mora positions of their occurrences in the word. See
fig. 4-3. Generally, a long vowel of M2 and Ml (i.e. a long
vowel which forms M2 and M1l) has a positive slope, that of
M3 and M2 a negative slope, that of M4 and M3 a positive slope.
But the slopes of long vowels forming M5 and M4, and M6 and M5
are not clear. This is due to the fact that the change of
fundamental frequency is smaller in the positions of M6, M5, and
M4, and that there are only a few examples in the material of
this investigation.

When there is a rise-fall or fall-rise during one mora
portion of a long vowel, the slope is not significant, since
the slope in this case is multidirectional. 'in fig. 4=3 and
table 4-7 slopes which are not significant include both uni-
directional ones (i.e. either a rise or a fall) and multi-
directional ones (i.e. a rise-fall or a fall-rise). Notice
here that the vowel mora in M3 position has a positive slope
when it forms the second half of a long vowel, while it has a
negative slope (though often not significantly negative) when
it forms the first half of a long vowel. The vowel mora in
M2 position has a negative slope when it forms the second half
of a long vowel, while its slope is positive (though often not
significantly positive) when it forms the first half of a long
vowel.



64

Fig. 4-3.
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TABLE 4-7
Slopes of long vowels in each mora position
[Values shown are those of the slope 1]
(X = mean, s = standard deviation)

("«..": the pitch of the mora is multidirectional;
"++" at the upper right of the X value: both
slopes 1 and 2 are significant; "+" in the same
place: the slope 2 is significant.)

RP, As Gr
M2+M1

M2 M1 M2 M1 M2t M1l

50. anaa-waa XY aie P AAL BRI <8 LY PO 247
0.7 0.7 0.4

57. annaa-waa ¥l 14595078 5 3.87T | < vl
' S 0.8 0.5 0.4 & R

24. i-wiit B Lo et A - MRS BT g
s| 0.4 |o0.4 0.7

25. a-maag w4 R 4 s o el RN B P aat?
s 0.6 0.5 O 2

33. am-maaq Bl o't 2™V 1Y | st leo sl At
s| 0.5 |o0.3 0.5 |o0.4 0t 1 OB

34. aa-taa X lwee | 28770 107 faet bl oral] St
S 0.8 0.4 0.4 0.2 0.3

1. taag 4 STTTINS N 0.9"" | zaathd ot aml

s 0.5 | 0.5 0.4 Ha.s |

42. awa-taaq w4 SO b 57 o) SRIVNE WE 5B BRI 0
s 0.4 0.4 055

49. amma-gaaq x - - Laa™ i e kg At
s 0.5 |0.5 0.2 | 0.9

2. puut £ 10" | 30a™ ] 1.0 TPalett | 1isMi Rttt
s| 0.8 | 1.1 0.8 |'1.1 0.5 | 0.3

35. aap-paa X1 0,07 | 2,37 a5, | o™ g™
s| 1.1 | o0.5 0.6 |0.3 0.3 | 0.7

36. quur-qaa & S e 167 3.7 ] o.8% | 20
s 0.4 |0.5 0.2 | 0.5
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. TABLE 4-7

(continued) -
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TABLE 4-7

(continued)
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5. Discussion

In this section the question of syllable or mora
basis will be taken up first. Then the nasal mora, the slope,
and the difference of mean fundamental fredquency will be con-
sidered, in that order.

5.1l. Syllable or mora basis

The phrase-final intonation is not regulated on a syl-
lable basis. As for differences of mean fundamental frequency
the;assumption often works when the last syllable contains no
long vowel, but once it has a long one, the situation is chao-
tic. That is, when the last syllable has a long vowel, the
penultimate syllable (i.e. S2) of a word often has the highest
value of mean fundamental frequency; thus the high-low-high
relation is exactly the opposite of the relation observed in
words containing only short vowels. This is due to the fact
that the syllable which contains the penultimate vowel mora
(i.e. M2) tends to take the lowest value of mean fundamental
. frequency. A typical example is a three-syllable word, (50)
a-naa-waa. For all three persons the penultimate syllable has
the highest mean fundamental frequency in the word.

The slope does not support the syllable basis theory,
either. When both S1 and S2 have long vowels, both of them
have a positive slope, and the vowel of S2 often ends with a
pitch higher than that of Sl. Examples are (34) aa-taa,

(35) aap-paa, and (36) gquur-gaa.. Further, if the slope of the
vowel is fixed according to the syllable position, there can
be no explanation of why S2 of the token (21) quurqa has a
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negative slope, while that of (36) quurgaa has a positive slope.

Consequently, the syllable is no useful candidate as tone
base. So the following discussion will be concentrated on the
mora basis.

5.2. The role of the nasal mora

No completely clear picture is seen concerning the role
of the nasal mora in forming the phrase-final intonation pat--
tern. This fact may be partly due to the arbitrary assignment
of two thirds of a long nasal as a mora nasal. But, dis-
regarding this source of uncertainty about the interpretation,
acoustic results favour the assumption that a vowel mora and
the following nasal mora form a single tone base.

When the nasal mora is totally disregarded as part of
the tone base, the relation between M3 and M2 becomes in-
consistent. In some cases the result is that the difference
between M3 and M2 is not significant, and further, there are
a few samples (recordings) where M2 is higher than M3. This
is observed in the following tokens of all three persons:

(30) maanna, (31) maanniq, and (32) maarniqg. It also holds
true of GT's token (52) ikusimmi. In word tokens containing
no nasal mora, M3 is always significantly higher than M2.

If, instead, a nasal mora is counted as an independent
tone base, the pattern is likewise obscured because the dif-
ference between a vowel occurring as M3 and a nasal occurring
as M2 is very small (this seems to be due to the fact that both
- moras are low pitched). Moreover, the relationship between
M4 and M3 in AS's and GT's tokens tends to be different in
words with and without a nasal mora: in most tokens without

a long nasal M4 is significantly lower than M3, whereas it is
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significantly higher than M3 in most tokens with a long nasal.
(RP has a general tendency to have a higher M4.) These find-
ings speak against the assumption of a separate nasal tone

- base.

When a vowel mora and the following nasal mora are taken
to form a compound tone base,6 = the relations of pitch differ-
ence between adjacent vowels are clear, and the results agree
with the assumption on the phrase-final pitch pattern. M2'is
lower than M3 and Ml. (The difference between M3 and M2 is not
significant in RP's token (32) maarniq, but this lack of sig-
nificance seems to be caused by other factors than the exist-
ence of the nasal, see 5.3.)

The slope of long vowels forming M3 and M2 (i.e. in
(30) maanna, (31) maanniq, and (32) maarniq) is similar to that
observed in (22) maana, and (23) taaniq.

When we count /V+N/ as one tone base, the numbers of
tokens which agree with the assumption are as follows:

M2 < M1 8/8 - 11711 11/11
M3 > M2 . 4/5 8/8 8/8.
M4 ¢ M3 o/1 3/4 4/4
M5 ¢ M4 o/1 1/1 1/1

Quite a few tokens show slopes which are not found to
be significantly different from zero. However, the slopes of
the vowels, especially those of the last three vowel moras,
are hardly quite arbitrary, although the direction of the
slope in a vowel mora consisting of a short vowel may differ
from the first part of a long vowel. :
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The phrase-final intonation should be distinguished from
other patterﬁs by a combination of high-low-high tones on the
last three vowel moras, if the initial assumption is correct.
In order to characterize the phrase-final intonation, the pen-=
ultimate vowel mora should have a low tone, and the final
vowel mora should have a high tone. When the vowel mora
starts at a lower tone it will reach a high tone at the end.
When a short-vowel mora starts at a high tone, it will not
necessarily end with a still higher tone. Actually, it may
fall a little, but the amount of fall should not be so great
that it may be perceived as another intonation pattern. The
penultimate vowel mora should have a low tone. When a short-
vowel mora in this position starts with a higher tone, it
should have a falling tone and end with a lower tone. When
it starts low, it will stay low or rise a little, but the rise
must be small in order to avoid confusion with the higher
tone of the final or antepenultimate vowel mora. ‘

When the last two vowel moras consist of a long vowel,
the tone of the long segment should be rising, otherwise it
will be perceived as other patterns. When M3 and M2 are formed
by one long vowel, the tone of the long segment should be
falling and be followed by a noticeable rise or a high tone
of M1, otherwise it will be perceived as other patterns.

In the light of this presupposition, the slope of the
vowel in each mora position will be discussed. It should now .
be possible to explain the interference on the fundamental
frequency from various phonetic factors. Such interference may
for instance be caused by vowel quality and quantity, consonant
quality and quantity, stress, or the degree of assimilation
present (especially regressive assimilation) in connection with
open and close contact. Some of these influential factors may
be of a universal character, and others may be specific to
Greenlandic. But notice that if it is true that the direction
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of the slope is rather fixed, this factor might be able to
dominate to suchia.degree as to minimize the influence from
various phonetic factors.

When all the influential factors mentioned above are
taken into account, a normalization should be possible. Un-
fortunately, however, the material of the present investiga-
tion is not suitable for such an attempt, since the material
is too inhomogeneous. Thus, the following account is more
like an informal speculation on the factors which may possibly
influence the fundamental frequency of the vowel in a particu-
lar position. It should be remembered that the accuracy of
measurement may be one of the factors which should be taken
into account. ‘

The problems concerning the slope of long vowels are
less complicated than those concerning short vowels, so this
point will be taken up first. The slope of a long vowel seg-
ment in M2+M1l position will be positive. The slope of M2
(i.e. the first half of the vowel) is not significantly dif-
ferent from zero in RP's words, and it is significantly posi-
tive in half of AS's and GT's words, while the slope of Ml
(i.e. the second half of the vowel) is always significantly
- positive. This means that the tone stays low during the first
half of the vowel and rises steeply during the second half of
the vowel. A fall-rise is often observed in the first half.

The slope of a long vowel forming M3 and M2 will be nega-
tive. In RP's words the fundamental frequency falls during the
first half and falls again or stays low during the second half
of the vowel. 1In AS's and GT's words the fundamental frequency
falls all the way through the long vowel, or it stays rather
high during the first half and falls steeply during the second
half of the vowel. A delayed fall is often observed in GT's
words.
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Thus, the slope of M3 of RP's words is significantly negative,

'y

while that of AS's and GT's words is significantly negative
only in half of the total set of tokens, and the slope of M2
is sometimes not significantly negative in RP's words, whereas
it is significantly negative in the great majority of AS's and
GT's words.

The slope of a long vowel forming M4 and M3 will be posi-
tive. In RP's words a rise is certainly observed, but the rise
is small. In half of all cases it is true of both M4 and M3
that they do not show significantly positive slopes. 1In AS's
and GT's tokens, on the other hand, the tone movement during
the long segment is either a simple rise or rise-and-stay-high.
Thus, the slope of M4 is significantly positive, but in some
cases that of M3 is not significantly different from zero.

The slope of a long vowel forming M5 and M4 is not well-
defined, since the change is small, and the number of examples
is limited. As for the word token (53) aa-maliwik, which is
the only word common to all three persons, there is either a
rise or a rise-fall in RP's token, a rise or a rise-and-stay-
high in AS's token, and a small rise in GT's token. As for
AS's (62) na-luu-masurtuqg, the slope of the long vowel is posi-
tive. As for the slope of a long vowel forming M6+M5, the
only word we have is GT's (60) il—gagéaa-wuq. Here the slope
of the long vowel is positive, though the rise is small.

Rischell assumes that a long (homosyllabic) vowel tends
to have less pitch inflection than a sequence of two hetero-
syllabic vowels. Although the auditive pitch impression is
not equal to acoustic fact, this tendency toward even pitch
may be observed in the present material when a long vowel °
occurs in the positions of M4 to M6. Long vowels of either
M4 and M3 or M3 and M2 sometimes have a very small change,

1) Personal communication (also mentioned in Rischel (1971)).
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but they are seldom quite level.  Since they take part in the
contour 51gna111ng phrase-final intonation, they will exhibit
some inflection.

There may be some influence of surrounding consonants
on the slope. 1If there is any, it may be of the same kind as
observed in the short vowels. This will be taken up below.

The general outline of the slope of short vowels is as
follows. Fig. 5-1,a,b,c shows the relation between duration
and amount of fundamental frequency change of vowels in the
last three moras classified according to whether the preceding
consonantl is voiced, voiceless, or zero. Fig. 5-2,a,b shows
the relation between the slope and the mean fundamental fre-
qﬁency of the vowel.

The slope of M1l is positive in the majority of cases.
When a vowel of M1l has a positive slope there is a certain
correlation between duration and amount of fundamental fre-
quency rise. When the preceding consonant is voiced, both
slopes 1 and 2 are significantly positive, no matter whether
the vowel occurs in an open or closed syllable. When the
preceding consonant is voiceless, the situation is different.
Of 23 tokens of RP's, none has a slope which is significantly
positive. Two tokens (i.e. (45) igganar-pugq, and (46)
iggarsar-puq) have significantly negative slopes. 1In AS's
and GT's tokens there are some whose slopes are not signifi-
cantly different from zero. As a whole, the amount of change

1) "Preceding" and "following" consonants are not always the
same as "initial" and "final" consonants of the syllable.
When a preceding consonant is short, it is the initial con-
sonant of the same syllable, but when it is long, i.e. ge-
minate, it is final in the preceding syllable as well as
initial in the syllable in question. A "following" long
consonant is final in the syllable and at the same time
initial in the follOW1ng syllable, and a "following" short
consonant is initial in the following syllable.
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Fig. 5-la.

Intervals of duration and frequency between the beginning
and the end of a short vowel in M1l position.
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Fig. 5-1b.
Intervals of duration and frequency between the beginning
and the end of a short vowel in M2 position.
(As for symbols, see Fig. 5-la.)
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Fig. 5-1lc.

Intervals of duration and frequency between the beginning

and the end of a short vowel in M3 position.
( As for symbols, see Fig. 5-la.)
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Figo 5"28..
fundamental frequencies of short

vowels in Ml position.

M1
Hz
160 l B—P’
L
L3 ®
o &K APA&K ® <) g& ®
Z 150 ﬁ® RR B
w A
= A
140
b S 0 1 2 3 2 3 Hz/es
SO P Er)
Hz
4
- A . AS
170 L AR & i
© A @
5 1604 & é@ﬁg o %4
Z 2 :
W s o £ o ®
150 1 ®
®
1404 ®
5 R T T S SR Oy S ST s
S OP E &
Hz
O 1504 & g@ GT
E é&@&
w101 A A@f’ &gﬁgé%bg
& )
1304 Aéﬁdh %? @
60 5 T DRI e TR L
SLOPE 1
preceding cons.
® & ® : slopes 1 and 2 are significantly
different from zero,
S/ & B ; slope 2 is significantly different
from zero, '
©] & B : neither of the above two cases.




MEAN F,

MEAN Fy

MEAN Fq

79

Fig. 5-2b.

Slopes and mean fundamental frequencies of short

vowels in M2 position (left column) and in
M3 position (right column).

(As for symbols, see 5-2a.)

M2
Hz
i AL
140 B
] &&%%g(% 9
& o s
130 e®
120
S I e 0 {Tes
SLOPE 1
Hz
1w1 = AS
A B
1304 [}
e o @@? ®
120- 288 & o
=)
B
110-
N SSCERT “EER 0 P
SLOPE 1
Hz
dall GT
E % s et
1104 ©
" af
100 %
®
90-
P CA SOV N (SRR N 0 s

MEAN F,

MEAN Fg

MEAN Fg

M3
Hz
160 RP
AN
®
150
Y
(O]
1401 B d
130
By ugenun capants g
SLOPE
Hz
A&
150+ A
LY ®
o]
1304 . o]
= SR SR 0 1 g s
SLOPE 1
Hz
1404 A GT
" o
130- 2 &
120 o2 A
®
1104 Lz
S alieg o.iioy 0 1 3 hafes
SLOPE 1



80

is smaller in vowels preceded by voiceless consonants than in
vowels preceded by voiced ones. . But this does not necessarily
mean that the mean fundamental frequency is lower in the former
case than in the latter; it is rather the other way round.

There are four tokens in which Ml consists of =-tit
([t%it]), i.e. (18) tii-tit, (26) iki-tit, (40) killuu-tit,
and (41) sukkuu-tit. The slope of the vowel of M1l in this
consonantal environment is not significantly different from
zero in RP's and AS's ‘tokens except in AS's token (26), which
has a significantly positive slope. (In GT's tokens the slope
is significantly positive, though the value is small in most
cases.) In this consonantal environment the vowel starts at
a high frequency and does not rise any more, and sometimes a
slight fall of the fundamental frequency is observed. This
may be partly due to an error of measurement, but in general
it seems to be an acoustic reality. See fig. 5-3. (By the way,
the mean fundamental frequency of this "level"-tone /-tit/ is
the highest of all the vowels in this position.)

The second case is that of a vowel preceded by a voice-
less geminate consonant. It seems true that the vowel of Ml
starts at a higher frequency when preceded by a voiceless ge-
minate consonant. Thus the slope is positive only to a small
degree. It should be mentioned, however, that in AS's tokens
the slope is significantly positive when the vowel /a/ occurs
after a voiceless geminate, while it is often not so for the
vowel /u/ preceded by a voiceless geminate. RP's tokens (45)
and (46) have significantly negative slopes, which seems to be
mainly caused by a higher start, not by a lower termination of
the vowel.

The slope of the vowel of M2 tends to be negative. Con-
trary to the tendency for Ml the slope of M2 is significantly
negative when the preceding consonant is voiceless, except in
AS's tokens (37) tuur-pa-ra and (44) uqur-lu-ni. When the
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Fig. 5-3a.

Narrow-band spectrograms with a frequency expanded scale,
and mingograms (traces from top to bottom: two intensity
curves, fundamental frequency curve, and duplex
oscillogram).

Words: /taqaq/ and /ikitit/. Speaker: RP.
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Figo 5"' 3bo
Narrow-band spectrograms with a frequency expanded scale,
and mingograms (as for traces, see Fig. 5-3a).

Words: /tiitit/ and /ikitit/. Speaker: AS.
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slope is not significantly different from zero the preceding
consonant is voiced, or the vowei is preceded by no (initial)
consonant and followed by a voiceless geminate (no initial con-
sonant in the case of two-syllable, two-(vowel) mora words).
The tokens (53) aama-li-wik, and (54) amaa-li-wik spoken by

RP and AS are the only ones in which the slope is slightly
positive.

When all the tokens of three persons are pooled, there
are 10 cases where the vowel of M2 is preceded by a short
voiced consonant and followed by a short voiceless consonant,
and there are 12 cases where the vowel of M2 occurs between
a short voiced consonant and a long voiceless consonant. In
ail, except one, of these 22 cases, the vowel of M2 has a sig-
nificantly negative slope. This may mean that the following
consonant is not so influential as the preceding one upon
the direction of the slope.

The results for the slope of M2 show that when the vowel
of M2 starts higher, as it does after a voiceless consonant,
the fundamental frequency of the vowel should be lowered in
order to achieve a relatively low mean value. As the results
show, the mean fundamental frequencies of vowels are not sig-
nificantly different, whether the slopes are significant or
not.

Whereas M1 and M2 show a rather clear tendency, the
remaining moras do not. The first question is whether there
is a fixed direction of the slope for the vowels from M3 to
Mé. M3 is the least promising one; there are too many tokens
in which the slope is not significantly different from zero.
But a weak tendency for the slope to be negative is seen in
RP's and AS's tokens, and a weak positive tendency is observed
in GT's tokens. The token (42) a-wa-taaq is the only case in
which the slope of M3 is significantly positive for all the
three persons. This is the only one among RP's tokens in

which the slope is positive, and it is the only one among AS's
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tokens in which the slope is significantly positive. No con-
sistent influence from surrounding consonants can be observed.
The slope of M4 will be negative, since there is no case
where the slope is significantly positive, except for GT's
(42) a-wataaq, though the change here is small. The slopes of

" M5 and of M6 are not clear, since the number of tokens is small

and since the change becomes smaller. The influence from sur-

. rounding consonants and the influence of stress will be greater

here.
Mohr (1971) says that in vowels spoken with an "intended" .

level pitch,l the following results were obtained:

"After voiceless consonants, onset frequencies are
slightly higher than offset frequencies. After voiced
consonants, onset frequencies are more than 15 cps below
offset frequencies, for CVC syllables. For VCV se-
quences, onset frequencies are only about 5 cps lower
than offset frequencies in the case of obstruents, and
less than 2 cps lower in the case of liquids." (p. 70-71)

1) B. Mohr made a study of the (acoustic) intrinsic variations
in Fo and the durations of vowels (/a i u/) and consonants
(/ptkbdgfvlr ? h/). Three speakers of different
languages (a Chinese, a Russian, and a German) with "suf-
ficient experience in English" spoke "language-independent" .
nonsense CVC syllables and VCV sequences. "Speakers were
instructed to read the lists at normal speed and uniform
pitch. All syllables were to have level and equal stress." .
(p. 67)
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If these vowels with "intended" level pitches are per-
ceived as level pitched,l our results will be as follows.
A slight rise in fundamental frequency of the vowel of M1l
after a voiceless consonant may correspond to an auditively
more rising pitch, and a slightly falling fundamental fre-
quency may correspond to an auditively leQel pitch. A great
rise in the vowel of Ml after a voiced consonant will be not
so great auditively. In the case of the vowel of M2, a
falling fundamental frequency after a voiceless consonant may
not be auditively very noticeable, and the (almost) level
frequency of a vowel after a voiced consonant may be perceived
as falling pitch. But wé have not carried out any perception
test. The only thing we know is that the words of the present

investigation sounded normal to the ears of the native speakers.

1) It is not explicitly mentioned in Mohr whether the vowels
.were perceived to be level pitched. But it is true that the
author carried out a perception test using the same stimuli.
The procedure of the test is not completely clear to me, but
anyway, the author's concern is the distinction of "voiced"
and "voiceless" categories of consonants and/or the "natural-
ness" of the pitch contour of the vowel after a certain
consonant, but not the pitch perception of the vowel in a
certain consonantal environment. We can interpret the re-
sults as follows. A vowel preceded by a voiceless consonant
sounded "natural" if the vowel had a (slight) falling contour,
while a vowel preceded by a voiced consonant sounded natural
if the vowel had a rising contour. (cf. Mohy, D. 85 2T%.)

As for the pitch change of the nasal consonant, the author
says: "Kyungnyun Kim (1968) found that the average pitch
level of nasals is lower than that of vowels, but that the
pitch contour during the nasal is rising" (p. 80).
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~ In their research on Swedish Accent 2, Erikson-Alster-
mark (1972) report that if an accented vowel (with a falling
fundamental frequency) varies in duration, the value of the
(negative) slope is constant, and the vowel truncation occurs
at the final part of the vowel. Thus, the shorter the vowel
is, the higher the Fo value at the end of the vowel. This is
called the "truncation" type, as against the "rate adjustment" .
type, by which is meant that the value of frequency interval
is constant without regard to the vowel duration.

In our case, the vowel of M1l has generally a positive
slope. If the direction of change is relevant, the vowel of
Ml will be more like the "truncation" type than the "rate
adjustment" type. The truncation occurs at the beginning of
the vowel. Thus, if there is any difference of mean fundamen-
tal frequencies between the vowels after voiceless and voiced
consonants, the values after a voiceless consonant are a
little higher than those after a voiced consonant. But general-
ly there is no significant difference. This means that the
longer duration of the vowel after the voiced consonant is
necessary to get a sufficiently high mean fundamental fre-
quency, no matter whether the longer duration of the vowel is
physiologically conditioned or not.

Now we proceed to the question of the mean fundamental
ffequency. From the above discussion, it will be fairly clear
that the fundamental frequency of the vowel may vary according
to the particular consonantal environment. In addition to this
factor, the difference of mean fundamental frequency values
between adjacent vowel moras may vary according to the distri-
bution of short and long vowels in a word. Fig. 5-4,a,b,c
shows the mean fundamental frequencies of adjacent vowel
moras. Both absolute values and differences between adjacent
vowel moras are often great when both of the moras are short
vowels. This is especially true of short vowels in M2-M1l
and M3-M2 positions.
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Fig. 5-4a.
Values of mean fundamental frequehcies of two adjacent
vowel moras. [The value of the vowel mora of M2 is
on the x-axis, and that of Ml is on the y-axis.)
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Figo 5-48..
(continued)
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Fig. 5-4b.

Values of mean fundamental frequencies of two adjacent
vowel moras. [The value of the vowel mora of M2 is
on the x-axis, and that of M3 is on the y-axis.]

(As for symbols, see Fig. 5-4a.)
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Fig. 5-4c.

Values of mean fundamental frequencies of two adjacent
vowel moras. [The value of the vowel mora of M4 is
on the x-axis, and that of M3 is on the y-axis. ]

(As for symbols, see Fig. 5-4a.)
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Both absolute values of M1 and the difference between M2 and
Ml are great when M2 is the second half of a long vowel and
the vowel of M1 is short.  On the other hand, both absolute
values and the difference are smaller in M2-M1l position when
the two vowel moras consist of a long vowel. \

Another fact emerges from fig. 5-4,a,b,c. Though the
absolute values of the mean fundamental frequency vary among
the words depending upon the vowel quality, the quality and
duration of surrounding consonants, the differences of mean
fundamental frequency values are rather constant among words
which have the same distribution of short and long vowels.

The relation between M4 and M3 is that M4 is generally
lower than M3, but this is not true of three-syllable, four-
mora words of the type CV(C)-CVV-CV(C), if the consonants are
voiceless. In RP's tokens (39) ki-si-i-sa and (40) suk-ku-
u-tit M4 is significantly higher than M3; in the token (41)

" kil-lu-u-tit of the same person and in AS's tokens (40) and
(41), the difference between M4 and M3 is not significant.

In the same tokens spoken by GT, M4 is significantly lower
than M3. It is different with his two six-mora words, i.e.
(60) ii-fag-Sa-a-wuq, and (63) ili-¥a$-Sa-a-wug (these tokens
occur only in the material spoken by GT): M4 is significantly
higher in the former, and it is either higher or lower in the
latter. The vowel qualities of M4 and M3 are almost the

same here. The choice of dividing a long vowel into two
moras of equal length may not have been appropriate. It is
very regrettable that the factor of duration was not taken up
in this paper, and is completely left to be analysed.

In words of AS and GT, except in the tokens above men-
tioned, M4 is always lower than M3. On the other hand, in
RP's tokens there are only 5 out of 14 tokens in which M4 is
significantly lower than M3. Thus, it may be one of the
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characteristics of his words that there is no significant dif-
ference’betWeen.M4 and M3. In his words the initial mora of
the word is often comparatively high-pitched. This fact may
have some connection with stress.

As for the differences between M5 and M4, and M6 and M5,
a given mora will be lower than the following one, though the
difference is small.

Almost all the way through we have been discussing the
high-low relations between tone bases or moras, but we have
only briefly touched upon the absolute values of the differ-
ences. Since the measurements ought to be normalized with
respect to various factors the values shown in the tables in
section 4. do not necessarily correspond to the auditive
distances between tone bases. As mentioned before, the values
of the differences between M2 and Ml, and between M3 and M2
are usually more than 20"Hz and 10 Hz, respectively. The
values of the differences between tone bases from M3 to M6
are smaller than those found between M2 and M1l and between
M3 and M2. But all values vary according to the consonantal
environment and the distribution of short and long vowels in
the words.

Summing up the above discussion, the slope is not as
important as the mean fundamental frequency. A large change
in a short vowel will be required only if the fundamental fre-

quency starts higher or lower than the target mer—m.l

1) If our speculation on possible consonant influence upon ad-
jacent vowels is right, the particular example of phrase-
final intonation in Collis (1970) will get, as he describes,
a rise-fall-rise pattern. : :
Collis (1971, p. 142) shows pitch shapes of vowels in dif-
ferent segmental environments. It seems that in this latter
work Collis is inclined to say that the direction of pitch
change depends upon the segmental environment. = However, the
pitch shapes shown in the work do not agree with the tenden-
cies of frequency change observed in the material of the pre-
sent investigation. This discrepancy cannot be due to the
fact that in the present investigation only two points (i.e.
beginning and end) are taken into account to measure the
values of fundamental frequency. .
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In the cases of long vowels, the directions of the slopes are
fathér fixed according to the mora positions; M2 as bart

of a long vowel, for example, has a positive slope when it is
the first half of a long vowel, and it has a negative slope
when it is the second half of a long vowel. M3 as part of a
long vowel has a positive slope when it is formed by the
second half of a long vowel, while it has a negative slope
when it is the first half of a long vowel.

Fig. 5-5 shows schematic contours of various types of
words which are found in the material of the present investi-
~gation. These contours were drawn on the basis of the re-
sults shown in the preceding.sections. Since the target fun-
damental frequency values of the vowel moras are supposed to
be fixed according to the mora positions, the contours are
supposed to be roughly the same within the words of one con-
tour type without regard to the length of the words.

At present it cannot be decided whether it is the mean
fundamental frequency or the fundamental frequency at the
end of the vowel which is more important to the perception
of intonation patterns.

6. Final remarks - summary

First of all, it should be emphasized that I have no
illusion that the'acoustic-phonetic results must decide on
phonological or functional matters. The purpose of the pre-
sent investigation is merely to show, as a very preliminary
research, a certain tendency observed in acoustic-phonetic
results.
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Figo 5—5.
Schematic pitch contours of vowel moras in
each mora position.
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Though there are many unsolved and unclear points in the
results of this inveStigatiOn; the argument that tone‘is re-
gulated not on a syllable basis but with reference to vowel
moras - is supported on various grounds. .

The phrase-final intonation is signalled by a "high-low-
high" pattern on the last three vowel moras, since a compari-
son of the mean fundamental frequencies shows that the second
vowel mora from the end has a lower frequency than the first
and the third in all the tokens of three speakers. (If we say
that it is not the mean fundamental frequency but the funda-
mental frequency at the end of the vowel mora which signals
the phrase-final intonation, we can at least say that M2 is
lower than Ml.) Thus, the instrumental results here agree
with what Rischel's phonological analysis shows. . The relations
between the vowel moras from M3 to Mé are not so clear, which
may be partly due to the fact that they do not contribute to
characterize the phrase-final intonation, and partly due to
the fact that the influences of surrounding consonants and
stress (if any) will be comparatively great here, since the
fixed movements are smaller. But it is quite probable that
in the positions from M3 to M6, the preceding vowel mora is
lower than the following one.

With regard to the consonants, a voiceless consonant
mora cannot be a tone base, though it may have a certain in-
fluence upon the pitch of adjacent vowels. A nasal mora can-
not be a tone base, either. But if the nasal mora is com-
pletely disregarded, the tonal pattern of words containing a
long nasal does not fit well with the patterns of other words
which do not contain a long nasal. The first (= syllable-
final) portion of a long nasal seems to form one compound tone
base together with a preceding vowel mora.
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Editors' note:

The editing of this paper for ARIPUC was not finished
when Mr. Mase left for Japan. With his consent a final
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revision has been made by the editors.

There are some essential changes in the sections deal-
ing with Rischel's phbnological analysis, to the extent that
this presentation was based on "personal communication": the
terminology in Rischel's analysis has been modified in accord-
ance with the most recent formalization (£6 appear in
Rischel's forthcoming monograph on West Greenlandic phonology).
These modifications do not affect the theoretical issues of

Mr. Mase's paper.
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INFLUENCE FROM DIALECTAL BACKGROUND ON THE SCORE IN HEARING
TESTS EMPLOYING SPEECH STIMULI

Carl Ludvigsen

l.: Introduction

The purpose of an audiometric test is, of course, to in-
vestigate certain aspects of the hearing ability of the person
taking the test. In practice, however, the result of an audio-
metric test will also depend on factors which are not directly
related to the auditory mechanism. Thus, when speech segments
such as single words or sentences are used as stimuli in the
test, the test-score will also be determined by e.g. the sub-
ject's vocabulary, intelligence, education, and dialect. 1In
extreme situations these factors may even be dominating.

l.1. Procedure

In the winter of 1971/72 a series of experiments were
carried out at The State Hearing Center, Bispebjerg Hospital,
Copenhagen. A stimulus material consisting of 100 short inter-
rogatory sentences had been constructed and a TV video-record-

1)

stimuli could be presented audio-visually (by means of a TV-

ing of this material read by a female speaker was made. The
monitor and a loudspeaker) or auditorily (by means of the loud-
speaker only). The stimuli were presented in one loudspeaker
and a noise signal in 4 others placed round the subject. The
speech level was kept constant throughout the experiment (ap-
proximately 55 dB) and different signal to noise ratios were
obtained by attenuating the noise signal.

1) The speaker's dialect was close to Standard Copenhagen.
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l.2. The subjects

48 subjects participated in the experiment. These were
selected from 80 volunteers2 on the basis of audiological, op-
tometrical, and psychological tests. These tests assured that
all the subjects participating in the expefiment were of normal
hearing, sight, and intelligence. All subjects had lived for
a period of at least one year in the Copenhagen area, but a
substantial part of the subjects were born and grown up out-
side this area.

1.3. Variation of test—-scores obtained

In the light of the careful pre-testing of the subjects,
the test-scores obtained showed a considerable degree of vari-
ation: Subjects tested with exactly the same stimuli, order of
presentation, signal to noise ratios etc. obtained radically
different scores. As we were firmly convinced that this vari-
ation was not attributable to organic differences in the
hearing mechanisms) other possible sources of variation had
to be examined. One of these was the dialectal background
of the subjects.

25 Dialectal background of the subjects

2:1. . Collection of data

Inquiry forms were sent to each of the 48 subjects, and
24 of these returned the forms duly filled in. The inquiry
forms gave information about the place of birth and childhood
of the subjects and their parents, and of the places where the
subjects had lived for longer periods. . On the basis of these

2) Mainly students at a teachers' training college or a
nursing school.
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inquiry forms the 24 subjects were divided into two groups.
The first contained subjecté borﬁ and grown up in Copenhagen
and the second, subjects born and grown up outside the Copen-
hagen area (in cases of doubt, information on the subject's
parents was used to determine the grouping.

2.2. Statistical treatment

In the test the subjects were divided in groups each
containing 6 subjects, and the members of each group were
tested with the same stimuli and the same S/N. The subjects
were ranked from 1 to 6 according to their test results: In
each group the subject who answered the largest number of
questions correctly was given number 1, and the subject who
obtained the lowest score was given number 6. )

TABLE 1 shows how the rankings were distributed among
the two groups. Mann-Whitney's U test shows that at the
99.9% level subjects from GROUP 1 are higher ranked than
subjects from GROUP 2. .

TABLE 1

The ranks of the 12 subjects born in Copenhagen
(i.e. GROUP 1) and the ranks of the 12 subjects
born outside Copenhagen (i.e. GROUP 2)

GROUP 1 GROUP 2
RANK NUMBER OF NUMBER OF

SUBJECTS . SUBJECTS

1 5 .0 .

2 3. 2

3 -2 2

4 2 2

2 (0] 4

6 .0 2
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2.3. . Conclusions -

The main difference between the groups 1 and 2 seems to
be that the persons in group 1 speak the same dialect as the
speaker employed in the test (i.e. Standard Copenhagen) and
the remaining subjects, presumably, speak dialects differing
from this in various degrees.

As persons born in Copenhagen are ranked higher than
persons born outside of Copenhagen it seems likely that a per=-
son's dialectal background influences his ability to under-
stand speech presented in noise.

The clear tendency shown in table 1 must, however, be
viewed in the light of the extremely homogenous group with
respect to other factors influencing the test score. In prac-
tice a major part of the variation will be caused by hearing
disordersjand the influence of other factors may be neglible.

However, the subjects employed in this test were familiar
with the dialect of the speaker. A stronger influence will
inevitably be found among the clientele of a hearing center.

This problem will be given further attention in subse-
quent tests. ‘
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NOTES ON DANISH CONSONANT COMBINATIONS

Hans Basbgll

L Introductionl

The "classic" paper on Danish consonant combinations is
Vestergaard 1967, which is in turn based upon methods developed
by Henning Spang-Hanssen (1959) and Bengt Sigurd (especially
1965). Of course, Danish consonant combinations have been
treated in earlier works on Danish phonetics and phonology as
well (e.g. Jespersen 1934 and Martinet 1937), but since this
literature has been discussed by Vestergaard I shall only men-
tion it in passing.

The present notes are of a highly tentative nature.
Nevertheless, I think it worth while to present them for dis-
cussion despite the existence of Vestergaard's valuable paper,
since there are some important respects in which Vestergaard's
treatment is inadequate. As far as I can see it misses lingui-
stically significant generalizations (there are also a number
of minor disagreements between Vestergaard's presentation and
mine, but I shall not burden the exp051tlon unnecessarily by
stating these):

1) I am very indebted to Jgrgen Rischel for many improvements
of my English style, as well as for stimulating suggestions
on several of the topics of the present paper (cf. note 2).

2) Vestergaard's paper was discussed in about two of a series
of seminars on "The syllable", conducted by J¢rgen Rischel,
in the autumn of 1969. A number of concrete criticisms of
Vestergaard 1967 were brought up on that occasion, not least
by Jg¢rgen Rischel, but also by the participants (including
Eli Fischer-Jgrgensen (and myself)). Much of the criticism
of Vestergaard 1967 which follows is inspired by these dis-
cussions.
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(1) Vestergaard describes the combinations of Danish
consonant phonemes, operating with a rather abstract phoneme
inventory. It is one of the main claims of the present notes
that several generalizations concerning Danish consonant com-
binations can only be captured by using an inventory of con-
siderably less abstract consonantal segments (cf. section 2.).
Note that it is not the question at issue whether Vestergaard's
phoneme analysis is reasonable from one or another point of
view, but rather it is an empirical issue on what "level" dis-
tributional restrictions are best described. I think that
Vestergaard has made a bad choice in this respect, which ob-
scures the regularities to be observed concerning maximal syl-
labic structure (section 5.).

(ii) Although he makes some interesting remarks on the
distinction between accidental and systematic (or structural)
non-occurrence, Vestergaard has not in all cases followed
Spang-Hanssen's fundamental insight that the material must be
considered open in order to allow a structural classification
of its elements. To take a particularly revealing example, it
can only be because the material is considered to be given
‘once-and-for-all that an initial cluster /mj/ but not /nj/ is
registered. The former ohly occurs in the interjection mjav
and the loan word (from Old Icelandic) mjgd, the latter in the
famous 01ld Icelandic names Njal and (the god) Njord, which are
in fact both pronounced with initial [nj] by the Danes. The
two clusters seem to be quite analogous to Danes, and it would
have been motivated either to exclude /mj/ by Spang-Hanssen's
criterion of generalizability, or to include /nj/. (The latter
solution is the more revéaling of order restrictions, since
/nj=/ is infinitely more possible than /jn-/ which is simply
excluded.) The distinction in question leads Vestergaard to
the conclusion that it is scarcely distributionally relevant
to distinguish .a class of "nasals", on which I disagree.




(iii) Vestergaard writes (p. 50 £): . "The object of the

present paper is the simple word, and all inflected forms are
accordingly left out. This restriction is obviously necessary;
a theoretically possible formation like aspskt (Asp+sk+t)

being clearly in conflict with the phonotactic structure of
the language - it would never be‘pronouncéd." This is a
strange argument, since our task must be (among other things)
to give rules accounting for which morpheme combinations are
allowed within the same word and which are not; the example
aspskt is an example of what is not allowed and not of what
is "theoretically possible", and is therefore void of signi-
ficance in Vestergaard's context. Furthermore, Vestergaard's
inclusion of forms like tabt [tabd] (past participle of tabe
[t®:be]) as monomorphemic because of the difference in vowel
quantity between the participle and the infinitive (the vowel
quality is uniquely dependent on the vowel quantity and the
following consonant), is unwarranted. The vowel quantity is
governed by rule (see Rischel 1970), and the relationship be-
tween the mentioned forms is quite transparent (see further
sections 4.1. and 4.3. below). )

(iv) Vestergaard has deliberately, as shown in the title
of his paper, excluded medial clusters from examination. For
the sake of completeness a brief survey of these is included
here (section 6.). This is of course no criticism of Vester-
gaard's paper.

The preceding points of criticism should in no way be
taken as indicating that Vestergaard's paper is not a good one.
On the contrary, his exposition is both careful and extremely

clear, and his treatment has a high degree of observational
adequacy.




106

2. Inventory of consonants

The language described here is meant to be a neutral
variety of Standard Danish, much like the language described
in Rischel 1969, something in between what was called "“Con-
servative Standard Danish" and "Advanced Standard Copenhagen" .
in Basbgll 1969.
the "diphthongization" of short vowel plus a following homo-
syllabic r or l'is carried through phonetically (similarly with
that of short vowel plus v or j, but this is true in all varie-

ties of Danish). Words like bar, steg, sagn are thus pronoun-

ced [bep, sdai?, sau?n], the latter two rhyming with maj and
'ngg respectively. (This diphthongization is general in con-
temporary Standard Danish, except in Jutland.) Note that the
diphthongization in question has not in all cases led to a
change in underlying forms, i.e. to restructuring; e.g. alter-
nations like [gep, ge:rs] 'do(es)', 'to do' point to an under-
lying /r/ as the source of [p], and compounds like sagf¢ref
['sag.f¢:n] 'lawyer' or savklinge [ 'sau,klens] 'saw blade' .
have phonetically identical first parts which (in the norm in
question) in isolation are pronounced [s&-?Y] (sag 'case'). and
[s®<?v] (sav 'saw'), respectively.

2.,  “"Level" of . description

As already mentioned, it is one of the main claims of the
present paper that the distributional restrictions of conson-
ants get their most general description when the consonantal
segments in question are considered as considerably less ab-
stract entities than in Vestergaard's paper. E.g. forms like
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bar, steg, sagn above will be considered to contain diph-

thongs in the present distributional description, although
the phonetic diphthongs are derived from underlying /VC/-
combinations.

On the other hand, the consonantal segments will not be
those in the phonetic surface structure either. The forms
used here will be independent of certain late rules, notably
of the rule which deletes [g] after a low back vowel (whether
this is a correct description of the rule is unessential here),
e.g. ta'r [ta-?] 'take(s)', present of ta' [ta-?] 'to take' .
will be considered as ending in a vowel plus [p], i.e. as end-
ing in a diphthong (cf. ser [se-??]). Also the rule which de-
voices voiced non-vowels after an aspirated consonant seems to
have no effect on the principles for consonantal distribution,
i.e. the forms used here will have voiced 1 in plaske, phon-
etically [p%asga], and sj- will be considered s plus voiced j,
although in this combination j is generally unvoiced and (more
or less) coalesced with s to [[]. (These facts can of course
be expressed by saying that the level of distributional de-
scription employed here "comes after" the "diphthongization
rule", but "before" the "p-deletion rule" and the “unvoicing=-
after-aspirates rule".)

Finally it should be pointed out that certain optional
rules, which are to my knowledge of the "variable" sort dis-
cussed in Labov 1970 (the application of such rules seems to
be correlated with socio-economic class membership of the
speaker as well as with stylistic factors) seem also to have
no influence on the distributional principles. This is true
of the rule that turns [v] into [g] after long vowels and /r/,
and the rule that shortens long vowels before voiced non-
lateral continuants, especially in stgd-syllables. The forms
used here are thus [sgag?v,ula-?v, u+?8, bo*?p] and not

[ sgzo?yu, lz-?u or lau?, ud?, bop?]. The relation between these
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rules and the distributional description is different from
that concerning the late rules mentioned above, since phonetic
forms like those we use here are in fact found in the language
under consideration, and therefore they do not constitute any
proof that the description is not given on the phonetic sur-
face. A form like [van], on the other hand (the input to the
“p-deletion rule") is non-existent phonetically and thus con-
stitutes evidence that the description is not given on the
phonetic surface (but it is of course possible that forms like
[vap] should not be used in the distributional description).

2.2, Fragment of a distinctive feature matrix of Danish

non-vowels

On the level discussed in the preceding section we have
the following non-vowels (i.e. consonants and glides, see
section 2.2.1. below): bdgptksfvV¥dmnnoglrusih.
Since h is limited to occur in one position, viz. as the only
non-vowel in the initial part of the syllable, and thus never
exhibits any order relation to any other consonant, h is not
very interesting from our point of view once this fact has
been stated. As a consequence, h will not be treated in the
present notes, and it is therefore not included in the matrix
below (its distinctive feature composition-is controversial,
but irrelevant for the present matter). In the matrix features
referring to place of articulation are not taken into account:
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bdg ptk s & N Y o) mnn 1lr uni
syllabic - - - - - - - - - 3
sonorant " - - - - ? 7 + o &
voiced - - - - + + + + + +
aspirated - + + + - S i % - -
sibilant - - + - - - - - - =
nasal - - - - - " - & - b
continuant - - + -+ B + + - + +

The meaning of the features "voiced", "sibilant", "nasal" and
"continuant" is self-explanatory. The other features will be
discussed below (the question marks are explained under the
feature "sonorant", section 2.2.2.). Note that the feature
matrix is intended to facilitate our discussion of distribu-
tional facts; it is not claimed that exactly the features above
are those which are relevant for underlying forms or for in-
structions to the speech apparatus. (The relevance of the
features in question will hopefully become clear in the fol-
lowing sections, not least section 5.)

It is clear from what was said above that the registered
segments are not all in contrast. E.g.[ulin [hauland [v] in
[12+:?v] are underlying the same, namely /v/ (and in a taxono-
mic description they would be classified as members of the
same phoneme /v/ since they are - in the language under con-
sideration - in complementary distribution). But they are
phonetically clearly distinct (although related), [v] being
a labio-dental consonant, [2] a labio-velar glide, and this
difference seems to be related to distributional factors
(see sections 4. and 5.).
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In cases where the syllable initial and syllable final reali-
zations of ah underlying segment.are phonetically clearly
distinct, they have not been classified as one segment (e.g.
[t-] and [-d], [d-] and [-38], [r-] and [-p], see the following
section).

2.2.1. The feature "syllabic"

A segment constituting the peak of a syllable is called
a "vowel". Other segments (which may be called "non-vowels").
are either syllabic (called "glides") or non-syllabic (called
"consonants"). Two syllabic segments constitute a "diphthong",
three a "triphthong", etc. Thus the feature syllabic expresses
the common observation that if there is more than one phonetic
vowel in a syllable, they are adjacent. This use of the fea-
ture "syllabic" has been proposed by Stephen R. Anderson (un-
published notes), and in fact it underlies Hjelmslev's (1951)
use of the term "vowel" (although this use is not consistent
with his own definitions, cf. e.g. Spang-Hanssen 1959, p. 38).l
According to the matrix above there ére three glides in
Danish: [g p i]. These are all found postvocalically,2 (e.g. .
in [houl], [bap], [t/\:}]).3 [;] also occurs prevocalically
(e.g. jeg [;a;]), whereas the prevocalic segments corresponding
to (i.e. phonologically identical with) postvocalic [g, g]
are both phonetic consonants: [v, r].

1) However, if one prefers to keep the traditional sense of the
term "syllabic", some other feature should be used for de-
signating the voiced phonetic vowels (whether they consti-
tute the peak of a syllable or not).

2) The terms "pre-" and "post-vocalically" refer to the posi-
tion in the syllable (the syllable division being in accord-
ance with Basbgll 1972a).

3) Although the symbols for "extreme" (phonetic) vowels are used
here, it is well known that the last segment when artifi-
cially isolated is considerably more central.
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2.2.2. . The feature "“sonorant"

Although the Chomsky and Halle-definition of the fea-
ture "sonorant" (SPE p. 302) is mot wholly satisfactory, there
seems to be a high degree of consistency in the use of it
(except for some sounds which do not concern us here, notably
the h-sounds). The generalization is that vowels, glides,
liquids, and nasals are sonorants, whereas fricatives, af-
fricates, and plosives are non-sonorant (i.e. obstruents).

It seems reasonably clear that the labio-dental [v] is
an obstruent (in distinction to [u] which is a sonorant), al-=
though it is generally frictionless. This is supported by
the fact that [v] never has st@gd in contradistinction to [u]
(cf£. [la+?v, hal?v] versus[grau?, sau?n]), and there seem to
be good reasons for characterizing the class of segments that
are able to receive the st¢gd as "sonorant" (cf. Austin 1971
and Basbgll 1972b).

The case of [3, y] is less clear (hence the question.
marks in the matrix), and it is not even clear whether these
have the same coefficient for the feature "sonorant". Phon-
etically they are frictionless, [8] with a very loose con-
striction (much looser than that of English [3]),[Y] probably
with a little more constriction.l The criterion of ability
to receive the stgd points to the solution that [8] should be
sonorant (e.g. spid! [sbid?]) but [Y] non-sonorant (in a
form like dag the last segment may receive the stg¢d, but only

1) Note that [Y] only appears after liquids: [1,3] and after
long vowels (e.g. elg, dvarg, dag [e1?Y, dvag?Y, da-2V]).
After short vowels [Y] has vocalized to [i] (after front

vowels) or [g] (after back vowels), see section 2. above.
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if it has vocalized). This may not be phonetically nonsensi=-
cal, and it is assumed here since this makes the distri-

butional facts easier to understand (sections 4. and 5.).

2.2.3. The feature "aspirated"

It is well known that the phonetic distinction between
[bdg] and [ptk] is mainly one of aspiration (and in the case
of [d] and [t] also of affrication), both series being voice-
less. In the matrix we have classified [ptkfs] together as a
class of "aspirated" sounds (it is uncertain whether [h]
should be included in this class too). There are the follow-
ing reasons for this analysis (it should be noted that [ptk]
occur prevocalically; postvocalically they are only found
after a short vowel plus r):

(i) After exactly these five consonants a voiced non-
vowel in the same syllable is devoiced, or, stated in another
way: some of the aspiration phase occurs contemporarily with
the (underiyingly) voiced non-vowel. (However, this effect
may be greater after the aspirated plosives than after the
fricatives.)

(ii) A postvocalic r followed by one of these five con-
sonants does not constitute a stgd-basis in Conservative
Standard Danish (cf. Basbgll 1970 p. 19 ff).

(iii) The important glottographic study of some Danish
consonants by Frgkjar-Jensen, Ludvigsen and Rischel (1971)
shows that the laryngeal gesture of aspirated plosives and voice-
less fricatives is suggestive of a common articulatory command
for these sounds, as opposed to the much weaker gesture of the
unaspirated plosives. (It is probably a consequence of this




command that [fs] are often aspirated (Jgrgen Rischel, personal
communication).)

Of course, not all of the arguments given above indicate
that "aspiration"™ is the relevant feature, but we consider the
class ptkfs to be well-founded, and this is the important issue
for our purpose.

3. .  Initial clusters

3.1. Three member clusters

All initial three member clusters in Danish are of the

.

following structure:

b s
s d < o \Y%
g i

L
Note that the columns are both "natural classes" in a phonolo=

gical sense, since [bdg] are the only unaspirated plosives1

and [lrv;] the only voiced non-nasal non-vowels (or, equivalent=-
ly, the only voiced continuant non-vowels). (Furthermore, [s]
‘is the only sibilant.)

1) Vestergaard (1967 p. 48 f) considers s plus plosive to be
phonemically /sp, st, sk/ (there is only one series of plosives
after s). He claims that phonetically there is doubt as to the
identification of the plosive with either bdg or ptk, and then
chooses the latter possibility (in accordance with Uldall 1936),
because of what he calls "Hjelmslev's law", i.e. the principle
that the existence of a cluster Xyz presupposes the existence
of xy and yz, but not inversely (cf. Fischer-Jgrgensen 1952 p. 35).
This principle demands the interpretation /skv/ in skvat, etc.
since /kv/ can be found (kvist, etc.), but not /gv/. I find
this argument objectionable. There is absolutely no doubt as to
the phonetic identification of the plosive after s since the
only stable distinction between the two series of plosives is
one of aspiration (cf. section 2.2.3.), and aspiration is
absent after s. Furthermore, the non-occurrence of /gv/ is
certainly an accidental gap and should thus not be used as a
structural argument. And a further argument against Vester-
gaard's position is the fact (noted by himself p. 48) that /sv/
exists, but not /sf/, and this distinction is certainly system=-
atic, (Fischer-Jgrgehsen points out that -/gv/ occurs medially
in the foreign word lingvist.)
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The formula predicts the following initial three-member
clusters in addition to the ones registered in Vestergaard's
material (which for practical reasons is reproduced in toto
as an appendix (section 8.) to the present paper): sbv, sdl,
sdv, sql. . - b P
“ The question arises whether these clusters are acci-
dental or systematic gaps (cf. Vestergaard 1967 p. 49 f and
Fischer-Jg¢rgensen 1952, chapter VI). I think the most im-
portant fact for deciding on this matter is the observation
that neither bv- nor pv- exist in isolation, and similarly
neither dl- nor tl-, whereas both dv- and tv-, and both gl-
and kl- occur. 1I.e., we can formulate the rule that /v/ never
occurs after labial plosives, and /1/ never after dental plo-
sives, and hence sbv- and sdl- are excluded, whereas no such
rules prohibit the other two combinations, and hence sdv- and
sgl- are only accidentally non-occurring (cf. the foreign word
sklerose). This is in accordance with my intuitions. The two
mentioned non-combination rules may lead to the hypothesis
that homorganic non-vowels do not combine initially. Thié

hypothesis will be examined in section 3.2.2. below.

3.2. Two member clusters

3.2.1l. Order restrictions

When one tries to set up "order classes", two points of
view can be in conflict with each other:

(i) If the material is considered closed, or phono-
tactically homogeneous, one tries to establish as few order
classes as necessary to account for the observed order re-
lations, the phiiosophy beihg that the fewer the order classes,
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the less over-generating the model, other things equal. (This
can be done in a rather mechanical manner, although in some
cases there will be doubt as to where to place a given con-
sonant.) This is the line taken by Vestergaard.

(ii) If the material is considered open and hetero-
geneous from a phonotactic point of view, one may be inter-
ested in characterizing as many ordering relations as possible,
viz. to establish as many order classes as possible. To take
an example, Vestergaard's material (from Dansk Retskrivnings-

ordbog) does not give any reason for separating the phonemes
/lrjn/ into several order classes. Since the group /nj/ seems
to be just as well established as /mj/ (as mentioned in sec-
tion 1l.), /n/ should belong to a more vowel-remote class than
/j/. But even apart from the nasal, the phonemes /lrj/ could
be split up since /1j/ is certainly more possible than /jl-/
which is clearly excluded. Thus, if one is interested in
characterizing as many order relations as possible, preliminary
order classes should be split up until it is true for any two
members of one order class that both configurations of them
are equally impossible (this presupposes that there is at most
one acceptable order of any two consonants, which is true for
the initial position). That is, although none of the initial
combinations of v, 1, and j belong to Vestergaard's material,
one could nevertheless set up three order classes for those
three consonants as follows: v 1 -
since the following groups are in fact found, outside Vester-
gaard's material (they are indeed quite possible for Danes
in distinction to the "reverse" clusters): /vl-/ (Vladimir),
/1j=/ (Ljubljana), and /vj-/ (Vietnam).

It will be clear from the above considerations and the
introduction that in principle we consider the latter proce-
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dure the more linguistically interesting. It will lead to
the following order classes initially:

v Iv 1 ?2? 1T I
s bdg v mn 1r i VOWEL
fptk "

Note that the order classes are rather homogeneous from a
phonetic point of view. For a phonetic characterization of
the order classes, see section 5.

This scheme shows that we have (at most) five order
classes initially. The question marks above the nasals
signify that on the present basis it is not possible to make
a non-arbitrary decision on whether /mn/ belong to II or III
(to my intuition, at least, groups like /vn-/ and /ml-/,
etc., seem equally impossible), but that they do not consti-
tute a separate order class.

In a more restricted material which does not include.
groups of a liquid plus [i], it is sufficient to operate with
four order classes (as does Vestergaard, but he splits up
the nasals), and then there is no doubt that the nasals should
go together with v:

Iv III e I
s bdg v 1r VOWEL
fptk mn i

This order scheme generates all Danish initial two- and three-
member clusters. Initially there are at most three non-vowels
in a row, and when there are three, these are subjected to
strong restrictions (section 3.1.). The model is, however,
over-generating for two member clusters as well and should
thus be supplied with restrictions of other sorts, as will be
discussed next.




il?

3.2.2. Other restrictions

(i) In section 3.1l. we advanced the hypothesis that
homorganic non-vowels do not combine initially. This hypo-

thesis is confirmed for two member clusters as well, with
the following restatement of Vestergaard's phonemic classi-
fication: The velar stops are neither homorganic with (the
uvular) r, nor with (the palatal) i,l whereas Vestergaard
operates with a class of "palatals" including k g § Y o T

(p. 55). And since s does combine with dentals (sd, sl, sn),
2

s does not "count as" homorganic with any other non-vowel.
Furthermore it should be noted that labiodentals (f v) belong
to the labial class (in agreement with Vestergaard), which
agrees well with the fact that the influence of a following
homosyllabic labiodental on a preceding short a is like that
of a bilabial but different from that of a dental (cf. Bas-
bgll 1972a). By this principle (i) the following non-occur-
ring initial two member clusters, which are in accordance with
the order restrictions, are excluded: 2!!3 pv, fv, bm, pm,
fm, dn, tn, 41, tl, nl.

1) In our framework this latter fact could of course be inter-
preted as indicating that the restriction concerns only con-
sonants, not glides.

2) Since r is the only non-vowel which does not combine with
s 1n1t1ally (except for h, of course, which as mentioned is
completely non-combinable and therefore ignored in the present
notes), one might treat initial s and r as constltutlng a
functional "homorganity class" ("queer “dentals", cf. the
fact that r distributionally acts like dentals (1ncluding s)
in several respects, see the end of section 6.).

3) The group bv is found in the interjection bvadr, used in the
- Danish translation of Charles M. Schultz' (comic strip) "Pea-
nuts" (in Danish: "Radiserne"). Note that its final conso-

nant group is aberrant too.
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(ii) *~ s does not combine with aspirated consonants or,

more generally perhaps, aspirates do not combine initially.

This restriction excludes the following non-occurring initial
two member clusters which are in accordance with the order re-
strictions: sf, sp, st, sk.

(iii) * m does not combine with plosives initially. This

restriction excludes bm, pm, dm, tm, gm, km (bm, pm were al-
ready excluded by virtue of principle (i)).

(iv) Nasals and liquids do not combine initially. This

restriction excludes ml, mr, nl, nr (of which nl was already
excluded by principle (i)). However, if the nasals and liquids
belong to the same order class, (iv) should be replaced by the
restriction that voiced obstruents and nasals do not combine
initially (the same is true finally, cf. 4.2.2.1. and 5.).

Now, there are only two non-existent initial two member

clusters satisfying the order restrictions which are not ex-
cluded by principles (i)=-(iv), namely bn- and sr-, both of
which seem impossible to me.l Concerning bn it should be
noted that pn- is found (thus pronounced) in foreign (Greek)
words like pneumatisk (df. Vestergaard p. 50), so maybe bn-

is not a structural impossibility. For the non-existence of
sr-, cf. note 2 of the preceding page.

4, Final clusters

4.1. Mono- or polymorphemic?

It was mentioned in the introduction that Vestergaard
requires that both parts of a suggested bimorphemic word be

found independently in other words in exactly the same phonemic

1) /nj/, /vj/, and /v1l/ are here considered to be possible
clusters. /kj/, which according to Vestergaard (p. 40) is
not found in any monosyllable, occurs in my language in
kiosk [kiasg] (like [kio:1ls] which Vestergaard mentions).
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shape, and furthermore that the suggested stem occurs as an
isolated word, in order to recognize a morpheme boundary be-
tween them. I agree'that the distinction between mono- and
polymorphemic clusters is important, but I recognize more mor-
pheme boundaries than Vestergaard, i.e., some of his mono-
morphemic clusters will be broken up here (section 4.2.1.).

To fully understand the implication of this disagreement
with Vestergaard, the following remark should be made. As for
the distinction between accidental and systematic gaps, I do
not think the subclass of final clusters appearing in native
monomorphemic words is a particularly interesting one, since

I would like to suggest the hypothesis that final clusters.

appearing in polymorphemic words can be freely introduced in

monomorphemic words too.l (Something resembling this idea

can, of course, be found many places in the literature, see
e.g. Vestergaard p. 57 with reference.) This principle has
the further consequence that a statement about the clusters
occurring finally in native monomorphemic words is less of a
hypothesis and more of a simple registration than was the
case in section 3. above. In my view, this also justifies a
higher degree of exclusion of registered material by the cri-
terion of generalizability (cf. Spang-Hanssen 1959 p. 110 ff) -
than before. On the other hand, this conclusion forces us to
try to state the principles determining the occurrence of se-
quences of morphemes that do not contain any vowel (which
Vestergaard has not aimed at doing), e.g. to state which con-
straints are violated by a sequence like aspskt. This will be
attempted in section 4.3.

One further remark: I fully agree with Vestergaard that
imperatives should be left out of the primary material. On

1) Thus new monomorphemic words can be introduced without any
cluster simplification even if they end in a "polymorphemic"
cluster (the reservation should be added that the number of
consonants may not exceed that found in monomorphemic words) .




120

oddest imperatives, like mejsl: or hindr..Spang-Hanssen is not

much concerned with order phenomena, and so this procedure is
of minor consequence, whereas it would seriously affect our
treatment. It should be pointed out that disregarding the im-
peratives at the outset (which does not prevent that they may
eventually be classified according to the criteria established
for the rest of the material, cf. Basbgll 1970 p. 21-23) is not
free of commitment: An infinitive which ends in shwa preceded
by a cluster, and which is not excluded from the material as
"foreign" or the like, should either have a medial cluster
which is acceptable as a final cluster too, or a medial cluster
which can be resolved into a final cluster (that is acceptable)
plus one of the consonants /1 r n/ (see section 6.). E.g., if
the verb slgjfe is not excluded from the material, jf must

be recognized as a possible final cluster (in monosyllables

it is only found in imperatives and the name Leif, cf. Vester-
gaard p. 51), since f cannot occur in a shwa-syllable accord-
ing to section 6. (If the conditions on shwa-syllables should
turn out to be different than claimed'here, this might of
course invalidate the argument). Note that the special status
of the imperatives is not expressed simply by classifying them
as bimorphemic (the second morpheme being a sort of "sub-
traction morpheme", cf. Uldall 1936), sincé their phonotactic
structure is often contradictory to the phonotactics not only
of monomorphemic but also of polymorphemic‘words.

4.2. Monomorphemic clusters

4.2.1. Three member clusters

In Vestergaard's material (p. 57, reproduced in section
8.) there are only three clusters which do not begin with a
sonorant, viz. (in his notation) /psk/ glubsk, /kst/ takst,
/tsk/ skotsk. However, the examples given are clearly bi-
morphemic, cf. glubende (appetit), taksere, Skotland. They
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have been included as monomorphemic by Vestergaard's criterion
that in order to be bimorphemic the stem of a word must be
found as an isolated word (no word glub exists, and taks, skot

are only found as clear homonyms to the stems in question).

Furthermore, glubsk has, quite regularly, 'a short vowel in

distinction to glubende, and as already mentioned this will
suffice for Vestergaard as a criterion for not recognizing
them as instances of the same stem. According to Spang-Hans-
sen's table 5 (1959, at the end of the book), the only occur-
rences of such monomorphemic final clusters are 3 examples of
" kst (which are not listed). These probably include vakst
(which according to our criteria is bimorphemic, cf. vokse)
and tekst (a foreign word, whose t does not belong etymologic-
ally to the root, cf. Latin textum, texere). In my view, this

indicates that the clusters in question do not belong to the
core of native monomorphemic final clusters.

When we consider the rest of Vestergaard's material,
the following clusters are in some way deviant from the core
of final monomorphemic three member clusters (cf. Spang-Hans-
sen 1959 p. 167, from where the following data is taken):
/rts/, found only in five (foreign) words, viz. erts, marts,
sirts (rare), terts, kvarts, /rft/, found only in one (foreign)
word, viz. verft, /lkt/, found only in one (archaic) word, viz.
mulkt, often pronounced without /k/, /1ft/, found only in two
(archaic) words, viz. haelvt, tylvt, of which the latter is
often pronounced without /f/ and the former with either /v/
or /f/ (cf. its near homonym helt [hel?d]). The only cluster
of any importance among these is /rts/. The reason why the
foreign words ending in /rts/ seem to have been so readily ac-
cepted phonotactically (i.e. without simplification of their
final cluster) is probably that the cluster is very common in
morphemically complex forms, viz. genitive forms in rt+s, cf.
section 4.1. above.
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The remaining clusters of three consonants all consist
of a sonorant plus s plus a non-labial plosive. Furthermore,
every form containing a cluster of this kind which ends in a
velar (viz. /rsk, lsk, msk, nsk/) is an adjective. Among

to our c:iteria_(cf.‘Danmark; danificere, etc.), and the other

three: harsk, falsk, lumsk might be called "“pseudo-derived" .

even though there is no synchronically probable root for them
to be derived from. This is not meant as an exact descrip-
tion, let alone an explanation, but only as a suggestion that
the examples with -sk are peculiar in some way.

One need not be bothered by the fact that there seems
to be no fixed borderline between clusters which we accept as
monomorphemic, and clusters-which must be polymorphemicl .

On the contrary, it is a consequence of the assumption made
in section 4.1l. that no such clear-cut borderline should be
expected.

Note that the non-vowels which occur in the first posi-
tion of a native monomorphemic final three member cluster
form a "natural phonological class", comprising the sonorant
non-vowels. There is one exception: [d] is not found in this
position. However, this need not lead to a revision of our
classification of [8] as a sonorant (see sections 2.2.2. and
4.2.2.1.), nor does it force us to give up the idea that
phonotactic facts should be expressed by means of "natural
classes" in the phonological sense. Instead, the non-occur-
rence of [3] can be illustrated by referring to the rule which
deletes [3] before a dental stop belonging to the same word
(cf. Rischel 1970). John Austin (1971 p. 46 f£f) has proposed
to enlarge the scope of the rule to apply before all dental
obstruents, i.e. also before s, in order to account for pro-
nunciations like bidsel [bisesl], historically derived from

1) although one may, of couse, (like Vestergaard) choose
one fixed criterion to decide all cases.
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bide [bi:8s]. Similar examples are fgdsel, gdsel [fgsal,
¢sel] 'birth', 'extravagant', derived from fgde, gde [fp:89,
p:8e0] 'give birth to', 'waste (money etc.)' with the non-

productive and rare nominalizing suffix sel (the same as in
bidsel).l One could adduce examples like bedst [besd], cf.
bedre [bedres], and alternative pronunciatibns in rare forms

like nddsensbr¢d [ 'nasens,brg 28] and bddsmand [ 'bAs,man?].
However, the deletion of 8 before s only occurs in some
fixed forms (like bedst) and in some forms in which the mor-
pheme boundary is not very transparent (like bidsel), but never
before e.g. the genitive ending s. The connexion between the
transparency of the morpheme boundary and the tendency to re-
tain [8] before [s] can be seen by considering the word rgd-
spette [ 'res,beds] 'plaice', which despite its accent struc-
ture as a normal compound is clearly lexicalized (semantical-
ly), probably because the second part of the "compound" exists
in isolation only with the meaning 'woodpecker'. It should be
compared with a possible, but to my knowledge unexploited
form like rg¢dspatte constructed as a "woodpecker-compound" -
like flagspztte, which would most certainly be pronounced with

[8], i.e. ['red,sbede], because of its transparent analysis
into r¢d and sgeﬁte. (Notice that it will be clearly distinct
from rg¢d spatte in a NP like en r¢d spatte [en 'red? 'sbeda]
'a red woodpecker'.)

Since the deletion of O before a dental stop (the rule
proposed by Rischel) also occurs before perfectly transparent
morpheme boundaries (e.g. in fgdte [f@:ds], preterite of fgde),
the rule could be formulated like this:

=son

QRN TR <(#)> ey

1) A form like radsel [ra8?sel] 'horror' might be explained by
its long or geminated 8 which receives the stgd (as opposed
to all the other examples which have a short or 51ngle 3),
since it is derived from the adjective rad [r=8?] 'scared’
with stgd and short vowel.
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(i.e. the rule ignores whether or not the juncture # is pre-
sent, unless § is followed by a sibilant, i.e. s). This
formulation presupposes that e.g. the genitive ending s is
preceded by # , but there is no space here for a discussion of
boundaries. . The existence of this rule agrees well with the
fact that 0 is in general not found before any obstruent with-
in the morpheme (the words snedker, bgdker 'joiner', ‘cooper' .
are normally pronounced [sne’?gp, bg ?2gvp], although alterna-

tive pronunciations exist, manifesting a tendency towards
"spelling pronunciations" in such cases). Since sequences
like 6+p, O+g, etc. never arise in the concatenation of mor-
phemes within the word (all the relevant endings starting with
a sonorant or a dental), the rule has been given the most
~general environment possible in that it does not mention that
the following obstruent should be a dental.

The conclusion is that the non-occurrence of [d] as the
first member of monomorphemic three member clusters is not a
special fact about such clusters but a consequence of the men-
tioned rule with the effect of restricting the occurrence of
[8] before [s] to clearly bimorphemic clusters.

4,2.2. Two member clusters

42241, Order restrictions

The endings (relevant to the present discussion) which
can be added to a monosyllabic root either contain a vowel, or
consist entirely of voiceless consonants. For this reason the
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order restrictions of voiced segments in the final part of
the stressed monosyllable will be true for both mono- and
polymorphemic words. This has the further consequence that
it will be revealing to set up as many order classes as pos-
sible for voiced segments in order to account for all the
order restrictions which exist for Danish speakers (cf. sec-
tion 3.2.1.), as the following scheme shows:

I IIa  IIb III
VOWEL iung 8 g = mnn VOICELESS
S v ¥ SEGMENTS

Note that classes I and II are “naturai classes", and that III
includes two such classes (cf. section 5. below).

0 is not placed in class I because of the existence of
such forms as arbejd! which may be pronounced ['a:,bai?d]
(together with Liaz.ba;?d]), and similarly the old Latin term
for a university grade: haud ‘(illaudabilis) [hau?d] (together
with the more normal pronunciation [hau?d]). Uldall (l936é. 54)
quotes the form byfd [byp?d] (which. is normally pronounced

[byp?d]); the form ending in [38] is very rare, but there is
no doubt that if pronounced it will always be a monosyllable
(in distinction to hadr! [hed?»] with the reverse cluster,
which is generally bisyllabic). It is true of all the mention-
ed clusters ending in [8] that they are much more possible
than the reverse clusters in true monosyllables.

The distinction between IIa and IIb is only motivated
by imperative forms like padl! [pad?1], which are certainly
more possible as monosyllabic forms than anything ending in
[18]. However, this may be due to the rules for the pronun-
ciation of the underlying segment /d/ (cf. Rischel 1970 and
Basbgll 1972a), and thus need not be decisive of order classes.
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The above suggests that the evidence for separating IIa and
IIb is rather weak, whereas the separation between I and II
(a=b) is quite firmly established, cf. e.g. avl, jarl [au?l,
90" 21},

Non-nasal sonorants always precede nasals in syllable
final clusters, cf. halm, vidn!'[hal?m, vid?n], and the nasals
therefore belong to the order class "after"™ that of 1. The

voiced obstruents ([v,Y])never combine with nasals and occupy
the same place as the nasals in relation to other non-vowels;

they are therefore placed in the same order class.l Note
that the voiced obstruents are only found after long vowels
and after liquids (as a consequence of the phonetic "diph-
thongization", cf. section 2. above).

Finally, one might wonder why [n] is placed together
with the other nasals despite the fact that it is always vowel
adjacent (which is Vestergaard's motivation for placing /n/ in
his class I). The reason is that [n] is never followed by
other voiced segments and thereby agrees with the other nasals
(this fact would have to be stated by a special restriction if
[n] were placed in class I). But why, then, is it always vowel
adjacent? This is due to the fact that [n] is derived from
/ng/ (see e.g. Austin 1971 p. 54 £, Basbgll 1972a p. 199 and
1972b p. 11 £ for arguments in that direction), and there are
never more than two voiced2 non-vowels in a final cluster
(mono- or polymorphemic, see section 4.3.), which excludes the
possibility of an intervening voiced segment between the vowel
and [n]. This restriction seems to operate on a "higher 1ével“.
than most of the other restrictions we have discussed, and it
may in fact be a morpheme structure condition.

1) This does not apply to [38] (cf. vidn! and rgdm! [r@¢d?m]
which are quite possible and clearly monosyllabic in all
pronunciations), and this fact supports our decision to dis-
tinguish between [8] and [y] by a "higher" feature, viz.
sonorant, than one which only accounts for their different
place of articulation. .

2) The /g/ of /ng/ is the same underlying segment which shows
up as [y] or [i, yl] in other syllable final contexts, and:
is probably best described as being underlyingly voiced, as
argued by Rischel (1970) .«
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Concerning the voiceless segments, the order restric-
tions accounting for these ¢an only be described in a very
clumsy manner by means_of order classes, since we have both
sequences like [sg] (fisk) and [gs] (fiks). All the order re-
strictions operating here can be condensed into the statement

that sequences of non-sibilant obstruents end in a dental.

This statement permits the following sequences of non-sibilant
obstruents: [vd, Yd, fd, bd, gd] which are all found, and which
are the only such sequences (e.g. stout, lagd, loft, recept,

vagt). Notice that this restriction applies to both mono- and
polymorphemic clusters, and that it is at the same time a re-
striction on order and on class membership.

4.22.2+ Other reskrictions

The scheme which implies that there are three order
classes of voiced non-vowels is clearly over-generating, also

with regard to sequences including sonorants. The absence of

the "over-generated" clusters cannot in all cases be considered

accidental. Thus some additional restriction(s) must be at
work here (cf. above on the non-occurrence of [8] plus ob-
struent). '

In the core of native monomorphemic monosyllables, it is

found that all sequences of non-dental non-vowels are /r/-

combinations (cf. the end of section 6. where it is pointed out

that /r/ in several more respects "counts as" a dental). With-
in Vestergaard's material (see section 8.), only /mp, mf, nk,
jk/ violate this criterion. The last-mentioned group /jk/ is
only found in the word sheik, which is clearly foreign.

In view of the non-existence of the groups /np, nf, nk/,
the other three groups can be derived from an unspecified nasal
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followed by /p, £, k/ respectively, by a well-known rule of ar-
ticulatory place assimilation of nasals before obstruents

(it must be noted that in Danish this rule only applies before
non-dental obstruents, cf. words like amt, punkt, vams, gangs).

Since the maximally unspecified nasal is a.déntal, the general
restriction can thus be claimed to be more generally applicab-
le: not only does it hold for the mentioned nasal-plosive-
groups as well as for other groups; it also explains the non-
existence of phonetic [np, nf, nk]. Note that the mentioned
assimilation rule applies before certain consonants can drop,
e.g. a word like sfinks can be pronounced either [sfen?gs] or
[sfen?s] (similarly with [sv-1]), but never [sfen?(g)s], i.e.
velar stop. Similarly a word like hingst [hen?sd] is never
pronounced [hen?sd].

If the scope is widened to include foreign words, names,
etc., it can be argued that the mentioned restriction only
applies to consonants and not to glides, since forms like
Hauch, slgjf! [hay?g, slA;?f] are perfectly possible for

Danish speakers (cf. Vestergaard p. 60). This formulation
(e.g. finally, non-dental consonants do not combine directly) -

also removes the necessity of ascribing a special status to
/r/. Note that that part of the restriction "sequences of non-
sibilant obstruents end in a dental" (mentioned at the end of
the preceding section) which is not an order restriction,
makes exactly the prediction for obstruents which we have dis-
cussed in general in the present paragraph.

Also in the final part of the syllable (cf. section

3.2.2.), it seems to be the case that within the morpheme,

aspirates do not combine (remember that only [f, s] and p t k
preceded by a short vowel plus /r/ (e.g. vart, kork, etc.) are

aspirated in the final part of the syllable, cf. section 2.2.3.).

The only exception to that generalization 'is rts in erts, etc.

which may be considered marginal (see section 4.2.1.).
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4.3. Polymorphemic clusters

There are a number of Danish suffixes which do not con-
tain any vowel (cf. Spang-Hanssen 1959 p. 204 and Diderichsen
1953 p. 180 ff). Among these there are some (generally non-
productive) derivational suffixes making verbs out of non-
verbal roots, and consisting of sonorants:'i_(e.g,'samle,vcf.
sammen) , r (e.g. bladre, cf. blad), and n (e.g. blegne, cf.
bleg). Since these are not found as suffixes in monosyllabic
words except in imperatives, they wiil be excluded here and
only briefly mentioned in section 6.

The remaining ones are (generally productive) inflexion-
al and derivational suffixes composed of voiceless obstruents
and beginning with a dental: s, t, st, sk.. They have a very
restricted mutual combinability, and in general they seem to
conform to the following maximal sche'me:1

~ -

(s) :t
Single
consonant sk

Initial
consonant  VOWEL ﬁ Final cluster ending » + s
(cluster) in s plus plosive

Other final

clusters gk,

«
This seems to be remarkably close to the structure of mono-

-

morphemic clusters, but it deviates in the following two re-
spects: (i) any final cluster can be followed by +s; (ii)
whereas monomorphemic final three member clusters consist of

a sonorant plus s plus a (non-labial) stop, the polymorphemic
ones (disregarding final +s) need only satisfy the restriction
for their third member and for one of their first two members

1) An exception is the derivative skalmsk; cf. Diderichsen,
loc. cit. +.in the scheme indicates morpheme boundaries.
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(i.e. their first member may be an obstruent, e.

g. glubsk, or

they may not have s as their second member, e.g. starkt);

but they should, of course, obey the order restrictions.

The scheme presupposes that identical obstruents are

degeminated. It excludes, as it should, sequences like

Pingstsk (Diderichsen), aspskt (Vestergaard), and aspskts

(Jespersen) .

Since all the suffixes in question contain at least one

dental, it will be seen that polymorphemic words obey the same

basic combinability restriction (mentioned in the preceding

section) as monomorphemic words, viz. that non-dental con-

sonants do not combine directly in the final part of the syl-

lable. However, they do not always obey the additional cri-

terion that aspirates do not combine, since there are combi-

nations with +s: hof+s, fork+s, etc.

It should be added that the present tense
forms a syllable by itself except after a vowel
falder [se:?n, fal?p]). Thus its addition to a
create any new consonant clusters.

5. Maximal syllabic structure

In the preceding we have argued in favour
lishment of order classes which were assumed to
geneous phonetically than Vestergaard's. It is

ending ([g,0])
(e.g. ser,
stem does not

of the estab-
be more homo-
tempting now .

to compare the insights of sections 3.2.1. and 4.2.2.1., and

to try to generalize the results to a hypothesis on syllabic

structure in Danish, applying at the "level" discussed

in section 2.1. It will be the maximal syllabic structure,

where the term "maximal" both implies that the syllable is

stressed and that the vowel is short (long vowels having a

much more restricted repertoire of consonant clusters after
them). If either of these criteria for "maximality" is not
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satisfied, the "maximal syllabic structure" model in a way
still applies, but then it presupposes additional restrictions
(to those mentioned in the preceding sections), i.e., it will
then be vastly over-generating.

The syllable will thus be postulated to have the fol-
lowing "hierarchical" structure: ‘

VOWEL

+syllabic

+sonorant

+voiced

THE SYLLABLE

The figure should be read as follows: The peak of the syllable
is the vowel. The vowel and possible adjacent glides constitute
the syllabic part of the syllable. The syllabic part of the

syllable together with possible adjacent non-syllabic sonorants
constitute the sonorant part of the syllable. The sonorant part

of the syllable together with possible adjacent voiced obstru-
ents constitute the voiced part of the syllable. And, finally,

the voiced part of the syllable plus possible adjacent voice-
less consonants constitute the syllable (or syllabic theme, in
Hjelmslev's terminology). It is evident that in concrete cases
the extent of contiguous (in the "hierarchy") features can be
identical.l This amounts to the following hypothesis on the
Danish syllable (and that is where the "hierarchical" nature
of the model comes in): The following "implication chain" .
holds true without exception: vowel 2 [+syllabic] 2 [+sonorant]
2 [+voiced] and, similarly, the chain with switched +values
holds true in the opposite direction:
[-voiced] =2 [-sonorant] = [=-syllabic] =2 non=vowel.

l) e.g. in the word kat, the voiced part, the sonorant part,
and the syllabic part all equal the vowel a.
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This is the reason why we should not insert features like
"nasal", "continuant", and "lateral" in the model, although

it holds true that within the sonorant part of the syllable

the center is non-nasal and continuant, and the margin nasal

and non-continuant, and that within this non—-nasal center

the center is non-lateral and the margin lateral. For it is
not true that the margin of the syllable is always nasal and
non-continuant, or lateral, as shown by words like fnat,

flamsk, plejl, halm. Such examples indicate that the distri-

bution of the features "-nasal", "+continuant", and "“-lateral"” .
can be discontinuous in the initial as well as in the final
part of the syllable. The features of the hierarchy, on the
other hand (i.e. VOWEL, syllabic, sonorant and voiced), can
never be discontinuous in the syllable, neither in their posi-
tive nor in their negative values.

In fact, the claim is that the features of the "hierar-
chy" are distributed around the peak of the syllable, so that
each feature may spread continuously over several segments in
the way indicated by the hierarchy. This could be formulated
so that "one instance of" e.g. the feature [+sonorant] "be-
longs to" several segments at the same time.l

But our hypothesis on syllabic structure does not end
here. This syllable model also explains (in a vague sense) :
nearly all of the observed order relations in the monosyllable.
In fact, the hierarchy is, in all relevant respects, a nota-
tional variant of the following scheme which expresses the

order relations more directly:

-son| | -son| | -syl +syl| |VOWEL| |+syl| |-syl| |-son| |-son
-voi +voi +son +son +voi -voi
sf o sf
ptk v o i un{ ol vy bdg
bdg L mni (ptk)

1) This was, in fact, Stephen Anderson's conclusion concerning
the feature "syllabic" (but he did not include any of the
other features of our "hierarchy" in his discussion, cf.
section 2.2.1l. above).
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It will be seen that this scheme correctly predicts the order
of any permitted (unordered) set of either initial or final
voiced non-vowels with the reservation that in the final part

of the syllable, non-nasal sonorants precede nasals. The

order of voiceless consonants conforms to the following prin-
ciple (which in fact excludes all wrong orderings of such con-
sonants): in the initial part of the syllable, only /s/ may

precede a voiceless consonant, and in the final part of the

syllable, any sequence of non-sibilant obstruents ends in a
dental.

Note especially that none of the order classes predicted

by the model is "descriptively" superfluous. Moreover, as we
saw in section 4.2.2.1., the restriction on final clusters
that "non-nasal sonorants precede nasals" becomes a direct
consequence of the order class model if nasals are taken to
"belong to" the order class of voiced obstruents instead (syl-
lable initially such a "readjustment" of the order classes
will have no substantial consequences, see section 3.2.2.
above). However, such an order class consisting of nasals ‘and
voiced obstruents can‘hardly be said to be a "natural class"l
(except in the vague sense that both voiced obstruents and
nasals form a somewhat "less peak-forming" class of voiced
segments in distinction to the continuant sonorants, but this
intuition may be of a circular nature, viz. depending on dis-
tributional knowledge), and I find this a very serious objec-
tion to such an alteration of the model.

l) Of course the class of nasals and voiced obstruents can be
given a common definition in distinctive features when
using Greek letter variables, viz. as [« sonorant, -« con-
tinuant, +voiced], but this seems to me completely "hocus-
pocus" (one should probably in principle refrain from using
such variables when defining "natural classes", cf. Wheeler
1972 p. 90 £f).
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Everything which has been said so far in this section
applies both to mono- and polymorphemic monosyllabic words
(see section 6. on polysyllabic words). Notice that in order
for the model not to be over-generating, the general restric-
tions discussed in the preceding sections also apply here, of
course (monomorphemic clusters contain at most three non-
vowels, and if there are three, exactly one of them is voiced,

etc.).

6. Medial clusters

The material of this section is furnished by the in-
finitive forms of Danish verbs registered in Dansk Rimordbog
(2nd edition, Politiken 1963). It turned out that all medial

clusters in this material (i.e. sequences of non-vowels be-

tween the stressed vowel and the word-final shwa) could be
described as consisting of a possible monomorphemic final
cluster or of such a cluster plus one of the non-vowels /1, r,
n/. This was true regardless of whether postulation of a
morpheme boundary before /1, r, n/ was possible (cf. angre
without a morpheme boundary before g,l but blomstre with a
morpheme boundary before r, cf. blomst).

It should be pointed out that the (phonological) syl-
iable boundary need not go directly before /1, r, n/. For
example, fordre and harde have the syllable boundary before
d, which is therefore pronounced (as a plosive) and not de-
leted, but they conform to the general structure (concerning
medial clusters) only if the "final" cluster is considered
to be rd (cf. Basbgll 1972a p. 199 f).

1) However, the consonantal manifestation of /r/ shows that the
syllable boundary goes before r. (Actually, this is a better
example of the importance of "Hjelmslev's law" for syllabi-
fication - viz. that the syllable boundary must go before r
since nr is an impossible termination of a Danish monosyl-
lable - than the one given in Basbgll 1972a p. 187 (Ad (B)).
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Only very few of the registered final clusters in Vester-
~gaard 1967 (cf. section 8.) fail to occur medially in the ma-
terial (with or without a following /1, r, n/). Those which
do not are probably accidentally missing except in a few cases
where the "original" cluster is so rare that no conclusions on
accidental vs. systematic non-occurrence can be drawn ("spora=-
dic occurrence" in Spang-Hanssen's terminology, cf. [Yd, nd,
msg], some of which may occur in inflected forms like hangte,
lumske, as mentioned in the end of the present paragraph). On
the other hand, according to our section 4.2.1. it is no ac-
cident that three member clusters consisting only of voiceless
consonants (Vestergaard's /psk, kst, tsk/) never occur medial-
ly in monomorphemic words (with or without a following /1, r,
n/): it is simply because such clusters are not monomorphemic
(but it is evident that final clusters can generally be turned
into medial clusters by adding an ending which starts with
shwa, but then there will, of course, always be at least one
morpheme boundary between the stressed vowel and shwa).

Medial clusters may also throw light upon the distinc-
tion between accidental and systematic gap in another way:
certain medial clusters may fill accidental holes in final
combinations (e.g. slgjfe, strejke, dogme, sgdme).

Finally, one class of deviating medial clusters should

be mentioned, viz. examples like balje, midje, linje. Since

3} does not belong to the class /1, r, n/, and since final
groups like 1j, 8j, nj seem to be systematically missing in
monosyllables, we should look for another explanation. We
propose that j be derived from the vowel i which is thus "re-
duced" in the position between a consonant and shwa. This
rule cannot be shown invalid by means of examples like villige
[vilis], commutable with [vilie], since villig should end
underlyingly in shwa plus a high consonant (a /Y/ or the like),
cf. Eric P. Hamp's proposal that the derivative ending ig

be derived from /eoj/ (unpublished hand-out).
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The existence of the class /1, r, n/ (which is well
established, cf. Diderichsen, loc. cit.): confirms the claim
that r in some respects "counts as" a dental (since the seg-
ments in question are then exactly’those of the initial non-
vowels which are sonorant and dental, and in the position in
question /1, r, n/ are of course syllable initial). Further,
it could be added that r is the only non-vowel which is phon-
etically non-dental and occurs in the final part of shwa-
syllables (the others are [s, 4, 8, 1, n], i.e. the entire set
of final dental consonants), which supports the same conclus-
ion. (It is well known that r is historically derived from
a dental.)

7. Conclusion

In the present notes we have tried to find and discuss
some principles which can be said to account for systematic-
restrictions in Danish consonant combinations.

Most importantly, it was found that nearly all order
restrictions could be explained by reference to a very general
model of maximal syllabic structure in Danish, applying at a
level near the phonetic surface (but not identical to it; cf.
the rather unexplored notion of "shallow phonological struc-
ture”", which may be relevant here), see section 5.

We have also found some further restrictions which are
not quite identical in initial and final position, but never-
theless exhibit a high degree of parallelism: There are at
most three non-vowels in monomorphemic initial and final clus-
ters, and if there are three, exactly one of these is voiced
whereas the others are s plus a plosive; furthermore, aspirates
do not directly combine within the morpheme, neither initially

nor finally.
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Some further non-combination rules have been discussed,
and the basic rules may be formulated as follows: (i) initial-
ly, homorganic consonants do not combine, whereas (ii) finally,
non-dental consonants do not combine directly (that the re-
strictions are really different can be seen by comparing the
excluded initial groups dl, tl with the perfect final group
1t [1d]). This latter restriction seemed to apply on a rather
"high level" compared to the other restrictions (since groups
like [ng, mf] were explained ‘as being derived from /nk, nf/),
possibly it is some kind of a morpheme structure condition
(in distinction to this, cf. that [n] seems to "count as" one
velar segment in the final group [nsd]). The non-occurrence
of [8] before obstruents belonging to the same morpheme is
probably due to a morpheme structure condition too. (We have
not discussed the extent to which such morpheme structure con-
ditions could or should be viewed as "blank filling rules",
nor other questions concerning the relation between the present
distributional survey and different models of generative phon-
ology and morphology.)

Whether distributional facts, for example of Danish,
should after all be described as we have tried to outline, viz.
partly as due to morpheme structure conditions, partly (and
this aspect was particularly emphasized in the present paper)
as due to general principles of syllabic structure on a rather
phonetic level of description, is of course a completely open
issue. But at least I think it should be interesting to in-
vestigate further (and hopefully less superficially) into
these matters. ’
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For ease of reference of the reader, Vestergaard's

examples of each cluster are reproduced here, in his phonemic

notation and in the order in which he.giveé them.

/sv/ .
/tv/
/kv/
/av/
/sn/
/kn/
/fn/
/an/
/sm/
/sy
/sp/
/sk/

svaer
tver
kvik
dvaerg
sno
kno
fnat
gny
smal
sta
spa
skal

/skv/ skvat
/spl/ splint

8.1. Initial clusters ' (p. 40 f)
Two consonants
/sj/ sjeal /fx/ frem
/ti/ tigrn /dr/ drik
/pi/ pjat /br/ brun
/kj/ kjole /9r/ grov
7E3) £3ols /vr/ vred
/dj/ djarv /sl/ slag
/bj/ bjgrn /pl/ plads
/93/ gjord /kl/ klo
/mj/ mjgd /fl/ flgjl
str/ tre /bl/ blandt
/pr/ prast /9l1/ glad
/kr/ kro
Three consonants

 /str/ stra /stj/ stjert
/spr/ spring /spj/ spj=ald
/skr/ skrog /skj/ skjold
8.2. Final clusters
Two consonants (p. 51 f)
/rl/ jarl J15/ alf
/xrp/ skarp /1ls/ hals
/rt/ vart /mp/ damp
/rk/ vark /mt/ amt
/rg/ dvarg /mf/ trumf
/rm/ arm /ms/ vams
/rn/ ¢rn /nt/ punkt
/xrv/ arv /nk/ flink
/xf/ skarf /ns/ gangs
/rs/ vers /nt/ splint
/1lp/ skalp /ns/ dans

/ik/
/in/
/3is/
I3/
/at/
/gn/
/9l/
P o ¥
/pt/

/ps/
/ts/

sheik
degn
majs
gggl
lagd
vogn
hagl
gift
recept
(tabt etc.)
gips
skyts
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J1EF £41t /vt/ stovt /kt/ vagt
/1k/ folk - /vn/ ovn /ks/ straks
/lg/ valg /vs/ snavs /sp/ bisp
/1lm/ halm /vl/ svovl /st/ hest
/1lv/ ulv /jt/ slgijd /sk/ flesk

Three consonants ' (p. 57)

/rst/ t@rst /1lsk/ falsk /nst/ kunst
/rts/ erts 71EE/ tylve /vst/ provst
/rft/ verft /mst/ blomst /jst/ gejst
/rsk/ harsk /msk/ lumsk /psk/ glubsk
/1lkt/ mulkt /nst/ hingst /kst/ takst
/lst/ svulst /nsk/ dansk /tsk/ skotsk
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PERCEPTION OF GERMAN AND DANISH VOWELS WITH SPECIAL
REFERENCE TO THE GERMAN LAX VOWELS /I, Y, U/ .

Eli Fischer-Jgrgensen

1.~ Introduction

The investigations reported in this paper were carried
out at large intervals from 1955 to 1973. They had a double
purpose:

(a) The main purpose was to find out how German lax
vowels, especially /I, Y, U/, were perceived when heard in
isolation. Some phoneticians, e.g. E.A. Meyer (1910 and 1913)
and R.M.S. Heffner (1949 p. 97-98), consider these vowels to
be more closely related perceptually to [i, y, ul than to
[e, ¢, 0], cp. e.g. Heffner (1949 p. 97): "It is still a fact
that [1] [I] [y] and [Y] are to our perception [i]-type vowels
rather than [e]-type vowels". Both Meyer and Heffner emphasize
that this auditory impression is in contradiction to the re-
sults of E.A. Meyer's palatographic and plastographic investi-
gations which showed that North German /I/ and /Y/ have a much
lower tongue position than /i:/ and /y:/, and that it may even
be lower than that of /e:/ and /¢:/. An explanation which im-
mediately suggests'itself is that the auditory impression may
be influenced by orthography. This hypothesis might be tested
by'investigating the perception of isolated vowel segments.

(b) A second purpose was to compare the perception of
vowels in words and cut out of words, in which the surrounding
consonants affect not only the transitions, but also the for-
mant frequencies of the central part of the vowel; Such cases
are found particularly in short lax vowels, e.g. in short front
unrounded vowels between labials and short rounded back vowels
between alveolars. How, for instance, is the vowel of Dutzend
heard in isolation?
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2. . General characteristics of German lax vowels

It is not the intention to enter here into any detailed
discussion of the opposition tense/lax, only to draw attention
to a few major points. The discussion has-mainly been centered
around English vowels. It might be more useful to concentrate
on North German, where the distinction is much more clear, and
where the lax vowels /I, Y, U, €, 2, ®, a/ can be compared to
a set of monophthongal tense vowels /i:, y:, u:, e:, ¢:, 02,
a:/ (/e:/ is often absent in natural North Gérman speech) .

2.1. Physiological characteristics

It is obvious that the lax vowels have a relatively
lower tongue height than the tense vowels. It is also obvious
that they do not simply constitute intermediate steps of vowel
height. E.A. Meyer's finding that /I/ and /Y/ may have lower
tongue height than /e:/ and /¢:/ has been confirmed by later
X-ray photos of German vowels, cp. e.g. the X-ray photos of
German /i:, I, e:/ in Russell 1929, Chiba and Kajiyama 1958,
and Wingler 1961 (second edition, in the first edition (1958)
/e:/ has been reproduced a second time instead of /I/). I have
found the same relation in X-ray photos of /y:, ¢:, Y/ spoken
by a North German subject. :

The tongue is, however, not only lower in lax vowels, it
is also flattened out so that the tongue root is closer to the
pharynx wall. Stewart (1967) has found the difference in pha-
rynx width to be the essential feature in some West African
vowel systems, partly based on Ladefoged (1964). Halle-
Stevens (1970) have proposed to use the feature "advanced
tongue root" also in English and German instead of tense/lax.
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The elevation of the tongue in [i:] compared to [I] is con-
sidered to be a consequence of drawing the tongue root for-
ward, the tongue being bunched up by this movement. The ten-
sion which Sievers (1901 p. 98) could feel in the muscles
under the lower jaw (an observation which Hockett has repeated
for English, e.g. 1955 p. 31) should thus be due to a contrac-
tion of the geniohyoid and mylohyoid muscles involved in ad-
vancing the tongue root, and the feature tense/lax could be
dispensed with.

It is true that the high tense vowels /i:, y:, u:/ have
a more advanced tongue root than the lax vowels /I, Y, U/ in
German (and English), and sometimes it is also true of /e:,
¢:, o:/ compared to /I, Y, U/; but this might be part of a
general difference between tense and lax articulation. The
description given by Jakobson and Halle (1956 p. 30) "greater
(vs. smaller) deformation of the vocal tract away from its
rest position" may still be a better way of formulating the
difference. This question could be settled by means of electro-
myographic recordings of the various muscles involved in vowel
articulation. Preliminary investigations of the tongue muscles
in English show higher activity in the genioglossus for the
tense vowels (McNeilage-Sholes 1964, Hirano-Smith 1967, and
Lawrence J. Raphael 1971). Raphael is puzzled by finding moreA
activity in /e:/ than in /I/ in his own pronunciation, but
this is not astonishing since the tongue may be lower in /I/
than in /e:/, also in American English (cp. the X-ray photos
in McNeilage-Sholes 1964). /

German vowels do not seem to have been investigated by
means of electromyography. Simple observations of lip and
jaw movements give, however, a good deal of information, and
such observations could be multiplied and supported by measure-
ments without great difficulties. First, it is quite evident
that the lip movement is less pronounced in lax vowels.
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Already Sievers (1901 p. 86) drew attention to this fact.

/Y¥/ and /U/ have less rounding than /y:/ and /u:/, and often
less than /¢:/ and /o:/ (see, e.g., the lip photos in Wéngler
1961), and /I/ has normally less lip spreading than /i:/..
Moreover, although /I/ may have lower tongue height than /e:/,
it generally seems to have less jaw opening (see Russell 1929,
Chiba and Kajiyama 1958 p. 150, and Wdngler 1961). These fea-
tures can certainly not be a consequence of tongue root ad-
vancement, but point to a general laxness of the muscles in-
volved in the'formation of these vowels compared to tense
vowels. Cp. also that Louise Kaiser (1941 p. 186 ff) has
found that in Dutch /I/ has lower tongue height, but smaller
lip and jaw opening than /e:/.

One more difference between tense and lax vowels which)
is fairly well established is that lax vowels have a stronger
air stream (see E.A. Meyer 1913, Schuhmacher 1970, and EFJ
1969). E.A. Meyer explains this by a looser contact between :
the-vocal cords in lax vowels, and this could be seen as part
of the general laxness. Sievers (1901 p. 98 ff) is of the
same opinion, Halle-Stevens (1970) have advanced the opposite
hypothesis. They assume the vocal cords to close less firmly
in tense vowels which should give them a breathy character.
This may be true of the so-called tense vowels in West African
languages, but sounds astonishing as a characteristic of tense
vowels in German.

2.2. Acoustic analysis

Very few acoustic investigations of German vowels have
been undertaken. Barczinski-Thienhaus (1935) found relatively
more partials in lax vowels, but as these vowels were sung and
continued for five minutes, the results are pretty uncertain.
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Vierling-Sennheiser (1937) found some amplification of higher
partials above 5000 Hz, particularly in /U/.

A detailed acoustic analysis of the vowels of six in-
formants has been undertaken by Hans Peter Jgrgensen (1969).
The following perceptual investigation is mainly based on his
material. Two of his informants were from‘the Rheinland. - They
had the first formant of /I, Y, U/ placed in between those of
/i:, y:, u:/ and /e:, ¢:, o:/. The other four informants were
genuine North Germans, the first formants of their lax vowels
/I, Y, U/ were either below or at the level of the first for-
mants of /e:, ¢:, o:/. As for the higher formants, lax un-
rounded front vowels had a lower F2 and F3 than the corre-
sponding tense vowels, lax rounded front vowels had a lower F2'
but a higher F3
lip rounding), and lax back rounded vowels had a higher F2 than

(evidently because of the smaller amount of

the corresponding tense vowels. On the whole, the lax vowels
were found to have a more central position in the F,-F, vowel
diagram, which is in complete agreement with what should be
expected on the basis of the articulatory differences.
A. Fliflet (1962) has described the acoustic difference
between German tense and lax vowels on the basis of visual
- inspection of spectrograms. He lists six characteristics of
lax vowels: (1) centralized formant frequencies, (2) a more
equal distribution of energy in the whole frequency domain,
(3) less sharp formant contours, (4) less regular structure of
formants, (5) longer transitions, (6) a general shimmering
("Unruhe") of the entire spectral picture, for instance more
noise components.
These observations are in good agreement with the finding
that lax vowels have a stronger air stream and with E.A. Meyer's

hypothesis about laxness in the vocal cords; cp. also that
Joos 1948 p. 97 states that synthetic vowels with broader for-
mants sound more like American English /I, U/, whereas vowels
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with narrower formants sound more like German and French

Jas, e/ In support of their (opposite) hypothesis Halle-
Stevens (1970) mention that the weakness of the higher for-
mants in [i:] is so pronounced that it cannot be explained
sufficiently by the low position of the first formant. Glot-
tographic investigations are needed on this point.

E.A. Meyer supposed that the stronger air stream in
lax vowels might give rise to high fricative noise, which
might make /I/ sound more like [i:]. This is not very pro-
bable, and at any rate it does not explain why /U/ should
sound more like [u:].

On the whole the articulatory and acoustic descrip-
tions of tense and lax vowels are in good agreement and .give
no motivation for assuming that German /I, Y, U/ should be
closer to [i:, y:, u:] than to [e:, ¢:, o0:] from an auditory
point of view. If they sound like [i:, y:, u:] to Germans
it must be due to other (phonemic and/or orthographic) fac-
tors.

3. Perceptual testsl

3.1l. The material

The material consisted of a number of vowel segments
cut out of words. A set of stimuli was prepared in 1955 and
used for an identification test and for a small discrimina-
tion test. A new set of stimuli was prepared in 1963 and
used for identification tests in 1963, 1964, 1969, and 1973.

1) I am grateful to Birgit Hutters, Hans Peter Jg¢rgensen, and
Henny Pontoppidan Lauritzen for helping me with measure-
ments and calculations, and to Peter Holtse and Hideo Mase
for making the graphs.
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3.1.1. The material for the identification test 1955

The material comprised 47 vowel .segments from various
languages, Danish (7 items), German (33), Dutch (4), and
English (3).

The vowels were taken from the following words:
Danish: (Speaker EFJ, female) /ki:le, he:ls, he:les, pibe,
vebe, ness, sdgds/.

German: (Speaker ED, male) 1lieben, Lippen, Ibis, eben, immer,
dlter, Schluss

(Speaker GR, male) lieben, leben, Lippe, ldppisch, Kehle,
killen, ktihle, H8lle, HUlle, tun, Ton, Tunnel

(Speaker CH, female) Kiele, Kehle, killen, Keller, Biber,
Riff, Glte, Goethe, Klitte, G8tter, fllhlen, blindig.

The words spoken by ED were taken from a record, the
words spoken by GR and CH were taken from a tape recording
made at the Royal Technical High School in Stockholm for the
purpose of investigating close and loose contact.

ED was a speech teacher speaking a clear and distin-
guished standard German, GR has an obvious Berlin accent. .
His [I, Y, U] are very low. CH was from Hamburg. Her
speech is characterized by very close vowels and a high fun-
damental. The higher formants of her vowels were very weak.
Dutch: (Speaker Sch., male) tien, dienen, denen, tinnen.
English: (Speaker F.I., Amer. Engl., female) did, pip.
(Speaker B., Brit. Engl., male) soot.

The central part of the vowel (50-90 msec) was cut out
so that (practically) no transitions remained. The cut was
sharp.

The vowel segments were combined into two test tapes.
The vowels from the same speaker were kept together, and the
female voices came last, but there was no indication of the
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start of a new speaker. The vowels of the same speaker were
given in random order. Eachlvéwel wés repeated three times

and a number was said by the present author before each new

vowel. ' .

The tape recordings were made on a professional tape
recorder, but for the dubbing and listening a semi-professional
tape recorder was used, and the listening took place in a class
room via loudspeaker. I was therefore not sure that the quali-
ty was sufficiently good, and as it turned out that the vowels
of Glite and blindig spoken by CH were heard as [u:] and [o:]
respectively by the majority of the listeners, I put the ma-
terial aside.

The mistakes made in these two words may, however, have
been due to the unusually weak higher formants of CH. The
other results were confirmed by later experiments, and they
will therefore be taken into consideration in the section on
the results, but they will be mentioned relatively briefly,
and no lists of the formant frequencies are given.

3.1.2. The material used for the listening tests 1963-1973

In 1963 a new series of stimuli was prepared. Vowel
segments of 60-80 msec duration were cut out of the central
part of the sounds as in the preceding experiment. The ma-
terial comprised whole sets of vowels from one Danish and four
German speakers, with the exclusion of the low vowels /a/ and
/a:/ for which the difference tense/lax is rather dubious.
Moreover there were some extra items, mainly vowels which were
strongly influenced by the surroundings. There were 19 Danish
and 57 German vowel segments.

All the speakers were male.
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The Danish speaker was PD, born 1906, speaking a distinct
and relatively old-fashioned Standard Danish. ‘Compared to the
mean of eight male speakers (EFJ 1972) he has a relativély low -
first formant of the high vowels and a relatively low second
and third formant of most of the front vowels. The frequencies
of the three first formants of his vowels are given in table 1.

The words are given in broad phonetic transcription.

TABLE 1. .

Formant frequencies (in Hz) of the Danish vowels
used in the identification tests 1963-1973.

Danish speaker PD

F F F B E 1y

1 2 3 1 2 3
/i:ls/ 200 1975 3000 /ile/ 225 < 1900 = 2950
/he:lsa/ 290 2050 2750 /sbela/ 300 . . 1925 . 2575
/he:zla/ 375 1975 2650 /hela/ 400 1850 2525
/hy:le/ 210 1825 2050 /hyla/ 230 © 1625 ..2000
/9:da/ . 275 1625 1925 /91a8/ 290 - 1550 .....2025,
/he:na/ 375 1550 1925 /henss/ 150 1475 2275
/ku:ba/ 220 775 /kubal/ 270 750
/ho:ba/ 300 650 /sgoba/ 500 950 2150
/ho:be/ 410 975 /hoba/ 550 1150 . 2275

One of the four German speakers, ED, was also employed
in 1955. The words used in 1963 were taken from the same re-
cord and were partly the same words, in order to obtain a cer-
tain control on the results of the old experiment. ED's long
vowels are sufficiently long to present a minimal influence
from surrounding consonants. Of the short vowels [U] in Schluss
was not a very good example of a typical /U/, since it stood
between two alveolars.

The other German speakers were the informants of Hans
Peter Jgrgensen, used for his acoustic analysis of German
vowels (1969), and the items were taken from his tape re-
cordings. The speakers were NB (from Schleswig), HT (from
Berlin), and HL (from the Ruhr).
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The words were chosen so as to present a minimal in-

fluence from surrounding consonants.

The formant frequencies

of these vowels (mainly based on Hans Peter Jgrgensen's

measurements) are given in table 2.

Speaker ED:

lieben
leben

mlide
Flbte

suchen
Ostern

Speakers:

hiessen
Esel
hissen
essen

htiten

Hbhlen
Hltten
Hbllen

hupen
hoben
hupfen
Hopfen

i |

275

300

275
325

260
350

Fy
220
300
300
450

220
300
300
450

240
340
340
500

Fs

2300
2175

1825
1600

600
750

825
950

TABLE 2.
Formant frequencies (in Hz) of the German vowels
used in the identification tests 1963-1973.

3

2950
2575

2125
2150

2900
2525
4325
2400

1900
2000
1975
2175

2425
2400

Ey
225
275
325
500

210
325
320
435

260
325
400
525

Distel
dlter

nfitzen
Ofter

Schlus
hoffen

HT

£3
2400
2425
2125
2025

1550
1535
1575
1450

700
700
850
1035

Some extra items were added,

influence from surrounding consonants.

vowels are given in table 3.

b

300
450

375
525

s 325
575

3075
2750
2750
2600

2000
1975
2125
2175

2100

7,
2125
1925
1575
1475

950
1000
HL
NS

2752025

350 1950

340 1875

450 1775

280 1650

320 1500

300 1575

500 1350

300 800

400 800

375 980

650 1025

2750
2425

2400
2350 .

2700
2875

2700
2500
2450
2450

1975
1950
1950
1925

2600

mainly to show maximal

The formants of these




+TABLE: 3.
Formant frequencies (in Hz) of the extra vowels
used in the identification tests 1963 - 1973.

Fl F2 F3 Fl F2 F3
ED: NB:
Lippen 300 1700 2425 bibbern 300 1700 2350
Ziege 250 2450 2975 Dutzend 340 960 2400
Minne 275 2200 2825

I8

Dutzend 280 1100 2025
Dotter 550 1150 2150

The vowel segments were combined into a test tape con-
sisting of five distinct series, one for each speaker. Each
vowel was repeated three times with an interval of one second.
There was a five second interval between different vowels.
Before each new vowel there was a brief tone signal of 300 Hz,
which was found to be a pleasant pitch. Before numbers 5, 10,
and 15 there were two tone signals. This was done in order to
avoid spoken numbers, which might influence the perception of
the following vowels.

A small extra test containing the words: hissen, hfitten,
hupfen spoken by NB, HT and HL, Dutzend and bibbern spoken by
NB, Dutzend and Dotter spoken by HL and Lippen spoken by ED

was played to the German listeners only.

The dubbing was done on a professional tape recorder
(Lyrec) of the same type as the one used for the recording.
The listening took place via loudspeaker in a class room with
some damping of the walls (Danish listeners) or via earphones
(German listeners in Kiel and K81ln).
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el Materials used for the discrimination test 1955

A small number of German vowel segments were used in a
discrimination test in 1955. The formant frequencies of these
words are given in table 4. The measurements of CH's vowels

are not very exact since she has a fundamental above 250 Hz.

TABLE 4.

Formant frequencies (in Hz) of the vowels used
in the discrimination test 1955.

ED: Fl F2 F3 CH: Fl F2 F3
Ibis 250 2325 3050 fiihlen 270 1800 2600
eben 290 2L75 2700 Goethe 325 1825 2600
immer 290 2125 2675 Klitte 350 1825 2700
dlter 450 1925 2425 Gbtter 400 1750 2700
QB:

lieben 225 2336 3300
leben 340 23175 2975
Lippe 375 1775 2625
ldppisch 525 1800 2650

The vowels of each speaker were combined in groups for
comparison of the type later labelled 4IAX, for example
"i-e, i-I", where the listener had to decide which pair, number
one or number two, showed the higher degree of similarity be-
tween the members. Each double pair was repeated three times,
in order to avoid memory effects as far as possible. The
distance between double pairs was 1.5 sec., and the interval
between different double pairs was 5 seconds. A number was
spoken before each new double pair.
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3.2. Listeners and instructions for listeners

The listeners taking part in the test in 1955 were 22
(for some -stimuli 28) Danish students, attending a course of
general phonetics for students of foreign languages.

The test tape made in 1963 was played'both to Danish and
German listeners. The Danish listeners were (1) two groups of
students of foreign languages (24 in each), attending a course
of general phonetics in the autumn 1963, (2) two groups of
students of Danish (20 and 21), attending a course of Danish
phonetics in the autumn 1963, 5 phoneticians and 5 dialectolo-
~gists who listened individually in January 1964.

The German listeners were groups of phoneticians and
. The test in
Bonn took place in 1969. Unfortunately, some high frequency

students from Bonn, Hamburg, Kiel, and K&ln.

components must have got lost when the test was played back,
since many rounded front vowels were heard as rounded back
vowels, and some unrounded front vowels were heard as rounded
front vowels. That something was wrong also appears from a -
comparison between two answers to the test made by the same
person, in Bonn in 1969 and in Kiel in 1973. 1In 1969 he had -
12 mistakes of the type mentioned, in 1973 one. The material
from Bonn was therefore discarded.

In Hamburg the test also took place in 1969. 19 listen-
ers, mostly speech therapists, took part in the test. The re-
sults showed a very great dispersion, and as long /e:/, /¢:/,
and /o:/ were identified more often with [i:, y:, u:] than with
le:, ¢:, 0:] (in a number of cases also with [e, @, 2]), I con-
cluded that the listeners had not understood the instruction

l) I am grateful to the leaders of the Phonetic Institutes of
Bonn, Hamburg, Kiel, and K&ln for running the tests in
their institutes.




(see below), and put the material aside for the time being.

In.l973'a group of 10 phoneticians ahd students in Kiel
and 23 phoneticians and students in K&ln listened to the test
tape. The results did not differ very much from those ob-
tained in Hamburg, although the dispersion was smaller. I
therefore concluded that this type of answer could not be
avoided and might give some information about German vowels.
The results will be described in detail below.

The answer sheets for the test (as for the test in
1955) contained five vertical columns, one for each series,
indicating the numbers 1-17 for series I, etc. There was a
star before each number, and two before the numbers 5, 10,
and 15, to indicate the tone signals.

At the top of the sheet was the diagram reproduced in

fig. 1.
it y: u
e g: 0
£ ®: o)
Fig. 1. Diagram placed on the answer sheet.

The instructions for the Danish listeners, which were spoken
on the tape, contained the following information:

"You will now hear a series of vowels. Your task is to
identify them by ear and take them down in phonetic transcrip-
tion on the answer sheet to the right of the running numbers.
The vowels are taken from different languages and are cut out
of words. They are all very brief. 1In some cases a weak p
or b may be heard after the vowel. Please, do not take notice
of this. Each vowel is repeated three times ... (instruc-
tions about numbers and tone signals) ...
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In order to obtain as precise an indication as possible
of your auditory impression, the Danish long vowels have been
used as a basis for the transcription. The vowels you hear
are to be compared with the Danish long vowels [i:, y:, u:, e:,
¢:, O0:, €:, ®@:, 9:], which are indicated in the diagram on the
top of the answer sheet.. Each vowel symbol is placed in the
small center square of a larger square. This is meant to be
the placement of the normal Danish long vowels, whereas the
surrounding smaller squares are intended for the placement of
finer shades. If, for instance, you hear a vowel which has
just the same quality as the long Danish [e:], you simply write
the symbol e. If you hear an [e] which sounds somewhat [i]-like,
you write an e with an arrow pointing upwards in order to indi-
cate that you would place it in the small square just above the
center square of e:, towards i:. If you find that it is an [e]
which sounds somewhat [¢]-like, you must write an e with an ar-
row pointing to the right in order to indicate that you would
place it in the small square to the right of the center square
of e:, towards g:. An [e]-like [e] should be written with an
arrow pointing downwards, and an [®]-like [e] with an arrow
pointing obliquely downwards to the right. Similarly an [o]
which sounds [¢]-like should be indicated by an o with an arrow
pointing to the left, etc. Please write the arrows clearly,
so that it is possible to distinguish between horizontal and
oblique arrows."

The comparison with Danish vowels was chosen because the
listeners could not be expected to have sufficient training in
Cardinal Vowels, and the procedure with arrows was chosen
because, otherwise, there should have been a large square on
the sheet for each stimulus. Of course, the listeners might
make.the mistake of comparing with Danish short vowels instead.
In most cases this would not make much difference, since Danish
short vowels are only slightly lower than the corresponding
long vowels and some speakers have no difference whatever.

The pairs /o:/o/, />:/>/, and /a:/a/, however, are exceptions
to this rule. The answers to the Danish vowel stimuli showed
that the listeners had really used the long vowels as standards,
since long /i:/, /y:/., and /u:/ were placed in the center
squares, whereas short /i/, /y/, and /u/ were indicated to be
slightly lowered. Moreover, the short /o/ was placed in the
square of long [2:], which is in agreement with its quality.
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Some of the students had not understood that they were allowed
to use the peripheral squares (e;g.-raised‘i,'lowered E).

This is relevant for the judgement of short German /e, ®, °/.
Only the experts have placed these sounds as lowered Danish
Lerg ait, i3 ) Thi answefs about Danish and German /e, @, 2/
should therefore be judged with caution.

For the German listeners there were similar instructions,
but as German does not possess a set of long low vowels, it
was not possible to use long vowel qualities as standards in
all cases. The vowel symbols in the lowest row had therefore
no length marks, and the German listeners were asked to take
the vowel symbols in the central squares to indicate the long

German vowels in bieten, hiiten, hupen, beten, HBhle, hoben,

and the short vowels in Betten, 8ffnen, hocken. The sheets

used in Kiel' and Hamburg contained an extra diagram with these
key words placed in the center square.

This mixture of long and short key vowels seems to have
caused some difficulties. %

In order to give a rough impression of the formant fre-
quencies of the vowels to be used as standards by Danish and
German listeners, the average formant frequencies of the long
vowels (except /a:/) of eight Danish male speakers (from EFJ
1972) and the average formant frequencies of the relevant
German vowels spoken by six German male speakers (Hans Peter
- Jgrgensen 1969) are indicated in fig. 2. The short German
/I, ¥, U/ are indicated by crosses for comparison. The verti-
cal axis indicates formant 1, the horizontal axis formant 2
for back vowels and formant 2"for front vowels according to
Fant's formula (Fant 1959):

F,.= F, + 1/2 (F3 ol

2-= Fy 2)
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Although this formula probably does not correspond pre-
cisely to perception (it does not take the formant levels into
account), it has the advantage of including F3, which is parti-
cularly important in Danish /i:/, which may have a rather weak
and low F, and a strong and high F;. 1In back vowels F; was so
weak (and sometimes invisible) that it was found better to
leave it out altogether.

This way of diagramming the formants has been used in
all subsequent graphs. The scale used is the mel scale.

3.3. Results of the tests

3.3.1. Results of the identification tests for the main
stimuli (tables 1 and 2)

The main results of the listening tests in 1963-64 and
1973 are given in graphical form in figs. 3 - 18. At the
top of each figure is a diagram of the formant frequencies of
the speaker with the vertical axis indicating F, and the hori-
zontal axis indicating F2 for back vowels and F2‘ for. front
vowels. The stimuli are given at the top of each square. The
answers are indicated by points in the squares, each point in-
dicating approximately 10% of the answers. In order to leave
out quite erratic answers and let the main results appear more
clearly, one point indicates 5-14% of the listeners, two points
15-24%, etc. There are separate diagrams for long and short
vowels of the two (in Danish three) degrees of tongue height,
since there is a good deal of vertical overlapping in the an-
swers. Front unrounded, front rounded, and back rounded vowels
of the same tongue height are, however, placed in the same dia-
gram since there is very little horizontal overlapping. . Cases
of overlapping are indicated by means of arrows. If, for in-
stance, a front unrounded vowel is heard as rounded, the point
is placed in the column for frént rounded vowels, but an arrow
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pointing to the left indicates that the stimulus was a front
unrounded vowel.  Similarly, if a back vowel is heard as a
front rounded vowel, the point is placed in the mid column

with an arrow pointing to the right.

A. Danish listeners

a.  Test 1963-64

The results for the three listening groups have been
combined in the graphs (figs. 3 - 7). The percentages were
calculated for each group separately, and the average taken
of the three percentages. The answers of the three groups
show very few divergencies. There is less dispersion in the
expert group, which might be expected, but this may also be
due to the fact that the number of listeners was smaller and
they were allowed to listen twice. As mentioned above only
the experts used the peripheral squares for the low vowels..
Therefore, we will not treat the answers to these vowels in
detail. Moreover, for some reason inexplicable to me the
students of Danish have often placed German long /i:, y:, u:/
somewhat lower than the other two groups.

The Danish stimuli were mainly included in order to

have a control of the procedure. The answers are given in
£ig.- 3. They show that on the whole the vowels have been
identified correctly. Short /i, y, u/ are heard as somewhat
lowered compared to long /i:, y:/ and /u:/, which is in
agreement with the formant frequencies, and short /o/ has
been indicated as 2, which is also in agreement with the for-
mants. The only disagreement between the acoustic chart and
the answers is that some have heard /o:/ and /2/ as somewhat
[o]-like, although they are not raised, but somewhat fronted
compared to the average and particularly compared to the
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pronunciation of the younger generation. . This fronting has
been indicated by the eXperEQgroup...(There may be some con-
text effect here since /o/ comes after /e/, and /o:/.after
/Y:/e)

German /i:, y{;‘u:/vare‘generally heard as lower than

the corresponding Danish vowels. This is in agreement with
the general subjective impression. HL's /i:, y:, u:/ are
heard as particularly low, and this is in accordance with his
unusually high formant 1. It is also in agreement with the
position of formant 1 that HT's /u:/ is heard as lower than
his /y:/ and /i:/. Generally, the differences in F, are not
sufficient to explain the differences in auditory impression
of tongue height. The higher formants are also of importance.
German /u:/ has a somewhat lower F2’ /y:/ has a lower F2 and
F3, and /i:/ a lower F3 than the corresponding Danish sounds.
This brings German /u:/ closer to Danish /o:/ (which has a
lower F2 than the somewhat fronted Danish /u:/), and German
/y:/ and /i:/ closer to Danish /#:/ and /e:/ (and the high
-and strong F3 in Danish /i:/ is probably still more dominant
for the auditory impression than Fant's formula shows). It
should not be forgotten that lower vowels have not only a
higher Fl, but also a different Fz, lowered in front vowels
and raised in back vowels (see also fig. 2.).

German /e:, ¢:, o:/ are also, except for HT, heard as
lower than the corresponding Danish vowels. Here again it is

not only due to Fl' but also to the higher formants. German
/#:/ has lower formants 2 and 3, and /e:/ has a lower formant
3, and this brings them closer to Danish /e:/ and /e:/, and
German /o:/ has a higher formant 2, which brings it closer to
Danish /o:/ (see fig. 2.). HL's /e:, ¢:, o:/ are heard as par-
ticularly low in accordance with his high Fi. NB's /¢:/ and
/o:/ are also heard as particularly low, but this seems to be
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due to his higher formants. HT's and NB's /¢:/ have approxi-
mately the'same’Fl, but they are heard very differently, ob-

3. It is
surprising that HT's /o:/ has been heard as somewhat [g¢]-like
(particularly the expert group has placed it to the left of the

viously because NB has considerably lower F, and F

center). It cannot be due to context effect since /o:/ comes
after /y/ in the test.

As for German /¢, @, 9/, only the expert group has

placed them as lowered, due to the misunderstanding mentioned
above.

German /I, Y, U/ are more interesting. Nobody (except

for a few listeners in the case of ED's /U/) has heard these
vowels as (lowered) [i, y, ul-sounds. They are most often
equated with Danish [e:, @:, o:] or with Danish [e:, @:, 2:7].
There is a majority of &, ®, 2 responses in 7 out of 12 cases.
For German /U/ there is a special reason since its relatively
high F2 brings it close to Danish [o:] (see fig. 2). German
/Y¥/ has in most cases a higher F, and a lower F,-Fj than Dapish
/#:/. NB's /Y/ has the lowest F,- and is heard as [e:].

It is astonishing that HT's and ED's /I/, which have
approximately the same formant frequencies, are heard so dif-
ferently, ED's /I/ as centralized, HT's as low. It cannot be
due to context effect. HT has, however, much weaker F3 and
F4 than ED.

The answers to /I, Y, U/ often show somewhat more dis-
persion than the answers to other vowels. This is particular-
ly true of ED and NB. It is not obvious from the spectrograms
why ED's /I/ should be heard so differently from his /e:/
and HT's /Y/ so differently from his /¢:/. The lax vowels
seem to make a less neat impression. But, on the whole, the
differences in perception between /e:, ¢:, o:/ and /I, Y, U/
for the different listeners can be explained from the formant
frequencies.
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b. . Test 1955

The results of the 1955-test are in agreement with the
results of the 1963-test. The seven Danish vowel segments
were placed correctly. Short /i/ and /e/ were not placed
lower than long /i:/ and /e:/, which is in accordance with the
formants of the speaker.

German tense vowels were not heard as lowered compared
to the Danish vowels, with the exception of the vowels in ED
lieben (as in 1963), GR HOBhle, and CH fllhlen. But most of
the examples were spoken by GR and CH, who both have unusually
high higher formants in these vowels.

Of the lax /I, ¥, U/, ED's vowel in immer and CH's in
killen were heard as Danish [e], but GR killen as an [g]-like
[e]. The vowels of CH Kiitte and GR Hiille were heard as [¢]
and lowered [@¢], respectively, GR Bulle was heard as [o0], and
Tunnel, with some dispersion, as [u] or [o].

The vowel of English did was heard as lowered [e] or
raised [e]; the response to Dutch tinnen were spread over
[e]l, [¢] and [®] (whereas the tense vowel in denen was heard
as a clear [e]).

It should be noticed that the tendency found in Holtse's
test with synthetic vowels (see his article in this volume)
and also in Rischel's unpublished test with synthetic vowels,
viz. to perceive vowels as higher than would be expected ac-
cording to known formant averages, is not found in the present
tests.

B. German listeners

The answers from Kiel and K&ln have been combined into
the same graphs (figs. 8 = 12). 1In this case the average has
been taken of all answers as one group. The K8ln results
were divided into experts (6), and students (17), but the Kiel
results (1O persons) were not, although the group contained

several phoneticians. A division into groups would have given
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more weight to the expert answers than for the Danish groups.
Moreover, it Was easierﬂto treat them as‘one.group. It could
also be done because there were no consistent differences
between the groups.

There is, on the whole, more dispersion among the German
listeners than among the Danish listeners, and the inclusion
of the answers frdm'Hamburg in the graphs wouyld have made this
still more apparent. There is even more dispersion than can
be seen on the graphs, since percentages below 5% have not been
included. In some cases with three single answers in the same
direction from the central square, but in different subsquares,
one point has, however, been put in the middle in order to
give a better survey of the distribution. If there are many
subsquares with only two answers, i.e. 6% of the listeners
(which is just above the limit for one point), the number of
points may exceed 10.

There is also more horizontal overlapping than in the
Danish answers, so that more arrows have been necessary. This
uncertainty may be due partly to the fact that the tape was
10 years old, and that it was played back on a different type
" of tape recorder. Some high frequencies may therefore have
been lost, and the signal/noise level may have been less fa-
vorable, although the iistening took place via earphones.

The answers to long /i:, y:, u:/ are, however, quite
clear. The short /i, y, u/ of the Danish speaker and the long
/i:, y:, u:/ of the German speakers, which were heard as
lowered by the Danish listeners, are only heard as very slight-
ly lowered by the German listeners (with the exception of HL,
who has a very high Fl). There is a marked difference between
the German and Danish listeners on this point, which supports
the impression of a small difference between Danish and German
high vowels, mainly depending on the higher formants.
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The answers to /g, @, 9/ present few problems. . German
L&y 08y o/'are_génerally placed in the‘exPected squares. It
is not clear why ED's /e/ is heard as [@¢]-like (this was also
done, to some extent, by the Danish listeners). That HT's /e/
is heard as raised, and even in some cases. as [i], by more than
one third of the listeners must be due to his extraordinarily
high FZ—FB, which are even a good deal higher than the higher
formants of NB's and HL's /I/.

It is understandable that the Danish low vowels are
heard as raised. One might even have expected a more pronoun-
ced displacement. The fact that Danish /o:/ and /o/ are often
heard as front rounded vowels can be explained by their rela-
tively high Fz. When all single answers are taken into account,
/o:/ is heard as a front vowel by 24% and /o/ by 39% of the
~German listeners (the corresponding percentages for Danish
listeners are 3% and 17%).

The real problems concern the answers to /e:,.g¢:, 0:/
and /I, ¥, U/. ;

It is not astonishing that Danish /e:, ¢:, o0:/ are heérd

as raised, and /e:, o0:/ even predominantly as /i/ and /u/. This
corresponds well with the opposite tendencies for the percep-
tion of German sounds by Danish listeners and can be explained
from the different formant positions. But it is astonishing
that German /e:, ¢:, o:/ have often been heard as [i, y, ul.
These are even the predominant answers to HT's and ED's /e:/

and to HL's /¢:/. HT has very high F2—F3 for /e:/, and the
Danish listeners have also heard his /e:/ as somewhat raised,
but there are no obvious reasons in the other cases. It also
happens that German /e:, ¢:, 0:/ are heard as open vowels,

e.g. HL's /e:/ and NB's /¢:/. They have relatively low F
But the general dispersion over all three vertical fields

o gt

compared to the concentrated responses of Danish listeners to
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Danish /e:, ¢:, o:/, and even, though less pronounced, to the
corresponding German vowels, is surprising. N

The explanation is probably that, since German long
/e:, ¢:, 0:/ are qualitatively very close to /1, ¥, U/, some
listeners will spontaneously identify a short vowel of this
quality with /I, ¥, U/; it is therefore difficult for them to
make a purely qualitative comparison with long vowels. And
as /I, Y, U/ are the highest vowels of the lax vowel category
and are written i, %, u, they will be inclined to transcribe
the stimuli as i, y, u and forget that these symbols were meant
to represent the quality of long /i:, y:, u:/.

In this connection it is of interest that Bennett (1965)
found that a synthetic vowel which is heard by German listeners
as [o:] when long, is heard as [u] when shortened. And Lind-
ner (1966) found that synthetic vowels heard as [e:, ¢:, o:]
when long, were heard as [i, y, ul] when short. One might as-
sume a general tendency to perceive shorter vowels as higher,
but the results for the Danish listeners show that this is not
the case. The different results for the German listeners must
be due to the phonemic and orthographic system of German.l

The same difficulty arises, of course, for the responses
to /I, ¥, U/. The dispersion for these sounds is somewhat
greater. In some cases, e.g. ED's /I/ and /Y/, there are more
i, y-responses than to /e:/ and /¢:/. This does not seem to
be justified by the formant frequencies; and, except for one
case (HL /Y/), the lax vowels /I, Y, U/ are always acoustical-
ly closer to /e:, ¢:, o:/ than to /i:, y:, u:/. It might be
due to a specific quality of lax vowels (cp. that ED's /I/ is
heard as centralized). But HT's /e:/ and /I/ show the opposite
tendency: there are more e-responses to his /I/ and more i-
responses to his /e:/, which might be explained by the very
high F, of his /e:/. His /U/ is mostly heard as [o], probably

because of the high Fl'

1) see postscriptum, p. 194
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In any case,. there are (just as for /e:, ¢:, o:/) a good
many i, y, u-responses, Wthh are not justlfled by the formant
positions. .

The results from Hamburg have not been included in the
~graphs because the somewhat larger dispersion would make the
picture more blurred. The greater disperéion is partly due
to the fact that both German /e:, ¢:, o:/ and /I, Y, U/ are
more often identified with /e, «, 9/ than in the other groups,
so that the answers are spread over the whole vertical scale,
partly to the fact that in a few cases there is more horizontal
overlapping (e.g. in HT's /e, @, 9/). The Hamburg listeners
have, just as the other groups, been inclined to identify the
short stimuli of /I, Y, U/-quality with short vowels, but some
have apparently found them too open to be [i, y, ul] and have
chosen [g, e, o].l Apart from this, the answers look very much
like those of the other two groups. Almost all the listeners
were from North Germany.

The very sharp cuts may have reinforced the impression
of short vowels. Cohen et al. (1963) report that an abrupt de-
cay favours short-vowel-responses for Dutch listeners. On the
other hand, measurements of German vowels (EFJ 1941, Hans Peter
Jgrgensen 1969, EFJ and H.P. Jgrgensen 1970) have not supported
Sievers' old theory that the decay of short vowels should be
more abrupt than that of long vowels in German.

Five of the listeners from K8ln repeated the test later.
The most consistent listener gave exactly the same response the
second time in 53% of the cases, the least consistent in 21% of
the cases, i.e. in most cases there was a change, but, generally,
it was only one step in the diagram. This means, however, that

one should not try to explain very small differences.

1) Why this identification has been made especially by the
listeners in Hamburg is difficult to explain. It may per-
haps have something to do with the symbols used. - On the .an=
swer sheets used in Hamburg, [e ® 2] were wrltten e, 6 S,
and in the key words they were spelt e, 8, o (Betten,’ 6ffhen,
hocken) .
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- T R Comparison between perception of vowels in isolation

and in words in various consonant surroundings

The German listeners in Kiel, K8ln, and Hamburg listened
to a small subsidiary test containing some of the same vowels
in words. The task was exactly the same as for isolated vowels,
but the result was very different. '

The responses to HT hissen, hiitten, hupfen are shown in

fig. 13, and the responses to the corresponding isolated

vowels by German and Danish listeners are presented again for
comparison. It appears from the graphs that whereas /I, Y, U/
in isolation are often heard as [e, ¢, o] and sometimes even as
[e, ® o] by the German listeners (and generally as somewhat
lower by the Danish listeners whose standard vowels are somewhat
higher), they are identified almost exclusively as [i, y, ul,
although somewhat lowered, when heard in words.

The corresponding vowels spoken by NB give a quite similar
picture: the vowels in words were heard as higher. Moreover,
whereas 24% of the German listeners heard the vowel in hissen
as a front rounded vowel when presented in isolation, nobody
made this identification when the vowel was presented in the
word hissen. For HL the differences are less drastic since his
/Y¥/ and /U/ are perceived as rather high, also in isolation.
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