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PERSONNEL OF THE INSTITUTE OF PHON~'TICS 

1970 

Permanent Staff: 

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

Jørgen Rischel (lecturer and amanuensis of general phonetics) 

Hans _Peter Jørgensen (amanuensis of general phonetics) 

Oluf M. Thorsen (amanuensis of general and French_ phonetics) 

Børge Frøkjær-Jensen (amanuensis of experimental phonetics) 

Hans Basbøll (amanuensis of general phonetics) 

Ole Kongsdal Jensen (amanuensis of general and French phonetics) 

Karen Landschultz (amanuensis of general· and Franch phonetics) 

Carl Ludvigsen (engineer) 

Poul Thorvaldsen (engineer) 

Svend-Erik Lystlund (technician) 

Inger Østergaard (secretary) 

Inge Lindemark (secretary until 15/9 1970) 

Kirsten Kirkebæk (secretary from 15/9 1970) 

Part Time Teachers of General Phonetics: 

Kirsten Gregersen (teaching assistant) 

Steffen Heger (teaching assistant) 

Mogens Baumann Larsen (amanuensis of Danish phonetics) 

Nina G. Thorsen (teaching assistant) 

Guest Research Workers: 

-----------------------
Hideo Mase (Japan) 
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PUBL~CATlONS BY STAFF MEMBERS 1970 

Eli Fischer-Jørgensen, 

Eli Fischer-Jørgensen, 

Eli Fischer-Jørgensen, 

Jørgen Rischel, 
I 

Jørgen Rischel , 

Introduction to H. J. Uldall, 

Outline of Glossematics I, 2nd 

ed. 1967 (1970), P• I-XXII. 

.11Phonetic Analysis of Murmured 

(Breathy) Vowels in Gujarati", 

Indian Linguistics XXVIII ·(1970), 

P• 71-139• 

"Les occlusives fran9aises et da­

noises d'un sujet bilingue", 

Word 24, 1968 (1970), P• 112-153. 

/ "Acoustic features of syllabicity 

in Danish", Proc. Sixth Intern. 

Congr. of Phon. Sc., Prag 1967 
(1970), P• 767-770. 

J "Consonant Gradation: A Problem in 
I. 

Danish Phonology and Morphology" 

in: Hreinn Benediktsson (ed.), 

The Nordic Languages and General 

Linguistics (Reykjavik 1970), 
P• 46o-48o. 
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LECTURES AND COURSES IN 1970 

1. Elementary phonetics courses 

One-semester courses (two hours a week) in elementa-

ry phonetics (intended for all students of foreign languages 

except French) were given by Hans Basbøll, Kirsten Greger­

sen, Steffen Heger, Hans Peter Jørgensen, Mogens Baumann 

Larsen, and Nina G. Thorsen. There were 2 parallel classes 

in the spring semester and 13 in the autwnn semester (about 

J5o students in all). 

Two-semester courses (two hours a week) in general 

and French phonetics (intended for all students of French) 

were given through 1970 by Ole Kongsdal Jensen, Karen Land­

schultz, and Oluf M. Thorsen. There were 9 parallel classes 

in the spring semester.and 7 in the autu.mn semester (on an 

average 175 per semester). 

2. Practical tra·ining in sound perception and transcription 

Cour.ees :for beginners as well as courses :for more ad­

vanced students were given through 1970 by Hans Peter Jør­

gensen, Jørgen Rischel, and Oluf M. Thorsen. (The courses 

form a cycle o:f three semesters with two hours a week.) 

3. Instrumental phonetics 

Courses for beginners as well as courses :for more ·ad­

vanced.students were given through 1970 by Børge Frøkjær­

Jensen. (The oourses :form a---cyole-·-of three semesters with­

two hours a week.) 

4.· Phonology 

Courses for beginners as well as courses :for more ad­

vanced students were given through 1970 by Hans Basbøll and 

Jørgen Rischel. (The courses :form a cycle o:f three semes-
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ters with two hours a week, the subject of the three semes­

ters being elementary phonological method, t+ends in phono-

logical theory, and generative phonology.) ' 

5. Other courses 

Carl Ludvigsen and Eli Fischer-Jørgensen lectured on 

psychological acoustics and auditory phonetics through the 

autumn semester. 

Carl Ludvigsen gave a course in mathematics and elec­

tronics in the autumn semester. 

Hans Basbøll gave a course in Danish phonology in the 

spring semester. 

Hans Peter Jørgensen and Niels Davidsen-Nielsen gave 

courses in the phonetics of German and English, respective­

ly, in the spring semester. 

Oluf M. Thorsen gave a course "in French phonetics in 

the autumn semester. 

Moreover, the students followed Henning Spang-Hans-

sen's course in statistics for linguisti~ purposes through 

the spring semester. 

6. Seminars 

The :following seminars were held in 1970: 

Professor Eli Fischer-Jørgensen and amanuensis Hans 

Peter Jørgensen: Lo.ose and close contact. 

Professor I. H. Slis (Eindhoven): Durational and elec­

tromyographic measurements on :force o:f articulation. 

Dr. s. o. Siemssen and speech therapist A. Boberg pres­

ented a film showing tongu.e movements during speech 

articulation and swallowing, and a film showing speech 

rehabilitation after total paresis of the tongue. 

Professor G. Ungeheuer (Bonn): Uber den Begriff der 

phonetischen Information. 
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Nina G. Thorsen presented her study on ~oicing in 

English (aee below P• lff). 

Børge Frøkjær-Jensen demonstrated the glottographs 

of the Institute. 

7. Participation in congresses and lectures at other insti­

tutions by members of the staff. 

Eli Fischer-Jørgensen and Hans P. • Jørgensen.-1.ectured 

on "Loose· and cl·ose contact" at .the Laboratory of Speech 

Trans~ission of the Royal Technical High School in Stock­

holm. 

Børge Frøkjær-Jensen visited the institutes of pho­

netics in Amsterdam, IPO Eindhoven, Bruxelles, Bonn, Koln, 

Hamburg, Essex, Leeds, Colchester, and Praha, Die techni­

sche Hochschule, Dresden, University College~ London, and 

the Institute of African and Oriental Studies, London. The 

expenses were covered by a grant from the University of 

Copenhagen. 

Børge Frøkjær-Jensen participated in the "Symposium 

on Intonology" in Praha. 

Børge Frøkjær-Jensen lectured at a meeting he1d in 

Copenhagen by the Danish Society Qf Logopedics and Phonia­

trics on "Comparative Phonetic-Acoustic Analysis Before 

and After Speech Therapy of Voices Suffering from Recurrens 

Paresis" (cf. ARIPUC 4/1969 (1970), P• l45ff). 

Hans Basbøl1 and Jørgen Rische1 participated in the 

Second Scandinavian Summer School of Linguistics in Stock­

holm. 
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INSTRUMENTAL EQUIPMENT OF THE LABORATORY 

The fo~lowing is a list of the instrwnents that have 

been purchased or built since January 1st, 1970. 

l. Instrumentation for speech analysis 

1 segrnentator, type PT 

1 electro-aerometer, type AM 508/4 

1 audio frequency filter, type 445 

2. Tape recorders 

4 semi-professional recorders, Revox (stereo, speeds 

J J/4" and 7 1/2") 

J. Loudspeakers 

J loudspeakers, Beovox, type 2600 

4. General-purpose electronic instrumentation 

l multi-generator, Exact, type 126 VCF 

2 stabilized rectifiers, Danica, type TPS ld 

1 stabilized rectifier, Danica, type TPS 3c 

5. Projectors 

1 projector, Leitz, type Pradovit color 250 

2 overhead projectors, 3M company 
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REPORTS ON CONSTRUCTIONAL WORK 

Jørgen Rischel and Poul Thorvaldsen 

1. Improvements to the segmentator 

In the past year the seg,nentator has been improved. A 

new gate with field-effect transistors working in the non­

pinchoff region '(variable impedance) has been constructed 

to replace the old one with a diode-bridge. 

Instead of clipping the speech signal when using en­

velope shaping the new gate damps the signal. The damping 

function is approximately a Gaussian function fora trape­

zoidal input to the gate. At the same time the maximum damp­

ing is raised from 45 dB to ?o dB. (PT) 

2. Construction of a four-channel electromyograph 

A four-channel electromyograph suitable for use with 

needle or surface electrodes has recently been constructed. 

The signal is led to a high input-impedance pre-amplifier· 

with a gain of 2o dB. The input mode can be either DC or AC 

(o.l Hz). The pre-amplifier is followed by a gener~l­

purpose amplifier with gain adjust~ble from -60 dB ~o -K4o dB. 

Thereafter the system allows for signal processing via high­

pass and low-pass filtering, rectification and integration. 

Rectification is linear, and filter cut-off frequencies and 

integration time-constants are selectable. The bandwidth of 

the system is o - 2o kHz. 

Further specifications relating to noise levels and 

CMRR are not given here, since we are at present conduct­

ing experiments to determine the effect of these values of 

coupling electrodes into the system. These experiments will 

be reported later. (PT) 

. I 
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3. Speech synthesizer 

The synthesizer of the Institute of Phonetics has 

been modified so that it now includes 8 formant circuits 

for the synthesis of vowels and consonants. The control 

system (function generator) has been constructed according 

to the principles outlined in ARIPUC 3/1968 (1969), P• 17 ff. 

It is. presently possible to control 12 varying parameters 

simultaneously. Specimens of speech have been synthesized 

with fairly good quality. (JR) 
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VOICING IN BRITISH ENGLISH ~ AND d IN CONTACT"WITH OTHER 

CONSONANTS1 

Nina G. Thorsen 

1. Introduction 

Surprisingl.y little has been published about voicing 

in British English (BE) plosives. • Gimson (1966 P• 145-162 

and 266-270) does say something on this subject, but his 

treatment is incomplete. For instance, nothing is said 

about the influence of stress distribution upon voicing in 

plosives. 

A great deal of research has been done on American 

English stop consonants, but mostly when these stand 

initially before stressed vowels. 

_A study of voice ass'imilation in French obstruents 

has been done by Oluf M. Thorsen (1967). Eli Fischer­

Jørgensen has investigated assimilation in Dutch (1952). 

2. The material 

The present investigation is based on an acoustic 

(mingographic) analysi; of 76 sentences, recorded five 

times by six subj ects, three males and three females, a11· 

speaking RP. In additi~n to this material, which. consisted 

of examples of ~ and d, a· much smaller material containing 

examples with band~ was recor~ed twice by two subjects 

1) Thesis work for the cand.mag.-degree, completed in 
June 1970. I am grateful to Eli Fischer-Jørgensen 
for much good advice and very. helpful criticism. 
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(two o:f the previously used males). 

2.1. The main corpus o:f the material 

tions: 

tand d were investigated in the :following two posi­

(a) X+_V where + is a morpheme- or word boundary, 

and X is a pause, a vowel, 9r a vowel :followed by f, ~, 
~, ~, or !, and (b) V_+X where +· is a morpheme- or word 

boundary, and X is a pause, a vowel, or a vowel preceded 

by~, ~, ~, ~, or 1. 

2.2. Additional material 

In addition, examples o:f ~and~ preceded by k and 

~ respectively, and o:f ~and~ :followed by E and~ respec­

tively, were recorded twice by the a:forementioned two male 

subjects. 

tions: 

band I were investigated in the :following two posi­

(a) X+_V where·+ is a morpheme- or word boundary, 

and X is a pause, a vowel, or a vowel :followed by~,~' ~• 

~• or !, and (b) V_+X where·+ is a morpheme- or word bound­

ary, and X is a pause or a vowel. 

The examples with vowels and pause be:fore/a:fter the 

consonant under investigati·on were included :for comparison. 

2.3. The clusters under investigation 

Thus the material cdntains the :following 1 clusters 1 

a) V+t, p+t, b+t, s+t, z+t, l+t, 

t+V, • t+k, t+g, t+s, t+z, t+l, 

V+d, p+d, b+d, s+d, z+d, l+d, 

d+V, d+k, d+g, d+s, d+z, d+l 

There were Jo examples o:f each o:f these clusters {in each 

stress distribution, see below), in same cases slightly 

:fewer, due to mistakes ·in the recordings. 
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b) k+t, g+t, k+d, g+d, t+b, d+p, d+b, 

V+b, t+b, d+b, s+b, z+b, l+b, 

V+g, t+g, d+g, s+g, z+g, l+g, 

b+V, g+V 

There were.four examples of each of these clusters {in each 

stress distribution, see below), in some cases fewer, due 

to mistakes in the recordings. 

2.4. Stress distributions 

The clusters {and the examples with pause before/ 

after the consonant to be examined) in the more comprehen­

sive material were all investigated under two stress condi­

tions: 

first syllable stressed, second syllable unstressed 

(strong-weak) 

first syllable unstressed, second syllable stressed 

{weak-strong) 

and some of them furthermore under a third type of stress 

condition: 

first syllable unstressed, second syllable unstressed 

( weak-weak) • 

The clusters in the more limited material were not 

so extensively examined, there being, for instance, no 

weak-weak examples, and there were also emissions among 

the strong-weak and the weak-strong distributions. 

A few illustrations: 

~+~, weak-strong: "Subtopians are happy" 

strong-weak: "There's a cab to p~y" 

weak-weak: "It's a subterranean spring" 

~+~, strong-weak: •The ca~ot hurt" 

weak-strong: "Di~olding do it?" 

weak-weak: "Di~olightly do it?" 
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The recordings and tracings 

The recordings were made in the studio at the 

Institute of Phonetics with a condenser microphone, and 

a Lyrec Professional Recorder, 1/1 track, at 7 1/2"/sec, 

on Scotch Magnetic Tape, SP lo2. 

The recordings were traced on a mingograph, Elema 

800. The traces were: one duplex oscillogram, one F 
0 

curve (Trans Pitchmeter, Børge Frøkjær-Jensen), one 

logarithmic unfiltered intensity curve, one linear inten­

sity curve, high-pass filtered at 500 Hz (Intensity Meter, 

Børge Frøkjær-Jensen) and an oscillogram filtered so that 

essentially only the first harmonic was traced (Audio­

Frequency Filter, Børge Frøkjær-Jensen). 

The calculations on the data thus obtained were 

performed on a data processing machine. 2 

4. Results 

4.1. General remarks 

I was interested only in the duration of the voicing, 

whether audible or not. Audible voicing was of less in­

terest in this study. I wanted to study the phenomenon of 

assimilation, the physiological mechanism itself, and the 

possible beginnings of a diachronic development which may 

be discerned. 

It has previously been established that Grammont•s 

description of the mechanism of regressive assimilation 

is wrong (Fischer-Jørgens~n 1952 and Thorsen 1967), and 

it does not seem to be va1id for BE either •. 

2) I am grateful to Børge Frøkjær-Jensen who was in 
charge of this part of the investigation. 
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Grammont (1939 p. l93f) maintained that a partial 

regressive assimilation always affected the last part of 

the preceding consonant. He may have imagined a situa­

tion like this: 

'which has not been found once in my material, nor in the 

Dutch and French material of Eli Fischer-Jørgensen and 

Oluf M. Thorsen, respectively. 

There is normally ·some voicing to be found in a con­

sonant immediately following a vowel - the vocal chord vi­

brations continue into the consonant witil the pressure drop 

across the glottis is too small to allow vibrations. This 

voicing may be supported and prolonged by a followi~g voiced 

consonant and the voicing, if not total, will typically be 

fou.nd to extend continuously through the first part of the 

cluster, which may end unvo_iced, even when the first conso­

nant is basically unvoiced (fortis) and the second conso­

nant is basically voiced (lenis). 3 

4.2. Stylized displayof voicing in consonant clusters 

A stylized version of the typical situations found 

in my material (1475 clusters) is given on the following 

pages. The clusters are given to the left. They are 

divided into groups according to the basic voicing charac­

teristic of the first and ~econd consonants. In Table 

Ia all clusters are included, and the number of examples 

3) I shall use the terms fortis and lenis throughout 
about basically unvoiced and basically voiced con­
sonants respectively - whether these be appropriate 
phonetic terms or not. 
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of each cluster is given. The figures in parentheses re­

present the total number of examples in each group {la 

242 examples, 2a 23 examples, etc., etc.). 

.Tab le Ia Voicing in consonant clusters 

w la ~ A A •1 2a A6At"3a ... AAr-4AA, 
·~· .... .. 71 V 'TY Y vVvy 

p+t (/) 47 
•rl 

t+k .p 66 12 6 H 

k+t 0 
( 242) ( 23) ( 6) 4-1 4 

(/) 

s+t 0 •rl 57 .p 

t+s H 68 11 r-1 0 

--------~-------------- ------------------------. -----------.... d+p 0 lb 2 2b 6 3b 
b+t O'.l (\J 38 18 33 

•rl 2 2 g+t s:! 
(l) 

d+k r-1 29 (191} 23 (77 33 (153) 
d+s 0 37 

. -
z+t r-1 85 
l+t 

433 

31 
3 

loo 

18 
1 

60 

159 

continued on the 
next page 



Table Ia continued 

pt+d 

t+b 

k+d 

t+g 

s+b 

s+d 

s+g 

ro 
·ri 
..p 
H 
0 
ct--i 

0 

-

) A A 
V V 

46 
7 

4 
51 

2 

52 
5 

t+z r-1 ro 29 
·ri 

t+l ~ 1 

4a 

--------rl-------------d+b o 4b 

b +d C\J 8 

g+d 

d+g 

z+b 
z+d 

z+g 

d+z 

d+l 

l+b 

l+d 

l+g 

ro 
•r-1 
~ 
<l) 

.I 

0 

-r-1 

1 

23 

15 
1 

9 

254 

7 

.5a 

11 
( 13) 

2 

----------5b 

4 

5 

( 32) 
16 

7 

45 

6a 

3 

11 

( 15) 
1 

5 6b 
32 

3 
·37 

5 ( 180) 

44 

4 
25 

2 

21 

2 -
195 

4 

lo 

6 

4 

7a 

( 24) 

------------7 7b 
43 

22 

3 ( 265) 
11 

3 
45 
81 

6 

38 

6 -
289 

In table Ib the number of examples of a particular 

cluster in each situation is given in percentages of the 

total number of examples of that cluster {included the 

atypical ones, see below),> but the clusters from the 

smaller material have been om~tted, since percentages for 
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Table Ib Voicing in consonant clusters (percentages) 

I la 
A•dl 

2a 
A A .._-, A 3a 

4\A~AAAA AAA rv .. ,~ ... .. ,. y.r" v7r 

ro 
p+t ·rl loo ..p 

H 
79 14 7 t+k 0 

~ (I) (89) (9) (2) s+t ·r-1 loo 
0 ..p 

t+s 
H 86 14 - 0 

r-¾ ~ 

--------------------------,------------
,_ ___________ 

------------
b+t 0 43 lb 2o 2b 37 3b 

ro -
d+k •r-1 C\J 34 27 39 

~ (45) (18) (37) d+s Q) 43 36 -21 r-¾ 

z+t 0 96 3 1 

l+t - 100 r-¾ 

p+d (I) 96 4a 5a 6a 7a 
·rl 

t+g ..p 61 13 13 12 H 

s+d 
0 

91 (59) (4) 2 (4) (7) ~ 

t+z 0 (I) 51 3 lo •rl 

t+l - s::! 2 8 r-¾ Q) 

r-¾ ------------~----------------------~------------
__ ..,. ________ 

0 4b. 5b 6b 7b 
b+d - 9 5 37 49 

d+g 
(I) C\J 26 6 43 25 •rl 
~ 

z+d Q) 17 (lo) 18 ( 6) 49 (33) 12 (48) 
r-¾ 

d+z 0 lo 8 29 52 

d+l - 90 
r-¾ 

l+d 36 64 
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such low figures are misleading. The figures in parenthe­

ses indicate the number of examples in each situation of a 

particular type of cluster in percentages of the total 

number of examples of that type of cluster, included those 

from the small material, since this makes very little dif­

ference, or none at all. There are four types: fortis 

+ fortis (F+F), 271 examples, lenis + fortis (L+F), 421 
examples, fortis + lenis (F+L), 249 examples, and lenis 

+ lenis (L+L), 534 examples. Thus "(89)" in group la means 

that the examples in this group comprise 89% of the total 

number of F+F examples, etc., etc. 

Note that in both tables clusters ~n different stress 

distributions have been pooled. 

4.2.1. Clusters exhibiting unbroken·partial. or total 

voicing 

The 1475 clusters in tables Ia and Ib follow the rule 

that the voicing in consonant clusters, if not totål, lies 

unbroken in the beginning of the cluster: 

It will be seen that an initial
4 

fortis consonant 

(group~ 1 - 3) is usually unvoiced (533 examples or 98% 
of the F+F and 63% of the L+F clusters), but it may be 

voiced in the beginning, if the preceding (final) conso­

nant is fully voiced (159 examples or 2% of the F+F and 

37% of the L+F clusters). Final fortis consonants (groups 

1a - 7a} are usua11y voiced only in the beginning (439 
examples or 89% of the F+F and 59% of the F+L clusters), 

but tands may be fully voiced (8l_examp1es or 11% of 

the F+F and 15% of the F+L clusters), though only when they 

are unstressed. Initial lenis consonants (groups 4 - 7) 

4) Initial means initially in a word or morpheme, not 
initially in the cluster, and final means finally 
in a word or morpheme, not finally in the cluster. 
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are unvoiced (299 examples or 63% of the F+L and 16% of 

the L+L clusters) or voiced in the beginning (195 examples 

or 4% of the F+L and 33% of the L+L clusters) like initiai 
{ 

fortis consonants, but initial lenis consonants may be 

fully voiced, usually after a final lenis consonant (group 

7b, 265 example6 or 48% of the L+L clusters), but also some­

times af.ter final fortis co~sonants when these' are unstres­

sed (group 7a, 24 examples or 7% of the F+L clusters). 

Final lenis consonants (groups -lb ·- 7b) are normally 

voiced throughout (7o7 examp1es or 87% of the L+L 

and 55% of the L+F clusters), but they may be voiced only 

in the beginning (248 examples or 45% of the L+F and lo% 

of the L+L clusters). 

4.2.2. Clusters exhibiting discontinuous voicing 

A total of 98 clusters showed discontinuous voicing. 

They are displayed in tables IIa and IIb. In table IIa all 

clusters are included, in table IIb those from the small 

material have been omitted and the number of examples are 

given in percentages like in table Ib. In these tables the 

different stress distributions are considered. The figures 

in parentheses in table IIb indicate the number of examples 

of each type of cluster in each situation in percentages of 

the total number of the same type of cluster, for instance, 

22% of the fortis + lenis clusters (group 8a) were found 

to have discontinuous voicing in the manner indicated at 

the top of the column. 

Note that all of these 98 clusters have a lenis 

second consonant, and almost all (85 examples) have a fortis 

first consonant. 59 examples have been found in the weak­

strong distribution. 
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Tabla Ila Voicing in consonant clusters 

8a 
AAAA~ 

9a 

~ AA A ~61H A .A ..a A .A.A~ta Yvv tvt f Y'r •'1 ♦ CF♦19 

w-st st~w w-w w-st st- w- w-st st-w w-w 
t+b 2 
t+g 1 

p+d 
Ul 

2 • •rl 
..p 

t+z H 9 5 4 2 0 

t+l ~ 25 21 1 
0 

s+d 4 
s+b r-l 1 3 2 

Ul 
s+g ·rl 1 2 

~ 
Q) 43 4 31 3 5 6 r-l _________ o _______ 

----- -----
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t+z 0 16 9 7 4 ~ 

t+l 0 f/l 48 40 2 
•rl 

s+d - ~ "7 r-l Q) 

r-l --------~--------
,... ____ 

---- --- _ ___ .... 

z+d f/l 0 8b 
4. (i~ 

lob 
·rl (2) 
~ -d+z Q) C\J 1 
r-l 

d+l 0 3 5 1 1 

-r-l 
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4.2.2.1. Tentative explanations 

Various explanations offer themselves to the 85 exam­

ples with fortis first consonant. - The vibrations are dis­

continued in the first consonant (a) because the glottis 

opens and the vocal chords are too far apart for the 

Bernoulli-effect to be active or (b), if the glottis 

remains 1 closed 1 , because an intra-oral pressur~ is built 

up gradually and the pressure drop across the glottis is 

thus decreased. In the first case the air flows freely 

into the mouth cavity and the intra-oral pressure builds 

up rapidly. In the second case, air escapes into the mouth 

at each opening of the glottis during the vibratory cycle, 

and it wi11 take longer for the pressure drop to decrease, 

but eventua11y it will be small enough to impede vibrations. 

- In any case vibrations can only resume if the intra-oral 

pressure is lowered, either by an active expansion of the 

mouth walls or by letting air out of the mouth - which is 

probably the explanation for the 67 examples (9+5+4+2 + 

25+21+1) of _i+~ and _i+.!• In the· 5 exa~ples (2 + .1 .. + .. 2) .. of 

_i+~, _i+~, and E+~ it may be that the mouth walls have been 

actively, expanded, though this phenomenon is not generally_ 

assumed to take place in BE. 

The 13 examples (4 + 1+3+2 + 1+2) of ~+d, ~+b, and 

~+~ are rather hard to explainz it is difficult to see 

how vibrations can start after the buccal closure has been 

made and the intra-oral pressure thus has increased. But 

lo of these examples have been found where the first sylla-. 

ble was unstressed and the second syllable stressed. It 

may be that a new and forceful innervation of the expiration 

muscles would increase the subglottal pressure sufficiently 

in relation to the supraglottal pressure for an air-stream, 

to move through the glottis and set the vocal chords in 

motion, provided they are sufficiently close for the 
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Bernou11i-e:ffect to be active. This same requirement must 

be met in the 5 examples of ~+b, ~+~, and E+d, and indeed 

it seems very likely that th~ voca1 chords approach the 

'closed' position at the beginning of the lenis consonant. 

In both cases some expansion of the mouth walls is probably 

called for. 

Regarding the 13 clusters with lenis first consonant: 
(., 

lo of these have z or ~ as second consonant and may be 

explained in the same way as the 67 examples mentioned 

above, except that it is fairly certain that· the glottis 

remains 1 closed 1 throughout the cluster. 

Reallystrange are only 3 examples with ~+d. ~ is 

fully voiced, and dis partially voiced - but in the end. 

I cannot explain why. Presumably the vibrations stop 

because of heightened intra-o~al pressure. This coincides 

with the buccal closure, which makes for an even higher 

intra-oral pressure; however, vibrations start again before 

the explosion of the closure. This can only be explained 

by assuming an expansion of the mouth walls - but then: 

why does not this expansion happen earlier so as to produce 

continuous rather than interrupted voicing? 

4.3. 'Rules 1 for the placement of voicing in consonant 

clusters 

Theabove is, of course, purely speculative. In order 

to be certain about these phenomena glottograms should • 

-hav~ been made. But whether the explanations are valid or 

not, all examples except those in groups 9 and lo (i.e. 

1557 examples in all) can be formulated in a rule: 

Fortis consonants arter consonants that end unvoiced are 

always unvoiced (433 examples, group 1). 

Fortis consonants arter consonants that end voiced are un­

voiced (loo examples, group 2) or voiced in the beginning. 

(159 examples, group J). 
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Lenis consonants after consonants ending unvoiced are un­

voiced (254 examples, group 4) or they may 'be partially 

voiced in the end (82 examples, group 8). 

Lenis consonants af'ter consonants ending voiced ·may be un.­

voiced (45 examples, group.5), partially voiced in the 

beginning (195 examples, group 6), or f'ully voiced {289 

examples, group 7). 

4.4. Measrirements (av~~ages) 

The next section contains some actual data on the 

degree of' voicing f'ound in the consonants investigated. 

The data represent averages of' all subjects. 

"Duration" at the top of' columns in the tables always 

means "duration in msec of' the consonant" {closure only, in 

plosives), "voicing" means "duration in msec.of' the voicing 

in the consonant" {closure, respectively), and"%" mean~ 

"relative voicing in percentages". "+" denotes morpheme-

or word boundary. The f'irst of' the f'our columns ·in each 

group gives the number of' examples (in parentheses) that 

f'orm the basis of' the calculations. ~ The statistical 

signif'icance of' the difference~ in relative voicing in 

the consonants bef'ore/af'ter a f'ortis and the corresponding 

lenis consonant has been calculated. "**" indicates statis­

tical signif'icance at the·99% level, "*" indicates statis­

tical signif'icance at the 95% level. 
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4.4.1. Final d 

The ~-closure is usually voiced :finally, regardl.ess 

o:f the :following consonant {see Table III). The slight 

di:f:ferences :found in di:f:ferent stress distributions are 

not .statistically signi:ficant. 

Table III Voicing tn the closure of final d: 
stress-
distri- strong-weak weak-strong weak-weak 
bution 

dura- voic- dura- voic- dura- voic-
tion ing % tion ing % tion ing 

d+pause (30) 67 61 91 (30) 79 61 77 
:d+V (30) 32 32 loo (19) 36 -36 loo '( 25) 37 36 
d+k ( 26) 64 62 97 (30) 51 44 ·86 (3o) 56 5o 
d+g (28) 62 60 97 (30) 56 51 91 (30) 53 47 
d+s (26) 63 59 92 (30) 63 5o 79 (3o) 55 46 

f30) (30) * (29) d+z 71 71 loo 64 62 96 61 56 
d+l (30) 75 74 98 (30) 56 56 loo (3o) 49 46 

Table IV shows that there is a considerable di:f:fer­

ence in the degree o:f voicing :found in~ vs. 2 and in~ 

% 

98 
88 
87 
83 
92 
94 

vs. z a:fter d: the lenis consonant is more v~iced than the 

:fortis counterpart. - Only in the case o:f z does the 

voicing show statistically signi:ficant dependance upon 

stress distribution1 z is more voiced when it is stressed -
than when it is unstressed. 
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Table IV Voicing in the consonants following final d: 

stress-
distri- strong-weak weak-strong weak-weak 
bution 

dura-voic- dura-voic- dura- voic-
tion ing % tion ing % tion ing % 

d+k ( 2 6) 86 17 2o (3o) 79 13 17 (30) 7o 9 13 
** ** ** 

d+g (28) 71 3o 42 (3o) 80 4o 49 (30) 63 23 36 

d+s (26)129 12 9 (30)143 14 lo (30)128 6 5 
** ** ** d+z (3o) 81 51 63 (3o)ll8 99 84 (29) 88 32· 37 

d+l (30) 62 60 97 ( 3o) 88. 87 97 (30) 67 61 91 

4.4.2. Finalt 

The difference between the relative voicing in final 

and intervocalic tis sta~istically significant, but the 
,I - • 

differenc~ in absolut voic~ng is small or.non-existent (see 

table V). The relative differences appear, of course, 

because the intervocalic closure is comparatively shorter 

than the final closure. Otherwise, it seems that finalt 

is slightly more voiced befare a lenis consonant than 

before its fortis counterpart (though not before k vs. 2 
when ! is stressed). Unstressed ~ is slightly more voiced 

than stressed t. 

Table VI shows that fortis consonants after t are -
completely unvoiced. 2 and'~ are unvoiced after stressed 

! but slightly voiced after unstressed ~•!is partially 

voiced ( in the end), more ·so when ! is stressed. 
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Te.ble V Vo1cing in the cloaure of final t: 
stress-
distri- strong-weak weak-strong weak-weak 
bution 

dura- voic- . dura- voic- dura- voic-
tion ing % tion ing % tion ing % 

t+pause (30) Bo 22 27 (25) 63 26 42 
(22) * (19) ** (30) t+V 53 22 42 25 22 89 29· 23 79 

t+k (25) 77 18 23 (30) 47 31 66 (3o) 41 31 75 
t+g ( 26) 68 17 25 (3o) 47 41 87 (30) 47 34 73 
t+s (2o) 71 26 36 (29) 55 33 60 (3o) 49 33 67 
t+z (27)100 40 40 (30) 78 64 82 

t+l (22)lo2 32 31 (29) 67 35 53 

Table VI Voicing in the consonants following finalt: 
stress-
distri- strong-weak. weak-strong weak-weak 
bution 

dura- voic- dura- voic- dura-voic-
tion ing % tion ing % t·ion ing · % 

t+k (25)lo5 0 0 ,_, (30) Bo 0 0 (3o) 69 0 0 

(30) ** (30) * t+g ( 26) 91 0 0 77 22 28 67 12 18 
t+s (20)140 0 0 (29)140 0 0 (30)112 0 0 

t21)110 J3o)l37 ** t+z 6 6 74 54 
t+l (22)" 77 42 54 (29) 85 61 71 
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4.4.3. Initial d 

Initial dis strongly influenced by the preceding -
consonants (see Table VII). Between vowels dis voiced 

(though not completely (91-92%) when unstressed). The two 

intervocalic d's do not exhibit marked differences. After 

fortis consonants ~ is almost completely devoiced. After 

lenis consonants ··d is partially voiced, more so when d is 

stressed. 

Table VII Voicing in the closure of initial d: 

stress-
distri- weak-strong strong-weak weak-weak 
bution 

dura- voic- dura- voic- dura-voic-
tion ing % tion ing % tion ing % 

pause+d (8)5) 4 7 6) (5) 5) 386) 
, V+d (30) 84 76 91 (3o) 52 52 loo (3o) 60 57 90 

Vd?-) (3o) 83 77 92 (3o) 44 44 loo 

p+d (29) 67 5 7 (19) 67 0 0 
** (27) ** (30) b+d (30) 60 5o 83 63 28 44 32 17 53 

s+d (30) 84 9 11 (2i) 57 0 0 

.·( 3o) lo7 ** (29) ** (3o) z+d 48 45 73 12 17 62 2o 32 

l+d (29)113 88 78 (30) 51 51 99 

5) There were 30/30.exampl~s of stressed and unstressed 
initial d after pause, but only 8/5 that showed 1voic­
ing leadT. 

6). The closure duration could not be measured in initial 
d and t. - -

7) This example is one where there is no boundary between 
d and the surrounding vowels• included for comparison 
with the example just abov~. 
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Tab1e VIII shows that lenis consonants before initial 

d arealmost ~lways fully voiced, independent1y of stress 

distribution (cf. Table III about final~). f and~ are 

partially voiced in the beginning, more so when E ands 

are unstressed. 

Table VIII Voicing in the consonants preceding initial d: 
stress-
distri- weak-strong strong-weak ~-weak 
bution 

dura- voic- dura- voic- dura-voic-
tion ing % tion ing % tion ing % 

p+d (29)100 27 27 (19)101 25 25 
** ** b+d (30) 88 88 loo (27) 89 86 97 (3o) 79 77 97 

s+d (30) 84 36 42 (27)lo7 31 29 
(3o) ** (29)lol ** .(30) z+d 7o 69 99 95 94 62 61 98 

l+d (29) 68 68 loo (3o) _ 92 92 loo 

Initialt after a· pause is always unvoiced (see Table 

IX). Between vowels ! is partially voiced, relatively 

more so when tis unstressed than when tis stressed. When 

initialt is unstressed after a stressed open syllable it 

is less voiced when no boundary precedes the !, but note 

that the differences are reversed {and statistically signi­

ficant) when tis stressed. ! is (almost) unvoiced after 

~, ~, ~' and~(~ being partially devoiced before !, cf. 

Table X). ! is partially voiced after ! as it ~s between 

vowels. 
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Table IX Voicing in the closure of initial t: 
stress-
distri- weak-strong strong-weak weak-weak 
bution 

dura- voic- dura- voic- dura-voic-
tion ing % tion ing % tion ing % 

pause+t (30) 0 (3o) 0 
V+t (30) 98 33 34 (30) 58 32 55 (29) 65 28 42 
VtS) (30) ** (3o) 93 38 41 43 21 48 
p+t (27) 58 0 0 (2o) 76 0 0 

** b+t (30) 61 2 4 (29) 62 7 11 (3o) 42 3 6 
s+t (30) 53 0 0 ( 27) 62 0 0 
z+t (30) 96 0 0 (3o) 58 0 0 (29) 61 • 2 3 
l+t (30)100 33 33 (30) 51 32 63 

Fortis consonants before ~ are partially voiced in 

the beginning, more so when they are unstressed (see Table 

X). bis almost fully voiced. ~ has been partially de­

voiced, more so when ~ is unstressed. 1 is fully voiced. 

The difference between the relative voicing in sand z in 

the weak-strong di~tribution is significant, but this is 

hardly the case for the absolute values. 

Table X 

stress­
distri­
bution 

Voicing in the 

weak-strong 

dura- voic-
tion ing % 

(27)lo2 3o 29 
** 

consonants preceding initialt: 

strong-weak weak-weak 

d ura:- vo ic- dura- vo ic• 
tion ing % tion ing 

(2o)ll8 19 16 
** 

% 
p+t 
b+t 
s+t 
z+t 
l+t 

(30) 85 72 85 (29) 95 85 89 (30) 85 78 9o 
(30)113 35 31 (27)121 28 23 
( 3o) 77 ** (30) 97 ** 39 So 48 49 (29) 67 43 64 
(3o) 65 65 loo .(30) 82 82 loo 

8) This example is one where there is no boundary between 
d and the surrounding vowels, i~cluded for comparison 
with the example just above. 
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The resu1ts in 'I'ab1es III, V, VIl, and IX oono ~ning 

:final and initial~ and~• respectively, are displayed 

graphically in Figs. 1 and 2. 

The :figures do not give any :further information, 

but they :facilitate a direct comparison o:f ~and~• and 

they help illustrate the concluding remarks to this section 

(but note that the :figures only concern d and t). 

4.4.5. Conclusions in:ferred :from the measurements 

I should mention :first that a vowel is always longer 

be:fore a lenis consonant than be:fore the corresponding 

:fortis consonant, no matter what the degree o:f voicing in 

the consonants may be. 

0:f the consonants it might be said generally that 

they preserve their basi·c voicing characteristic better 

when stressed than when unstressed, c:f. that the 'empty­

square 1 curve is usually the uppermost and the 1 :filled­

square 1 curve usually the· lowest one in the :figures. 

4.4.5.1. Single d and t 

Be:fore a_p~use a:fter a vowel a d-closure is approxi­

mately :fully voiced, relatively, but not absolutely, more 

so when stressed. The t-closure is partially voiced in the 

beginning, more so when unstressed than when stressed. 
I 

A:fter a pause be:fore a vowel the ~-closure is usually 

unvoiced (22 examples o:f Jo in stressed initial d, 25 
' -

examples o:f Jo in unstressed initial~). It may be voiced 

and i:f so, the voicing-leåd always has a certain duration, 

about 4o msec. The t-closure is always unvoiced a:fter a 

pause. 

Between vowels, ~ is always {almost) :fully voiced. 

The t-closure is partially voiced, the voicing being to 

some degree dependent upon the placement o:f boundaries 

and stress (in the case o:f stress this is only valid :for 

the relative voicing in :final~• cf. Fig. lb). 
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4.4.5.2. Clusters 

Final lenis consonants after a vowel and preceding a 

consonant in the following morpheme or word are generally 

voiced, regardless of foliowing consonants and stress dis­

tribution, cf. the three 1 empty 1 curves in Fig. lb: they 

arealmost congruent, and at any rate the slight differences 

are not statistically significant. However, ~ {and maybe 

all lenis fricatives) gets partially devoiced (approximately 

50%) before !, more so when z is unstressed than when z is 

stress ed. 

Final fortis consonants after a vowel and preceding 

a consonant in the following morpheme or word are voiced 

in the beginning, more so when the consonant in question 

closes an unstressed syllable than when it closes a 

stressed syllable (compare the 1 filled-square 1 curve with 

the 1 filled-circle 1 and the 1 filled-triangle 1 -curves in 

Fig. la, and in Fig. lb where the differences are more ap­

parent). The voicing is also very slightly longer b'efore 

a lenis consonant than before the corresponding fortis 

consonant, but these differences are not usually statisti­

cally significant (see Figs. la and lb; the values for each 

type of curve are lower fort before k than before ~, and 

lower for~ before ~ than before ~). 

Initial lenis consonants before a vowel are devoiced 

after fortis consonants, slightly more so when they are un­

stressed after a stressed fortis consonant than in the re~ 

verse stress distribution (see Fig. 2b and compare the 
1 empty-square 1 and 1 empty-circle 1 curves). After a lenis • 

consonant they are always more voiced than after the cor­

responding fortis consonant (see Figs. 2a and 2b). 

Initial fortis consonants before a vowel are unvoiced 

after fortis consonants, - after voiced lenis consonants 

they may be voiced in the beginning, though this is rare, 

except after ! which behaves like the vowels as far as in­

fluencing the voicing of the following consonant goes. 
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4.4.6. The additional material 

The small material with ~and~ exhibited results 

that are in agreement with those obtained for d. It is 

interesting to note that bis relatively more voiced than 

~,and~ is slightly less voiced than ~• This is in accord­

ance with what Eli Fischer-Jørgensen has found on many oc­

casions (e.g. 1968). The faet that bis relative1y more 

voiced than d and~ supports the explanation given about 

the physiological conditions and mechanisms of voicing: 

vibrations will only occur when a sufficient air-stream 

passes the glottis, that is, as long as the supra-glottal 

pressure is not too high in relation to the subglotta1 

pressure. As the cavities behind a labial closure is lar­

ger than behind a dental and velar closure it will take 

longer for the intra-oral pressure to build -up to a level 

that prohibits voicing. 

4.5. An assimilation rule 

A tentative assimilation rule for clusters of two 

consonants, distributed over two neighbouring sy1lables, 

may be formulated: 

Voicing of fortis consonants, whether progressive 

or regressive, takes place only to a very small 

extent. 

Regressive devoicing affects only (: and presumably 

all) lenis fricatives, whereas progressive devoicing 

(more or less extensive) is,frequent and affects 

plosives, fricatives, and 1 as well. 

Generally a consonant preserves its basic voicing 

characteristic bette~ when stressed than when un­

stressed. 
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5. The effects of assimilation upon other properties of 

the consonants 

Apart from voicing, Gimson (1966 p. 144-154) mentions 

the following features separating ~ and d: force of articula­

tion, aspiration, length of preceding sounds, duration of 

the• closure, and intensity of the burst. I have measured 

only three of these factors: aspiration, length of preced-

ing vowel, and duration of the closure. Although I have not 

measured intra-oral pressure, which Gimson does not men-

tion as a factor separating ~and~, it is fairly certairi 

that a difference in intra-oral pressure exists, and that 

it is assimilated completely with the voicing {cf. Fischer­

Jørgensen 1969 and Thorsen 1967). 

5.1. Duration of the preceding vowel 

If duration of the vowel in -CV+ syllables {"+" de­

notes word- or morpheme boundary) weredependent upon the 

degree of voicing in the consonant one would expect the 

vowel to be longer the more voiced the following consonant 

is. 

Devoicing of a final lenis consonant should shorten 

the preceding vowel, and voicing of a final fortis conso­

nant shoul~ lengthen it. 

In my material a vowel is always longer before syl­

lable final d than before syllable final~, and in all 

cases~ except two, the differences are statistically 

significant {at the 99% level(**) or at the 95% level 

(*)). -· But it might be that the differences in vowel du­

rat.ion, although they be significant, are smaller in cases 

where the difference in voicing in 2 and~ is sma11 or elim­

inated, so that a partial assimilation can be said to have 

taken place. 
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5.1.1. Measurements (averages) 

In Table XI are given data on the duration of vowels 

befare~ and~ respectively and on the· differences between 

the voicing (absolute and relative voicing, respectively) 

in d and t. "C" stands for ~ or ~, •. the lengthening marks 

apply only when Cis d. Note that statistical significance 

has not been calculated for the difference in absolute 

voicing ind and t. About the number of examples: there 

were usually 3o or slightly fewer (interested readers are 

referred to Tables III and V for the exact figures). 

,.id__.1.1. The stressed vowels 

[æ:] befare ~+pause is extra long, compared to 

befare~+~ and~+~• The same tendency is observed in 

[æ: l 
[æ] 

befare ~+pause, but not so strongly, which creates a large 

difference in vowel duration befare d and t plus pause. 

[u:] befare~+~ is also very long, but this is 

probably due to the· choice of .frame-word { 1They booed 

Zacharia 1). [e] befare~+! is rather short, I do not know 

why. The frameword was 1bled 1 in 1 He bled like a pig 1 • 

One more vowel difference is rather small, namely 

that between [ e:r] befare ~+! and !+!·, respectively { 1 They 

would fade away', 'His~ is hard') and it is accompanied 

by a small difference in absolute voicing {lo msec). How­

ever, this is not the case in 1He ~ like a pig' vs. 
1He bet like a foo1 1 , so it is hardly significant. 

5.1.1.2. The unstressed vowels 

The unstressed vowels are more interesting. Firstly 

they are all the same, [:r], (in 1did 1 and 1 it•) and there­

fore can be·compared 1vertically 1 as well as 'horizontally•. 

Secondly we find cases here where the difference in 

absolute voicing is small (less than, say 2o msec), and 
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Tab le XI Duration of vowels befare d and t, - related 
to the differences in voicing in the consonants 

vowel vowel . difference difference difference 
duration duration in voicing in voiciny 
before d before t ind and t (relative 

in msec ind and t 
strong-weak 
æ(:)C+pause 288 164 124** 39 64** 

e!.C+eJ'I 171 145 26** lo 58** 
æ(:)C+k 197 123 74** 44 74** 
æ(:)C+g 192 119 73** 43 72** 
:)(:)C+s 183 138 45** 33 56** 

u~)C+z 221 88 133** 31 60** 

tC+l loo 94 6 42 67** 
weak-strong 
1 C+pause 96 84 12 35 35** 

J:C+æ 60 47 13* 14 11 

:cC+k 56 33 23** 13 2o 

:i:C+g 56 38 18** lo 4 
I:C+s 56 32 24** 17 19** 

:tC+z 59 45 14** -2 14 
-;i:C+l 60 41 19** 21 47** 

weak-weak· 
:t.C+æ 52 41 11** 13 19 

~C+k 51 39 :t2** 19 13 

l: C+g 53 38 15** 13 14 

~ C+s 55 37 18** 13 16 

"tC+z 62 
x.C+l 53 
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the difference in relative voicing in the same cases is 

likewise small and not statistically signi:ficant (except 

in the case of IC+s in the weak-strong distribution) -

we should·thus expect the di:f:ference in vowel duration 

to be rather small. 

5.1.2. Conclusion 

The correlation between the di:f:ference in the dura­

tion o:f the vowel be:fore ~and~, respectively, and the 

voicing in these two consonants is displayed in Fig. 3. 

- The correlation, i:f any, does not seem to be a very 

simple _one. 9 A hypothesis to the e:f:fect that voice as­

similation in a (:final) consonant.a:ffects the duration of 

the preceding vowel must.probably be rejected. - But note 

that the assimilation concerns only voicing o:f :finai ~, 

not, :for instance, devoicing o:f :final~• 

The question o:f aspiration, or open interval, will 

be dealt with •in the section about duration o:f the eonso­

nant. 

5.2. Duration of the consonants 

5.2.1. d and t 

In Table XII are given the data on the durations of 

the d and t closures and their open intervals."-" before 

a figure means that dis longer than ~• "*" after a figure 

means that the difference is significantly dif:ferent from 

zero at the 95% level, "**" indicates significance at the 

99% level."+" denotes instances where the difference in 

relative voicing in 1 and tis not statistically signifi-

9) I have tried also to correlate the duration o:f the 
vowel be:fore ~ with the voicing (absolute as well as 
rel~tive) in t with no result, - there is no corre­
lation to be found~ 
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cant. "+" denotes instances where the di:f:ference in rela­

tive voicing in! and~ is statistically significant, 

but less than 25 (%) (except in the leftmost column where 

it denotes word- or morpheme boundary). Figures that are 

not marked with "+" or "+ .. are those where the difference 

in relative voicing in! and~ is statistically signifi­

cant and over 25 (%). "C" stands for d and!, respectively. 

5.2.1.1. The open interval 

Let me say with no further documentation that there 

is no correlation between the difference in open interval 

and the difference in voicing in~ and~, i.e. the assim­

il~tion of voice does not affect the open interval. 

It is evident that a consistent and significant 

difference in initial d and t before a vowel is to be 

found in the open interval. The difference manifests 

itself finally, too. But in this position the most effec­

tive cue to the distinction between d and! is probably 

not the open interval but rather the duration of the pre­

ceding vowel. 

5.2.1.2. The closure 

It is more difficult to discern a pattern in the 

closure durations. That is, the problem lies in estab­

lishing a pattern outside of cases of assimilation, for 

which the material is badly suited. - The only position 

that exhibits a stable difference in closure duration is 

finally in a stressed syllable after a vowel, where tis 

longer than ~, as would be expected. 

• 17 differences are negative, i.e. the ~-closure is 

longer than the ~-closure. These negative differences do 

tend to coincide with cases where the difference in 

voicing (absolute and relative) in~ and~ is small. 
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Table XII Duration in msec of closure and open interval im 
t and d 

duration duration differ- open open • differ-
of t- of d- ence inter- inter- ence 
closure closure valt val d 

weak-strons 
pause+C 5o 11 39** 
V+C 98 84 14** 47 11 36** 
ve 93 83 lo 46 11 35** 
p+C 58 67 - 9 . 40 13 ' 27** 

b+C 61 60 1 38 
s+C 53 84 -31**+ 28 12 16** 

z+C 96 lo? ~ 57 14 43** 
l+C loo 113 62 11 51** l 

strong-weak 
pause+C 39 13 26** 

V+C 58 52 6* 4·0 12 28** 

ve 43 44 - 1 51 11 40** 

p+C 76 67 9 +I 33 19 14** 

b+C 62 63 - 1 32 1 17 15** 

s+C 62 57 5 43 24 19** 

z+C 58 73 -15* + 39 1°6 23** 

l+C 51 51 0 
. 45 12 33** . 

weak-~ 
V+C 65 60 5 38 13 25** 

b+C 42 32 lo 42 15 27** 

z+C 61 62 - 1 34 17 17** 

strong-weak 
C+pause Bo 67 13 

C+V 53 32 21** 44 9 35** 

C+k 77 64 13* 36 23 13** 

C+g 68 62 6 28 16 12** 

C+s 71 63 8 

c+·z loo 71 29** 

C+l 102 75 27** 

continued on the 
next page 
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Table XII continued 
duration duration differ- open open differ-
of t- of d- ence in ter- inter- ence 
closure closure valt val d 

~-strong 
I±] C+pause 63 79 

C+V 25 36 -11* + 25 13 12** 

C+k 47 51 4 23 2o 3 

C+g 47 56 - 9**+ 19 15 4 

C+s 55 63 - 8* + 

C+z 78 64 t 14**+1 
C+l 67 56 11* 

~-weak 
C+V 29 37 - 8* . 35 11 24** 

C+k 41 56 -15**+ 23 18 5 

C+g 47 53 6 . 22· 14 8 

C+s 49 55 6 . 

But there are other instances (framed in the table) where 

{i) the ~-closure is {considerably) longer than the t­

closure and where the differences in absolute and relative 

voicing ind and~ is rather large: 48 msec, 45 (%) in 
1Hi.2...J!oe was hurt 1 /'His toe was hurt 1 {closure difference 

ø-11• msec), 55 msec, 45(%) in 1He 1 11 dap again 1 / 1He 1!.!_iap 

again, {closure diffe~en~e.w-13a msec), and ·35 msec, 35 (%) 
in 1He 1 d looked at a c.e.f!1 / 1 It looks like a cat' {closure 

difference "-16" msec); 

(ii) the !-closure is longer than ~-closure and where the 

difference .in absol~te and relative voicing in~ and! 

is none or small: o msec, o. (%) in 'The ga.E..,_giminished' / 

• I 
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1There's a ga.E....10 fill 1 {closure difference 9 msec), and 

"-2" msec, 14 {%) in 1Di~ena do it?•/•It zipped at the 

back' (closure difference 14 msec). 

Therefore I do not think that assimilation can be made 

responsible for the comparatively longer ~-closures {or 

shorter t-closures). 

A possible explanation might be that in syllable 

final position (where the unstressed ~-closure usually is 

longer than the t-closure) the syllables chosen were 1 it• 

and 1 did 1 • 1 it 1 may have been still more weakly stressed 

than 1 did 1 and thus the t-closure shorter than the d-- -
closure. But this explanation is not valid in the 5 (7) 
cases where the d-closure is longer than the ~-closure 

initially. 

5.2.1.3. Fortis-lenis 

One thing may be deduced from this rather confused picture: 

If force and duration of the consonants go together in BE, 

i.e. if the consonant is longer the more 1 fortis• 10 it is, 

and if length is thus a .measure of •:rortisness.', then tl;le 

duration ot the preceding vowel cannot be the result of 

the force of the following consonant, since I have exam­

ples o:f 1 1ong 1 vowels :followed by 1 long 1 consonants. 

(Delattre (194o)explains the vowe1 1ength in French in 

this way, i.e. a vowel is shorter the more fortis {and 

the longer) the following consonant is.) 

5.2.2. Consonants other than d and t 

As regards the other consonants under investigation 

(f ~ ~ 2 ~ ~): these behave according to expectations and 

not like E and 2• The vowel preceding these consonants is 

lo) From now on 1 fortis 1 and 1 lenis1 are used in their 
ordinary sense about. force of articulation. 
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always longer before ~ 2 ~ than before ~~~,and p k s 

are always longer than their basically voiced counterparts, 

Also where the· difference in voicing has been eliminated. 

~ vs. 2 and~ vs.~ exhibit differences in consonant dura­

tion that are independent of their phonetic voicing (I 

cannot say whether this would be true also of E vs ~, 

since these two consonants have only been investigated 

finally in a syllable after a vowel, where their voicing 

does not vary much). 

5.2.2.1. Duration of the consonants and their voicing 

In Table XIII {which is only a sample) I have looked 

at some consonants after ~and-~, namely ~and~ after ~ 

and t, respectively, and~ before ~ a~d ! {these conso­

nants are in othe~ise identical positions). 

Table XIII Voicing in and du.ration of k/z after d/t and of 
s before d/t 
voicing voi_cing duration 
in msec in per- of the 

centages consonant 
( closure) 

d+!/t+k 17/o 20/0 86/105 

d+yt+~ 51/6 63/6 81/llo 

~+d/s+t 31/28 29/23 107/121 

It will be seen that a higher degree of voicing is· 

correlated with a shorter duration of the consonant 

(closure). Thus it seems that the assimilation of voicing 

causes a partial assimilation·of the duration of the con-



sonants, though not to such an extent that a basically un­

voiced consonant becomes as short as its basically ·voiced 

counterpart. 

S.2.2.2. d and t 

Again d and t are atypical (see Table XIV). 

Table XIV Voicing in and duration of d after s/z and before 
k/g and of t before s/z 
voicing voicing duration 
in msec in per- of the 

centagea closure 

s+yz+d 9/48 11/45- 84/107 
d+k/d+g 44/51 86/91 51/56 
!+s/t+z 26/40 36/40 71/100 

In about half of my examples (of which those above are 

only a sample) that closure is longer which is also the most 

voiced. This is true of both initial and final d's and t•s. 

Thus it seems that d and t have behaved differently from 

the other consonants. I am not sure why this is so. 

It is possible that the !-closure is shorter than the 

d-closure becau$e of the longer open interval of t, i.e. the -strong aspiration and affrication may be due to a rather 

·loose closure which tends to be exploded rather early. The 

loose closure would explain why we find shorter t-closures 

also in such cases where there is no proper open interval 

{finally in a syllable before a consonant in the following_ 

sy-1lab1e). But since not all !-closures are shorter than 

the ~-closures, the loose closure cannot be operating al­

ways and may therefore be only a part of the explanation, 

the rest of which I am unable to offer. 

S.3. Final remarks about vowel duration before voiced and 

unvoiced obstruents 

Chomsky and Halle (1968 P• 301) propose vocal chord 
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adjustment rate as an explanation for the lengthening of 

vowels befare voiced obstruents, i.e. the movement to the 

open position for unvoiced consonants should be more rapid 

and cut off the vowel earlier than the supposedly more 

complicated movement to the vocal chord position for voiced 

consonants. This explanation is probably not generally 

valid: the vowel befare final voiced tin my material is 

shorter than the vowel befare voiced d (but, admittedly, 

it may be that the vocal chord position is different in 

voiced t from·that in voiced ~). In these cases t occurs 

in 1 it 1 which is very short and weak, and therefore the 

vowel is particularly short. But there are also examples 

where the vowel befare voiced fis shorter than befare 

voiced ~, and in these cases the choice of frame-word can­

not be made responsible for the relatively shorter vowel 

befare p. 

6. Concluding remarks 

Gimson (1966 P• 267-270) writes about assimilation, 

partly under the heading 1Allophonic Variations', partly 

under the heading 1Fortis/Lenis Variations•. 

• Among allophonic variations at word boundaries he 

mentions: 

(i)° Devoicing of lin 1at last 1 and other close-knit 

'
1 entities. A similar sequence in my material 

( 1 I.:E__!ooks like a cat 1 ) exhibited 71% voicing 

in 1. 

(ii) Devoicing of word final lenis fricatives and 

plosives. din my material is only devoiced 

to a very small ~xtent (91% voiced in stressed 

syllables, 77%.voiced in unstressed syllables). 

(iii) Lenis fricatives followed by- fortis consonants 

get devoiced. z befaret in my material was 

never less than 49% voiced, slightly dependent 

upon stress placement. 



{iv) Initial lenis fricatives and plosives after a 

pause are unvoiced. In my material were found 

only a few instances with voicing lead. 

Among fortis/lenis variations Gimson mentions: 

{v) Word final lenis fricatives followed by a word 

initial fortis consonant may be'realised as the 

corresponding fortis fricative, and the phonemic 

change may be complete in that a preceding long 

vowel may be realized in the reduced form ap­

propriate to a syllable closed by a fortis con­

sonant. This does not hold for my material. 

All s~bjects have more voicing in~ than in~ 

finally, all have~ longer than ~, and all have 

the vowel.longer before z than before s. 

{vi) b d ~ finally are not usually influenced in the· 

same way as final lenis fricatives by a follow-
' 

ing fortis· consonant. This is confirmed by my 

material, where final d after a vowel regard­

less of stress placement and regardless of the 

following consonant was voiced. 

{vii) Word or morpheme final fortis consonants rarely 

show tendencies to assimilate to their lenis 

counterparts. This is confirmed by my material. 

Gimson does not mention the progressive devoicing 

from final fortis to initial lenis consonants found in my 

material. 
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A STUDY OF INTERNAL OPEN JUNCTURE IN BRITISH ENGLISH 

Kirsten Gregersen 

l. Introduction 

The aim of the present paper is to investigate cer­

tain acoustic properties of internal open juncture 1 in the 

dialect of British English called Received· Pronunciation. 2 

More specifically duration of segments before and after 

internal open Juneture are considered, and, to a lesser 

degree, the intensity of certain consonants.· Other as­

pects, e.g.·formant transitions and voice assimilation, 

were excluded. 

Generally speaking internal open juncture may be ex­

pected to occur where there is spacing of letters in a writ­

ten or printed text, but this is not true of all cases. In 

the phrase 1not at all' the /t/ in 1 at 1 is pronounced as 

if it belongs to the following word, see Gimson (1962 
I . 

p. 275); in 1 P1ato 1 some American phoneticians state that 

the /t/ is pronounced as if word-initial, see Gleason (1955 

p. 43) and Hockett (1955 P• 172). 
In handbopks of British English phonetics the mani­

festation of internal open juncture has been described 

impressionistically from Sweet (1890) to Gimson (1962), 

and, to my knowledge, only one phonetic experiment on 

internal open juncture has been published, ·viz. o•connor 

1) By different phoneticians termed internal open junc­
ture, open juncture, internal juncture, and open 
transition. 

2) Fora description see Jones (1967 p. xviii). 
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and Tooley (1964) .. They made an auditory investigation 

with paired phrases only differing in respect to placement 

of internal ·open jun·cture which occurred either between 

vowel and .consonant or between consonant and vowel. All 

tape-recordings with glottal stop were rejected. 3 Voice­

less stops were found to be the most efficient juncture­

markers whereas the results for voiceless fricatives, 

voiced fricatives and stops, and voiced continuants are 

rather poor. 

American phoneticians have, on the other hand, delved 

deeper into the problem both from a phonological and a pho~ 

netic point of view. Since Trager and Bloch (1941) coined 

the term juncture it has been an integral part of most 

American linguistic analyses, including generative grammar, 

but the status of internal open juncture has been di:fferent 

in the various linguistic schools. 4 The first large-scale 

phonetic study was made by Lehiste (1960), and later several 

papers on the acoustic and auditory properties of internal 

open juncture have been published. Lehiste (1960) :found 

that post-junctural allophones of almost all phonemes are 

considerably longer than either pre-junctural or medial 

allophones; vow_els are excluded from this rule: they are 

longer :finally than initially and initial allophones may 

start with 1arynga1ization. Hoard (1966) states that pre­

and post-junctural consonants show systematic difference o:f 

duration particu1arly when there is no glottal stop, only 

in one contrast_ive pair did he :find. signi:fi~ant difference 

in vowel dura•tion ( longer pre--junctural vowel in I Nye trai t 1 

than ~edial in 1nitrate 1 ); like Lehiste, Hoard found that 

post-junctural consonants are longer than pre-junctural. 

3) 

4) 

This was done because the authors·believe that glottal 
stop is an unequivocal boundary marker_. 

Lehiste (1960) gives an exhaustive treatment of 
the problem. 
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From the above may be concluded that an acoustic in­

vestigation of internal open juncture in RP was needed, so 

I decided to undertake such an experiment to determine 

whether its manifestations in RP could be compared to those 

found for American English. I also wished to see if the 

status of final and initial /n/ is still so_ precarious~as 

it once was, e.g. the words 1wnpire' and 1ni_ckname 1 were 

in Middle English metanalyzed from 1a noumpire' and 'an 

ekename'. 

2. Experiment 

2.1. Phonetic notation 

The notation follows that used by Jones (1967) with 

the divergencies mentioned below. "+" indic~tes possible 

placement of internal open juncture; "?" stands for glottal 

st9p, creaky voice or laryngalization (not separated and 

henceforward termed glottal stop); "V" for vowel; and "C" 

for consonant. Square brackets are used for phonetic and 

slants for phonemic notations. 

2.2. Material 

When reading articles on juncture I collected a vast 

number of contrastive pairs only differing in respect to 

placement of internal open juncture, e.g. of the type 1 gay 

mate 1 , 1 gam·e eight 1 • To limit the material I selected 

those pairs where internal open juncture occurs either be­

tween vowel and consonant or between consonant and vowel, 

i.e. / •• V+Cv •• / and / •• VC+V •• /. Two pairs with internal 

open juncture contrasting with close juncture 5 were also 

included, as well as one phrase exemplifying metanalysis 

5) Close juncture is generally signalled by absence of 
spacing in a written text. 
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in modern English and one with /n/ in close juncture. 

Table I shows the phoneme· 9~mbinations and Tables II 

and III the actual phrases. 

Three lists were made incorporating the phrases in 

random order. To ensure uniform stress- ·and intonation­

pattern I thought it necessary to use the same frame for 

all phrases. As the phrases did not all belong to the 

same subs'ti tut ion class they were inserted into the quota­

tion frames "The password is '•••'" (list A) and "He said, 

'•••'". (list B); in the third·list the phrases were in-_ 

serted as contrastive pairs with no frame, each phrase 

occurring twice, the second time in reverse order of the 

first. 

2.3. Subjects 

For the experiment I chose six subjects who had 

all spent their formative years in the Home Counties 

and belonged to the socio-linguistic group that speaks 

RP. They were from 25 to 46 years old, four male_ sub­

jects were from the staff of Hull University, one female .. 
and one male were from the staft of the University of 

Copenhagen. 

2.4. Recordings 

The subjects were first asked to read aloud lists A 

and B, each list four times; then they were shown the list 

with contrastive pairs (list C) which they only read once;· 

hereby I got ten recordings of each phrase for each subject. 

For listst.A and B the subjects were asked to read them with 

a uniform stress- and intonation-pattern, they themselves 

chose their tempo, only for list C ~ø~j• ihey asked not to 

exaggerate the difference between the contrastive pairs. 

That list C was given them after reading the two other 

lists was done to prevent the subjects knowing what was under 

investigation. I did not succeed in this; they all discov-
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Phoneme-combinations included in the material 

i: 

o: 

u: 

'ø 

ei 

ai 

-au 

Post-junctural or post-consonantal vowel 

i: i æ ;) :· u: ~ ei ai ·-au au 

z d z m ;i. 

t 

d 

n (1) 

k k {t) m t,d 

1 

m 

All consonants in the table occur medially. 

Those in brackets may be preceded, but not 

followed, by internal open juncture, the 

others may occur both with preceding-and 

following internal open juncture. 
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seize ink 

see zoos 
seize ooze 
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home-·aere 

gay mate 
game eight 
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TABLE III 

Averages for all subjeets 

As Table II, exeept that C 
stands for consonant duration. 

V % s C % s C-V ? %? 
es es es es 

19.4 lo3 11.5 87 
19.7 9.8 5.7 2.6 7o 

21.1 lo3 12.4 84 * 21.7 lo.4 5.7 1.9 72 

----------------------------------------------
lo3 85 ** 5.7 2.2 71 

16.2 87 9.2 84 
13.5 7.7 3.6 6.5 38 

21.6 83 m 9.2 llo 
17.3 lo.o 5.7 4.o 77 

14.8 87 * 8.7 lol 
12.7 8.9 4.o 5.4 63 

---------------- ------------------------------
85 ** 98 4.4 5.3 59 

6.7 94 9.6 60 *** 6.3 5.8 2.8 4.5 47 

6.5 106 lo.l 66 *** 6.9 6.7 4.7 3.3 63 
-----------. ---· -------------------------------.loo 63 *** 3.7 3.9 55 

17.6 llo 10.2 88 
19.9 8.9 3.9 5.1 67 
18.4 9o 8.6 115 16.4 lo.l. 7.2 3.4 71 

---------------· ____________ ., ___ 
---------------99 lo3 5.6 4.1 69 
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ered at least some o:f the contrastive pairs. Two things may 

account' :for this: (1) they all had a degree in modern 

languages (:five in English and one in German) and may 

there:fore have some knowledge o:f English phonetics, and 

(2) some o:f the phrases were :far-:fetched and perhaps 

suspicious. 

The tape-recordings were made with pro:fessional
1

equip­

ment in the language laboratory o:f Hull University and_in 

·the Institute o:f Phonetics in Copenhagen. 

A mingographic recording containing a duplex-oscillo­

gram, a :fundamental :frequency curve, and two intensity 

curves {one linear without :filtering and one logarithmic 

with high-pass :filtering at 500 cps) were made. 

3. Results :for / •. v+cv •• / and / •• vc+v •• / 

The averages :for all subjects are here considered; 

the level 'o:f signi:ficance has been calculated by means o:f 

a pair test based on the average :for each subject (see 

Croxton 1953 P• 228:f) •. 

3.1. Vowels 

The dura tion o:f vowels_ ( termed "V" on tables and 

:figures) be:fore pre-junctural consonant and be:fore internal 

open juncture was measured. Vowels are considered beginning 

where the intens i ty curves have reached the '.vowel-level', 

i.eo when they have stopped rising sharply {this is perhaps 

not quite correct, as the beginning o:f the vowel is ex­

cluded, but the absolute difference between two sets o:f 

measurements is not a:f:fected by this). As it was impossible 

to separate /r/ and /j/ :from :following vowel, /rv/ and (jV/ 

were measured instead (it is generally supposed that there 

is no di:f:ference in the duration o:f consonants that are se­

parated :from a :following internal open juncture by one or 

two segments, so including·them in the measures :for vowels 

should not in:fluence the differences_ in vowel duration). 
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The vowels are considered terminating where the intensity 

curves start falling sharply before stops; continuants, and 

pause. Before /z/ it was difficult to determine this point, 

because the intensity of /z/ was often higher than that of 
• \ 

the vowel which, furthermore, did not fall; the only point 

common to all cases was where the high-pass .filtered in­

tensity curve and the duplex oscillogram started their 

respective sharp rise and fall. This point was theref.ore 

chosen to ensure comparable measurements, in spite of the 

inconsis<tency which the:µ. arises in the vowel durations, 

since the closing ~ovement before stops is considered as 

part of the closure, whereas before /z/ it is included in 

the vowel. It was likewise difficult to separate /1/ from 

the preceding vowel, so these.measurements are not reli­

able. 

Vowels are significantly shorter before /tkm/ than 

before /+/, see Tables II and III, and Figs. 1 and 2. 

There is no significant durational difference before /dznl/ 

and before /+/. 

3.2. Consonants 

3.2.1. Obstruents 

What is termed "clos." on Table II (and V) is roughly 

corresponding to the closure of the stops, it is measured 

from the point where the vowel ends to the release of the 

st~p. For /tkd/ the closure is significantly longer pre-

than post-juncturally, see Figs.3 and 4. To ascertain wheth­

er the closure measured for post-junctural stops was closure 

·and not closure plus pause (pause and closure look alike 

on the mingograms) sonagrams were taken of a few phrases 
6 with particularly long closures. From these it seems safe 

6) This investigation was suggested by professo·r Eli 
Fischer-Jørgensen. 
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Figure 1. 

Dispersion of vowel ·duration for all subjectso 

Dotted line indicates average. 
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Dispersion of duration of closure (to the 

left) and of open interval (to the right) 

for unvoiced stops. 
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'New Deal' 

'nude eel' 

1 :free Danny' 

':freed Annie' 

1 grey dye' 

'greyed eye' 

Dispersion o:f duration o:f closure (to the le:ft) 

and open interval (to the right) :for /d/. 



to conclude that the closure measured on the mingograms 

never covers a pause, because in the cases with dental stop 

the implosion was visible, and more·over the vowel formants 

showed the same movements as for phrases with pre-junctural 

consonant, albeit not so marked. This is in agreement with 

the ·findings for fricatives and nasals, where no pause was 

found. Pauses are then only found where the consonant pre­

cedes, and not when it follows, internal open juncture. 

"op.int." on Table II (and part of V) is the open 

interval of the stop {explosion or explosion plus aspira­

tion). The_open interval of /tk/ is significantly longer 

post- than pre-juncturally, this is also as should be ex-. 

pected as the initial allophones of /tk/ are generally de­

scribed as aspirated whereas final allophones are consid­

ered to be less aspirated or unaspirate~. ~he entire du­

ration of stops {closure plus open interval) is signifi­

cantly longer post- than pre-ju.ncturally. In the case of 

/d/ the open interval is significantly·· longer finally than 

initially. This may seem strange, but the entire duration 

of the stop is also here longer in post-junctural than in 

pre-junctural position, see Figs. 3 and 4 . 
. The voiced fricative /z/ {termed "C" on Table III), 

measured from the vowel to where the intensity curve 

reaches zero or a minimum, is like the stops significantly 

longer post- than pre-ju.ncturally, see Fig. 5. 

3.2.2. Sonorants 

The nasals are measured from the vowel to ,-where the 

high-pass fil tere.d intens i ty curve moves sharply upwards 

or downwards. /m/ differs from the other consonants in that 

there is no significant difference of duration. But /n/ 

shows exactly the same durational difference as that found 

for obstruents, see Fig. 5. For /1/ no difference was 

fouud, but the segmentation was not reliable. 
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Figure 5o 

Dispersion or consonant· durationo 



3.3. Interval from /C/ to[?] or /V/ 

This was measured from the end of the consonant to 

where the curves again sh<?w amplitude, on Tab1es II, III 

and V it _is termed"C-Vtt. The durationa1 difference between 

the different phoneme-combinations is not very great and 

may be disregarded. 

3.4. Glottal stop 

The duration of glotta1 stop was measured as th~ in­

terval where the curves show irregu1ar movements. This in­

terval seems to be shorter after obstruents than a:fter 

sonorants. I can only find one reason for this: unvoiced 

stops are apparently t.he ,best juncture markers and there­

fore there need not be glotta1 stop of long duration to 

separate the contrastive pairs, but this is clearly not true 

for either /d/ or /z/. 

Generally there is g1otta1 stop in 70% of the phrases 

/ .• vc+v •• /, only two phrases have a percentage below 50. 

The 7o%may~e accounted for by remembering that the sub­

jects had noticed some of the contrastive pairs, moreover 

some o:f them spoke rather carefully as one tends to do in 

:front o:f a microphone. There must be a particu1ar reason 

:for the phrases with 1ess than 50%; clearly this may not 

be sought in the phoneme-combinations, e.g. 'home-acre' 

and 1 game eight 1 are parallel in that they both have nasal 

preceded and fol1owed by diphthong, but neverthe1ess glot­

ta1 stop is more frequent in the latter phrase. The cause 

must then be found on other leve1s than the phonemic. In 

most grammatical· analyses compound words are closer con­

nected than, say, noun plus numeral (e.g. 1 game eight 1 ). 

It is there:fore reasonable to suppose that this closer 

grammatical connection has been signalized by fewer in­

stances of the strong Juneture-marker glottal stop. 
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Considering the other results for the pair 

/h~u{+)m(+)eik~/( 1hoe-maker 1 : 1home-acre•) there are no 

significant differences in the averages for all subjects; 

all subjects do, however, ·have significant durational dif­

ferences:· two have both longer pre- than post-junctural 

vowel and shorter pre- than post-junctural consonant, one 

has longer pre- than post-junctural vowel, and three have 

shorter pre- than post-junctural consonant. It may then 

be concluded that there is here no stable feature sig­

nalizing internal open juncture. 

It is curious to note that there are fewer instances 

of glottal stop in 1 an Asian' than in 1 an aim' though •. 

~hey. have the same grammatical structure. One would als9 

here suppose that indefinite article plus noun would be 

rather closely connected grammatically. The discrepancy 

between the two phrases may perhaps be accounted for by the 

number of times 1 an aim 1 : 1 a name' has been mentioned as a 

contrastive pair in phonetic descriptions of English; the 

subjects may have recognized it and been on ·their guard 

against pronouncing the phrases alike and therefore intro­

duced glottal stop. The reason 1 an Asian 1 : 1 a nation' is 

not mentioned as often is that it is not always a con­

trastive pair, 1Asian 1 being pronounced /eiS~n/, /e1Sj~n/, 

/eisj~n/, eizj~n/ or /ei3~n/ (all subjects pronounced the 

phrases with ident1cal segmental phonemes, though). 

3.5. Maximum ~ntensity of stops 

The maximum intensity of the open interval was 

measured on the linear intensity curves, for male subjects 

the integration time was lo ms and for the female subject 

5 ms. Both integration times are rather long for the open 

interval of stops, i.e. the curve may not reach its max:i.mum. 

The maximum intensity was significantly higher for 

post- than for pre·-junctural unvoiced stops, see Table IV 

and Fig. 6; but as long open interval is correlated with 
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TABLE IV 

Averages for all subjects 

As for Table II, except that 
op.int. stands :for maximum 
intensity. 

op.int. % 
dB 

tower 29 89 hour 26 

tie 31 87-eye 27 
may kill 25 83 make ill 21 

may call 25 83 make all 21 

s 

* 

* 

** 

---------------------------------------------------average 86 *** 

New Deal 26 88 * nude eel 23 

:free Danny 23 99 :freed Anni~ 24 

grey dye 25 lol greyed eye 25 
---------------------------------------------------average 96 

th~ way t-o cut it 29 lo4 the waiter cut it 30 

not at all 28 
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Figure 60 

Dispersion of maximurn intensity of unvoiced stopso 
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high intensity one cannot be sure whether the intensity 

really reaches its maximum when the duration is long or 

whether it is a physical artifact, see Fig. 7. 
Only for /nju:(+)d(+)i:1/ (•New Deal': 1nude ee1 1 ) 

is there ··significantly higher intensity of /d/ in post­

ju.nctural compared to pre-junctural posi·tion. It is note­

worthy that high intensity here goes with relatively short 

duration, so the inertia of the intensity-meter has not 

influenced these results. In the other phrases with /d/ 

there is no significant difference. 

4. Results for other cases 

The results are shown on Table V. 

4.1./ .. v+cv .. / and / .. vcv .. / 

In the contrastive phrase/<5~we.i(+)t-akAtit/ ( 1 the way 

to cut it':• the wai ter cut it') ·only significant difference 

in vowel duration was :found, pre-junctural being longer than 

medial vowel. The result is comparable to those :found :for 

the ~ontrastive phrases f .. v(+)t(+)v •• /; one may conclude 

that it makes no difference in respect to percentual vowel 

duration whether a vowel is followed by pre-junctural or 

medial /t/. There is no difference in either consonant du­

ration or intensity; the results :for duration correspond 

most closely to those found :for pre-junctural /t/ and the· 

resu+ts for intensity to those :found :for post-junctural 

/t/. 
The results :for /-a(+)l~un/ ( 1 a loan•: 1 alone 1 ) are 

unreliable because o:f the -vocalic quality of /1/, which 

makes the segmentation difficult. 
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Figure 7o 

Maximum intensity of stops compared to duration 

of open interval. 

Circle indicates result for post-junctural and 

end of line result for pre-junctural or medial 

stop. 

1. /Jo: ( +) t ( +) aua/ 5. /nju:(!)d(+)i:1/ 

2o /grei{+)t(+)ai/ 6. /fri:(+)d(+)æni/ 

Jo /mei(+)k(+)il/ 7 .• /grei(+)d(+)ai/ 

4.~/mei(+)k(+)o:1/ 80 /lawei(+)takAti~/ 
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4.2. Unpaired phrases 

4.2.l. 'not at all' 

After repeated listenings of the tapes it was- found 

that all subjects used the initial~allophone of /t/ in 1 at 1 • 

Because the .vowel in 1at 1 is short and unaccented. its dura­

tion cannot ·be compared to that of the contrastive pairs 

with /t/. The duration of /t/ is closest to that found for 

pre-junctural /t/, the intensity does not belong clearly 

to .ei ther group. It then seems to be the case that for per-· 

ceiving initial /t/ it is sufficient that the distance C-V 

is zero. 

4.2.2. 1 analysis 1 

In this word the first 'vowel is slightly shorter than 

that in the contrastive pairs / •• V(+)n(+)v •• /, the duration 

of /n/ is closest to that of pre-junctural /n/. 

5. Results for two subjects 

Two subjects had results that differed slightly from 

those of the others; they are, however, included in the 

averages, but it also seemed worth-while to consider them 

separately. The results of the percentual -duration of seg­

ments are shown on Figs. 8 and 9. 

5.1. Fernale subject IN 

The most evident divergency from the other subjects 

is in the open interval of unvoiced stops, it being longer 

pre- than post-juncturally. There may b·e· several rea~ons 

for this. •• IN is bilingua.-1, her fa ther being English and her 

mother Danish: In English there are in final position six 

stop-phonemes, in Danish, on the other hand, we have only 

three stop-phonemes in this position, generally pronounced 

7) She spent her childhood and youth in England, and for 
the last 2o years she has lived in Denmark. 
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[g g iJ, so it is common for Danes not to make any distinc­

tion between voiced and unvoiced fina1 stops when speaking 

English. Therefore she may exaggerate the difference be-
) 

tween the two sets of stops by aspirating the unvoiced ones 

to make the Danes perceive the difference. It could, of 

course, equally well be an individual variation. The en­

tire consonant duration is still longest for post-junctural 

unvoiced stop. 

The open interval of /d/ is also abno_rmally long, but 

it shows the same tendency as for the other subjects. But 

the open interval is so long pre-juncturally that there is 

practically no difference between the entire duration of 

post- and pre-junctural /d/. 

The duration of /z/ is longer pre- than post-junctural­

ly; the opposite was the case for the other ~ubjects~ In 

/geim+eit/ (•game eight') and /si:m+eib~l/ (•seem able') 

the /m/ was likewise abnormally long. It is curious to note 

that in /h~um+eik~/ ('home-acre'), where there is only one 

instance of glottal stop, the /m/ is significantly shorter 

in this position than post-juncturally. 

She·used glottal stop in most post-junctural vowels. 

It is doubtful whether IN's results should be included 

in the averages or not. The following appears to happen to 

levels of significance if her results were excluded: for 

duration of o~en interval of /tk/, and for duration of /z/ 

they would improve, whereas the opposite is the case for 

vowel duration before /tk/ and for open interval of /d/. 

5.2. Male subject PW 

This subject read the lists most naturally and rapid­

ly. This may account for his very sparing use of glottal 

stop. 

He is the only subject who does not have a significant 

difference in vowel duration before unvoiced stops. The 

open interval of /d/ is shorter pre- than post-juncturally 
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(the opposite was the case for all other subjects), so the 

entire duration of /d/ is markedly longer post-juncturally. 

The duration of /m/ was shorter in pre-junctural position 

in all three contrastive pairs, so it may be supposed that 

the phonetic difference between close and less close· gram­

matical connection disappears with increasing speed of ut­

terance. 

If PW1 s results were excluded'from averages it seems 

to improve the levels of significance for vowel duration 

before /tk/ and open interval of /d/. 

6. Conclusion 

The results may be summarized thus (see Figs. lo-12): 

vowels are shorter before unvoiced stops and, to a lesser 

degree, /m/, than before voiced stops, voiced fricatives, 

/n/, and internal open Juneture. Consonants other than 

/m/ are shorter before internal open juncture·than after 

internal open juncture; medial /n/ has the same duration 

as final /n/ whereas medial /t/,corresponds to initial /t/. 

Furthermore post-junctural vowels may be preceded by glot­

tal stop and pause (no pauses were found before post-junc­

tural·consonant). These two things seem, however, to dis­

appear with increasing speed of utterance and closer gram­

matical connection, as also do differences in vowel duration 

before unvoiced stops with or without internal open junc­

ture. 

The results found for RP then correspond closely to 

those found for American English by Lehiste (1960) and 

Hoard (1966). Lehiste sta.tes that pre-junctural allophones 

of consonants may sometimes be drawled, this explains the 

long pre-junctural consonants of IN. Hoard 1 s results agree 

completely with those found for PW. It appears that there 

is no difference between the manifestation of internal open 

juncture in American and British English. 

As for the examples without glottal stop it is 

possible that my material would also yield better results 
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duration o:f glottal stopo 
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4o ks 

•see zinc' 

·, seize ink: 9 

'see zoos' 

•seize ooze' 

'hoe-maker' 

9 home-acre' 

'gay mate' 

~game eight 9 

'see Mabel' 

1 seem· able' 

'a: rta tion a 

'an Asian' 

'a name' 

9 an aim' 

'I laid' 

'I'll aidv 

1 see lying 9 

'seal eyeing' 

As ror Figure 10 except that 

E:::J signi:fies consonant· ·durationo 
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Figure 12. 

As for Figures lo and 11. 

'the way to cut it' 

'the waiter cut it' 

'not ·at all 9 

'analysis 9 

'a loan' 

'alone' 
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for unvoiced stops than for any other consonants in an ati­

ditory test in agreement with the findings of O'Connor and 

Tooley (1964). This is true not only of English; in an 
' . 

an~lysis of Swedish Gårding (1967) folllld that wivoiced 

stops and vowels were the best juncture-markers (in her 

material phrases with glottal stop were not excluded). 

From the acoustic results it would not seem probable 

to mistake final for initial /n/, but it is not possible 

to verify until auditory tests have been made. 
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A COMMENT ON LEXICAL INSERTION 

Jørgen Rische1 

1. Introductory remarks 

In working with the generative phonology of a high1y 

inf1ectiona1 or derivationa1 language one repeatedly faces 

the prob1em how to distinguish processes that are genuinely 

phonological (synchronically speaking) from what is more 

appropriately con~idered "morphological alternation", 

suppletion, and the like. Now, any attempt to define the 

limits of ·morphology involves an h~pothes~s about the 

nature of lexical items, inc1uding their rep~esentation 

in terms of ~arked boundaries, phonologically specified 

idiosyncracies, and non-phonological idiosyncracies. It 

goes without saying that it is difficult to discuss 

these matters in a meaningful way unless we know where 

the lexical items come from, and at which point in gram-

mar lexical insertion takes place. Tht~.s .. it is that con­

temporary work in syntax and in phonol~gy has to face 

one and the same crucial problem: how does "lexicon" fit 

into a transformational grammar? • 

The reflexions of which some elements are presented 

below, were provoked as conceptual prerequisites by 

research on the interrelationship between morphology and 

p~onology in languages exhibiting ~_high degree of morpho­

phonemio oomplexity (viz. Danish and West Greenlandio 

Eskimo). However, the speoifio questions of lexioal in­

sertion on_whioh. the present paper. ooncentrates are·of a 

very general nature, and the subject-matter has indeed 

received· a good deal of attentio~.in the last few years 

in studies of well~known languages such as English. I 

have for obvious reasons (such as the advantage:of using 
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farniliar quotations for illustration) preferred to refer. 

to examples in English although my intuitions about the 

idioms cited are often insufficient fora serious analysis. 

I have made no attempt to survey the literature on 

the subject. It must be mentioned in particular that it 

has not been possible to include a discussion of the 

general literature on morphological and lexicolc,gjca.ltheo­

ry in the present paper which is to be understood only as 

a comment to the discussion of lexical insertion in some 

recent papers by McCawley (1968) and other advocates of 

the generative. semantics trend of t_ranformational grammer. 

The validity of generatice semantics is not at i~sue 
1 here; it is the sole aim of the paper to present some, 

mainly morphological and phonological, evidence bearing 

upon the place o-.t lexical insertion in a type of grammer 

in which underlying representations are assumed to be of 

a semantic kind. 

2. The introduction of lexical items in grammar 

2.1. Deep versus late•insertion 

According to the now classic theory of transforma­

tional grammar (see e.g. Chomsky 1965) the base component 

of grammar produces strings consisting of chunks of 

morpheme-size, which are supplied with a phonological 

specifi~ation. The syntactic transformations operate on 

these items, and in the course ~f these processes other 

phonological specifications may be introduced. That is, 

lexical insertion takes place essentially before the 

transformational component of grammar, but some of the 

1) The adoption of this kind of :framework does not imply 
a dogmatic belief in it as the only possible type of 
grammar. However, as long as generative semantics 
(in essentially the form this theory has at present) 
has not been s~own to be inadequate in dealing with. 
problems of syntax, it seems fruitful to explore its 
implications for morphology and phonology. 
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transformations require additional lexical information 

to be introduced later. 

According to generative semantic theory the rules 

of syntax operate on an underlying semantic structure. 

Apparently a major part of the_ syntactic component is 

pre-lexical (in European structuralist terminology: 

syntax is .concerned with content rather than expression). 

McCawley posits a whole hierarchy of sentences u.nderlying 

a surface sentence like John killed Bill, the surface 

verb kill being derived - by successive,applications of 

a cyclical rule called PREDICATE.RAISING or PREDICATE 

LIFTING - from such predicates as CAUSE, BECOME, NOT, and 

BE ALIVE. This rule lifts the verb of the lowest sentence, 

i.e. BE ALIVE, to the next sentence, so that the lifted 

verb comes to stand adjacent to NOT, and on ~he next 

cycle it lifts the whole verb complex to the sentence 

above it, so that it comes to stand adjacent to BECOME 

of the higher sentence. By lexical insertion at this point 

we get die (BECOME NOT ALIVE). If, however, the rule 

applies once more, the verb resulting from earlier appli­

cations is lifted to the highest sentence so that it 

comes to stand adjacent ~o CAUSE, and by lexical insertion. 

we get kill (CAUSE BECOME NOT ALIVE). 

It is implied by this analysis that there is not 

necessarily any syntactic difference between the·deriva­

tional relationship of ~ to.~ and the derivational 

relationship of, say, break in he broke the glass to 

break in the glass broke. Similarly, since it is obvious 

that the complex predicate NOT ALIVE underlies the sur­

face adjective dead (if McCawley's analysis is at all 

correct in detai1
2

), it follows that the derivational 

2) The validity of this particular analysis is immaterial 
to the general ·principles. 



relationship of die to dead corresponds to that of 

darken to dark, etc. In each case there is a difference 

between arbitrary substitution of lexical material {die 

- ~, dead - §) and amore regular type of derivation 

(break - break, dark - darken), but this red:uces to 

merely a matter of morphological irregularity: § - kill 

is nothing ~ut an instance of suppletion, if we wish to 

formulate the relationship within the framework of deri­

vational morphology. 

The analysis of 19Jd which I have sketchily re­

ferred to above, implies that lexical inser~ion must 

occur after cyclical rules like PREDICATE RAISING. On the 

other hand, it is claimed that lexical insertion occurs 

before some post-cyclical transformations that move 

constituents around, since these rules may depend on 

specific lexical items {I shall revert to this kind of 

argument later). 

2.2. Cyclic versus non-cyclic insertion of lexical items 

It is supposed that lexical insertion takes place 

either last in the transformational cycle .2E. at the very 

beginning of the post-cyclic rules of the syntactic com-
J ponent. - As far as I can see the latter solution may 

mean that a form like 19Jd directly replaces a lexical 

entry containing the semantic material CAUSE, BECOME, NOT, 

BE ALIVE in some configuration, after it has been brought 

together by PREDICATE RAISING. There may be no connec-

tion between the lexical items§ and~ except that 

the lexical entries for these items share semantic mate­

rial. - The situation is quite different if lexical 

3) These alternatives were presented by McCawley at· the 
First Scandinavian Summer School, Stockholm 1969. 
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insertion is cyclic. The lexical item die should, accord­

ing to that conception, be inserted on some cycle, and 

on the next cycle PREDICATE RAISING applies to this item 

in its phonological form so that_the higher sentence 

Jcomes to contain a complex consisting_of CAUSE and~­

When lexical insertion applies again this hybrid configu­

ration is taken as a lexical entry, and the. item kill 

emerges. Lexical items like ~and~ are ·thus very 

directly connected since the causative form is trans­

formationally derived from the phonological representa­

tion of the verb die. 

Obviously lexical insertion is somehow cyclic if it 

can be shown that this process is sensitive to the phonol­

ogical shape of some of the material that makes up a 

lexical entry. 

Lal~off ( 1970 p. 78-7~ refers to the ~-bring 

situation as evidence in -favour of the hypothesis of 
\ 

lexical decomposition: "The ordinary sense of "come" is 

related to the ordinary sense of "bring" by a predicate 

of direct causation ( ••• ) In addition, there are many 

idiomatic expressions containing the phonological form 

~, whose corresponding causative has the phonological 

form bring( ••• ) There are enough of such cases to require 

that a rule be· stated relating the cases with "come" and 

the cases with "bring" (though there will, of course, be 

exceptions to any such rule). In the 1exica1 decomposition 

framework, the rule of predicate-lifting will create 

complex predicates such as "CAUSE - ~"• The regularity 

is that "bring" substitutes for such a complex predicate." 

Phenomena like this one do not prove that lexical 

insertion is cyclic. However, the relationship between 

come and bring is most easily accounted for if we assume 
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some kind of ordering so that the various readings of 

come are first replaced by a common representation, after 

which the causative bring is derived ·by a lexical rule 

{which is more or less insensitive to the derivational 

history of come). The cyclic interpretation of lexical 

insertion sketched above is one approach.to this kind 

of solution. 

There are other types of evidence bearing upon the 

question, but we shall leave this aside here. 

2.3. Is cyclicality of lexical insertion phonologically 

plausible? 

According to the cyclicality hypothesis a morpholo­

gically indivisible chunk like bring is inserted in two. 

steps: :first the form~ is specified in its phonol­

ogical shape {i.e. specified to the same extent as in 

those contexts where it appears as a surface verb), and 

afterwards ·the form bring is derived from the form corne 

plus the element CAUSATIVE. This conception o~ the 

process seems tome inescapable if lexical insertion is 

to be cyclic. 

There can hardly be any :formal objection against 

the postulation of transformations that takes some pho­

nological material plus some semantic material and·re­

places it all by some totally new phonological material. 

But it is nota particularly convincing hypothesis about 

what normally goes on in ianguage. It seems awkwar~ to_ 

introduce phonological feature matrices in syntax with 

the sole purpose of having aset of such matrices trigger 

the insertion of a new set of totally unrelated feature 

matrices. 

This is an entirely general problem concerning sup­

pletive morphology. In what sense can e.g. the phonologio­

ally specified stem bebe said to "underlie" the :forms 
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~• is,~? I find it questionable whether the analysis 

of competence can be correlated with a reasonable model 

of performance if we claim that non-productive, more or 

less atomic formations like bring or ™ take more de­

rivational machinery than regular formations like (causa­

tive) break or (prat.) drow?+ed·. It would inde ed be inex­

plicable why some of the most central words in language 

should be represented by forms exhibiting the longest 

paths of derivation. - It seems intuitively more satis­

factory to assume that .the aforementioned idiosyncratic' 

forms ara costly only in terms of lexical representa­

tion. It would not matter if they took a good deal of 

"space" in lexicon since these very forms are highly 

frequently used items. - I shall revert to this crux 

of morphology in section J.l. below. 

As for the relationahip between specifically 

come - bring and~ - kill it seems reasonable to assume 

that bring is equivalent to~ plus the element o:f 

CAUSATIVE; the parallelism o:f ~ - kill is less con­

vincing, but it is possible to see the connection. As 

mentioned earlier in this paper the relationship between 

bring and come can be considered as suppletion, since we 

have numerous cases where causative verb and the item 

:from which it is derived, turn up as identical sur:face 

verbs:· break,~, etc. In other cases the item :from 

which the_causative is derived turns up as a sur:face ad­

jective, c~. dry, clean {or the u.nderlying predicate 

appears both as sur:face verb and adjective with more or 

less identical phonological speci:fications~ c:f. :fit). It 

is obviously a lexical rule o:f English that causative 

verbs can be derived with no phonological change :from 

items that occur as non-causative verbs or adjectives 

(the derivation ~~bring, and the blocking o:f causa­

tive *come, must be stated as an idiosyncracy, but that 

poses no problem in the cyclic :framework). Now, why is 
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kill derived :from die ra~her than :from dead (i:f it is at 

all derived :from any o:f these)? The adjective dead obvi­

ously re:flects a stative predicate, :from which die is 

derived as a per:fective verb. Thus, the· above derivation 

involves a postulate: causative·verbs are derived :from· 

inchoative rather than stative predicates (c:f. the deri-

vation o:f bring :from COME rather than :from BE THERE, or 

the like). I:f we :follow this principle, the transitive 

i.e. causative, verb clean is not directly derived :from 

the stative predicate re:flected by the adjective clean, 

_but it is derived :from an intermediate derivation which 

means something like BECOME CLEAN. 

How should lexical insertion be imagined i:f there 

is no sur:face item re:flecting such intermediate deriva­

tions? 4 In the case o:f clean :from CAUSE TO ·BECOME CLEAN 

the obvious solution is to insert an intermediate :form 

which is later blocked i:f no :further derivation occurs: 

(i) lexical _insertion provides the entry BE CLEAN with • 

a phonological :form: clean, (ii) predicate raising 

applies, and lexical insertion :for BECOME + clean gives 

an unaltered phonological speci:fication ("zero" deriva­

tion), (iii) predicate raising applies again, and lexical 

insertion :for CAUSE. + clean gives an unaltered phonolo­

gical speci:fication ("zero" derivation once more). Output 

constraints block the lexical output clean in the stative 

sense unless it appears as an adjective, and they also 

block this output in the inchoative, "medial" sense, 

whereas the output is permitted in the causative sense. 

- This solution presupposes either that lexical output 

constraints are global rules (uremambering" the deriva­

tion) or that there is a diacritic marking o:f lexical 

items indicating what they are derived :from, in order to 

distinguish permitted and non-permitted uses o:f clean. 

4) C:f. Postal (1970) p. 87-88, :footnote 37. 
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The approach outlined above provides us with a very 

powerful tool, and it must be seriously asked whether it is 

not too powerful. In the case of hil, what prevents us 

from positing a "zero" derivation from an item *hil that 

is more or less synonymous with die? Similarly, instead of 

deriving bring from~, we might claim that come has a 

near synonym *bring, which,however, is used only if causa­

tive derivation has applied to it. This would mean that 

lexical insertion in the case of COME may either give~ 

or *bring (possibly as an optional choice in some cases 

but not in others) and. thatJlexical output conditions block 

the causative derivation·if the string contains the form 

come, whereas they require this very derivation if the 

string contains the form bring. The obvious advantage of 

this kind of solution is that a phonological.specification 

of the verb stem occurs only once in the above-mentioned 

set of derivations, and that the form of lexical entries. 

becomes easier to state. 

On the other hand, if we give up the idea that lexical 

insertion of bring involves the phonological specification 

of ~, we do not really capture the regularity mentioned 

earlier, viz. that a great many expressions with come also 

occur with causative bring. It is interesting whether a 

generalization to this effect can be made without involving 

lexical transformations like ~ ~bring. I shall a ttempt 

to approach this problem by considering the place of "idioms" 

in general in grammar. 

3. The identity of lexical entries 

3.1. Are idiomatic expressions lexical items? 

Ina grammar with a deep structure idiomatic expres­

sions like 
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to kick the bucket (i.e. 1 to die 1 ) 

to pull someone 1 s leg 

to go west (quoted ås British army slang 'to die') 

can be generated like other grammat~cal strings, and their 

specific use as metaphors becomes a matter of semantic 

interpretation {cf. the interesting disc~ssion of "meaning 

rules" in Kiparsky 1970 p.·21l). 

Ina generative semantic theory of syntax, on the 

other hand, the underlying structures of such expressions 

must reflect their metaphorical sense. It may, therefore, 

be assumed that the lexical entries for kick the bucket or 

go west are essentially similar to that for~' and that 

the lexical entry for pull someone's leg at least shares 

same properties with that for .f.2..2.!.• If that is true, there 

may be no connection between the constituent structure of 

the string to which lexical insertion applies and the ap­

parent surface structure of the output. A string like kick 

the bucket will be a lexical item just like the stem die. 

It is, however, obvious that idioms like the above 

are not "morphemes". A sentence like 

he kicked the bucket 

is formed by inserting the past tense affix ~ inside the 

string kick the bucket, i.e. if the latter is a lexical 

item there must be a transformation applying after the 

insertion of the idiom with the effect: 

he [kick the bucket] -ed =;>-he kicked the bucket 

This can.be accounted for in a decently simple fashion if 

the idiom chunk has a lexical phrase marker associated with 

it, so that ~ is marked as averband the bucket as a 

noun phrase. Similarly, the sentence 

he pulled Tom 1 s leg 

contains an idiom whose invariant part is pull •••'s leg, 
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with an associated marking o:f phrase structure so that the 

tense a:f:fix and the object'·noun can be put into their prop­

er places by trans:formations with the ·combined e:f:fect: 

he [pull ••• 1 s leg] -ed Tom ~he pulled Tomts leg 

However, morphological idiosyn~acies complicate the mat­

, ter. ~ompare the sentences: 

he pulled my leg~ 

he went west 

As regards "portmanteau morphs" like !!!.I: and went, there are 

two reasonable hypotheses: (i) that they are derived by a 

morphological processafter insertion o:f the "stem"; (ii) 

that they_are inserted directly as lexical items. 

(i) I:f.we as~ume that :forms like &, went are pro­

duced in a separate, late subcomponent, i.e. -morphology. 

we may set up derivations like 

he [pull ••• 's leg] -ed me 9 he pulled me' s leg 

~he pulled my leg 

he [go west]·-ed ~he go-ed west *he went west 

However, i:f we derive & :from~,~ :from go+ed, we are 

back in the problem of come - bring: it· is unsatisfactory 

to introduce a phonologically speci:fied item with the sole 

purpose o:f replacing it by something else. An alternative 

conception o:f the relationship between lexicon and morpho­

logy is that lexical .• msertion rules generate sets of truly .... 

synonymous alternants such as 

GO 9 f *:nd } l (etc.) {

-ed } 
PAST TENSE 9 .::,! 

.(etc.) 

:for sim­
plicity 
standard 
orthogra:­
phy is 
used 

whose members may combine with each ether to produce forms 

like goes=*wends, *goed=went, etc., whereas morpho1ogy com­

prises aset o:f conditions on such :forms, i.e. functions as 

a :filter that blocks unpermitted :forms. The problem with •• 
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this latter conception is, as mentioned in section 2.J. 

above, that it is too powerful a device in grammar theory. 

In :faet, the linguis·t is in danger ·o:r being involved in a 

jungle of ad hoc decisions such as a choice between *wend 
·-

(c:r. send) or *~ ·(i.e. w~n, c:f. -~) as the underlying 

"stem" of went. 

(ii) As suggested in section 2.3. we may instead take 

"portmanteau morphs" as ·speci:fied in lexicon, so that mu~h 

o:f what is traditionally ca11ed "morphology" comes under 

lexical insertion proper. This means that there are 1exica1 

entries o:f the :form 

GO+PAST 

I+POSS. 

and that lexical insertion, when applying to these com­

plexes, produces the items went and~ directly. 

A general evaluation of the relative merits o:f "mor­

phological" and "1exica1" approaches to the speci:fication 

o:f such idiosyncracies as suppleting alternants cannot be 

undertaken in this paper. 5 If, however, the latter approach 

is considered :from the point of view o:f idiomatic phrases it 

has obvious shortcomings within the framework of the current 

generative semantic conception of 1exica1 insertion. Con­

sider the 1itera1 and metaphorical readings of the sentence 

he went west. On the literal reading went would be inserted 

directly as a lexical item, but what about the metaphor went 

west? If we set up go west and went west as separate lexi­

cal items, we burden the lexicon with an enormous lot o:f 

items. If, on the ether hand, we have just one lexical i~em 

:for the metaphorical expression, we shall have to derive ir­

regular forms anyway a:fter postlexical transformations. 

This would fail to capture the important generaliza­

tion that the pattern .B:2,-~ in the idiom is the same as 

the inflection of the verb .B:2. in its ordinary sense. 

5) It will be apparent that I do not quite agree with Kie­
fer (1970 P• 5) that"we may safely conclude that to 
treat in:flectional morphology in the lexicon is complete­
ly inadequate". (I hope to expound on this elsewhere.) 
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This situation is unacceptable. Lex1cal insertion 

must treat the verb ~ in such idioms as go west,· go· to hell, 

etc. as the same item as the ordinary verb ~, otherwise we 

shall have to state the same morphological facts several 

times though there can be no reasonable doubt that .fil!_ in 

the diff'erent uses is mastered as the "same" verb by speak­

ers of' English. 6 It is misleading to treat such occurrences 

of a verb in dif'ferent idiomatic expressions as "homonymy" 

on a par with, say, the homonymy between rn meaning 
1 species 1 and rn meaning a kind of' contest, but this is 

exact1Y. what. we shou1q. b-e- .forced to d<>.-

"Idiom" formation 

The ev.idence considered above suggests that "idioms" 

may not be a matter of 1exica1 insertion only. The idiom 

go west contains the verb ~, • which is a lex_ical item, and 

the adverb west, which also is a lexical item. There is 

nothing lexically strange whatsoever about this phrase, and 

that conditions its effect as a metaphor (unconventional 

reference, cf. Reddy (1969)). Though the real nature of 

metaphor formation is enigmatic, I see no fatal conse-

quences of the working hypothesis that the ambiguity of' E!2_ 

~, kick the bucket, etc. is established "bef'ore" the in­

sertion of phonologically specified lexical items takes 

place. I suggest, therefore, that there is a subset of 

pre-lexical rules in syntax which take inputs like DIE and 

produce outputs 1ike KICK THE BUCKET. The output from such 

a rule will be a syntactic tree of the same kind, but its 

internal organization may be s1igh-t-1.y-· or highly deviant • trom • 

the tr_ee: stru.cture of' the input. It is to the deri ved tree 

that lexical insertion applies. There would of' course be 

many such rules, so that we may define a whole subcomponent 

of syntax which functions as an IDIOM GENERATOR. 

6) Morphology may decide on semantically doubtful cases. 
Cf. W<,inreich (1966 p. 466): "of' the two homophonous verbs 
~ ll• 1 sound. 1 , 2. 1 encirc1e'), it is to the former that 
tl:i"e"tiåg(of ring the changes •exhaust the variations' is 
rela e cf. rang the ·changes, not ringed the changes)." 
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In the case of an idiom like kick the bucket the 

semantic.·input and output of the rule are quite different 

(although they share the property of being predicates). 

Pre-lexcial idiom formation in grammar must mean that the 

"generator" takes a (derived) semantic representation and 

replaces it ·by another semantic representation.
7 

If this 

is to make sense, the latter must also be a derived repre­

sentation which essentially fulfil'ls;. corid1.tions· impose·d 

upon semantic trees by the syntactic rule.s that precede 

idiom :formation. In the particular idiom kick the bucket 

the representation inserted by the rule.may have to be 

l marked as metaphorical (if some of the transformations 

that are blocked in metaphors are later), but otherwise 

it will be identical with the representation of the phrase 

KICK THE BUCKET in its literal sense. The funny effect of 
' 

many such idioms is due to the faet that they can be under-

stood_both as derived directly from the underlying repre­

sentation of their literal sanse and, via idiom formation, 

from a quite different underlying representation. If this 

were merely a consequence of arbitrary homonomy of lexical 

entries it would be hard to explain why so many metaphors ·­

are syntactically perfectly well-formed on a literal read­

ing. 

I:f we now return to the sur:face verb come in its 

various idiomatic uses: c·ome about, come up (:for dis­

cussion), etc., these undoubtedly have more or less dif­

ferent underlying representations, but the assumption 

would be that the idiom generator replaces them by one 

common representation, viz. that of the "ordinary" verb 

come. I:f this representation forms a surface verb, lex­

ical insertion gives~' but if the element CAUSE has 

been lifted and included in the verb, lexical insertion 

gives bring. There will be one lexical entry for each of 

these surface verbs, which explains the regularity of the 
1 

7) Semantically this will be a mirror ima e of the process 
suggested by Weinreich (1966 p. 53; also cf. Kipar­
sky (1970 P• 277). 
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alternation come - bring. 

The treatment of the different idiomatic uses of ~ 

will thus differ from the treatment of homonyms like ~ 

'species' and~ 1 competition 1 • In the former case a 

common representation is inserted by idiom formation, in 

the latter case two lexical entries happen to yield iden­

tical phonological representations. It goes without say-

ing that a distinction between these two types of deri­

vational coalescence is extremely difficult to make in 

actual practice, but that is a problem which has conce;rned 

lexicologists fora long time {within more or less different 

frameworks of description). I have nothing useful to say 

about this at present, but another example may help to il-
1 

lustrate the difference: 

In Danish there is a surface verb træd~~ 1 tread', which 

also occurs in many-idiomatic expressions such-as træde i 

spinaten 1put one 1 s foot in it' (1itera11y: 1 step on the 

spinach 1 ). 

needle)'. 

There_ is another verb træde
2 

1 thread (a 

The two verbs træde
1 

and træde
2 

have more or 

less similar inflections, whereas the various idiomatic 

occurrences of træde 1 have absolutely identical inflec­

tions. This suggests that træde
1 

is mastered as one verb 

listed at one place in the lexicon, whereas træde
2 

is a 

different verb, which just happens to be homonymous with 
( 

træde 1 in some of its forms. But of course the inter-

nalized lexicon may be organized differently depending on 

the input data one has received. I remember as a child 

'hearing træde 2 in the infinitive in expressions like ~ 

skal lige træde nålen 1 I just have to thread the needle 1 • 

Myreaction was that this must be some funny idiom con-· 

taining træde 1 , and it was not until later that I realized 

that it· is a different verb derived from tråd 1 thread 1 • 

According to the model outlined above, this later state­

ment would mean that some information was moved from the 
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"idiom generator" to the lexicon proper, partly because of 

the acquisition of data which must belong in the latter 

place. 

4. The bipartite lexicon 

According to the hypothesis outlined abo,ve a surface 

verb like ~ in such expressions as come·about is in­

serted via two kinds of rules: (i) idiom :formation, which 

changes the underlying predicate to the verb COME, and 

(ii) lexical insertion, which provides this verb with a 

phonological :form. Beth kinds o:f rules belong to the sub-

ject~matter that is traditionally conceived as "lexicon" 

in broad sense. Thus, what the hypothesis actually implies 

is. that lexicon consists o:f two parts, one o:f whi•ch opera tes 

on derived semantic _representations to produce structures 
8 

that qualify as lexical entries, whereas the ether performs 

tpe insertion·of phonological material. For brevity I shall 

refer to the former part as "lexicon" and to the latter 
1 ' 

as •~ lexicon 2 •~. 

Now, at what point in grammar does lexical insertion 

occur? G·rosu (1971. P.• 42) mentions the behaviour of eject 

and throw out in favour of lexical insertion preceding cer­

tain post-cyclic transformations: "throw out and eject could 

probably replace the same semantic con:figuration, but only 

the former can be affected by the particle movement trans­

formation". If, however, there is a distinction_between 

lexicon
1 

and lexicon
2 

this argument may be interpreted as 

valid for lexicon
1 

if we define this subcomponent in a 

wider sense so that its rules do not only replace semantic 

material but also perform purely structural restatements of 

syntactic trees. It may be supposed, for example, that the 

rules of lexicon
1 

take as their input some representation 

of the meaning THROW OUT and produce as their output either 

a verb ( THROW OUT] or verb plus particle [ THROW] +OUT • 
. V V -:V V 

8) The relationship of these alleged processes to the word­
building and semantic extension types of rules presented 
in Kiparsky (1970 p. 266f) cannot be treated in this 
paper. 
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I:f the :former repres~ntation occurs as input to the rules 

o:f lexicon
2 

we may get the phonological speci:fication o:f 

eject; i:f the latter representation occurs we have two ap­

propriate lexical entries, and we get the phonological spe­

ci:fication of throw plus that of .2.!!i• I.e. throw out will 

not be phonologically specified as a lexical item per se, 

which is exactly the kind of economy that would be desir-· 

able. (This presentation is, of course, grossly over-
~ 

simpli:fied. Firstly, e.ject and throw out are only syno-

nymous on one reading; secondly, eject may perhaps have a 

complex structure :for some speakers o:f English, ep. that 

i ts parts occur els e·where: emi t, inj ect.) 

Under this assumption the rules o:f lexicon 1 are o:f 

essentially the same kind as other trans:formational rules 

o:f the syntactic component, 9 and they may not :form a well­

defined subcomponent at all. 

The particle movement argument obviously vanishes 

as far as lexicon 2 is concerned, but i:f it is at all valid 

it certainly shows that the rules o:f lexicon
1 

must apply 

before certain post-cyclic rules. The lexical insertion 

rules o:f lexicon 2 , on the other hand, may well apply at 

a very late point in grammar, perhaps even at the very 

end o:f the syntactic component. However, :further con­

sideration o:f these problems requires a discussion of the 

internal organization o:f lexical rules, which is outside 

the scope of the present paper. 

9) Much o:f lexicon 1 will, of course, be highly idiosyn-. 
cratic, and it may seem awkward to include such mate­
rial amongst ether syntactic rules. Green (1970 p. 81) 
speaks directly against the approach outlined here: 
"Unpleasant implications follow from the claim that there 
is, for example, only one lexical entry refuse, and that 
the ether meanings are derived by syntactic processes 
of incorporation or deletion of semantic constituents."­
I agree that many types o:f polysemy may be pro:fitably 
treated in terms o:f related lexical entries (rather than 
derivational "translation• into one entry), but I do not 
see at the moment how this copes with the problems pre­
sented above. 
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A STUDY OF EMG PEAK AMPLITUDE MEASURES. 

l P.Mansell 

1. Introduction 

In Mansell (1970b) an explanation was sought for 

the phemonenon o:f non-systematic variation in EMG wave­

:forms associated with speech articulatory gestures. The 

waveforms under consideration were derived from sur:face 

electrodes on the upper lip and had undergone ampli:fi­

cation, recti:fication and integration. It was noted 

that this variation was to be :found on all the parameters ,. 
conventionally employed to quanti:fy these· waveforms. 

1:-

It was argued that the view we take o:f the signi:f-

icance of these variations to models o:f speech production 

is dependent upon our view o:f the relationship between 

the articulatory movement and the derived EMG signal. I:f 

we see the EMG as being directly related to the movement 

in each utterence o:f a token o:f a linguistic type, then 

we must develop production models which allow :for vari­

able outputs in response to a constant input. It is to 

be noted that this argument holds whether we take the 

EMG waveform to be the result o:f aset o:f "context-:free" 

commands, with "coarticulation" being a purely mechani-
'-

ca l ef:fect weighting the relationship between the EMG 

and movement, or whether the EMG is taken to be the 

result o:f sets o:f commands which are themselves contect­

sensitive. I:f, on the other hand, we are willing to see 

the relationship between EMG and movement as more complex, 

then alternative explanations :for the signi:ficance o~ the 

variation can be derived. We might suppose, for example, 

l) University of Essex. 
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that not all the muscle activity represented by the EMG 

waveform is of relevance to the articulatory gesture of 

concern - only a certain level of activity, say, may be 

required for such a gesture, the higher levels of activ­

ity recorded being representative of overshoot phenomena. 

Continuing this hypothetical line of argument, we might 

further suppose that amplitude and timing measures with­

in this overshoot region (and peak amplitude measures 

fora large number of tokens would necessarily fall in 

such a region) would be liable to variation and of little 

significance in investigation of the organization of 

speech gestures. 

In Mansell (1970a, .1970b) some implications of 

the former approach were explored. Basic ·to both ap­

proaches, however, is amore satisfactory description 

of the nature of the variation. In Mansell (1970b) the 

correlation between a limited number of the convention­

ally used parameters, including EMG peak amplitude, was 

investigated, and the resulting very low correlations 

regarded as providing some evidence of the inappropri­

ateness of the parameters cortcerned to the description 

of relevant aspects of the EMG signal. The nature of 

the variation is not directly approached in this paper 

(but see section 5.2. below): rather, I am concerned to 

ask whether the events occurring at any electrode site 

are typical of lip activity as a whole, as measured 

simultaneously at other sites. This measure I have 

chosen to call the reliability of EMG peak amplitude 

measures. To demonstrate the reliability at a suitable 

level of significance will not decide anything about 

the causes of variation at particular sites. But if 

demonstrated this would resolve any doubts about the 

contribution of purely local factors to the variation. 
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2. Experimental method 

The utterances for this experiment, all occurring 

monosyllables of English, and listed in Table 1, were 

Table 1: Utterances used. 

C V C n r n 

Cool 

c
1 

V C n n 

pack 

back 

mac 

cap 

cab 

cam 

where n = neutral with regard to lip activity 

1 = labial 

r = rounded 

chosen to provide a number of situations typical of those 

studied in the EMG speech literature, and at the same 

time provide reasonably simple derived waveforms for am­

plitude measurement. The articulator of interest is the 

upper lip, and the utterances allowed for the study of 

the contrast between voiced, voiceless and nasal labial 

stops, in syllable-initial and syllable-final positions, 

as well as the contrast between activity for labial con­

sonants and a rounded vowel. 

Four channels of EMG were utilized. The subject 1 s 

upper lip was cleaned with detergent and the electrodes 

(sanded silver cup, approx. 5 mm. in di_ameter) were de-, 

ployed in a Common Reference Derivation (see Cooper, 

Ossleton & Shaw 1970). That is to say, four active elec­

trodes were taped to the upper lip as symmetrically as 

possible with respect .to the midline, and all connected 

to a single reference electrode taped to the nose. Con­

necting all the active electrodes to a common reference 
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electrode enables us to derive signals which are not only 

synchronous in time but which also have strictly comparable 

amplitudes in that one of the inputs to each of the four 

differential ampli:fiers is a constant. It was felt that 

such an electrode system was particularly suited to this 

study, since it enabled comparisons to be made among a 
2 

number of amplitude measures during the same utterance. 

The centres of the electrodes labelled Right Centre 

and·Left Centre in the presentation of results were sited 

approximately 1 cm. from the midline o:f the lips. The elec­

trodes labelled Right Corner and Le:ft Corner were placed 

with centres approx. 2 cm. lateral to the centre elec­

trodes (but see section 5.1.2.). Thus they were not placed 

su:fficiently laterally to pickup interference from other 

muscle groups which might have been active for spreading 

gestures. 

The items analyzed in this paper were elicited as 

part of a larger corpus involving, in addition to the ut­

terances reported here, more complex interactions between 

2) It will be seen that the techniques of handling the 
data used in this paper are of such a nature as to 
cancel out the ef:fect of constant variatio~s between 
electrode sites. Such constant differences are not 
likely to a:ffect correlation measures, and there is the 
check of bilateral symmetry to guard against such 
effects on amplitude measures. The possibility remains, 
of course, that uncorrelated variations may occur at 
each electrode site as a result of peripheral processes, 
which phenomena would be con:founded with data relating 
to lip activity. Such a·possible source of error is 
allowed to stand here, since the examination is essen­
tially o:f the :feasibility of current practice of using 
amplitude. measures as discri·minants of EMG activity: 
and current practice does not include any means of 
controlling for peripheral variations. 
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the labialstopsand the rounded vowel, together with items 

involving a labial fricative.· The items, in orthographic 

form, were arranged in lo randomized lists, which were read 

by the subject at a steady pace. The frame for each mono­

syllable was: 

I 1 d like to say a again. 

As noted, the signals from the electrodes were led to four 

differential amplif'iers {Fon~ma), and were recorded together 

with the audio signal on an Ampex SP J00 FM recorder run­

ning at 15 ips. The signals were then HP filtered to elim­

inate low-frequency movements artefacts due to changes in 

skin-electrode contact. They were :finally rectified and in­

tegrated (50 msec. time constant) before being
1
displayed on 

a 4-channel Mingograf ink-jet recorder. Two runs of the 

data were made, each run containing two channels of EMG, 

audio osc·il logram and a rectified integrated version of 

the audio. 

The nature of the design required that amplification 

be identical on all EMG channels. The system was calibrated 

and adjusted befare the experiment and checked again after 

the experiment was over. The amplification and time rela­

tionships of the Mingograf channel were checked repeatedly 

throughout run-out of the data. 

Measurements were carried out manually from the 

Mingograf traces. Peak amplitudes were measured in arbitra­

ry linear units from an arbitrary baseline, set. slightly 

higher than the amplitude o:f the inter-utte~ance noise. It 

was observed that the baseline remained stable on all 

channels throughout the exp·eriment. lo tok~ns were measured 

for each type. ·In the case of the rounded vowel in cool, 

however, it was observed that on a number of' occasions the 

derived amplitude curve contained two peaks. These were 
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treated as separate items of data for the purposes of this 

experiment. The number of measurement.s taken for cool, 15, 
is therefore higher than in the case of stops. First and 

second peaks for any token of ~ are distinguished in 

Tables 2-7 as ( a) and (b) after t.he number of the token. 

3. Objectives and hypotheses 

The specific objectives and hypotheses of this exper­

iment can be summed up under the following heads: 

3.1. Dependence of Peak Amplitude on electrode placement 

The basis for deriving hypotheses here should be an 

account of how response can be graded along the length of 

the upper lip. Such an account appears impossible to give. 

Certainly, the variety of labial articulations- "a speech 

articulation system in miniature" (Ohman, Leanderson & 

Pers son 1965 )- would suggest tha.t the sphincteric func­

tion commonly ascribed to the orbicularis oris muscle 

cannot be the only mode of operation of this muscle in 

speech. From the anatomical point of view, the picture 

seems only generally established. According to :Hollinshead 

(1968, P• 336) it is not known to what extent true 

sphincteric fibresexist. Sicker, DuBru.l & Lloyd (1970 p. 

143-144) note that the fibres of the muscle can be divided 

into an upper and a lower group which cross each other 

lateral to the corner of the mouth. This divisi~n appears 

to correspond to the observation in speech research that 

EMG signals from upper and lower lips in bilabial stops 

reveal a different mode of operation, and in labial fric­

atives a different degree of involvement. In addition, 

howeve~, it is noted by the above authors that the majority 

of upper and lower fibres are confined to one side only, 
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TABLE 2 

Raw amplitude scores (arbitrary linear units) 

2.1 PACK 

No. R. Centre R. Corner L. Centre L. Corner 

l. 34.5 27 37.5 2J 
2. 5o 34 lio 4o 
3. 38 25 33 28 
4. 42 32 4o 31 
5. 45.5 29 49 32 
6. 39 25.5 51.5 28 
1. 4o 28.5 45 36.5 
B. 32.5 23 34.5 26.5 
9. 35 21. 37 21.5 
lo. 41. 2o 46 33 

2.2 CAP 

1. 34 27 33.5 28 
2. 43 32 4o 29 
3. 37.5 31.5 42 32 
4. 36.5 23 32 21 
5. 38 37 42.5 32.5 
6. 39 38 44 25 
7. 5o 21 39 33 s. 31 1.9.5 40.5 31 
9. 40.5 32 4o 27 
lo. 25 J.4 27.5 14.5 
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TABLE 2 - continued 

2.3 BACK 

No. R. Centre R. Corner L. Centre L. Corner 

l. 43.5 22 43.5 28 

2. 46 Jl 50.5 35 
3. 42.5 22 37.5 28.5 
4. 52.5 32 38.5 37.5 
5. 37.5 19.5 45 Jo 
6. 43 37.5 44 28 

7. 41.5 29 39 36 
8. 31.5 22.5 40.5 32 
9. 42 32 49.5 36 
lo. 29 21 Jo l.6 

2.4 CAB 

1. 32.5 1.9.5 39.5 24.5 
2. 39.5 ·Jo 42 35.5 
J. 45.5 34.5 48.5 39.5 
4. 36 17 46.5 22.5 
5. J8 33.5 32 18.5 
6. 42.5 33.5 39.5 22.5 

7. 5o 37.5 54.5 33 
8. 20.5 l.5 35 1.8.5 

9. 4o 20.5 47o5 Jo 
lo. 29 l.5 Jl. 1.6.5 
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TABLE 2 - continued 

2.5 MACK 

No. R. Centre R. Corner L. Centre L. Corner 

l. J8 21 45.5 25.5 

2. J8.5 31 49 31 

Jo 37.5· 24.5 48.5 33 
4. 35.5 22 37 25 

5. 37.5 27.5 39.5 25 

6. Jlo5 28.5 37.5 23 

1. 51.5 \ JO 41 41 

8. 35 22.5 40.5 29 .5 
I 9. 37.5 24.5 33.5 23 

lo. 38.5 25 31.5 26.5 

2.6 CAM 

l. 43.5 Jo 4o 34 
2. 42.5 17 47 28.5 

3. 30.5 22 38.5 24 
4. 33 22.5 39 2o.5 

5. 58 35.5 43 36 
6. 47 32.5 5o 33 
1. 43 J8 41.5 31.5 
8. 41.5 29.5 5o JO 
9. 35 23 42 29 
lo. 53 29 48 31.5 



loo 

TABLE 2 - continued 

2.7 COOL 

No. R. Centre R. Corner L. Centre L. Corner 

1. 2o 18 24 23 

2a. 15.5 14 16 17 
2b. 13 13 16 19 

3. 32 20.5 36 28.5 

4. 25.5 2o 30.5 29.5 

5a. 38.5 17 45 25.5 

5b. 27 24 .32.5 2o.5 

6a. 37 23.5 39.5 31.5 
6b. 19 14 18.5 24 

7a. 31.5 13.5 36.5 26 

7b. 18 12 16 25 

8~. 28 17 33.5 32.5 

8b. 26.5 15 24 20.5 

9. 17 11 15.5 14.5 

lo. 27 18 22 24.5 
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TABLE 7 

{See text, section 5o2) 

Type Nx, where % contrib. Nx, where % contrib. 
X/ J2 .of error y<.12 of error 

score to s score to ~ 

Pack 2 J4.7 l JJ.J 
Cap 1 42.9 l 16 
Back 1 42 l 17.6 
Cab 2 ,39.9 2 47.2 
Mac l 15.7 2 57.7 
Cam 2 49.7 l 18.6 
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interlacing at the midline with the fibres of the ether 

side. The deepest fibres of the muscle, however, cross 

from side to side without interruption. We should expect 

bilateral operation in speech, and hence can attach little 

functional significance to this arrangement. Some authors 

are content to observe that the bundles of the orbicularis 

oris corresponding to the red zone of the lips are finer 

and more·densely arranged than are those in the periphery, 

while Hamilton (1958 p. 165) suggests a further functional 

division. He writes: 

"The upper and lower lips are provided with a series· 
of small muscular fasciculi which aet as labial 
tractors, i.e. they tighten the lips •••• " 

Such an observation does not receive any support that I 

am aware of in the literature, and seems an uncertain basis 

on which to build an account of graded response. 

In the absence of such an account, there,fore, a spe­

cific hypothesis about the nature of the relationship 

between electrode siting and amplitude of derived waveform 

was not possible. The experience of many rese~rchers that 

the highest amplitude traces were to be expect!ed near to 

the mid-line of the lip led to the expectation that the 

more laterally placed electrodes would exhibit l~wer ampli­

tude traces. 

3.2. The reliability of peak amplitude measures 

It was suggested that the following two bonditions 

should be taken as measures of ~eliability: 

(i) That even if the absolute amplitudes of the peaks from 

the various positions should vary, there should nonetheless 

be a high overall correla tion among the ampl·i tude scores 

paralleled by high correlations between pairs of electrodes. 

Failure of correlation measures to reach acceptable stand­

ards of significance would be interpreted as suggesting 
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that events at the electrode sites were to a degree inde­

pendent, and that hence the measure as a whole was unreli­

able. 

(ii) That each output channel should show the same measure 

of discrimination on peak amplitude measures as between 

different linguistic types. Thus, if it is possible to dis­

criminate between a syllable-initial and syllable-final 

stop by means of the signal from one electrode site, then, 

if the measures are to be held reliable, this discrimination 

should also be possible at all other electrode sites. It 

was predicted that aset of utterances which could be shown 

to be deviant on this measure would either exhibit such 

deviance through absolute unreliability, or because differ­

ent parts of the lip were being used only p~rtially differ­

ently in the two linguistic types. That is,the behaviour 

of the centre of the lips in two linguistic types may be 

different while the behaviour of the corners of the lips 

may be the same. In order that the latter expianation be 

entertained it is suggested that the deviance should be 

exhibited bilaterally in any given case. 

4. Results 

Two factors led to the choice of non-parametric tests 

for the statistical analysis of data. In the first place, 

experience with the use of parametric tests had led to the 
I 

conclusion that the very large standard deviations encoun-

tered suggested that the assumptions about the distribution 

of the data required by these tests were not being met. 
I 

Secondly, in the present design, the multiplication of e-

lectrode sites required that the number of utterances be 

kept fairly small. The choice does not appear to limit the 

validity of the results, however, since, accor~ing to 

Siegel (1956) the use of non-parametric tests increases 
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the generality of the findings. 

The tests employed here are the Mann-Whitney test for 

differences between two independent samples, the Kendall 

Coefficient of Concordance, a measure of agreement between 

results where the parameters are greater in number than 

two, .and the Spearman Rank Correlation Coefficient. For 

the case ofr, significance was determined by using a 
s 

table of critical values, with extreme· and doubtful cases 

calculated according to 

t=r 1F 
s ~=-2 

s 

The raw amplitude scores, expressed in arbitrary linear 

units, appear in Tables 2.1 - 2.7 The results obtained from 

statistical tests on these scores are given in Tables 3 - 7. 
I 

4.1. Dependence of amplitude scores on electrode placement 

The first set of results relate to the dependence of 

the amplitude scores on electrode placement. This was inves­

tigated by looking for significant differences between the 

scores from amplitude sites within types. The results are 

presented in Table J. H in this case was that the scores 
0 

from different sites did not differ. Taking the stop series 

first, it will be seen that in every case H could not be 
0 

rejected at a satisfactory level of significance for the 

comparisons between amplitude scores for centre sites, and 

between amplitude scores for corner sites. On the ether 

hand, it will be seen that for each stop also, ,H can be 
0 

rejected at a high level of confidence (above .-Ol in every 

case) for the comparisons between right center and right 

corner, and between left centre and left corner. Indeed, 

it will be seen that U, a measure which can vary from O to 
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50 in this case,achieves absolute significance in one case 

for each of these sets of comparisons. 

In the case of the rounded vowel, the case is rather 

different. Here there are no grounds for rejecting H in 
0 

the comparison between left centre and left corner, and 

between right centre and left centre, whereas we can re­

ject H at a high level of significance for the comparisons 
0 

between right centre and right corner, and right corner 

and left corner. 

L~.2. Results relating to first criterion of reliability 

Tables 4 and 5 give results relating to the first 

criterion of reliability, given in 3.2. (i) above. The 

results for the Kendall Coefficient of Concordance (Table 4) 
show signi:ficant correlations {above .05 level) for all 

electrode positions for all types. Table 5/ results of the 

Spearman Rank Correlation test, shows the nature o:f these 

correlations in greater detail. 

There is a distinct lack o:f agreement between these 

two measures in the case of ~, which according to the 

Kendall test has a W significant at the .02 level, whereas it 

demonstrates no signi:ficant correlations among its electrode 

positions on the Spearman tests. This discrepancy appears 

to be explained by suggesting that :for the Kendall test 

the value of s was inflated by the faet that the amplitude 

scores on all electrode positions :for cap lo (see Table 2-2.) 

were uniformly ranked lowest at each site. The _conjunction 

o:f lowest rankings tave rise to a large difference score. 

From the stop sequence there appear t·o be, :few regu­

lari ties to be extracted on the Spearman tests. The excep­

tion is the case o:f ~vs.~: while the ~ scores 

provide grounds :for rejecting H • at a signi:ficant level :for 
0 
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all four sets of comparisons, in the case of cap there are 

no grounds for rejecting H for any of the sets of compar­
o 

isons. 

Pack and back share a lack of correlation between 

contralateral corner electrode sites, and,a significant 

correlation between right centre and right corner sites. 

They are distinguished by the faet that back, unlike pack, 

lacks a significant correlation between the two left sites, 

and between the two centre sites. 

~, which might be expected to follow cab, is dis­

tinguished from it by having an extremely significant cor­

relation between the scores on corner sites, and not 

showing a significant correlation between cen~re sites, or 

between sites on the left side. By the same token, ~ is 

distinguished from back by showing a correlation between 

left-hand sites whereas it does not show a correlation 

between right-hand sites·where ~ does •. 

Cap and pack share a lack of correlation on the com­

parison between corner sites. On the othe~ comparisons ~ 

shows no significant correlation while pack shows varying 

degrees of significance. 

Cab and back share ·a correlation between right-hand 

sites, although the sign~ficance is higher in 1 the case of 

cab. On other comparisons•, however, they are C;).istinguished 

by degrees of significance on the part of cab1and lack of 
' -. 

significance on the part of back. 

Cam and ~ share a •lack of significant correla tion 

between centre sites. They are distinguished, 1 however, on 

the• comparison ~etween left si tes by the faet that .E!!E! 
shows no significant correlation while maq exhibits a cor­

relation significant at the .05 level. On other comparisons, 

~ shows no significance, while .E!!E! does. 
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In the case of the rounded vowel in~, on the 

other hand, there is consistently significant correlation 

among the sites, with the highest being between the centre 

sites and the lowest being the corner sites. 

4.3. Results relating to second criterion of reliability 

The second criterion of reliability, given in J.2. 

(ii), was investigated by comparing scores from identical 

electrode sites across linguistic types, utilizing once 

again Mann-Whitney U tests. In all cases except one no 

significant differences could be found across types. The 

single exception occurs at the left centre site for the 

comparison between can and cam. liere H could!be rejected 
~ - 0 

at the .05 level of confidence. 

5. Discussion 

The results will be discussed in the arder in which 

they were presented. 

5.1. Dependence on electrode position 

The results relating to the dependence of amplitude 

scores on electrode position are initially.very clear. 

During each of the stops the lips appear to operate sym­

metrically, since there is no means of distinguishing 

between sets of signals from right centre and left centre, 

and between right corner and left corner. On the other 

hand, in every case for the stop sequence the amplitudes • 

from the centre sites were found to be significantly 

greater than those from the corner sites. There are two 

possible explanations for this latter finding: 
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(i) That the signals on the corner sites are related 

to those on the centre sites by volume conduction of poten­

tials from the centre sites to the corner sites. (See Dedo 

& Dunker, 1966). 

(ii) That evidence has indeed been given for the 

operation of a mechanism which grades response along the 

length of the upper lip, with maximum amplitude concentrat­

ed at the centre of the lips for labial stop consonants. 

It is maintained that there is sufficient evidence contained 

in the present experimental design to enable us to choose 

the latter explanation with some degree of confidence. In 

the first place it should be noted that the·volume conduc­

tion hypothesis includes amore extreme form of the grading 

hypothesis - namely that there is little or ·no activity at 

the corner sites, the derived signal having been transmitted 

from other sites. Further, in the case of the volume conduc­

tion hypothesis, we should expect there to .be a consistently 

high degree of correlation between centre and corner sites. 

It is evident from Table 5 that this is not in faet the 

case. 

Acceptance of explanation (ii), however, must involve 

leaving open the question of the nature of the. mechanism 

involved. The functional basis for the mechanism seems 

clear - the centre of the lips has further to travel to a­

chieve closure than do the corners. The physiological basis, 

though, as implied by Section 3.1., is extr:emely problema:t­

ica1.· I am not aware of any work relating to the existence 

and nature of an "innervation zone" in the lips such as is 

found in skeletal muscles and has been reported by Sonesson 

to be the case in the vocalis muscle .(Sonesson 1960 p. • 24). 

Hence the possibility of selective involv~ment of motor 

units indifferent types of operation cannot be discussed. 
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5.1.l. The possibility of artefacts 

It appears possible to explain the asymmetries in the 

results in -Table 3 for cool relatively simply as an artefact 

of electrode placement. This explanation further has the 

merit of pointing to a possible difference in active lip 

region between stop consonants and rounded vowels. 

It will be remembered that while on·the right side 

the significant difference between centre and corner sites 

familiar from the stop cases was also found for~' this 

difference was not observed on the le:ft side. Further, 

while a lack of difference was found between the centre 

sites, again following the stop case, a difference was found 

at a high level of significance between the two corner sites. 

Now, suppose that the left·corner electrode- had been placed 

further towards the midline than the right corner electrode. 

Let us further suppose, following Section 5.1.1., that the 

amplitude of the signal is graded in some way from highest 

at the centre to lowest at ·the corner, then the asymmetries 

in the data would be explained, in that the amplitudes of 

left corner and left centre sites would become more similar, 

while at the same time the amplitudes from ·the 1-eft corner 

site would become dissimilar to the amplitude scores re­

corded contralaterally. 

This explanation, however, begs the ques~ion o_f why 

such an arte:fact of electrode placement does not show up in 

the stop data. To resolve this question, it is .Possible.to 

make the speculation, given that there are, crudely, "regions 

of high activity" and "regions of low activity'~ along the 

length of the upper lip, that the region of high activity 

is wider for the rounded vowel than for the stqp consonants, 

and hence included the asymmetrical left corner electrode. 

This electrode, in common with the right corner electrode 

would be supposed under this hypothesis to be outside the 
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high activity region in the case of stops. The present 

study shows no direct evidence for or against such a hy­

pothesis. Asa first approximation to distinguishing be­

tween the form of the labial articulations in the two" 

cases of closure and rounding, however, the hypothesis has 

a certain plausibility. 

With the possible exception, then, of the rounded 

vowel, the results have shown that the peak amplitude of 

derived EMG waveforms is dependent upon electrode position. 

The nearer the midline the electrode is placed, the larger 

the signal can be expected to be. This relationship is 

found on both sides of the lips, and confir~s the observa­

tions of researchers seeking optimum positions for record­

ing lip EMG. Further, as expected, the lips. aet in a sym­

metrical fashion, there being for the stop group no signif­

icant differences between the sets of amplitude scores from 

centre sites, or from corner sites. 

5.2. Correlation measures and the overshoot hypothesis 

As will be apparent fiom the presentåtion of results 

in Section 4 •. 2., the Spearman Rank Tests appear to give a 

more detail ed account o.f the manner in which the reliabili ty 

criterion of 3.2.1. is met than do the Kendall tests. The 

experience with the discrepancy between ~ on the two tests 

reported in 4.2., however, suggests a means by which the 

Kendall tests in this case can be applied directly to the 

problem of the explana_tion of EMG variation as stated in 

Section l of this paper. 

Computation of W in such tests involves ranking the 

scores for each electrode site separately within a linguis­

tic type, and then, for each token, computing the sum of 
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the ranks gi~en the scores on each of' the sites. The mean 

of th.ese sums of ranks for all the tokens of a type is 

computed, and the difference between the_total of' ranks 

for each token and the mean is found. These quantities 

are squared and the squares,summed to give~• Generally 

speal-::.ing, the magnitude o:f ~, and hence the signi:ficance 

of ~, grows as~ increases in size fora constant number 

of parameters an~ number of tokens within the parameters. 

The largest contributions tos come :fpom cases where, 

to illustrate from the case in hand, the :four electrode 

sites are agreed in ranking scores :fora ·particular token 

either high or low. In both these cases the di:f:ference be­

tween the sum of ranks and the mean o:f the sums of ranks 

will be great, and the contribution to~ large. 

A theory o:f EMG variation which supposeq that there 

was a region of overshoot, wi thin which ampli t.ude scores 

were variable, would presumably predict that individual 

sites would more often agree in ranking amplitude scores 

fora particular token low than high, since the highest 

scores must be wi thin the .region of overshoot, whereas the 

lowest scores almost by definition will not. Therefore the 

"overshoot" hypothesis predicts greater variability at the 

high end o:f the sets o:f amplitude scores, and greater homo­

geneity at the lower end. 

In order to test whether this prediction is borne 

out by the :facts, the f'o11owing crude test was: devised. 

Conventiona.lly, ranks are assigned wi th the hi\ghest number 

for the lowest rank. In the case that all ~our electrode 

sites were agreed in assigning the amplitude scores fora 

particular token the lowest rank, the sum of ranks will be 

4o. If, on the other hand, they assign them the highest 

rank the sum of ranks will be 4. The difference between 
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these scores and the mean (22, i.e. 

10 
4Ei 

i ::.1 

10 

in our case) will be +18 and. -18 respectively. The sign 

difference will disappear when the difference scores are 

squared and the same cont~ibution will be made tos in 

each case. If there are differences between the tendency 

for high amplitudes and low amplitudes to exhibit greater 

and less variance, then this should be revealed by: 
) 

(i) the number of sums of ranks which are of small 

magnitude compared with the number which are of large 

magnit~de. 

(ii) The contribution which the squared difference 

scores related to these sums of ranks make to the magnitude 

of s expressed as percentages. 

Such measures were derived from the stop set and.are 

presented in Table 7. Arbitrary limits we.re set for the 

upper and lower ends of the scale of magnitude for sums 

of ranks, such that at the lower end the sum of ranks should 

be greater than 32, and at the upper end should be less than 

12. In the case of perfect correlation this would limit the 

cases considered to those where all scores were ranked l or 

2, or 9 or lo. Columns land 3 of Table 7 show the number 

of times in each type that sum of ranks scores falling 

within the lower and upper 1imits respectively occurred. 

Columns 2 and 4 show the percentage contribution made tos 
I -

by the squared difference scores associated with these 

sums of ranks scores. 

There does not appear to be much informa~ion to be 

gleaned from the statement of numbers of sums of ranks 

scores falling in the two limits. In two cases 1the number 

in the lower limit is greater than that in the higher limit, 
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the two contain equal numbers on three occasions, and the 

higher ·limit contains more occurrences than·the lower in 

one case. A Mann-Whitney U test was applied to the percen­

tage scores, however. A value of 15 was computed for U, 

which value has an associated significance of .35. Hence 

the test fails to find a significant difference between 

the two sets of percentages. 

We may conclude, therefore, that insofaras the test 

described captures predictions under the "overshoot" hy­

pothesis of Section 1, it does not provide any evidence 

in favour of it. 

5.3. The first criterion of reliability 

For the stop sequence, except for the single case of ~ 

vs. cab,·- the linguistic categories with which the stimulus 

set was constructed, fail to provide any key to the irreg­

ularities revealed in Table 5, presenting results of 

Spearman Rank Correlation tests on the amplitude data. One 

is prevented from an automatic adoption of the view that 
• 

EMG amplitude measures are unreliable by the faet that high 

and consistent correlations are observed for·the case of 

cool. A saving hypothesis could be constructed by supposing 

that the signals were more variable in the case of the stop 

sequence. Now, amplitude measures for the stop sequence are 

of generally higher amplitude than for the rounded vowel 

(for example, the range for right centre electrode for 

cool is 13 - 38.5, while for the signals from the right 

centre electrode for the stop sequence taken together the 

range is 20.5 - 53). Experience suggests further that the 

durations of the EMG signals will be shorter in the case 

of stop consonant gesture.s. It might be suggested that EMG 

measures for fast, high-amplitude gestures might be more 

variable than for slow gestures with lower amplitudes, 

such differences perhaps reflecting a difference in control. 
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It must be remembered, however, that Mansell (197ob) 

showed both amplitude and duration measurements for [u] 
in the frame [h~k. _ t~ ] to be highly variable, and to show 

only a small positive correlation with each ether. 

In the absence of a satisfactory criterion for ex­

plaining the asymmetries of Table 5,· and lacking satisfac­

tory evidence fora saving hypothesis, it must be provi­

sionally concluded that the reliability criterion of 3.2. 

(i) is not met. The reservation must be· included, however, 

that this conclusion applies only to the stop series. 

5.4. The 2nd criterion of reliability 

Table 6 shows that the second criterion•of reliability, 

given in 3.2. (ii}' is met in all except on~·case. Further, 

since in this case, the comparison between·amplitude scores 

at left centre electrode ·for ~ and ~, the· ·variance is 

not bilateral, we must ccinclude that this is a case of 

absolute unreliability. More evidence comes from a compar­

ison between the patterns· for ~ and ~ bn 'rables 3 and 

5. In both cases the relationships for the lett centre s~te 

and the right centre site and the left centre site and the 

left corner site show the same patterns of significance 

and lack of it. Although this result is at a relatively 

low level of significance. and is found in the context of 

35 satisfactory scores, I take it to demonstrate that there 

will be cases where unfor.tunate placement of an electrode 

may led to distictions between linguistic type,s on the 

basis of peak amplitude measures which will not reflect 

the activity of the lip as a whole. It must be. noted that 

the rounded vowel in .2.2..2l, was not included in the tests 

reported in this section. 
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5.6. The cause of variation 

Fina11y, since the reliability of the amplitude 

measures has not been shown, it must be noted that the 

possibility of a peripheral cause for signal variation is 

not ruled out. Further it is not possible on the basis of 

this experiment to distinguish between variation arising 

from factors at the electrode-tissue interface and varia­

tion in the events taking place beneath the electrode. If 

the former set of factors were responsible for variation, 

however, it is rather surprising that this study has shown 

that, with two exceptions, the range of variations from 

comparable parts of the lips is the same. In the case of 

the latter cause of variation, the explanatory problem 

that was the subject of Manse11 {197ob) remains. 

6. Conclusions 

This study has investigated the dependence of EMG 

peak amplitude measures on electrode position, and the 

reliability of such measures as revealed by the degree of 

correlation among scores from electrode sites in a Common 

Reference derivation, and the degree of constancy across 

these sites in distinguishing between peak amplitude 

activity for different linguistic types. It was further 

possible to provide a crude measure of the plausibility 

of an "overshoot" hypothesis to account for EMG variation. 

It was concluded that EMG peak amplitude scores are 

highly dependent on electrode positioning, with the 

highest amplitude being found closest to the midline of 

the lips for both stop consonants and spread vowel. The 

EMG peak amplitude measures for the stop consonants were 

judged unreliable, since the patterns of correlations 

among sites were complex, and not explicable in terms of 



120 

the linguistic oppositions employed in deriving the stimulus 

array. Further it was possible in one case to make a pre­

sumably spurious distinction between linguistic types at 

one site, whereas the other sites in this case showed no 

difference in amplitud~ scores. It must be noted that the 

rounded vowel was not studied in the latter test, and in 

the former test of reliability proved to meet the criteria 

adequately. 

The crude test of the overshoot hypothesis failed to 

find confirma(t,ory evidence. 

Finally, it is concluded that the degree to which 

lip activi ty as a whole can be studied in detail as a. re­

sult of its use is sufficient proof of the usefulness of 

Common Reference deployment of electrodes in speech EMG 

research. 

Acknowledgements: 

The experimental work on which this paper is based 

was carried out in the Speech Research Laboratory of the 

Language Centre, University of Essex. I should like to 
j 

thank Dr. M.A.A. Tatham for his help and cooperation in 

the running of the experiment. The processing of the data 

was carried out while the author was a visiting researcher 

at the Institute of Phonetics, University of Copenhagen, 

supported by a grant from the Rask-Ørsted Foundation. I 

should like to thank Professor Eli Fischer-Jørgensen and 

the staff of the Institute, especially Børge Frøkjær­

Jensen, for placing their facilities at my disposal. 



121 

References 

Cooper, R., Ossleton, J.W. 
and Shaw, J.C. 1969: EEG Techno1ogy. Butterworth. 

Dedo, H. and Dunker E. ·1966: 

Hamilton, W.J. 1958: 

Hollinshead, W.A. 1968: 

Mansell, P. 197oa: 

" 197ob: 

Ohman, s., Leanderson, R. 
and Persson, A. 1965: 

Sicker, H., DuBrul 
and Lloyd, E. 1970: 

"The Volume Conduction of 

Motor Unit Potentials", 

Electroenceph. Clino Neurol. 

2o, p. 608-613. 

Textbook of Human Anatomy. 

Macmillano 

Anatomy for Surgeons. 

Vol. Io The Head and Neck. 

2nd. ed. 

"Linguistic Parameters in 

Performance Models". 

University of Essex, Language 

Centre Occasional Papers, 8. 

"On the Nature .of' jEMG Varia­

tions". Pro~. Essex Symposium 

on Speech Production Models, 

UELC Occasional Papers, 9o 

"Electromyographic Studies of 

Facial Muscles During Speech", 

STL-QPSR 1/19 66, p •• 1~14. 

Oral Anatomy. 5th ed. 

C.V. Mosby. 



Siegel, S 1956: 

Sonesson,-_B. 1960: 

122 

Nonparametric Statistics for 

the Behavioural Scienceso 

Mcgraw Hillo 

"On the Anatomy and Vibratory 

·Pattern of the Human Vocal 
,i 

Folds", Acta Oto-Laryngo 

Suppl. 156. 



123 

SYLLABLE AND ACCENT IN JAPANESE 1 

Hideo Mase 

1. Introduction 

Such place-names as Yokohama, Tookyoo and Nippon have 

roughly the same length when spoken. Each word is written 

in the same number of (i.e. four) Japanese letters or syl­

labic signs (except kyo in Tookyoo, in which one has a de­

vice of a two-letter combination in order to show a pala­

talized, non-syllabic r between ~and~). Each word is 

said to consist of the same number of "mora"s, i.e. of four 

moras. 

According to one theory, the prevailing one in Japan, 

the mora equals a phonological syllable, because all the 

moras have almost the same length, because they are units 

of rhythm and of metre, and because a toneme (which is·pho­

netically manifested in relative height of pitch) is put on 

any of the moras. Thus, each of the above words has four 

phonological syllables: Yo-ko-ha-~, To-~-kyo-~, and 

Ni-E-.E2_-~ (where shows a syllable boundary). This is 

one of the two major theories concerning the syllable and 

the accent, and is called the "pitch-level theory". Some 

foreign linguists hold a similar, or, rather, virtually 

the same opinion, saying that the mora is the only syllable 

which is found in Japanese, but differing as to details, 

claiming either that it is rather a "phonetic" syllable 

(Bloch 1950 §6.4); or that the mora - a unit of length -

1) I am very much obliged to Niels Ege· for valuable 
comments on the first draft of this paper. 
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is the only "phonemic" syllable (Hockett 1955 §2214; 1958 

§11.7) - based on Bloch 1 s description; or that the acoustic 

phonetic data show that all the moras have virtually the 

same length, which :faet shows the distinctive :function o:f 

a mora as an "emic" syllable (Han 1962 P• 63:f; Weitzman 

l97o P• 6-7). 

The other opinion advocated in Japan is that the mora 

is indeed a phonological "unit", but nota phonological 

"syllable", since the phonological behaviours or :functions 

o:f moras are di:f:ferent according to their distribution and 

accentual :function. Some moras are '':free" moras which can 

occur in any positi.on in the utterance, :for example l:2., !f.2., 
~and~, while others are "bound".moras_which can occur 

only a:fter a :free mora in the·utterance, :for example the 

second component o:f the long vowel ( the secon.d .2:-' s, in 

~ and kyoo in the word Tookyoaj, E between ! and E in the 

word Nippon, and n in the same word. Further, only a :free 

mora can be an accent-bearer, i.e. a mora which can be 

(phonetically) higher pitched immediately be:fore a lower 

pi~ched mora. Here, the tonernes are not considered to be 

distinctive accent units. This latter theory is Hattori's 

and is kno"Wll as the "accent-kernel" theory. In this theory 

a phonological syllable is de:fined as consisting o:f either 

a :free mora or a :free mora :followed by a bound mora. Thus, 

in this t~eory the above-mentioned words are divided into 

syllables as :follows: !2_-ko-ha-~, ~-kyoo, and Nip-pon. 

Pike (1948 p. 14 :fn. 29) and Garde (1968 p. 136-137) 

hold a similar opinion on the accent to Hattori•'s. McCaw-· 

ley (1968) sets up a similar theory using the approach o:f 

generative phonology. Interestingly enough, the mora is 

here taken up as a phonological unit :from another point 

o:f view. Usually one has relied mainly on phonetic phenom­

ena to establish the mora as a :functional unit, but McCaw-

ley describes the mora essentially as a unit on the morpho­

phonemic level;whioh.makes it possib1e to apply in an ordered 
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wa.y various accent manifestation rules such as "accent­

deletion" and "pre-accentuation" rules. 

In the following pages I will consider only the 

standard dialect (or standard Japanese), since almost 

all the works on Japanese phonology by foreign scholars 

are restricted to the description of the standard dialect. 

It should be mentioned, however, that not all the features 

in the standard dialect are the same in other dialects. 

The standard dialect is one of the simplified dialects, 

as far as the accent system is concerned, so that it is 

not at all the most representative dialect. Some features 

found in other dialects will be briefly mentioned at the 

end of this paper. 

2. The pitch-level theory 

In this theory a mora is considered to be a pho-
2 nological syllable, since a mora functions as a unit 

of rhythm and of metre and functions as the minimal unit 

on which a tonerne is put. 3 There are two distinctive 

tonernes: /high/ and /low/. Their syntagmatic f1unctions 

in single-word utterances are shown below. Japanese ae-

2) Hereafter, "syllable" in my text refers to a "pho­
nological" syllable, when there can be no confusion, 
while a "phonetic" syllable is always referred to by 
me in its full form. 

3) The following description is based on the articles 
of Haruhiko Kindaichi which are collected in his 
book from 1967 (= Kindaichi 1967): 1947 = 1967 
P• 269-289; 195oa .... = 1967 p. 133-153; 195ob = 1967 
p. 299-307; 1957 = 1967 p. 198-230; 1960 = 1967 
P• 233-268; 1963 = 1967 P• 113-132; 1965a = 1967 
P• 367-391; 1965~. = 1967 P• 4o-57; and 1967 = 1967 
P• 58-77. 

But, as I mentioned in the Introduction, the pitch­
level theory is the one prevalent in Japan, so that 
Kindaichi is not the only advocate of the opinion. 
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is essentially a word-accent. Examples 
4 

cent are: 

1,a) /kaki/ ( 1oyster 1) 

1,b) /kaki/ ( 1persimmon~ )( 1:fence 1) 

2,a) /hana/ (a gir1 1s name) 

2, b) /hana/ ( 1nose 1) ( 1 :flower 1 ) 

3,a) /o!!/ , ( 1 :favour') 

3, b) /2.n/ ('sound 1-) 

4,a) /ho2/ ( 1 direction t) 

4,b) /hoo/ ( 11aw, ordinance 1) 

5,a) /satoo/ ( 1the opposition party') 

5,b) /§;too/ ( , g,i-ada:tion.' ) 

5,c) /sato2/ ( 'sugar·•.) 

Here, in each pair or set, the words have th~ same seg­

mental constituents. Permutation o:f tonernes makes paired 

words di:f:ferent words. Two tonernes are sai~ to be neces­

sary and su:f:ficient in describing 'th~ accent system of the 

standard dialect. Kindaichi claims that this small number 

o:f tonernes (i.e. two in number) can describe not only the 

accent system of this dialect, but also those of oth~r 

dialects in Japanese, and, further, is valid ·to a dia­

chronic description. 5 This means that a description ap-

plying two tonernes is eqonomical and simple. 6 

The segmental structure of the mora, i.e. o:f the 

syllable, is one of the following four types, o:f which the 

:first is the most general one but the other three, especial­

ly the last two, are more or less typical in Japanese. 7 

4) = the high tonerne, = the low tonerne. The notation 
of segments is a phonemic one, but a loose one. Asa 
consequence it is almost the same as the - ar.thography by 
means o:f the Latin alphabet. Problems o:f segmentai pho­
nemes are not discussed in this paper. 

;

5~ Kindaichi 1967 P• 253. 
Ibid • p. 252:f f .. • 
Ibid. P• 116-117. 
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1) /(c)(s)v/ (c = consonant, S = semivowel, 
V= vowel) 

2) /N/ 
3) /Q/ 

4) /:/8 

a nasal consonant of one-mora length 

the first component of a geminate 
consonant, which has one-mora length 

a phoneme which prolongs the preceding 
vowel by one-mora length, or in other 
words, the second component of a 
sequence of two identical vowels. 

Details are discussed in 4. and the following sec-

tions. 

3. Syllable in the accent-kernel theory 

It is Hattori 9 who first introduced in Japanese pho­

nology a phonological syllable not equal to a mora. First, 

he explains how moras and phonetic syllables relate to 

each other: 

8) 
9) 

"In the phonological.interpretation of the pro­
nunciation of the Japanese language, it is neces­
sary to assume a phonological unit 1:mora' which 
corresponds roughly but not exactly to the pho­
netic unit 1 syllable 1 • While a syllable which 
ends with a short vowel corresponds to one mora, 

Kindaichi uses the symbol 11
-" instead of ":". 

I am not sure when Hattori first published.his idea 
of a phonological syllable. As far as I can trice 
back, the idea is seen in his article from 1949, 
"'Bunsetsu' to akusento" ("On the accentual unit"), 
Hoo en to Minzoku Nos. 3 & 4, 1949 = Gengogaku no 
hoohoo ":Methods in linguistics"), Tokyo, 1.960, 
P• 428-446. This summary of his ideas is based on 
his articles from 1949 = 1960 p. 428-446, 1950 = 1960 
p. 751-763, 1954 = 1960 p. 240-272, 1958 = 1960 
p. 360-364, the article from 1961, and Onseigaku 
("Phonetics"), Tokyo, 1951. Articles from 1949, 
195o~ 1954 and 1958 are collected in his book from 
1960, with some but often important correciions 
and additions, so·.that I refer to these articles 
as published in the book. But except for very 
crucial points, detaiis of page number etc. are 
omitted. 
Examples are in most cases my own. 
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a syllable which ends with a long vowel cor­
responds to two morae. The so-called 1haneru 
on' ( 1 syllabic nasa1 1 ) and 1 tsumaru on 1 (choked 
sound) correspond to one mora." (1960 p.751). 

"/CVN/ [N = "syllabic nasal", H.M~ corresponds. 
usually to one syllable. ••• /Q/ ["choked sound", 
H.M.J stands only after a vocalic phoneme and 
before /k, t, p, s, c/. The consonantal pho­
nemes which follow /Q/ correspond to geminated 
consonants, while /Q/ itself corresponds to 
the laryngeal tension during the first half 
of the geminated consonants. /CVQ/ corresponds 
usually to one syllable." (Ibid. p. 753) 

A "syllable" in the above citation is of course a 

''phonetic" syllable. When Hattori says that /CVN/ and 

/CVQ/ usually correspond to™ phonetic syllable, he 

means that any mora~ be pronounced as an independent 
( . 

phonetic syllable, when spoken very slowly (1960 p. 361 
and elsewhere).

10 
The Japanese word /wan/ {with high-

, • I 

low pitch) ( 1bay'), for example, can be pronounced as 

[wa-n•], i.e. in two phonetic syllables, while '.the English 

/wAn/ ( 1 one 1 ), for example, cannot be pronounc~d in two 

phonetic syllables. Hattori defines a phonetic syllable 

by acoustic or/and auditive sonority and articulatory ex~ 

plosion-implosion. A two~mora word like ~ is pronounced 

in two phonetic syllables [ka] and [ki] , 11 while two-mora 

words like hoo and on are usually pronounced in one pho­

netic syllable, [ho:] and [kan] , respectively (1951 
P• 169). 

Now, what is a phonological syllable? There are "free" 
12 and "bound" moras. A free mora is ·one which consists o:f a 

lo) Hattori 1 s terminology "syllabic" nasal is not suitable. 

11) 

12) 

It should be a 1 postvocalic nasal of one-mora length 1 • 

Or else, the above statement of his does not make 
sense. 
All phonetic transcription is very broad. 

The e,c;pressions "free" and "bound moras" are adopted 
from Martin (1967 P• 246 fn.2). 
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consonant and a vowe1 13 with or without a semivowel between 

the two phonemes, while a bound mora is the second compo­

nent of a long vowel, or a "syllabic nasal", or a "choked 

sound". A free mora can make a phonological syllable by 

itself, because it can form an independent phonetic syl­

lable, and because it can occur in any position in the 

utterance without being followed by a bound mora. On the 

other hand, a bound mora cannot make by itself a phonolo­

gical syllable, because it does not usually form one phone­

tic syllable by itself, and because it always occurs after 

a free mora. Possible cornbinations of segmental phonemes 

in the phonological syllable are: 

1) /c(s)v/ 
2) /c(s)vv/ (where /VV/ should be a sequence of' two 

identical phonemes), 

3) /c(s}vN/, 
4) /c(s)vQ/. 

A bound mora, which is a phonological .!:!!!.ll, corre~ 

sponds neither to a phono~ogical nor a phonetic syllable. 

The role of a bound mora as a ph.onological ( i. e .• , functio­

nal) unit in the standard dialect is not explicitly men­

tioned, even if we take the accent into account. 14 Although 

lJ) 

14) 

The syllable-initial vowel (or, rather, vocoid) is al­
ways preceded by a glottal constriction, if the vocoid 
is not preceded by a consonant (or, rather, contoid). 
Therefore,this glottal constriction is interpreted as 
a consonant phoneme, which is the counterpart of the 
voiceless /h/. (Cf. Hattori 1961.) 
In some dialects /N/ and the second vowel of /CVV/ can 
be accent-bearers. So that all the moras except /Q/ are 
"free" moras in that they can be accent-bearers, but 
a "bound" mora in the standard dialect seems to be al­
so a "bound" mora in other dialects (perhaps with a 
few minor exceptions) in that a bound mora does not 
usually form a phonetic syllable, and that it cannot 
occur in utterance-initial position. (Cf. Hattori 1960 
p.247.) . 
Ina later page in the same article Hattori mentions 
that the mora is nota syllabic unit universal to all 
languages, so that we had better reconsider whether it 
is necessary to set up "mora" as a phonological unit in 
the description of Japanese (1960 p.27o; fn.26 p.270)0 
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the phono1ogical sy1lable in Hattori's theory cannot bede­

scribed su~ficient1y without taking the accent into account, 

his phonological syllable, in other words, is essentially 

the unit which best describes segmental combinations, and 

which corresponds to a phonetic syllable. 

4. Validity of tonernes 

Let us take the example words mentioned in 2. again, 

and describe their accents, by applying the technique of 

so-called autonomous phonemics. 

For the sake of this argument, we assu.me that the 

mora is a phonological syllable, so that the ~ollowing.words 

in each • pair have the same segment.al cons_.t.ituent.s __ and. all 

have the same number of syllables. The paired words are dif­

ferentiated in meaning by a certain permutation of the 
,. 

pitch fnnction. What is common to the four pairs of words 

is that all of them have the same number of syl1ab1es 

(=moras), and what is common to {a) or (b) is that th~y 

have the same pitch contour. 15 (i) and (ii) are alternate 

forms. 

(I) Pair 1 Pair 2 Pair J Pair 4 

(a) kaki ha~ on. hoo 

(b,i) ~ki h.,_ana .Q.ll ' h2_o 

(b,ii) on hoo 

(a) and (b) are in contrast in any environment, therefore 

the difference of pitch is invariably "emic"o (i) and (ii) 

in Pairs 3 and 4 are not-contrastive, and it is the form {ii) 

15) Whether one perceives the relative pitches on the 
syllables or perceives ~he pitch. ~~ange between the 
syllables i·s not discussed her.e; •• 
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l.6 which is the most frequent. Then, if we take (ii) as 

representative of 3 and 4, we get 

(II) 
1 2 J 4 

(a} kaki hana oa hoo 

(b) -kaki hana on hoo 

In Pairs 3 and 4 the :first syllable in (a) does not con­

trast to that o:f {b). The low-high pitch sequence in (1,b) 

an'.d (2,b) is parallel.ed by the high-high pitch sequence 

in (J,b) and {4,b}. Then, what is common to all cases in 

(b) is the high pitch on the second syllable. The pitch 

of the :first syllable in (b) is not contrastive to the 

high pitch in (a}, because the :former is either low­

pitched as in 1 and 2, or high-pitched as in 3 and 4. When 

the second syliable is high-pitched, the pitch information 

o:f the first syllab1e in. (b) must be redundant, or else 

we would not get two noncontrastive forms in (3,b) and 

(4,b). Then,the contrast between (a) and (b) must lie in 

the different positions of the last high pitch. 

16) c:r. Hattori 1960 p.246. But see the arguments by 
Han (1962) and Weitzman (1970). C:f. also Mase (1969 
p. 144). 

Though Kindaichi admits the existence of forms 
l.ike {J,b,ii) and (4,b,ii), he does not show them in 
the "phonol.ogical." notation, since the ev.en-pitched· 
pronunciation does not occur in 1 deliberate 1 s~eech 
(>196 7 p. J 6 7-91 , e s·p. p. J 7 J-7 4) • Ka wakami ( 196 6 J is 
strongly against Kindaichi, saying that the two :forms 
are just two :free variants o:f one accent .pattern. The 
l.ow-high pi tch pa ttern o:f (b ,.i.J wh~.Q. i.t. occurs, 
occurs only phrase-ini tial.ly, there:for~. ,the low-pi tch 
is interpreted as a kind o:f intonation. Further, there 
are many standard dialect speakers who halve no low­
high pitch pattern :for words like (J;b) and (4,b), 
says Kawakami. 
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If we mark only the distinctiv~ last high pitch, we 

can show the pairs of woras as: 

(III) 

(a) 

(b) 

1 

kaki 

kaki 

2 

hana 

hana 

3 
-on 
-on 

4 

hoo 

hoo 

The distinctive last pitch in word~ (a) is of course the 

high pitch on the first syllable. 

This analysis, however, which is basically that of 

the pitch-level theory, does not tel1 the truth. As mentio­

ned in the preceding section, a bound mora cannot be an 

accent-bearer in this dialect. But in (3,b) and (4,b) above, 

the accent is put on the bound mora, i.e., 9n /n/ and the 

second /o/, respectively. 

What the real situation is, becomes clear when we 

add the particle ~ after the noun. This particle indi­

cates roughly the subject case, and has no fixed accent. 

(IV) 

(a) 

(b,i) 

(b,ii) 

(c) 

kakiga 

kakiga 

2 

hanaga 

hanaga 

3 

onga 

.Q_nga 

onga 

4 

,hooga 

!!.Q.oga 

hooga 

( (1,b) ,.,'persimmon', (1,c) '1 fence', (2,b) 'nose', (2,c) 

'flower•.) 

In the above list (IV), the third pattern (c) is not found 

for Pairs 3 and 4. That is, /n/ in (3,c) and the second 

/o/ in (4,c) do not occur in the position where the dis­

tinctive last high pitch is put. 
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If we put only the distinctive accent·mark in the 

way shown in (III), we get: 

(v) 
1 2 J 4 

(a) kakiga hanaga onga hooga 

(b,i) kakiga hanaga onga hooga 

(b,ii) onga hooga 

(c) kakiga hanaga 

Then, we take off the part~cle, keeping the accent 

mark on the noun word. 

(VI) 

1 2 J 4 

{a) kaki hana on iioo 

(b) kaki hana on hoo 

(c) kaki hana 

Notice that the nouns (1,b) and (1,c), and (2,b) and (2,c) 

have the same phonetic pitch contour, i.e., [kaki] and 

[hana], respectively (cf. lists (I) and _(IV)), but in 

lists (v) and (VI) they are shown dif'f'erently.·This is a 

crucial point. The high pitch on the second syllable 

(= the second mora) in words (b)_ is not f'ollowed by asyl­

lable with low pitch on it (here, one-syllable morpheme 

~), while in ( c) it is f'ollowed by a low-pi tched sylla--·. 

ble. 17 On the other hand, (a) and (c) of 1 and 2 are dis-· 

tinguished by the position of' the last high pitch, or in 

other words, by the position of' the high pitch.immediately 

f'ollowed by a low-pitched syllable. 

Leaving problems of' detail to later pages, we now 

go to Hattori's definition of' the accent. 
17) Actually, the pitch on 2 depends upon the accent of 

the foregoing noun. Cf. McCawley 1968 p.1J8 ff., 
accent ru_le s for nouns. • 
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5. The accent-kernel theory 

Hattori says that in order to describe the accent pat­

ternsofa dialect (or a language) phonologically, we should 

only take up their distinctive features. If we define a high 

pitch immediately followed or that may be immediately fol­

lowed by a low pitch as the "accent kernel", 18 then the 

distinctive features of accent patterns in the standard dia_ 

leet are: 

1. whether there is an accent kernel (in the accent 

pattern), or not, and 

2. if there is, on which ~~~~19 it is. 

The accent pattern which has· no accent kernel is usu­

ally called "even" or "level" pattern, and that which has 

an accent kernel is called "uneven" or "fallin:g" pattern, 

or pattern with a kernei. 20 

When we show the syllable with accent kernel with the 

accent mark "7" on it, list (VI) above appears in the fol­

lowing way. 

(VII) 
(a) 

(b) 

(c) 

kciki(ga) 

kaki(ga) 

kaki 1(ga) 

ha'na(ga)" 

hana(ga) 

hana 1(ga) 

Oli{ga) 

on(ga) 

hoo'( ga) 

hoo{ga) 

That is, the distinctive feature (1) is found in the oppo­

sition between (a,c) and (b), and the distinctive feature 

(2) is found in the contrast between (a) and (c). (NB. J and 

4 are one-syllable words.) 

1.8) _The accent kernel in any dialect of Japanese is the 
high pitch immediately before the low pitch, so that 
we can say that the Japanese accent. is, so to say, a 
"falling" or "descending" accent •. (Hattori 1961 p.8). 
But cf. McCawley 19_68 p.19off. 

19) "Mora" should be "syllable". But it is not contradic­
tory. In Hattori's theory a bound mo~a cannot take an 
accent kernel, then it is only a free 1mora in the 
phonological syllable which can take the accent kernel. 

2o) Hattori 1960 p.249-51; p.268; p.J6J-64. 
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The first mora in the syllable wi-th the kernel has 

phonetically higher pitch, and often greater intensity 

and greater duration than all the following~ The lower 

pitch on the first mora in the first syllable in (b) and 

(c) patterns above is a redundant :feature in this dialect, 

since it is conditioned by the place o:f occurrence: when 

the first syllable has no kernel, the :first mora is 

lower-pitched. Both distinctive and redundant :features 

should be realized in the accent pattern in actual speech 

in order to make it di:f:ferent :from other patterns and to 
21 

make it sound natural. 

6. Even (=non-:falling) and uneven (=:falling) patterns 

As mentioned in 5., in the kernel theory the accent 

patterns o:f ~ ( 'nose' .:... (2,b)) and hana ·( ":flower' -

(2,c)) are :functionally distinguished, even though, it is 

true, they have phonsticallz one and the same1 pitch con-
22· 

tour, in any circwnstance • -whethef they occur as single-

word utterances or as part o:f a longer phrase consisting 

o:f the word plus a particle. 23 On the other hand, in the 

pitch-level theory both words have the same tonerne combi­

nation, i.e., /low-high/ (and; as a matter o:f course, have 

the same phonetic pitch contour), i.e., they have one and 

21) 

22) 

2J) 

Hattori 1960 p.25o-52 

It is not impossible to make the two words phoneti­
cally {and phonemically) di:f:ferent. The pitch di:f:fe-· 
rence is greater, i.e. the second syllable is a little 
higher, in hana ( 1 :flower' (2,c)) than in 1 hana (•nose', 
(2,b)), especially i:f the words are spok~ii""rith em-
phasis (Neustupny 1966 p.84; Han 1962 p.112). This 
difference may serve to establish a phonblogical con­
trast batween bisyllabic words o:f the two accent types 
for some speakers who either keep up or try to keep 
up the di:f:f'erence. But this is probably rather rare 
(Neustupny 1966). 
This "phonetic" neutral..ization occurs when the :final 
syllable o:f the concerned types is short (i.e., one 
mora in length). See later in this section. 
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the same accent pattern. In the pitch- level theory, they 

do not say it this way. B~t they should say so, or else 

the pitch-level theory 1oses its raison d'~tre. To give 

the reason why they should is the purpose o:f this section. 

Recently, Weitzman (1970) set up a new pitch-1evel 

theory based on the method o:f autonomous phonemics. He 

defines a mora as a structural syllable (p.6-7), and de­

scribes accent patterns by di:f:ferent combinations o:f two 

"tactic phonemes" (o:f accent) which are put on the sequence 

o:f moras (p.7-8; a~d Chap. VII). According to him, his the­

ory is "more abstractly conceived" than the other theories, 

but I cannot see any real difference between his and the 

pitch-1evel theories. The reason why I call h~s theory 

'new' is that he is so consistent that he does not admit 
' • 24 

any accent pattern :for one syllable (=one m~ra) words. 

Now, Weitzman argu~s· against Hattori' s theory as 

:follows: 

"Hattori ••• distinguished three accent patterns :for 
two-mora words, or, in general, n+l contrastive ac­
cent patterns :for words n mora in length." (p.16) 

"In the treatment o:f the actual accent patterns 
themselves and o:f how those patterns di:ffer phonolo­
gically, the representation of a word. that takes 
into account morphophonemic considerations is not 
of relevance. Therefore 1as single-wo~d utterances, • 
hana ( 'nose') and hana \ ':flower 1 ) have the same ae~ 
cent pattern. This faet, however, does not vitiate 
the basic idea of the accent kernel theory, but only 
( 1) :forces a modifica tion of it in regar'd to the num­
ber o:f accent patterns that need to be described by 
the theory and (2) ,Places a restrict;on on the 1oca­
tion of an accent ke·rnel to any place except the 
:final mora o:f an utterance." (p.18) . 

Aproblem here is that o:f so-called biuniqueness in 

the description. It is true that hana ('no~e•): and~ 

( ' f lower' ) invariably have the same pi tch con tour as s·in-

24•) " ••• the nature o:f Japanese [accentua1 phepomenon, 
H.M.] is that it normally can be observed· only in ut­
terances two or more moras in length •. Normally no ac­
centua1 distinctions are observed in utterances only 
one mora in length." (Weit.zman 1970 p.94) 
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gle occurrences.This faet, however, does not and should not 

lead to the conclusion that both words have one and the same 

accent pattern, since they evidently behave functionally 

differently when they occur in a phrase consisting of the 

word plus· an enclitic. 25 If we say that both words have 

the same accent pattern, we must still make a rule that the 

second (strictly speaking, the last) syllable of ~ 

( 'flower 1 ) is, let us say, accented, therefore· .the .f'ol­

lowing enclitic ~ which has no fixed accent, 25 should be, 

let us say, unaccented and low-pitched, not high-pitched, 

or/and that the second syllable (i.e., the last syllable) 

of ~ ('nose') is wiaccented, so that the following en­

clitic ~ should keep the- same pitch (i.e., high pitch) as 

the last syllable of the preceding unaccented word. (NB. As 

is clear here, the "wiaccented'' syllable is not equal to a 

syllable with "low tonerne" or with "low pitch", or to a 

syllable with "high tonemø" or with "high pitch".) 

As long as we stick, to the pure pitch-level theory, 

we cannot find any motivation or reason why. the tonerne 

/high/ should be followed by an enclitic ~ which has the 

tonerne /low/ in the case of hana ( 1 flower 1 ) and why the to­

nerne /high/ of ~ ('nos~•) should be fol~owed by the to­

nerne /high/. If one insists on avoiding a mixture of levels, 
J 

one cannot describe accent patterns of single words. One 

should take morphophonemics into consideration in order to 

represent accent patterns 9:f single words •. In the lexicon 

~ (•nose') and~ ('flower•) should be marked as hav­

ing different accent patterns. 

In the pitch-level theory in Japan,~ (•nose', 

/hana/ in the notation of kernel-theory) and hana ('flower', 

/hana1/ in the notation of kernel-theory) are shown as hav-

25) Particles are incb1ded in the morpheme ca tegory II en­
cli tics". Not al1 the enclitics lack a fixed accent. 
See, for exarnple, McCawley 1968 p.1J4 ff. 
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ing different accent patterns. Hana (•nose•) is shown as 
- 6 

/hana/ and~ ('flower') as /hana1/.
2 

Even one-syllable 

(one-mora) words are given two different accent patterns, 

for example /ha/ ('leaf') and /ha/ (•tooth 1)
26 

(/ha/ and 

/~, respectively, in the notation of the kernel-theory). 

Such descriptions are contradictory to the "tonerne" idea. 

If one admits the difference of accent patterns between 

/hanå./ and /hana1/, then how can one describe. the difference 

/~na/, /hana/ and /hana1/, 

by different combinations of two_ tonernes? If one admits 

the difference between /hana/ and /hana1/, it is simply 

another version, and a poor one, of the accent-kernel the­

ory. Consequently, if one is a consistent advocate of the 

pitch-level theory, one should have virtualiy the same 

viewpoint as Weitzman's. 

Another problem is that of possible accent patterns 

of words and phrases c.on$is.tin.g o:f' E syll~bles (n.o.t B. 

morasl) in length. There is a serious mixture of' "sylla­

ble" and "mora", and of "single word", "single-word ut­

terance" and "utterance" (="phrase" in my usage) in Weitz­

man's statement cited above. See list (VIII) on the fol­

lowing page. Hana (•nose') and hana ('flower•) as single­

word utterances cannot be.distinguished phonetically. This 

"phonetic" neutralization occurs between two accent pat­

terns where one has no accent and the other has its accent 

on the final syllable of the word. But this occurs only 

when the final syllable is one mora in length. When the 

final syllable has two moras, the two accent patterns are 

manifested in different phonetic forms,· for example, 

[ satoo] ('gradation') and [2to~ ( 'sugar') (i.e. /satoo/ 

and /satoo1/ in the notation of the kernel theory). (Cf. 

26) See Kindaichi (1958). 



p. 139, 1. 2 from bottom, read: But the first mora of the 
unaccented first syllable ... 
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(B), and (E) in list (VIII).) 

Two facts should be mentioned concerning possible 

accent patterns. First, the number o:f possible underlying 

(or :functional) ~-accent patterns is !!+l :for words o:f 

!! syllables (not!! moras) in length. 27 Second, when a 
27a phrase consists o:f more than two morphemes, the num-

ber o:f possible underlying and sur:face accent patterns is 

!! :for phrases o:f !! syllables in length. For this second 

reason, it is o:ften said that Japanese accents :function 
28 

essentially at the phrase level. As :for the single-

word phrases, it depends upon the nwnber o:f moras in the 

last syllable whether the word o:f !! syllables are "phone­

tically" distinguished in _!!+l ways. 

(VIII) 
28a Possible accent patterns o:f n-syllable nouns 

sinB:le word 

A) l-sxllable 1 1-mora 

1) ha' 

2) ha 

B) l-sxllable 1 2-mora, 

1) on' 

2) on 

phrase 

nouns: 
-:--, 
ha-ga 

ha-ga 

nouns: 
---, 
on-ga 

on-ga 

rneaning 

'tooth' 

'lea:f' 

'favour' 

'sound' 

27) Actua11y the noun is the on1y morpheme c1ass where 
all possible accent patterns are :found. 

27a) A compound word is taken here as one morpheme. 

28) C:f • Shiba ta ( 1955 ). 

28a) The notation o:f examples is phonemic, the accent marks 
being placed according to the kernel ·theory. "-" shows 
the syllable boundary. Phonetically, pitches ar~ kept 
high up to and including the :first mora o:f the accen­
ted syllable. But the first mora o:f the :first syllable 
is usually low pitched. Other syllables are low pitched. 
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sin~le word phrase meanin~ 
c) 2-syllable 1 2-mora nouns: 

1) -:--, 
ha-na -=--i ha-na-ga 'girl's name' 

2) ha-na ha-na-ga 'nose' 

3) ha-na' 
--, 

ha-na-ga 1 :flower' 

D) 2-syllable, J-mora nouns: 

i) 2-mora syll. + 1-mora syll.: 

1} kan'-zi; hen' -zi kan 1 -zi-ga; hen 1 -zi-ga 

'secre.tary'; 
'accident' 

2) kan-zi kan-zi-ga . 

3) 

ii) 1-mora syll. + 2-mora syll.: 

1) sa 1 -too sa 1 -too-ga 

2) sa-too 

3) sa-too 1 

('--

sa-too-ga 
::-:-:1 sa-:-too-ga 

E) 2-syllable, 4-mora nouns: 

1) sen 1-koo sen'-koo-ga 

'Chinese 
letter' 

h 
--., 

en-zi -ga 

'reply' 

'the oppo­

sition party' 

'gradation' 

•sugar• 

'incense rod' 

2) sen-koo; sen-see sen-koo-ga; sen-see-ga 

3) sen-see 1 

1 :flash';' oa th' 

sen-see 1-ga 

'teacher' 

Since a bound mora cannot be an accent-bearer in 

this dialect, the number o:f possible accent patterns 

(o:f single-words and o:f phrases} will not be consistent, 

i:f we say that the mora is the structural syllable. Exam­

ples (c,D,E) are all two-syllable nowis, so that they 

have 2+1 p~ssible_word-accent patterne. Examples in (D) 

have 3 moras, and those in (E) have 4 ~oras. If the number 
◄ 
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of possible accent patterns is calculated on the basis o:f 

mora (D) should have J+l patterns, and (E) should have 

4+1 patterns, but in reality they have onlY J possible 

patterns. 

Wei tzman requires a modifica_tion in regard to the 

nwnber of accent patterns which are set up in the kernel the­

ory. ~ .do not think a modification is necessary.- One should 

only keep in mind the distinction between the word and 

phrase accent patterne, and between the single-word phrase 

and the phrase consisting o:f two or more morphemes. The 

second modification required by him is that the accent 

kernel can be put to any place except the final mora 

(should be "syllable") of an utterance. Here again, it de-

pends upon the character of 11an utterå.nce", whether the 

modification is possible or not. This matter of modifica­

tion is nota tri:fling matter. On the contrary, this mat­

ter is the most essential one in the descriptiori of the 

accent system of this dialect.· 

7. Paradi@natic and/or syntagmatic frmction of accent 

I take it :for granted that such difference o:f accent 

as in /hana/ (•nose•) and /hana 1/ (':flower'), i.e., dif­

ference between words with and without accent kernel, is 

necessary in the description of functional accent. 

According to the pitch-level theory, accent patterns 

o:f words are contrasted with each other by permutation o:f 

tonernes which are put on a sequence o:f syllables. 29 This 

"accent pattern" corresponds to Hat~ori's "prosodeme" (in 

his own teminology). Just the same as· the -accent pattern, 

a prosodeme is a functional rmit which integrates ase­

quence o:f syllables into one accent-phrase (c:r. Hattori 

1960 p.268). But prosodemes are di:f:ferent from accent pat­

terne in that they are distinguished from each other by 

29) A sequence o:f syllables should be understood to in-
clude the case where a sequence consists o:f one syllable. 
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virtue o:f the two heterogeneous distinctive :features o:f 

accents, mentioned earlier. 3° First,a prosodeme with 

kernel is opposed to a prosodeme without kernel, i.e., 

a prosodeme with kernel: /;7oo/ /oo' o/ /ooo'/ 

1 l 
(by commutation o:f 

i 
kernel) 

l i i 
a prosodeme without kernel: 

(o = syJ.lable) 

/000/ /000/ /000/ 

In this case we are :dealing with "opposition" or "commu­

tation". 

Secondly, prosodemes can be distinguished by the 

location o:f the kernel, and. in thia case we are dealing 

with "contraat" or "permutation"• i.e. 

)o) In this connection, I would like to say that Weitz­
man (1970) misunderstands some o:f Hattori's ideas. 

Weitzman says that the prosodeme ·"is similar 
to .the Akusento no kata [= accent patterne, H.M.] in 
that it is something superimposed upon a sequence o:f 
"moras." 
He is right in this point. 

He continues,"The Akusento-so, however, is more 
encompassing in that it is mani:fested not by pitch_ 
alone, as the Akusento no kata is said to be, but by 
ot~er phonetic :features as well." (p.15) 

It seems tome that Weitzman considers that the di:f­
:ference between the Akusento no kata and Akusento-so 
lies only in the phonetic substance. But the di:f:fer­
ence lies, as I am discussing above, in their di:f:fer­
ent :formal approach •.. 



143 

one ,type: /o'oo/ 

t 
(by permutation of kernel) 

i 
another type: 

As is clear here, the kernel theory is based on a 

completely different concept from that of the tonerne. In 

the kernel theory Japanese accents are ·considered to have 

both commutation and permutation function. This theory tells 

us the nature of accent in Japanese, at least that of the 

standard dialect. 

Characteristic features in the accent system of this 

dialect are that the system has a formal (but not necessa­

rily phonetic) characteristic of the so-called tone lan­

guage, such as Chinese, since accents are commutable, and 

that it has a feature which is similar to that of a stress­

accent language, since accents are permutable. However, I 

hesitate to state that an accent feature of this dialect 

is just the same as that in Chinese, since in Chinese an 

accent is put on the syllable, but not on·the sequence of 

syllables as is done in Japanese. 

8. Tone languages and stress-accent languages 

In this• dialect of Japanese maximally one accent is 

put to a phrase, .i.e., to a sequence of syllables, and sep­

arate information about individual syllables is not nec­

essary. 

Concerning the accent p~enomenon, McCawley (1968) 

distinguishes three types of languages, (1) a stress-accent 

language such as Englisb, (2) a pitch-accent language such 

as Japanese, and (J) a true tone language such as Chinese. 

Types (2) and (J) resemble each other, for they use the 
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same "substance" i.e., pitch movements, to realize fwictio­

nal accents. 31 Types (1) and (2) resemble each other, since 

accents are essentially of sy,ntagmatically contrastive na­

ture. Types (1) and (J) have a common formal similarity in 

that, adrnitting more than three stress degrees in the type 

(1), not the postion of one stress in (1), nor one tone 

in (J), is predictable from the position of another stress, 

nor another tone. Thus, he suggests "either grouping of 

types 1 and J or the position that type 1 is intermediate 

between types 2 and)." (p.1J6-J7) 

Asa conclusion, he says, 

"A language with a "pitch accent" sys.tern like 
Japanese and a language with a "stress accent" sys­
tem like Russian have the formal similarity that the 
accentual information which must be recorded in dic­
tionary ent~ies· is at most the location of some ac­
centual phenomenon, rather than separate information 
about individual syllables, as is needed for pitch 
in the dictionary entries of a true tone language 
like Chinese." (p.182) 

"I feel that the above considerations give a 
rather convincing case that "stress accent" and 
"pi tch accent" are merely two m·anifesta tiona, of the 
same linguistic phenomenon and that it consequently 
is a mistake to label as" tone lang:uage" those lan­
gu.ages which have- a "pitch accent" system such as 
Japanese." (p.18J) 

• Tha t is because, in addition to the above reason ,, cycl.ic 

accent reduction rules are applied to both "stress-" and 

"pitch-" accent languages, but not to a tone language. For 

"Pitches in a tone language, on the o~her hand, is 
not subject to "reduction" rules but merely to the 
same kinds of rules as affect segmental features 
(assimilation, dissimilations, etc.). (p.18J) 

Jl) But,it is known today that there are many "stress­
accent" languages where the acoustic -fundamental fre­
quency is a distinctive cue for stress perception. 



As has been disousøed, noune have "n+1" accent pat­

terne. Using McCawley's expression, the accent of nouns 

is put on the firet, second, ••• , or no syllable. (But 
( 

it is true that the noun is the only morpheme class in 

which the location of accent is completely free. In verbs 

and adjectives, which are the only morpheme classes with 

inflections, there are only two possible accent patterne: 

with or without accent.) 

Instead of saying that an unaccented morpheme has 

accent .2!! !!.2 syllable, McCawley defines accent as occur­

ring between the syllable.s, so that an unaccented mor­

pheme i_s defined to ·have "pre-accent". 32 Thus, the three 

~•s are specified in the underlying notation in the 

forms: 

ha'na (= Hattori's /ha 1na/) 'girl's name' 

'hana {= li /hana/) 'nose' 

hana' (= li /hana 1/) 'flower' 

Then, the possible places of accentuation in a-syllable 

morphemes are equal to a+! syllable boundaries. (p.169-70) 

The argument here is that Japanese accent is·described 

most generally (or economically) as to its function, when one 

specifies accent and describes manifestation rules in the 

way of generative phonology. 

A characteristic feature of accent placement in Japa­

nese should be mentioned. In one morpheme class (i.e., 

nouns) restriction to _t?!2, possible places of accent applies 

to .2.!!!!-syllable morpheme only, while there are two and only 

two possible places of accent for morphemes in another 

class (i.e., verbs and adjectives), independant of the syl­

lable number ,of the mor~hemes • 

32) There are "pre-accented" nouns and "pre-accented" 
affixes. Affixes ara governed by the "pre-a~centu­
ation" rule, but pre~accented nouns are not. 
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When compared with a "stress-accent" langua.;e, Japa­

nese morphemes with one syllable (i.e., ~ouns) have, then, 

two possible accent placements, while in a stress-accent 

lan~uage one-syllable ~orphemes in -a·----c:lass have no di:ffer­

ence o:f accent placement, i.e., they are simply "accented" 

( or, possibly'.,.. only "unaccenteci"). This :faet shows a basic 

di:f:ference between Japanese and stress-accent languages. 

All o:f the above discussion has been about the stand­

ard åialect. When we take other dialects into consideration, 

we are no~ so sure about the extent o:f the :formal similari­

ty between Japanese as a whole and a stress-accent language 

as a whole. This matter will be mentioned. in Sec.tion lo. 

9. The role o:f mora 

It seems to.be true that the mora plays some func­

tional role in Japanese, but no Japanese linguist gives a 

clear argument :for its :functional role. 

Hattori says that the mora is a phonological unit but 

nota phonological syllable. (c:r. Section J.) He does not 

say that the kernel occurs on the syllable, but says that 

it occurs on the mora. In the Kyoto dialect the phonemes 

/N/ and the second vowel o:f a sequence o:f two iden.tical 

short vowels can be accent-bearers. But they are still 

"bound." moras in that they always occur in syl.lable-f'inal 

position. 33 (see Section lo). I:f we take Hattori's phono­

logical syll-.abl_e to be the uni·t which can best describe 

segmental combinations, then the phonological syllable 

will be valid to almost all, i:f not all, the dialects in 

Japanese.If the phonological syllable is to be a unit which 

has to do with both "accent" and "segmental combinations", 

then it is not applicable to all the dialects. He might be 

taking an "over-all" description into account. But, as far 

JJ) Actually, in the Kyoto dialect a sequence of two i­
·d.entical vowels belong always to two di:f:ferent syl­
lables. (c:r. :fn.J6.) 



p. l~-7, 1. 16-17, read: "Japanese has phonological rules 
which depend on the number of moras, but none to my know­
ledge which depend on the number of syllables. For ex­
ample ... " 
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as the accent phenomenon and the phonotacti~ combinations 

of the standard dialect are concerned, we do not find any 

strong motivation in his theory that the mora is a phono­

logical unito 

McCawley (1968) says, "There are many reasons why 

the notion of mora must be used in describing standard 

Japanese." (p.lJl) The reasons .are: 

(1) "the mora functions as the unit of length in 
the language; not only is the length of a phrase 
roughly proportional to the number of moras it con­
tains ••• , but the meters of Japanese are based on 
the number of moras per line". (p.lJl) 

(2) "the acoustic realization of Japanese accent 
can only be described by stating which moras are 
high or low pitched." (Ibid.) 

(J) "Japanese has phonological rules which depend 
on the number of syllables. For example, in a cer­
tain class of foreign loan words the accent is put 
three moras from the end of the word. The mora is 
thus the "unit of phonological distance" in Japa• 
nese." (polJJ) 

But McCawley emphasizes that the·"prosodic unit of Japanese 

is the syllable and not the mora'', since "there is no con­

trast between "accented. first mora" and "accented. second 

mora" in a long syllable" (p.lJ4). Thus, Japanese is a 

"mora-coun ting_ syllable language" • ( Ibid) • 

The role of mora in metrics is definite and impor­

tant. But, sometimes "bound 11 moras do not se-suI -t-o·- be coun­

ted as an independent unit (here, syllable) in poems, es­

pecially in modern ones. A.t the same time, we also find 

one (but rarely more) extra free mora (here, syllable) in 

a line. It is difficult to say whether the surplus boun& 

moras are meant to be extra moras or violence to the rigid 

metri~s. 

McCawley's point (2) is an evident faet, at least 

auditorily. It does not, of course, necessarily mean that 
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the pitch contour on one mora acoustically k~eps the same 
' 4 

pitch level all through the morao 3 

In regard to point (J), McCawley says, 

"rules such as the one putting accent three moras 
from the end of foreign words will put the accent 
on the fourth m~ra from the end if the third mora 
from the end happens to be -the:•._ se ~ond mora of a 
long syllable; the correct form of the rule is thus 
"place accent on the syllable containing the third 
from last ~o"" (p.1J4) -

Another example from McCawley is a rule which "operates 

at the distance of one mora". An accent attraction rule 

for the verbal infiX morpheme of the "provisional" mode 

operates only when the_ morpheme is one mora in length (i.e. 

/CV/), but when the morpheme is more than one mora in len~th 

(i.e. /cvc-/) the attraction rule does not operateo This 

rule is quite important in his rules. The morpheme with 

/CVC/ structure is governed by a (consonant) deletion rule, 

but this rule should be applied after the accent attrac-

tion rule. 35 

Taking all three points together, I think that the 

mora is a functional unit. 

lo. Some remarks on accent in the Kyoto dialect compared 

to that in the standard dialect 

As.I have mentioned in a couple of places, the Kyoto 

dialect has some features·that differ fromthose of the 

standard dialect. The so-called syllabic B (/N/) in th~ 

J4) Cf. Weitzman (1970), Chap. IV; Mase (1969) 

35) In this connection, I would like to say that in Japa­
nese the syllable and morpheme boundaries do not always 
coincideo Therefore, the following description by Garde 
(1968 p.25) is incorrect: in French "les limites de syl­
labes et de morphemes ne coincident pas••• Mais en 
·j aponais tou te limi te de morpheme coincide avec; .une 
limite de syllabe, done la syllabe est incluse dans le 

' morpheme." 



Kyoto dialect can b.e.· accent-bearer: "oNna" ( •woman'), 

"koNbaN" (•tonight'). This holds true also of the second 

vowel in th~ sequence of two identical· short vowels: 

"keeba" ( 'horse race' ) , "keesi tt ( 'disregard' ) , 

( 'policeman' ) , "keezi" ( • notice • ) o 
36 

"keezi" --

In two-syllable nouns we find four accent patterns: 

K .-a. K.-b. Hato McCo J7 

1) hana, hana ga hana hana hana ( 'nose') 

2) ya~, y~ ~ ya 1ma rya7ma ya'ma ( •mountain') 

J) ~ra, sora ga 7sora ~ora •sora ( •sky' ) 

4) ~rt\., saru ~ 7sarul ~arul 'saru' ( 1.monk.ey .• ) 

In this dialect, the pitch on the first mora is pho­

nologically distinctive (cf. fn.16). According to Hattori, 

the accent system of the Kyoto dialect is described by 

three distinctive features: 

1) with or without kernel, 

2) where is kernel, and 

J) low- or high-initial. 

J6) Examples are from Hirayama (1960) 
As for /Q/, I found under the head-word ~e-" and 
"ko-_,._in Hirayama U9 60) such ty~ as "geQka" and 
"keQka 11 , but not "keQka", or "keQka" types_o_It seem,2. 
tome that there is no~ contrast between /VQ/ and /V~/. 
or between /VQ/ and /VQ/. 
/Q/ in Japan;;e as a whole occurs only phrase~medial­
ly, . :except some. peripheral. cases (i. e o , in exclama tory 
words and onomatopoeia). The phrase-medial /Q/ is ob-. .... 
tained from the underlying oral obstruent segment 
(except /Q/4 which occurs in some onomatopoeia (cf. 
McCawley (1968))0 Thus, we p~rhaps need not set up /Q/. 

J7) Examples are phonemic .notation. But K.-a. system shows 
actual pitch patternso 

K.-a~ = Kindaichi 1960 p.255; K.-b. = Kindaichi 1960 
p.Jo5; Hat.= Hattori 1961 p.4; McC. = McCawley 1968 
p.192. 
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Even in the pitch-level theory, unidimensional to-

' nemes cannot describe the accent patterns of the Kyoto dia-

lect. In order to distinguish (3) and (4), one must put a 

single /high/ toneme on the second syllable of (J) and a two­

toneme combination /high-low/ on the second syllable of (4) 

(~K.-a.). Or else, one must apply "pre-accentuation" 

( . . ) J8 -K.-b. ~ 

In any event, one must assign two accents to the 

accent-phrase of the dialect. It should be well 

noticed that all the combinations of the higher and lower 

registers are found in underlying two-syllable nouns. 

hana 

yama 

sora ---
saru 

The accent system of this dialect does not particu­

larly resemble that of a stress accent language. But it is 

true that the same kind of reduction rules as for the stand­

\ ard dialect and stress languages will apply to this dialect, 

too. 

Japanese accent is described as functioning syntagma­

tically in the pitch-level theory, paradigmatically and 

syntagmatically in the accent-kernel theory, and syntagma­

tically in generative-phonology. The difference between the 

three approaches is that of levels of description. The method 

of the pitch-level theory is that at the first stage one 

should identify accent function mainly at the phonemic level. 

The metho~ of the kernel theory is the next stage: identi­

fying the accent function at the morphophonemic level. The 

method of generative phonology_ is applied to describe the 

accent function basecl on the results of the first two. ana-

38) Shibata (1955) criticizes Kindaichi, saying that Kin­
daichi's toneme-conception is incompatible with his 
idea of "pre-accentuation". (See Shibata 1955 p.53-55) 
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lyses. One fhould not take it for granted t~at the method 

of generative phonology is the best one, since different 

methods cou1d be app1ied at different stage~ of 1inguistic 

analyses. 
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ENERGY MEASUREMENTS OF SPEECH SOUNDS 

Carl Ludvigsen 

l. Introduction 

Recording of so-called intensity curves frequently 

forms a part of the routine procedure for processing speech 

material collected in a phonetic investigation. Devices 

used for recording of intensity curves are described by 

Fant (1958 P• 57). 

The interpretation of such curves is generally not an 

easy task as is shown by Fant 1 s characterization of the 

intensity meter as"••• a device that produces an electrical 

voltage which represents but is not necessarily proportional 

to the intensity of the speech wave"(1958 P• 57). 

The aim of this paper is twofold: to discuss very 

briefly some aspects of the registration of acoustic energy, 

and to describe a device constructed at the Institute of 

Phonetics for measurements of the energy of sound segments. 

Segments measured with this device may be very short, i.e. 

of a duration of a few milliseconds. 

2. Acoustic measurements 

Peterson and McKinney (1961 P• 81) argue that "the 

measurement of spech power level is relevant to the study 

of linguistic stress." However, very 1itt1e attention has 

been given to the problem of which among several possible 

measures of speech power level is of major relevance. The 

following section is devoted to some loose considerations 

of this question. 
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I:f we want to study the acoustics o:f speech sounds with 

reference to their propert·ies as stimuli to the ear the 

measurement o:f speech p·ower introduced by Fletcher (1953 
p. 68) does not seem to be ideal: Fletcher 1 s speech power 

measures are measures of the total speech energy radiated 

while a person is talking, whereas here we are only in­

terested in that part o:f the energy which is active in 

stimulating the listener. Due to the shadowing e:ffect of 

the talker 1 s head the two measures are not proportional. 

Furthermore, it is very difficult to perform the practical 

measurements. 

Another frequently employed measure is obtained by 

placing a microphone at a distance o:f e.g. one meter from 

the talker and :feeding the electrical signal :from the 

microphone into an "intensity meter" or a sound level me­

ter. Several problems are involved in this regist~ation 

procedure: Firstly, does the electrical signal :from the 

microphone represent the sound pressure as it would have 

been if no microphone were present? This is only the case 

i:f the sound field is simple, e.g. a :frontal :free :field, 

and the microphone is modi:fied to have a co~responding :free 

:field response. Secondly, is the sound uniquely described 

by the electrical signal :from the microphone i:f the sound 

is regarded as a stimulus to a listener placed in the sound 
I 

:field? This is true only with regard to on~ type o:f sound 

:field, c:f. ISO Recommendation 454. 
The conclusion seems to be that the sound stimulus 

should be registered at the listener's ear drum or, more 

conveniently, :from a pressure response microphone placed 

at the end o:f the ear channel o:f a dummy head. ,A recording 

o:f the sound pressure at this place will presumably be the 

best physical description o:f the stimulus. 

3. Processing o:f the spe~ch signal 

The material :for :further processing is supposed to 
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be an electrical signal proportional to the instantaneous 

sound pressure recorded as described above. In order to ob­

tain a measure o:f the power o:f the signal same ~ind of rec­

ti:fication and a smoothing process have to be per:formed. 

3.1. The recti:fier 

I:f we want a DC-voltage proportional to the instan­

taneous power o:f the microphone signal we must use a square 

law recti:fier (SLR). It is known :from the theorem o:f Par-

1 th t ~ • d 0 l • 1 th DC 1 ~ th seva a ~or a perio ic signa e -va ue oi e 

squared signal will be proportional to the sum o:f the mean 

powers :from each o:f the :frequency components of.the original 

signal. Furthermore, we know that this DC-component o:f the 

squared signal is independent of the phase properties of 

the input signal. 

The :full wave linear recti:fier (FWLR), on the other 

hand, gives an output signal whose DC-value is proportional 

to the square root o:f the mean power 2 o:f the input signal 

only :for very simple input :signals• When the s~gnal is 

not very simple we cannot generally predict the ,deviation 

from the correct value. Furthermore, the output :from a li­

near recti:fier is sensitive to phase changes· o:f the input 

signal. 

To demonstrate differences and similarities between the 

two recti:fiers a few examples will be examined •. The DC-com­

ponent emitting from a true RMS-detector consisting of a 

square law recti:fier, a ·low-pass filter, and ·a square· root 

device is compared with the DC-component emitting :from a 

mean value detector, i.e. a :full wave rectifer followed by 

a low-pass :filter. 

1) Similar statements can be made :for aperiodic signals. 

2 )- i. e. the RMS value o:f the signal• 
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(a) Pure tone with amplitude A: 

(b) 

IU-'1S-detector: 

Mean value detector: 

A/Y2 

2A/'ir 

Narrow band noise with mean power P: J 
m 

RMS-detector: 

Mean value detector: 

(c) Amplitude modulated pu~e tone: 

Mean amplitude: A, Index of' modulation: m 

RMS-detector: ✓A2/2 + m2
A

2/4 

Mean value detector: 2A/'II 

Now, suppose that we tested two intensity meters: 

One wi th a :full wave linear rectif'itl'r (FWLR) :followed by 

a low-pass :filter and the other with a square law recti­

fier (SLR) :followed by a low-pass filter and a square 

root·circuit, i.e. a true RMS-detector. If we adjusted 

the two instruments to give the same reading fora pure 

tone input signal, then we would not obtain identical 

readings on the two instruments for any of the other two 

signals mentioned above. For the amplitude modu1ated tone 

we could, by varying the degree of modulation (m), obtain 

a varying reading on the SLR, but a constant reading on 

the FWLR. 

None o:f the examples mentioned were speeoh sounds, 

and experiments (cf. Peterson and McKinney 1961 and 

Fant 1958 p. 57) have shown that the differences occur-

J) Cf. Rice (1944). 
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ring when speech sounds are considered a·re moderate. How­

ever, with the linear recti:fier it is somewhat dubious what 

we actually measure, and conclusions drawn ,fro~ intensity 

curves should perhaps be o:f a qualitative rather than a 

quantitative nature. Furthermore, the use o:f an FWLR will 

complicate a statistical treatment o:f the data :from in­

tensity meters since differences in the means o:f two vari­

ables may to a certain degree be due to unsatis:factory 

rectification. 

Nevertheless, many recti:fiers used in intensity meters 

are o:f the linear type. The·reason obvioµsly is that an 

SLR is more di:f:ficult to construct if it is to have a suf­

:ficiently large dynamic range. However, as technology has 

advanced in the last years we are now able to construct 

SLR 1 s which satisfy our demands and which are not excessive­

ly expensive. 

3.2. Integration 

If we use an intensity meter with an SLR followed by a 

smoothing low-pass filter it is no simple task ·to measure 

the energy of a single s·ound segment •. Even if the segment 

is isolated the interpretation of the output ii nota 

straightforward matter. I:f the duration of the· segment is 

lang compared to the transient time 4 o:f the :filter the mean 

o:f the output signal equals the average power of the segment 

provided that the AC-part o:f the output signal is small com­

pared to the mean, i.e. to the DC-component o:f the output 

signal. I:f, however, the duration o:f the segment approxi­

mates the transient time of the :filter the output signal 

will be highly dependent on the shape of the impulse re­

sponse o:f the filter. In this case the set-up does not 

4) 0:ften called "the int~gration time" of the filter, 
cf. Fant (1959 P• 9). 
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give useful measurements. If the duration of the segment 

is short compared to the transient time then the peak of 

the output signal wil1 correspond to the e~erq of the in­

put signal. When the set-up is ca1ibrated for this type 

of measurement and the duration of the signal is known 

we can ca1cu1ate the average power. 

From these considerations we may conclude that if the 

energy of transients such as stop bursts is measured by 

the output of an ordinary intensity meter the results are 

subject to several uncertainties. 

To overcome the difficulties involved in energy mea­

surements of very short segments of speech one may re­

p1ace the 1ow-pass filter by a true integrator. The in­

tegration should start at the beginning of the sound seg­

ment in question and stop at the end of the segment. The 

final output voltage from the integrator would then be 

proportional to the average power of the se·gment, irre­

spective of its duration. 

4. Construction of a sguare law rectifier and a true 

integrator 

Fig. 1 shows a simplified diagram of the device. 

4.1. Principle of the sguare law rectifier 

The characteristic of the rectifier is a piece-

wise linear approximation to a parabola. The input 

signal wil1 be fed into a voltage divider via an FWLR. 

The voltage levels on the voltage.divider will :trigger 

the four transistors on and off. The emitter resistors 

are selected so that the output current is approximately 

proportional to the square of the instantaneous input 

voltage to the squaring circuit. 
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4.2. The integrator 

The integrator is an ordinary summing integrator. 

A relay, R, triggered by an external voltage is inserted 
/i 'I 

between the recti:fier and the inverting input terminal. 

The integration starts when the relay contacts close and 

stops when they are opened. A resistor can be coupled 

in parallel with the capacitor in the :feed-back loop o:f 

the integrator to make the circuit :function as a simple 

RC low-pass :filter :for continuous recording. This re­

sistor is also used :for re-setting the integrator. 

4,3. Experimental set-up 

The signal to be analyzed is recorded on the loop 

tape-recorder o:f the segmentator (cf. Thorvaldsen 1970). 

The "w:indow" o:f the segmentator is then used,. to,isolate 

the desired sound segment. When the audio signal :from the 

segmentator is :fed into the recti:fier and the "gating sig­

nal" (i.e. a step voltage:__f7_) :from the segmeritator is 

simultaneously :fed into the coil o:f the relay 5 an inte­

gration o:f the instantaneous power o:f the segmerlt takes 

place. The :final output voltage o:f the integrator will 

then be proportional to the total energy o:f-the sound seg­

ment. This voltage can be read off an amplifier DC-volt­

meter. 

S. Final remarks 

The instrument described is meant .as an experimental 

design only. For use in phonetic research it must be in-

corporated in amore comprehensive system. The addition 

5) This synchronous switching on and of:f o:f the input 
to the integrator is essential with segments o:f very 
low intensity in ordev to exclude contributions :from 
background noise on the tape loop. 



of a compressor as well as a mo~e sophisticated low-pass 

filter ror continuous recordings will be an obvious im­

provemento 
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COMPARISON OF SOUND PRESSURE LEVEL AND LOUDNESS(GF) 

MEASUREMENTS ON SPEECH SOUNDS 

Carl Ludvigsen and Nina G. Thorsen 

1. Introduction 

Lately, an instrument called a loudness analyzer 

(HP 8o51A Loudness Analyzer), which operates according 

to Zwicker 1 s method o:f estimating loudness, has been made 

commercially available. 

Zwicker 1 s method is based on a division o:f the 

signal in critical bands. In each critical'.band the 

signal is weighted according to the sensitivitYi o:f the 

ear. The contribution o:f the sub-signals are added up, 

allowance being made :for masking phenomena. The out-

put o:f the loudness analyzer is called loudness(GF)*and 

is measured in sones(GF). "G" re:fers to critical bands. 

(Frequenzgruppe) and "F" re:fers to a :frontal sound :field. 

The aim o:f this investigation was to compare sound 

pressure level (SPL) measurements with loudness(GF) 

measurements on some consonants and vowels. 

The investigation must be regarded as a pilot experi­

ment since only two subjects were involved and the material 

was recorded once on1y, by each subject. 

2. The material 

The material consisted o:f iso1ated bisyllabic words 

o:f the CV:C~ type with trochaic stre.ss pattern, which is 

a common type in Danish. C represents ~, :f, a, fil, and V 

represents i~ e ~ ~ ~ ~ ~ 2 ~ ~ ~-· The consonants and 

*) It is also ~ossible toget an output called 
loudness(GDJ, where "D" re:fers to a di:f:fuse 
sound :field. 
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vowels were combined in all possible combinations, forming 

a list of 192 different words. The material was origi­

nally designed fora different purpose, namely an exami­

nation of the relations between fricatives, nasals, and 

vowels. We found it suitable for the present purpose too, 

since the .unvoiced fricatives, the nasals, and the vowels 

are three acoustically distinct classes of speech sounds 

with very different spectra. 

The words were recorded once by two subjects, one 

male (CL) and one female (NT), (the authors), who both 

speak a form of advanced Standard Copenhagen Danish. 

We attempted to produce the words at a comfortable -con-·· -

stant level, but we cannot exclude that our knowledge of 

the purpose of the experiment has influenced the reading 

of the words. This question will be treated again brief­

ly in section 5.1.1. 

3. Instrumental set-up 

The recordings were made in the sound studio at the 

Institute of Phonetics. The subjects were placed comfort­

ably at a distance of approximately 1 meter from a free 

field response microphone (B&K, type 4131). 
The response of a free field microphone is adjusted 

so as to de1iver a signa1 which corresponds to the SPL 

value obtained if no microphone were present. In the 

B&K, type 4131 microphone this is accomplished by a damp­

ing of the frequencies above 2oooHz of approximately 6d.B/ 

octave. This characteristic of the microphone has been 

calculated for use in free, plane sound fields, o0 inci­

dent, and this situation is approached by placing the 

microphone at a distance of 1 m~ter from the subject. 

The signal from the microphone was picked up on a 

tape recorder via a microphone amplifier (B&K, type 2603). 



A pure tone of loooHz preceded and followed the recordings 

for the sake of calibration. 

3.1. Processing of the speech signals 
( 

3.1.1. Tracing of words 

The signal from the tape recorder was fed into dif­

ferent analyzing devices, the outputs of which were traced 

on an ink writer 1 • The analyzing devices were 

(1) fundamental frequency detector 

(2) intensity meter 

(3) loudness analyzer. 

3.1.2. Tracing of isolated speech sounds 

The peak mode operation of the loudness analyzer 

implies that a segment with a small loudness(GF) value 

immediately preceded by a segment with a larger loud~ 

ness(GF) value w,ill not cause any further deflection of 

the loudness curve. To render possible loudness(GF) 

measurements of such weaker segments all segments, except 

the schwa vowe
0

ls, were isolated on a segmentator and 

recorded on tape. The segmentator is described by Thor­

valdsen (1970). The rise and fall times of the segments 

were set at 5ms. The segments were then analyzed in 

the same way asL the wo~ds (cf. 3.1.1.). 

4. Calculations 

The data were subjected to statistical treatment. 

Four variables were included in the process 

(1) the duration of each segment 

(2) the maximum SPL of each segment· 

(3) the maximum loudness(GF) of each segment 

1) Instruments which are not further specified are 
listed in ARIPUC vol. 4, 1969, P• II-V. 
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(4) the log 2 o~ the maximum loudness(GF) of each 

segment. 

The total population of sound segments analyzed was 

treated in various sub-populations, as well .as pooled. 

This was done in order to watch the variation in the SPL 

and loudness(GF) measurements in vowels indifferent sur­

roundings before pooling these measurements. 

The statistical treatment involved calculations of 

mean,standard deviation, range, skewness, mean error, and 

95% and 99% confidence limits. Each subject was treated 

separately. 

5. Results 

5.1. The vowels 

(1) A cursory glance at the tracings of the whole 

words tells us that the course of the loudness(GF) and 

SPL curves are not always correlated. In most words 

the loudness(GF) and SPL maxima were distributed in the 

same way over the two syllables, i.e. either the full 

vowel had the greater loudness{GF) and SPL values, or 

both maximnm values were reached in the unstressed vowel. 

However, there were instances where the maximum value 

of loudness(GF) in a word was reached during the un­

stressed schwa, but the maximum SPL value was measured 

in the stressed vowel, and vice versa. 

(2) In Table I are given the means of the duration, 

SPL, and loudness(GF) values for the (isolated) vowels. 
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Table I 

Means of duratiori, SPL, and loudness (GF) for 12 vowels, 

all surroundings pooled, 16 examples of' each vowel. 

Two subjects, NT and CL. 

duration SPL loudness{GF) 

[ ms] [ dB/2xlo - 5N/m 2] [ sones(GF)] 

liT CL NT CL NT CL 

i 2o9 206 74,6 73,1 lo,7 lo,8 

e 251 225 7o,2 74,5 lo,9 14,2 
g, 264 251 68,5 72,3 15,6 15,3 

a 268 266 68,4 72,3 17,9 16,9 

y 241 218 75,3 74,4 12,o 11,2 

ø 260 239 7o,3 74,1 12,1 14,3 

æ 273 260 69,4 71,9 17,2 15,2 

u 256 220 7l~, 1 73,8 lo,3 lo,o 

0 264 251 7o,4 72,1 lo,l lo,8 

;;, 268 269 7o,o 7o,8 15,1 112,3 

a 288 281 71,6 69,9 23,1 16,7 

"D 279 262 7o,h 7o,9 16,4 12,4 

The SPL and loudness(GF) means were subjected to 

a ranking correlation test. The ranks (1, 2, .••• ) were 

assigned to each value according to its magnitude. 

(a) The ranks of' the two subjects' SPL means were 

not significantly correlated. The Spearman rank correla­

tion coeff'icient, r, was calculated to be o,2o. In order 
s 

for the rank correlation to be signif'icant at the 95% 

level it should exceed 0,50. 

(b) However, the ranks of' the two subjects' loud­

ness(GF) means were signif'icantly correlated. The r 
s 

value was calculated to ·be o,86. In order for the corre-

lation to be significant at the 99% level it must exceed 

.. 



168 

o,7o, only. This must be due to the :faet that the SPL 

measures depend on the total power o:f the sound, whereas 

the loudness(GF) measures are dependent also on the shape 

of' the spectrum, which dependency has been dec,isive :for 

the output o:f the loudness analyzer. 

(c) The ranks o:f the loud.ness{-GF)/SPL means :for 

the subject NT were negatively correlated, r = -o,52, 
s 

which exceeds the demand :for signi:ficance at the 95% 
level. The same ranks :for the subject CL were likewise 

negatively correlated, r = -o,3o, which value is not 
s 

signi:ficant at the 95% level. 

5.1.1. Vowel SPL and loud.ness(GF) vs. Fl-:freguency 

The SPL means in ·Table I are displayed graphically 

in Fig~ 1. It wil1 be seen that in most vowels small 

SPL corresponds to high Fl. Correlation calculations 

yielded: The rank correlation between SPL means and Fl­

f'requency :for both subjects was :found to be negative at 

a level o:f signi:ficance greater than 95%2 • This is sur­

prising in the light o:f earlier inves'tiga tions, ·c:f. :for 

instance House, Fairbanks and Stevens (1950) and Lehiste 

and Peterson (1959). The reason may very w,ell be :found 

in the reading o:f the words. For example, in trying to 

produce all the words with the same strength we may stib­

consciously have compensat~d :for the smaller SPL o:f the 

close vowels. Furthermore, the results we _obtained gave 

rise to a renewed inspection o:f the word l~sts and the 

tape. This revealed that :~he originally intended ran-

.domization had :failed in certain respects. - 1We -cannot 

exclude that a certain rhythmic e:f:fect may have been ac­

tive, but a phonetically trained listener did not detect 

2) Vowels o:f a~prox~mately the same Fl were tied in four 
groups· (iyuJ ( eøo) ( eæ~) (aat>). These ties were incor­
porated in the ranking tests. 
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t t 

t t 
e e:, a y ø æ u o ~ a ?J 

Fig. 1 
Means of SPL and 95% confidence limits for 12 
vowels, all surroundings pooled, 16 examples 
of each vowel for each of the two subjects, 
NT and CL. 
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i e C, a !J ø æ u 0 ~ a l) 

. Fig. 2 
Means of loudness(GF) and 95% confidence limits 
for 12 vowels, 1ogarithmic scale, all surround­
ings poo1ed, 16-.examples of each vowel for each 
of the two subjects, NT and CL. 
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any particular rhythm during a casual listening to the tape. 

Thus, our results cannot invalidate what is a very common 

experience, namely that vowels with low Fl have smaller 

SPL than vowels with high Fl. 

On the other hand, the means of the loudness(GF) 

obviously rise with rising Fl, cf. Fig. 2. We found a 

significant positive correlation between loudness(GF) and 

Fl. For both subjects the rank correlation calculations 

yielded values that exceed the demand for significance at 

the 99% level. This is in accordance·with the frequen-

cy response of the loudness analyzer. 

5.1.2. Vowel duration 

In Table I can be seen that vowel duration increases 

with increasing mouth opening, which corresponds well with 

earlier findings, cf. for instance House and Fairbanks 

(1953). 

5.2. The consonants 

In Table II are given the means of the duration, 

SPL, and loudness(GF) values for the (isolated) conso­

nants. 
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The SPL value of sis only 5-7d.B higher than that 

off. This difference is ·smaller than that found in many 

earlier investigations (15-2od.B). This may be due to 

the operation of the free fie1d response microphone, cf. 

section 3. The loudness(GF) difference, however, is 

evident, since the noise of ~ lies in a frequency domain 

where the ear, and therefore the loudness analyzer, is 

very sensitive. 

6. Final remarks 

An evaluation of the louqness analyzer as a tool in 

speech research must await further experiments, which 

must obviously involve listening tests. 
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A STUDY OF CONSONANT QUANTITY IN WEST GREENLANDIC 

Hideo Mase and Jørgen Rischel 

1. Introduction 

The phonetic structure o:f Eskimo words is character­

ized by very heavy constraints on the possible clusterings 

o:f consonantal segments. These constraints .become heavier 

the further one proceeds toward the East. In Greenland, 

which is the easternmost part o:f the contiguous region in 

which Eskimo is spoken, the surface phonetic word structure 

is characterized by a very,monotonous distribution o:f con­

sonant segments (see secti9n 2. bel.ow; al.so, c:f." Bergsl.and 

l.955 P• 3, where i_t is shown that this is an innovation of 

modem Greenl.andic). 

On the other hand, Greenl.andic is characterized by a 

high degree o:f util.ization o:f the contrast between short 

and long, or single and geminate, segments.·This is true o:f 

vowels as well as consonants. The imp.ortance o:f quanti ty 

was emphasized already in the earliest grammar o:f West 

Greenlandic (Egede 1760 P• 6-7), where it is stated tha~ 

there are two kinds o:f "accent", viz. long qnd short. The 

data given are somewhat co~:fusing, but there are at least 

some examples which - also in modem ~est Greenlandic - are 

per:fect minimal pairs, e. g~; /marm.a/ 1 • this t (EgE;l;de: Mc{nna) 

versus /maanna/•now• (Egede,: Manna) J. /agi( j.)uta:a/ • 'his :file' 

(Egede: Aggiut~) versus /aggi(j)utaa/ 'his day o:f arrival' -· 

.1) For practical reasons we f'requently ref'er to a slightly 
modif'ied version of' the autonomous phonemicization 
:found in such works as Swadesh (1946), Bergsland ( 19 55 ). 
Slant lines are used only with autonomous phonemic 
notations; abstract.·representations of' a generative 
phonology are underlined when occurring in running te~t. 



(Egede: Aggiuta). - In contemporary language the functional 

load o:f the quantity contrast has obviously increased com­

pared to the eighteenth century, because far-reaching 

assimilation processes have been at work a:fter that time. 

Several of these processes survive as rules of grammar in 

modem West Greenlandic: there are numerous clusters of 

unlike consoncl:Ilt segments or o:f unlike vowel segments in 

the morphophonemic representation, but most o:f these·do not 

appear at the surface phonetic level, because they are 

subject to assimilation (or other processes, e.g. metathesis~ 

The long or geminate consonant segments that occu_r 

in West Greenlandic sometimes have a clearly heteromorphemic 

origin. There is a suf:fix meaning 1new• which occurs with 

initial /t/ in such forms as /irnirtaaq/ 1new son' (cf. 

/irniq/ 1 son 1 , whic~ shows that the uvular ,element "/r/" is 

a variant o:f the stem final segment). When 'the su:f:fix is 

added to stemsending in a non-uvular consonant, e.g. the 

stem in /kamik/ 1 boott, we get /tt/ (;): [t :].) by complete• 

assimilation: /kamittaaq/ •new boot•. This is an extremely 

common type of process with most types o:f su:f:fix initial 

consonant. 

There is, however, another major source qf Greenlandic 

long/geminate consonarit segments, namely the process gener­

ally re:ferred to as gemination (see Bergsl~d 1955 p. 9-13). 
This process is apparently rather independent o:f morpheme 

boundaries. In many cases it a:ffects a (synchronically) 

morpheme internal consonant which is gemin~ted in connection 

with the addition o:f certain suf:fixes {that also •~ten 

condition a modification o:f the final part o:f the stem), e.g. 

/nukaq/ 1younger sibling (øf same sex)', plural /nukkat/; 

/sanawuq/ 1he works (with woodden materia1) 1 , /sannawik/ 

•a workshop•. (An attempt at a description o:f this process 

will be given in section 2.~. below.) 

There is much disagreement among scholars on the cause 

o:f gemination as a historical process, and it is also a crux 
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in synchronic phonology. It is obviously of importance for 

the appraisal of different explanations of this process to 

study various aspects of the phonetic relationship between 

forms with long and short c.o,nsonant segment~ in,_Eskimo. 

In the current phonemicization long/geminate conso­

nants are denoted by double consonants (irrespective, of 

course, of their origin). In addition it posits two types 

of consonant clusters: (1) uvular fricative plus consonant, 

and (2) a unique cluster /ts/. It has, however~ been noted 

by various scholars that the quantity relationships in 

these clusters are very peculiar. 

In clusters such as /rn/ 2 in /irniq/ •son• the second 

segment of the alleged consonant cluster (i.e. /n/) clearly 

sounds long, and native speakers asked to utter the wo~d 

slowly and chopped into syilables definitely tend to say 

nirn-niqn rather than nir-ni.q". However, it is open to 

question whether different :types of consona~ts behave dif-

ferently in this respect. Moreover, it is open ,to question 

whether the post-uvular segment should be classified in sys­

tematic phonetic terms as a,truly long segment (essentially 

similar to /nn/ in /inniq/.~fire•), or whet~er it is only a 

somewhat prolonged variety o:f the short type o_f segment {as 

in./ini(q)/ 1 room 1 ). 

As for the cluster that is generally rendered as /ts/ 

(in e.g. /tatsit/ 'lakes', :/natsat/ •caps', ,/tuqutsiwuq/ 
1he performs killing') the :phonetically tra:j.ned listene·r 

hears the first, i.e. occlusive, portion of ·it as long or 

geminate, whereas the fricative portion seems to be short. 

It thus makes sense to transcribe the auditory :impression 

of this cluster as a long af:fricated [t:s] Qr as a combi­

nation of stop plus a:ffricate [tp]. 3 However, its rela-

2)c The symbol ris generally used to denote a uvular 
fricative in Eskimo. 

3) The symbol/ denotes a rather advanced affricate. 
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tionship to other types of short (single) anq long (gemi-
~ 

nate) coronal stops i-s a problem. 

The question of short (single) or long {geminate) 

in these clusters is of interest from a general theoretical 

_point of view, because the phonological processes that ap­

ply to them are controversial. Before entering into this 

it is necessary to repeat that the clusters in question 

are not the only underlying clusters in the language. Long 

consonant segment~ often reflect a succession of two con­

sonants separated by morpheme boundary, since in most types 

of clusters (except uvular plus consonant and~+~) we find 

a complete, regressive assimilation, e.g. ~+~➔~ ( [t:] ), 

~+~ ➔~ ([s:]). Hence it makes sense to assume a priori 

that clusters like ~(+)~, !(+)~ should be comparable in du­

ration to the ordinary long consonant segments occurring in 

the phonetic surface representation of Vest Greenlandic, 

since the underlying representations are of similar com­

plexity. 

As for the clusters of uvular plus consonant the ge­

nenal problem may be put quite briefly like this: are these 

clusters (1) subject to a peculiar phonological rule that 

iengthens the second segment, or are they (2) subject to 

a very ordinary assimilation rule according to which a 

greater or lesser part of the first segment is assimilated 

to the second (with regard to some or all features) and 

hence produces the effect of a prolongation·of the latter? -

As for /ts/ one might likewise suggest two phonological ex­

planations of the longer closure hoid:· (1) there is a rule 

that lengthens stop before homorganic •sibilant, (2) the si­

bilant is partly assimilated to the_preceding homorganic 

stop. 

It has been amply demonstrated in phonetic literature 

that the phonological categories "long" and .11shortn ,- or 

"single" and"geminate", cannot be generally defined in terms 

of absolute values of physical_ duration. The actual duration 
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of a segment is conditioned by a comp1ex of ractors having 

to do both with the context in which the segment occurs 

and with inherent features of the segment itse1f. Never-
) 

theless, it can hardly be denied that a phono1ogical gram-

mar that assigns the va1ues "1ong" and "short" to particu­

lar phonetic segments is more successful in doing so if 

there is a reasonable correlation between these terms and 

measurab1e quantities. If, now, we assume that the extra 

segment 1ength in the clusters above is due to segment 

lengthening rules, then this account would seem to be 

corroborated if the tota1 duration of these clusters c1ear-

1y exceeds the duration of other entities of the same pho­

no1ogica1 size (i.e. if the total duration of, say, s+~~ 

_E! considerably exceeds that of ~+~ ➔ ::::, [t:J, etc.). 

Conversely, the assumption that we have to do with a purely 

assimilatory phenomenon would seem to be corroborated if 

the total duration of the clusters in question is essential­

ly similar to that of ordinary long (geminate) segments, 

such as [t:] from underlying ~+~, etc. 

As regards /ts/ the phonological situation is quite 

complex. ·There exists in the language an affricate [ts] 

or, in an a1ternative transcription, [p], which in all re­

spects counts phonologically as a single, short segment. 

It is the obligatory ref1ex of underlying ~ before i (e.g. 

in such forms as /tii(q)/ 1 tea', /atiq/,•name', 

/aa11artippaa/ 1he lets him travel away 1 ), and.this af­

frication is found also with the 1ong stop segment arising 

• from non-uvular consonant plus t before i (e.g. in- /allatti/ - -
1 secretary 1 , with tt from underlying ~+~). Obvious1y, ~ and 

\ 
s are neutralized in the position between ~and!• Phonet-

ically there is. only one long segment or cluster beginning 

with a coronal stop in the position before f, which may_be 

transcribed [t:s] or [ti]. It sometimes derives from under-

1ying !(+)~ and sometimes from under1ying {t1(+)!, but there 

is no distinction between "/ts/n and •/tt/"~efore /i/ on an 
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autonomous phonemic level (see section 2.2. below concern­

ing the inadequacy of the current autonomous phonemiciza­

tion). This double origin of the long coronal affricate 

must be taken into consideration in formulating the ru.les 

deriving it from t{+)s. To put it in a somewhat over­

simplified way, one may ask whether tt becomes ts before i 

(and hence is affected by some, probably late, rules which 

modify the durational relationship between tands in this .. -
cluster), or whether ~and!!_ become a long (geminate) 

affricated stop segment by entirely different rules {these 

very rules pr~ducing the neutralization). 4 It must clearly 

be of interest to check the phonetic adequacy of such dif­

ferent analyses by measuring whether the affrication of the 

long affricate is so similar to the affrication·of the 

short affricate (derived from single~ before ~) that they 

can be considered the same articulatory gesture. If this 

appears to be true, it seems bey~nd dispute that we shou1d 

derive the affrication of under1ying ~and~ b~fore ~ 

by the same rule(s) rather than assume that /tt/ takes a 

different path {via!:!) through the phonological ru.les. 

If, on the other hand, we are faced with two. clearly dif­

ferent kinds or degrees of affrication, the other solution 

may not be a priori out of question. 

The phonological problems mentioned above,are clearly 

not just problems of the synchronic description but just 

as much problems of diachrony. What is the nature of the 

historical processes that have produced the present con­

sonant pattern of Greenlandic Eskimo? Measurements of 

physical segment duration do not in themselves provide 

answers to such questions, but they may help to show 

whether the phonetic framework on which the phonological 

explanations are based,is a plausible model of what 

actually goes on. 

4) The apparent third possibility: ~-+~/-.! is out of 
question, since ts behaves essentia11y alike before all 
vowels. 
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The re~ainder of this paper contains f+rst amore de­

tailed presentation o:f the role o:f consonant ·1ength {ge­

mination) and affrication in the phonology of modem West 

Greenlandic, arguments being adduced in favour of a par­

ticular conception. ~ A:fter this :follows the presentation 

of a rather extensive set of measurements o:f consonant 

duration in West Greenlandic, and finally a brief discussion 

of how the results agree or disagree with the phonetic model 

implied by the phonological rules. 

2. Elements of West Greenlandic phonology 

2,,1. The traditional description: autonomous phonemic 

pattern 

The phonemicization that is generally used in tran-

scribing West Greenlandic and related dialects in linguistic 

papers and manuals, comprises the :following inventory (dis­

regarding some quite peripheral items): 

vowels: /a i u/ 
stops: /p t k q/ 

nasals: /m n JJ/ 
sibilants: /s ~/ 
other continuants: /w 1 j1 g r/ 

Some o:f these symbo.ls are su:f:ficiently self-explanatory 

(in terms o:f the IPA standard) :for the purpose o:f the 

present paper. Note, however, -the following: 

(stops:) /k/ is midpalatal/prevelar; /q/ is uvular. 

(sib'il~ts:) /f}/ (generally transcribed / S /). is nonante­

rior. 

(others:) /1/ is sometimes _lateral, sometimes :flapped 

or articulated as a slightly :fricative 

tongue-tip [~J; /j/ (generally transcribed 
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/y/) is a palatal glide; /g/ (often tran­

scribed /y/ is a midpalatal/pre~elar fricative; 

/r/ ( often transcribed /Y /) 5 is a uvular 
• 

fricative. 

The most important (i rules of allophonic variation accordin·g 

to this type of analysis are: 
..J 

(aperture:) all vowels are lowered and retracted before 

• uvulars; on the other hand, /a/ is raised before 

·non-uvular consonants in the same syllable (i.e. 

before consonant clusters or word final conso­

nants); in other positions /i u/ are .( essen­

tially) high, /a/ low. 

(length:) in the cluster /ts/ the first consonant is long; 

jn other clusters of two different consonants 

the second consonant is long. 

(voice:) stops and sibilants are unvoiced; nasals are 

voiced; other consonants are voiced in those 

positions where they are manifested as short 

segments, but unvoiced elsewhere. 

The rules of combinability of autonomou~ phonemes 

depend heavily on th.e interpretation of such sequences as 

[ ••• ija ••• ] , [ •• • uwi ••• ] {see section 2.2. be1ow). I:f" we 

assume (somewhat arbitrarily) that there is a consonant 

segment in this position, the rules for syllabification 

become very simple, and the other rules of combination 

become simple as well: 

(syllabification:) Two vowel phonemes in succession form 

5) 

one syllable. The vowels of adjacent syllables (within 

·The presentation in Bill (1958 P• 420-421) is erroneous 
due to a confusion of the symbols used by Swadesh (1946). 

Phenomena not directly relevant to the present paper 
are disregarded here. 
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one "word")7 are separated by one o·r two consonants. 

The initial syllable of the word may begin with zero 

or one consonant, the final sy1_labie may end wi th 

zero or one consonant. 

(distribution of vowels:) All vowels occur single and 

geminate. There is one diphthong ·/ai/, which how­

ever occurs only in absolutely word final position. 

(distribution of consonants:) All consonants (excluding 

/j/, which was defined above as a glide) occur sing1e 
I 

as well as geminate. Word initially only noncon-

tinuants, i.e. stops and nasals (except /~/), are 

found. Word finally only stops are found. In ad­

dition to the phonemic geminates there is a series 

of clusters consisting of /r/ plus consonants which 

occur intervocalically. The second constituent of 

these clusters may be any consonant, except that 

/kg/ as well as the glide /j/ do not combine with 

/r/. Finally there is a unique cluster /ts/ occurring 

in intervocalic position. 

2.2. Some major inadeguacies of the autonomous phonemic 

notation 

In contemporary phonological work the interest has 

shifted very much from autonomous phonemics to 1models that 

can be integrated into a transformational generative gram­

mar. It has been argu.ed that autonomous phonemic descrip-

For practical reasons we use the straightforward 
term "word" (i.e. phonological word) instead of some 
other term such as "phrase" or "stretch" (Bergslandfs 
term) in referring to such complex enti ties :as 
/qiturnartaa~~u{w)aq/ •a little newborn child•. 
From a phonologica1 point of view, at 1east, they are 
no 1ess words .than such forms as loneliness, regret­
fully. or man-eater in English. 

.I 
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tions do not constitute a significant level of linguistic 

structure. Nevertheless, people still find it expedient 

to refer to some kind of broad, i.e. more or less genuine­

ly autonomous phonemic, notation in discussing, matters of 

phonology. In our opinion the expediency of such a level 

of reference is most conspicuous in the ca~e of Eskimo, 

and we have chosen to use it in the later, experimentally 

oriented sections of this paper. It may, ther~fore, be 

well-motivated to consider why this paradoxical situation 

arises for languages in general and for Eskimo in parti­

cular. 

Probably the most general argument against autonomous 

phonemes in a generative grammar is that phonological :ru1es 

operate on single phonological features (such as [!voice]) 

rather than on phoneme-sized segments. This means that 

phonemes must at any rate be interpreted as abbreviations 

(ad. hoc symbols)· for feature matrices. In itself, how­

ever, this is no real break with earlier theor~es. 

Amor~ specific objection against autono~ous phonemes 

is based on the faet that phon~logical rules s~em to beat 

least partly ordered. This means that there i~ no particu­

lar level between beginning and end of a rule complex. It 

should be noted, however, that this does nota priori ll­
c1ude the possibi1ity of devising a broad or autonomous 

phonemic notation whose symbols can be interpreted as ab­

breviations for feature matrices at some specific point in 

the sequence of phonological rules. If we con~ider the au­

tonomous phonemic description of Green1andic outlined above, 

it is rather evident (on closer inspection) th~t its allo­

phonic {manifestation) ru.les would somehow reappear as late 

generative ru.les with no effect on deeper proc~sses of the 

phonological component. This does not directly mean that 

the p~oneme symbols reflect matrices as they appear at a 

particular break between ,n·early" and n la te" ru.les, but 

rather th~t they can be easily translated into sucp ma• 



185 

trices. Therefore, the autonomous notation constitutes an 

expedient frame of reference in illustrations of early as 

we11 as 1ate ru1es: in the former case it is possib1e to 

refer to the output of the ru1es without cumbe,rsome and 

irrelevant indications of phonetic phenomena introduced 

by late rules (such as the aperture of Greenlandic 

/a i u/ or the voicedness of nonsibilant cont~uants), 

in tne latter case it is possib1e to mention f.orms that 

satisfy the structural description of the late ru1es with­

out indicating irrelevant high-level information. It may 

be theoretically preferable to have specific, letter-sized 

transcriptions for the input and output of every rule (as 

is widely done in Chomsky and Hal1e 1968), but this gives 

many technical problems and sometimes makes it rather dif­

ficult for readers not familiar with the subject-matter to 

keep track of the material that is used for documentation. 

Now, in order fora broad or autonomous transcription 

to beat all meaningfu1 as a frame of reference it must at 

1east be a notation in which neutra1ized segmepts are in­

dicated by one common symbol (Kiparsky 1968 takes the au­

tonomous phonemic specifi~ation to mean essentially this). 

However, much of the work that was done previously in au­

tonomous phonemics was based on a conception of the phoneme 

which did not a11ow for neutra1ization. Hence in cases of 

factual neutralization one or the other phoneme is indi­

cated, often arbitrarily •. This is also true of the phonemi­

cization of Eskimo. A closer consideration of some of 

these cases neatly reveals the fallacy of the belief that 

such problems can be resolved by appeal to ."symmetry of 

distribution". 

As regards /j/ and /w/, the former is not distinct 

from zero at the surface level in the sequences /i(j)a/, 

/i(j)u/, and the latter is not distinct from zero at-the 

surface level in the sequences /u(w}a/, /u(w)i/o These 

segments have a twofold origin: from underlying obstruents 

and as secondary segments due to a rule of glide insertiono 



p. 186, l. J-4, read: We follow Bergsland's (1955) practice 
of indicating these consonants (though without parentheses); 
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Since the glides are we k (often virtually i~audible) it 

is a prob1em in autonomous phonemics whether; to represent 

them as segments or not. We fo11ow Bergsland 1 s (1955) 
practice of giving them in parentheses; from a generative 

point of view it can be ~hown that they ~ segments at a 

near-surface level, but it would be outside the scope of 

the present paper to go further into this. 8 

The affricate cluster /ts/ or /tt/ before /i/ poses 

another problem, which was outlined in section 1. above. 

Comparison with the behaviour of /t/ before /i/ suggests 

that we have /tt/ in forms like "/tatsit/" 'lakes', where­

as comparison with the long affricate that occurs before 

/a/ in forms like "/natsat/" 1 caps 1 suggests /ts/. From 

a generative point of view the long affricate has a double 

origin, but there is no obvious reason to claim that either 

!!! ➔ _!!, or _!! ➔ ,!!, before ! . Ra ther, • if we define an 

affricate f, it is reasonable to claim that 

~~~(in all environments) 

il ➔ y_j_~ 

by two different processes. If it is to be meaningful, 

the autonomous phonemic notation must represen't the out-
1 

puts of these two ru1es, and we therefore suggest that the 
I 

cluster should be rendered as /ti/. Since the latter part 
I 

of t.he c1uster auditorily resemb1es the manifestation of 

single /t/ before /i/, it would seem more consistent a1so 

to restate the ana1ysis of the 1atter by splitting the au­

tonomous phonem·e "/t/" into two, viz. /t/ and It/ (a form 

like "/atiq/" 1name' being restated as /aliq/). Adherents 

of autonomous phonemics should note that /t/ and /p/ are 

8) Positing these segments allows us to refer to syllable 
number on a well-defined basis. 
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distinct in the environments /t_a/, /t_u/, cf. /attat/ 

'buttoni versus /nat/at/ •caps', or /tuttut/ •reindeers• 

versus /put!ut/ 1 c1ouds (of smoke or the 1ike) 1 • 

From a generative point of view the restatement of 

the single corona1 stop as an affricate before the high 

front vowel imp1ies that the second rule above is just 

a special case of the more general rule 

t ~ ,!/ i --
In the absence of evidence to the contrary it seems 

strong1y motivated to c1aim that this is the case, i.e. 

that affrication of all occurrences of under1ying t before --
! takes p1ace before the point in the ru1es that is (rough­

ly) ref1ected by the autonomous notation. 

We therefore tentative1y change the notation as sug­

gested above, i.e. we contend that there is, a segment f 
with the same feature specification in both· /aØiq/ and 

/tat/it/, or in the pair /naØiq/ 1 f1oor 1 - /natØiq/ 1 a 

kind of sea1 1 • The va1idity of this contention from an 

acoustic point of view wi11 be tested be1ow. 

There remains one major.inconsistency in the autono­

mous notation, viz. the uvular entity in such forms as 

/aqqa/ 1his name•. The non-uvu1ar stops occur, according 

to the autonomous notation, both as geminates (/tt/ et~.) 

and in c1usters with preceding /r/ (/rt/ etc.)~ This 

leaves us with a distributional problem:- should the form 

above be transcribed /aqqa/ or /arqa/? ·The existence of 

this problem is, in our opinion, a symptom of ~he basic 

inadequacy of transcriptions 1ike /rt/. A satisfactory 

solution imp1ies a complete restatement of clusters in 

general, and it wou1d thus remove the notation very much 
,, 

from current praotice. We have preferred to leave the 

autonomous notation used as reference as it is on this 
) 

point (i.e. we write /qq/ but /rt/), but the problem will 

be approached within a gene_rative· framework in the section 

below. 
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2.3. The regressive assimilation rule 

As stated in section 1. above there is an assimila­

tion rule which assimilates a non-uvular consonant to a 

:following consonant within the same word. I:f ordered a:fter 

the (progressive assimilation} rule that changes ~+~ into 

!i_, t~e regressive assimilation rule applies without excep­

tion, as long as the :first consonant is non-uvular, i.e. 

does not have the feature configuration 

[
+back] 

· -high 

(according to the :feature theory of Chomsky and Halle 

(1968)) . 
. Now it lies close at hand to assume that the (subjec­

tive impression o:f} length in the second segment of clusters 

like "/rp/", "/rt/", "/rn/" is a consequence o:f the same 

rule rather than due to a spurious lengthening rule. This 

would mean that the regressive assimilation applies also 

i:f the :first segment.is uvular, but only partially in this 

case. The difficulty with the :formulation o:f such a partial 

assimilation rule is that it· is not easy to determine on 

a purely auditory basis what is going on. The uvularity is 

signal1ed most c1ear1y by the in:f1uence on the preceding 

vowel. 

It holds true generally that vowels assume a highly 

di:fferent quality be:fore uvulars than before non-uvulars, 

c:f. 

qi.mmiq [qim:~-qJ 1dog 1 

qimmit [qim:i~] 'do., pl. t 

tuukkaq [tu:k:aq] 'harpoon' 

tuukkat [tu:k:et] 1do., pl. t 

and the (late} rules that introduce this modification 

("uvularization"} of vowel before uvular applies also when 
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a vowel is followed by one o:f the controversial clusters 
I 

exempli:fied above. It is not clear, on the other hand, how 
I 

much is le:ft o:f the uvular consonant segment. 

In terms o:f ordered·ruies nothing prevents us :from 

assuming that the "uvularizationn o:f vowels takes place 

be:fore regressive consonant assimilation. I:f this is true, 

the assimilation o:f a uvular to a :following consonant may 

be complete without any loss o:f distinctivene~s, the dis­

tinction between :forms like "/irniq/" and "/inniq/" being 

carri~d over to the preceding vowel. However, nothing else 

seems to suggest that "uvularization" o:f vowels is an early 

rule. On the contrary, it must at any rate be later than 

the a:f:frication rule .. (see section 2.2.). A:f:fr:i.cation o:f ,i 

(rt, .:tl_). takes place also bfi:for-e_· ! modi:fied by a :following 

uvular, but not be:fore ·the high variety o:f·~, c:f. 

atiq vs. attat [et:et] 

This does not seem phonet.ical.ly reasonable unless the 

a:f:frication takes place be:fore the vowel modi:fications. 

The alternative, and immediately more attractive 

solution is that there is partial assimilation o:f uvular 

to a :following consonant, but still a uvular component 

le:ft to trigger the "uvularization" o:f the pr,ceding vowel 

by a 1ater rule. This may be conceived either in such a 

way that the initial portion o:f the uvular ke.ps intact 
. ) . 

{ c:f. the partial progressive assimilation o:f -~· to preceding 

~), or so that the segment is completely assimilated to the 

:following except :for the :features de:fining it~ "uvularity" 

(in clusters like n/rt/" or "/rs/ 11 this implies that we 

get a coronal stop or continuant with "uvularity" as an 

extra articulation - it must then be le:ft to later rules 

to speci:fy how such segments· are realized in the phonetic 

output, be it with "pre-uvularization" or in some other way). 
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Though apparently less natural, the latter interpretation 

may. seem toget support from another rule according to 
! 

which tis assibilated tos after an underlying i• This - • -
latter rule (whose applicability has to do with very 

abstract properties of the underlying pattern) applies 

also if a consonant intervenes, cf. in conventional auton­

omous notation /suraarsippaa/ (from sura+ir+t.~.) 1he lets 

him discontinue his work' vers~s /aallartippaa/ (in our 

revised notation: /aallarlippaa/) 1he lets him travel away•. 

If this_is a rule conditioned by phonological features 

rather than morphological diacritics {which is disputable 

since·is depends on the analysis of the underlying vowel 

system as a three-vowel or :four-vowel system) it seems 

immediately most favourable for the formulati~n o:f this 

rule to have regressive assimilation precede it. The two 

forms .above then have the coronal sequence rtt as input 

to the rule, and we get ~traightforward assibtlation to 

rss after ! in /suraarsippaa/ (but later affrication o~ 

rtt tort/ before ! in /aallar~ippaa/). However, there 

are good reasons for claiming that the altern~tion between 

stop and sibilant is !!.Q.i a phonological proce~s. 

Leaving open the question whether phonological simul­

taneity {in the output of the assimilation; rule) of 

"uvularity" and other articulations implies u+t~mate phonet­

ic simultaneity or successivity, we may tentatively formu­

late the assimilation rule without regard to ~he temporal 

relationships within the first segment of clusters. The 

formulation becomes rather involved since it must state 

that assimilation with regard to the :featu~es 1 [ :thigh J and 
/ 

[ :!:back J :fails to take place i:f the :first segment has 

"minus" :for the :first and _at the same time "plus" :for the 

second features 
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ø..anterior 
~corona1 
tcontinuant / 
& nasal 

<f high) 
0back 

-syl1abic 
ocanterior 
(lcoronal 

lcontinuant 
nasal 
thigh 
0back 

(It should be noted that the complexity o:f this rule may 
I 

be due to inadequate speci:fication o:f the :features o:f 

underlying :forms. It is likely that either t~e so-called 

velars or midpalatals should be speci:fied as nonback, or 

the uvulars (Swadesh's "velars") are characterized by a 

special :feature o:f extreme ·backness. Such a :feature• is, 

however, not available in the currently used :feature 

theory. It would lead too :far to discuss the evidence 

:for either o:f the two proposals in the present paper.) 

I:f we denote residual uvu1arity by an index letter~, 

the derivation o:f :forms like· "/qajartaaq/" 1 new kayak•· can 

be represented like this: 
. . r 

qajaq+taaq ~ qaja ttaaq 
I 

Note that the assimilation .thus stated does not_ impl.y that 

the :first segment has an in.tervening stage :where it is a 

:fricative /r/ o:f :full segment length. 

2.4. Syllable structure and consonant gemination 

I:f we adopt the glide notation discussed in section 

2.2., the semi-sur:face structure o:f Greenlandic word:forms 

can be given like this: 

(c)v(v)(c)cv(v)(c)cv(v)(c) ..•. 

i.e. except :for the :first syllable every syllabl.e contains 

the CV sequence, which may be :followed by none or one vowel 
I 

segment plus none or one consonant segment. This kind o:f 



19,2 

structure may be generated by the syllable formula 

[ cv(v) ( c)] 
0 

i:f we add the rule that word initial C may be specified 

as zero, 9 whereas initial C in other sy1lab1es is obliga­

tory {see the discussion o:f glides in section 2.2.). 

It is postulated by the :formula that {i) an inter­

vo6alic consonant goes to the :following sy1lab1e, and (ii) 

sy11able initial or syllable :final clusters do not occur: 

in case of intervocalic consonant clusters the first con~ 

stituent goes with the preceding syllable and the second 

with the next. 

The adequacy o:f this analysis is shown by the faet 

that vowels are in:fluenced strongly by the :first member 

o:f a :following consonant cluster but not by a :fo11owing 

intervocalic consonant, unless it is uvular. Word final 

consonants have the same e:f:fect as the first member of 

clusters, i.e. in both cases do we have a closed syllable. 

The syllable division is easily heard in slow speech, where 
,. 

there is loose contact before one intervocalic consonant 

but close contact before a cluster. The syllable division 

in clusters was noted already by Kleinschmidt, who for 

example indicated the pronunciation o:f /aggirpuq/ 1he comes 1 

as ag-gerp-poq (Holtved 1964 P• 29). Note that this ana­

lysis applies also to the long consonants generated :from 

uvular plus consonant. 

As :for "uvularization" of a vowel by a following uvu­

lar this phenomenon is found also when there is a syllable 

border according to the :formula above, e.g. in forms like 

9) Bergsland (1955 p.4) gives the taxonomically more 
adequate :formula (c)v(v)[(c)cv(v)](c). However, it 
seems to us that the unit within square brackets has 
no relationship to any linguistically signi:ficant unit 
( such as ·the syllable). We there:fore pre:f er the :formula 
gi ven above in spi te o:f the need o:f acco.mpanying re­
strictional rules. 



193 

/niqi/ 1meat 1 • However, the domain of the ru1e involved 

does not extend further than the sy11ab1e just before the 

uvular, cf. that /ii/, /aa/ are modified in their entirety 

in such forms as /piiq/ 1 tea 1

, /taaq/ 1 shadow 1

, but only 

/a/ is modified in /agijaq/' 1 fiddle 1 , and only /i/ in 

/tuwiq/ 1 shoulder 1 {note that the controversial segments 

/j/ and /w/ define syllable boundary in these forms). 

The impression of word rhythm in Greenlandic seems to 

depend on the specific "weight" of each syllable. According 

to Kleinschmidt {1851, also see Holtved 1964 p. Jo) a vowel 

segment counts as 2,. and a syllable final consonant as 1. 

Hence syllables have increasing weight as follows: 

V ve vv vvc 
2 3 4 5 

There is no lexically distinctive category of stress. A 

certain degree of stress is generally heard on the ultimate 

and/or the antepenultimate syllable (in longer words some­

times on earlier syllables as well), but the impression of 

stress placement seems rather dependent both on the specific 

weight of the sy1lables and on the intonation. As for the 

latter, 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 distributed on syl-
lo lables; schematically: 

(-) 

aawaa 'he fetches it' 
c-> 
akiwara 'I answer him' 

The tonal rules are as yet quite imperfectly understood, but 

there is evidence that the vowel segmeiit {the "syllabic") 

plays at least as important a role as the syllable in pro­

sodic rules. 

lo) A somewhat different presentation is given in Petersen 
(1970). 
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If we turn now to the segments that oontribute to 

syllable "weight" in Kleinschmidt 1 s sense, it would be ex­

pedient to have a common term :for ·these. Although we have 

not demonstrated any prosodic relevance o:f'these segments, 

we suggest mora as a classi:ficatory term :for them. We may 

then speak o:f a vocalic mora, i.e. (c)y(v)(c) _(:first vo­

calic mora) or (c)vy(c) (se~ond vocalic mora) 
1

and o:f a 
I 

consonantal mora, i.e. (c)v(v)c. (Opinions may di:f:fer as - ' 

to the status o:f word finai C with respect to the category 

"mora", see below.) 

The validity o:f a category such as "mora" in Green­

landic Eskimo appears :from the phenomena associated with 

gemination as a process in Greenlandic morpho1ogy. The 

explanation o:f this process is one o:f the most intricate 

problems in the grammar o:f the language. 11 ;Anyway, geminat­

ion o:ften has the apparent e:f:fect o:f "compensating" :for 

the deleti9n o:f one or several :final segments be:fore·an 

a:f:fix, c:f. the di:f:ference,between the two plural :forms 

below: 

nuna •country', pl. nunat 

q:L')'aq •~ose•~'/ pl. qi10')~_t 

or the di:f:ference between the two derivations below: 

urnippuq 1 comes 1 - urniguppaa 1 comes with it 1 

li')iwuq 1 :flies away 1 ~ li')')uppaa 1 :flies ,away with it' 

(stems: urnik versus ti?i, o:f which the latter drops the 

:final vowel and gets gemination of the preceding consonant 

instead). 

Gemination also o:ften has the overt e:f:fect o:f compen­

sating_:for deletion o:f part o:f the a:f:fix, c:f. the two 

11) ·See Ulving (1953), BeFgsland (1955), Petersen (1970) 
.:for some attempts at diachronic and synchronic expla­
·nations. 
Also see :footnote 13 below. 
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variant forms below: 

sanawuq 1works {with wood) 1 -

1makes something of wood for him 1 {
sanaappaa} •• ( ) 
sannappaa .. • 

{the underlying affix begins with ~, which is assimilated 

to a in the first of the two ·alternative formations but -
deleted in connection with gemination of stem internal ~ 

in the latter). 

Gemination is frequently accompanied by changes in 

the feature composition of the geminated segment (particu­

larly alternation between fricative and stop, cf. /miiraq/ 
1 child•, pl. /miiqqat/). There are even underlying segments 

which are entirely deleted unless they are geminated (such 

as underlying intervocalic § in /puuq/ 'bag', pl. /puggut/). 

The pattern of these alternations is not directly relevant 
~ [ I ·: 

to the quantity problem and will be disregarded here. ~ 

If we look closer at 11 the "compensatory" ~ffect of 

gemination it is interesting that it adds a:~ in the 

sense defined above, and t_h~t this "compens~ti~n" happens 

together with the deletion of one {or several) mora. In the 

immediately transparent inflectional and derivational forms 

gemination does not normally occur if a con~onant that is 

not mora-forming is droppe~. The plurals of. /umik/ 'hair 

of beard 1 and /iriuk/ 'hum~ being' are /umiit/, /inuwit/ 

with loss of ~ before the syllabic end~ng in bqth cases 

(and later glide insertion ~n the second examp1e). Here the 

~ loss ·of a consonant entails no loss of mora, s~nce the under­

lying full forms would be ~ivided as follows i~to syllables: 

u-mi-kit i-nu-kit 
I 

with syllable-initial and hence not mora-forming k. In 
! ! -

plural :forms like /qi ')')at/,•. on the other h~d, a mora· is 

deleted no matter whether we assume underlying ~ or ! as 

the plural a:f:fix; i:f we constrµct an underlying :form by 
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adding the former affix shape we get a hypothetical ~y11a­

b1e division 

*q~~')a-qit 

and if we construct it with the latter affix shape we get 

a hypothetica1 

*qi-T)aqt 

De1etion of .9.! in the former case means 1oss of a voca1ic 

mora, viz. !, and de1etion of ~ in the latter case means 

loss of a consonanta1 mora. Gemination of the stem interna1 
I . 

consonant iri both cases restores the mora number of the full 

plural :forms: 

qi')-') at 

As regards the number of consonantal mora in the 

wordform, the effect of gemi~ation with this type of plural 

formation is the same as the effect of adding ·an overtly 

syl1ab1e-forming ending in another type of plural formation, 

cf. {with hyphens sti11 indicating the mechanical division 

into sy11ab1es): 
{added: 

tu-piq· •tent• pl. ( tup-qi t ➔) tuq-qit- one mora) 

In this word the second vbwe1 of the stem~ which may be 

defined as an underlying segment whose feature specifi­

cation differs somewhat from that of a "normal i" - is -
syncopated with the effect that the preceding consonant E 

12 comes to stand in_ a position where it forms a mora. 

Thus, if we count mora, we find a high degree of reg-
1 ' 

u1arity in noun inf1ection. (though the pattern is variega-
j I. I 

ted enough in other respeits}. There are two reservations 

that must be made to this~ First1y, the gemination ru1e 

has no effect if there is a1ready a consonant c1uster at 

the p1ace where gemination should occur, i.e. in such forms 
J 

as 

• 12) Cf. the vowe1 deletion process in Japanese discussed 
by McCaw1ey (1968), P• 115f.· 
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qim-miq 'dog' pl. qim-mit 

and secondly it must be stated that the types of plural 

formation exemplified above are not distribut~~ according 

to quite rigid principles in modem usage (one hears such 

forms as /tupit/ •tents•; cf. below). Nonetheless, the ad­

dition of one mora in plural versus. singular forms is found 

in a vast nu.mb er of words. • 

The tend~ncy that inflection or derivation with a 

particular affix morpheme entails a fixed increment of the 

mora number in spite of morphological variation, can be 

observed in several types of formation, cf. the (semantic­

ally equivalent) morphological variants (explained above): 

identical number of mora sa-naap-paa} . 

san-nap-paa 

or the (semantically differentiated) variants /sarmawik/ 

•workshop' and /sanawwik/ ':place where to ~ork~: 

identical number o~ mora san-na-wik} . . 

sa-naw-wik 

In trying to explain the mechanism behind this surface 

regularity one must realise there is a skewness in the re­

lationship_between stemsending in a vowel and stemsending 

in a consonant. This is clearly seen if we compare /nuna/ 

and /qiryaq/ inflected with a nonsyllabic and a:syllabic 

ending: 

singular 

nu-na 

qi-')aq 

plural 

nu-nat 

stem+ a 'his' -
nu-naa 

If a word final consonant counts as a mora then we have the 

same increment of mora number in the two plural forms. If, 

on the other band, the final consonant is considered irrele­

vant to the "weight" of the word, we may state that we have 

the same increment of mora number with a syllabic affix 
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(note that a stem :final consonant is retained or dropped 

be:fore such an a:f:fix, depending on the vowel preceding it; 

this does not a:f:fect the mora number at all, since the 

consonant will become syl-lable initial anyway). It seems 

that deletion o:f an underlying consonant segment only 

counts as a mora loss i:f the non-deletion o:f the segment 

would result in a consonant cluster. (The deletion o:r ~ 

in the plural o:f gi')ag is thus a loss o:r mora •since i ts 

retention be:fore plural~ would result in the structurally 

impossible :form *gi')ag·t.) 

The tendency in contemporary Greenlandic goes in the 

direction o:f morphological simpli:fication, including the 

gradual abolishment o:f certain :forms with "irregularities" 

such as gemination. It may be :foreseen that it will become 

increasingly more common to say /qi~at/ inoses• instead o:r 

/qi~ryat/, etcetera. This can be explained as partly due to 

a :formal ambigui ty o:f singul',ir :forms in q. 1 In.: essentia·l· 
~ ' - ' 

respects this segment behaves as part o:f the stem, but it 

is clearly f'el t as a singular marker. If' i;t is- taken as 

part o:f the stem it is clear that the plur.al :formation 

entails a mora loss which ~ust be compensated f'or by 

gemination. I:f, on the other band, the final consonant is 

interpreted as a member of a paradigm 

{ 
q •singular'} 

- (-i) t 'plural' 

it is obvious that the substitution of' one ending for the 

other should not lead to any compensatory e:f:fects; it 

would be entirely parallel to the in:flection 

nuna nunat 

where ! replaces another singular marker, viz. the absence 

o:f any af'f'ix. 

As :for the compensatpry e:ff'ect of' consonant gemination 

it is not simple to determine with certainty whether it 

compensates :for the deletion of an underlying mora-f'orming 
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consonant or vowel in the forms cited above (Bergsland 1955 
claims that it always accompanies syllable syncopation). 

I 

We shall not go further into this her-e, nor ~tiempt to for-

mulate a synchronic syncopation rule as a phonological 

process (Underhill (1970) argues that gemination should be 

considered "morphological" in contemporary W'est Greenlandic). 

3. Acoustic-phonetic investigation 

As shown by the preceding sections there are three 

main questions concerning consonant duration in Greenlandica 

(i) the relationship of "long" or "geminate" to ~short~ or 

"single" consonants, (ii) the relationship of rC-clusters 

to either of these types, and (iii) the relationship of the 

long coronal affricate to other segments or clusters. The 

remaining sections present some phonetic data bearing upon 

these questions. 

3.1. Recording of material 

The material for this investigation (see section J.2. 

below) was recorded at the Institute of Phonetics (on Lyrec 

tape recorders) at several occasions in 1970-71. Informants 

were three male adults, Mr Robert Petersen, mag. art., 

amanuensis at the Institute of Eskimology ("RP"), Mr Carl 

Christian Olsen, teaching assistant at the Institute of 

Eskimology ( 11CCO"), and Mr Isak Heilmann, teacher ("IH"). 

The informants speak slightly different varieties of stan-
1 

dard West Greenlandic as spoken in the central part of West 

Greenland. Beaides being native speakers of Gr~enlandic all 

three informants have a scholarly insight into _the language 

which has been of much help to us. The research presented 

in this paper was in faet inspired by discussions with them 

and with other participants at Mr Petersen's seminars on 

problems of Greenlandic grammar. We are highly indebted to 

them for this co-operation. 

It is a well-known faet that durational measurements 

require a carefully selected material in order to be meaning-
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ful. First of all, items to be compared must of course be 

recorded under comparable conditions, uttered with comparable 

speed, etc. Even if this is so, there is a wide range of pos­

sible types of material, ranging from a piece of normal con­

versation as one extreme to aset of nonsense words as the 

other extreme. The former of these extremes is preferable 

if it is crucial to find the absoJ.ute average durations of 

segments in the particular language in running speech; the 

other extreme is preferable if the study is to throw light 

upon basic, general phonetic questions concerning articula­

tory gestures and their timing. 

The present study does not satisfy any of these deside-

rata. It is in faet rather a prerequisite to such studies, 

the emphasis being exclusively on the basic questions pre­

sented above, i.e.: what is the difference or ratio between 

segments that are generally considered long and segments 

that are generally considered short? and: what is the status 

of certain controversial segments such as consonant after 

uvular or the coronal affricate - are these long or short 

in systematic phonetic terms as regards the oral closure 

phase? 

We have not used nonsense words as material for this 

study though it would _have simplified the first phase of 

the research. One reason for not doing so is that it would 

probably be difficult to read such a text aloud,with natura! 

tempo rela tionships· aJllQØf the sound segments. Greenlandic 

words are highly analysable, and in reading a strange word­

form one is likely to make attempts to reinterpret it as 

something more familiar or reasonable, particularly with the 

current orthography, which the reader may not e~pect to be 

correctly used in a handwritten or typewritten text. Even 
I 

with grammatical wordforms this problemmayarise. In our 

text /tutuppuna/ 'I am cøvered with ingrained dirt• was 

occasionally misread as /tuttuppuna/ 'I have caught a rein­

deer 1 • 
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Anothe+- problem is that since Greenlan~ic words are 

often extremely long (the average syllable nµmber seems to 
I 

exc·eed 4 in normal, running prose) the use of short test 

words (i.e., ideally of the type VCV or VCCV, where the con­

sonants to be studied intervocalically are put in a minimum 

frame) would not necessarily show the typical manifestation 

of the quantity contrast. It would at least be desirable to 

see also what happens in words of average length, rather than 

dealing only with the extreme case. 

We have preferred to use natural words for the present 

study, and in order that the raw data should also throw some 

light upon the range of manifestation of the durational fea­

tures we have measured a variety of wordforms of varying 

length. A logical follow-up would be to investigate the in­

fluence of word length and other factors on the values meas­

ured. We have devoted a few remarks to this problem here 

and thøre below, but a closer analysis of the data from this 

point of view has not yet.been undertaken. In the present 

paper, on the contrary, we have set out to find out whether 

there is a certain constancy in the durational relationships 

in spite of variations in word structure. 

The type of constancy one would look for in durational 

measurements is of course not to be found in the absolute 

va1Jes but in the difference or ratio between the durations 

of segment types. Hence the material was so arranged that 

there were minimal or sub-minimal pairs for the segment types 

to be compared. - The subjective impression of stress and 

tone contours suggests that in order for se~ents in analo­

gous environments to be durationally comparable the two words 

should exhibit the same number of syllables, and each sylla­

ble pair should have the same number of vocalic and consonan­

tal mora. We tried to avoid examples that did not exhibit 

syllable or mora isomorphy, but is was not always possible. 

We also attempted to find word pairs with identical vowel 

environments for the cons~nants to be compared; among·the 

.pairs ot· :WQ.rds that ·were subminimal. in this respect some 
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were left out because the degree of openness of a preceding 

or following vowel obviously influenced the consonant dura­

tion considerably, but others had to be included because we 

had not been sufficiently successful in findin~ good minimal 

pairs for _the contrast in question. - Some of the word pairs 

in the material differ as to the presence or absence of a 

word initial consonant. The measurements showed that the du­

rations of all segments of the first and second syllable are 

influenced by the presence or absence of this consonant, i.e. 

there is an apparent tendency toward similar overall duration 

of such sequences as /#CVCV ••• / and /#VCV ••• /. A subminimal 

pair like /anija/ 'his pain': /mannija/ 'its egg' thus gives 

a somewhat erroneous figure because the segments of the lat­

ter word are somewhat shortened (in this case the difference 

/n/:/nn/ becomes less than it is in truly minimal pairs). 

Some of the recorded words had to be left out on these: 

gr_ounds. (For a recent study of tendencies toward constant 

rate of syllable production see Slis 1968.) 

3.2. Word lists 

The material consists of the word pairs 1isted in 

Table I.
13 

The words are given in autonomous pbonemic nota­

tion according to section 2. above. In the case of /ti/ (see 

section 2.2.) the morphophonemic and orthographic status is 

indicated in parentheses: "(tt)" means that th~ long affri­

cate is derived from underlying ~(+)! (in the Kleinschmidt 

orthography 't, vt, or .,tI!), " ( ts) 11 means _tha t it is deri ved 

from!+~ or is the geminate counterpart to surface /s/·in 

forms like /tasiq/ - /tatiit/ (orthographically .i!?_)o - The 

consonants measured are underlined. 

• lJ) Several of the word pairs were suggested by Isak Heil­
mann or Robert Petersen, the rest by one of the authors 
(JR). Although some of ·the latter examples may be slight­
ly old-fashioned or unusual in some other respect, none 
of the wordforms were deemed phonologically abberant 
at all. 
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The original, randomized lists were co~posed at di:f-
i. 

ferent times. Due to an oversight three word·pairs (i.e. 

6 words in all)ocourred twioe in the word lists recorded, 

and separate averages of' the measures were made. We have 

le:ft them in, but they are marked as repeti.tions in Table I. 

-(C:f. section 3.4. below.} - Note also that there are sever­

al words (occurring once only in the randomized lists) which 

enter into two, sometimes even three di:f:ferent contrastive 

pairs, e.g. /t/ in /niqiturpuq/ is contrasted to /tt/ in 

/nipitturpuq/, /rt/ in /amirturpuq/, and /ti/. in 

/akitiurpuq/. Thus the recorded material is not as huge as 

it looks in Table I. 

Ina couple o:f instances the words in CCO are num­

bered di:f:ferently than in RP and IH, because some :few words 

were not spoken by cco. These di:f:ferences are indicated in 

Table I. 

3.3. Phonetic analysis 

All the material was registered on mingograms display­

ing a "duplex oscillogram", a :fundam~tal :frequency curve, 

and two, three, or mostly :four intensity curves (normally 

with an integration time o:f 5-ms) :for the purpose o:f tempo­

ral segmentatio~. 14 As regards the signal to the intensity 

meters di:fferent kinds o:f f'requency :filtering (highpass, 

lowpass, or bandpass :filtering with dif:ferent cuto:f:f :fre­

quencies} were employed in order to :facilitate;the segmen­

tation, which was :found to be di:f:ficult partic~larly with 

/n/. - Examples o:f mingograms are shown in Figs. 1-7• 

As :for the strategy o:f segmentation we did our best 

to de:fine the starting-point o:f the stop or nasal in such 

a way that no possible element o:f :fricative or vocalic "r" 

in the sequences /rp, rt/ etc. was included. The oral clo-

14) The devices employed (mingograph, :fundamental :frequen­
cy meter, intensity meter, and :filters),a~e surveyed 
in ARIPUC 4/i969 (1970), P• IIff. 
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TABLE I 

List of word pairs 

(Numbers in parentheses refer to CC0 1 s word list only.) 

/pp/ - /p/ 

1. 

2. 

3. 
4. 

5. 
6. 

7. 
8. 
9. (8) 

lo. (9) 
11.(10) 
12.(11) 

13.(12) 
14. (13) 
15.(14) 
16.(15) 
17.(16) 

18.(17) 

/ieeak/ - /ieak/ 

/naeearput/ - /naeapput/ 

/lillueeallaqaa/ - /lillufallaqaa/ 

/naeeaqqut/ - /naEaqqut/ 

/uEfippuq/ - /ueippuq/ 

/liEeapput/ - /liEapput/ 

/alufeaat/ - /alueaat/ 

/uqalUffal~ppuq/ - /uqalufiluppuq/ 

/anifEallappuq/ --/anifallappuq/ 

/naEEaqqut/ - /naEaqqut/ (repetition of pair No.4) 

/tappipp~t/ - /tafipput/ 

/affUtaa/ - /afutaa/ 

/qamifeaa/ - /qaliEaa/ 

/iEfirtuwuq/ - /ieirtuwuq/ 

/kamiffak/ - /qalifak/ 

/ulaeeupput/ - /ulafipput/ 

/aaEfaluppuq/ - /taaealippuq/ 

/aaffarput/ - /aafapput/ 

/rf/ - le/ 
1. /nir_~iqarpuq/ - /nifiqarpuq/ 

2. ·/alireallarijarlugit/ - /alieallarijarlugit/. 

3. /alureaat/ - /aluEaat/ 

4. /anirfallappuq/ - ;/anieallappuq/ 

5• /illa~ealaarpuq/ - /illafalaarpuq/ 

6. /sireiqarpuq/ - //ieiqarpuq/ 

7. /tarearpuq/ - /taeappuq/ 

s. /uqareugut/ - /~queiwuq/ 
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TABLE I (continued) 

l12EI - /rp/ 
1. /nipaaE~uq/ - /niparEuq/ 

2. /uffiki - /urfik/ 

3. /nipiffut/ - /nipirfut/ 

4. /siiffuq/ - /siirEuq/ 

5. /u/ifEut/ - /u/irEut/ 

6. /tuttupput/ - /tutturput/ -- -
7. /miluppaa/ - /milurpaa/ -- -
8. /uffiryryuwaq/ - /urfiryryuwa9-f 

9. /tukkupput/ - /tukku~put/ -- -
lo. /tuUffaa/ - /tuurfaa/ 

11. /mi1Uffara/ - /milurfara/ 

12. /a1Uffaat/ - /alurfaat/ 

13. /uqa1u~fa1uppuq/ - /sijanirfaluppuq/ 

14. /anippa11appuq/ - /anirpa1lappuq/ -- -
15. /asa1Uffuq/ - /asa1u~uq/ 

16. /qaaEEuq/ - /qaa~uq/ 

1!!1 - l!I 
1. 

2. 

3. 
4. 

5. 
6. 

7. (5) 
B. (6) 

9. :(7) 
lo. ·( 8) 

11. (9) 
12. (10) 

13.(11) 

14.(12) 

/nuna!!a/ - /nuna!aq/ 

/tui!uppurya/ - /tu~uppurya/ 

//ikittarput/ - //ikitarput/ -- -
/puugu!:aminik/ - /puugu:aminik/ 

/naala!~uwarpara/ - /asa!uwarpara/ 

/ma!!uwuq/ - /ma!uwuq/ 
//ikittarpuq/ - /puwisitarput/ -- . -
/nipi!!urpuq/ - /niqi!urpuq/ 

/kasuttakkat/ - /kutappuq/ -- -
/imaattuwinnarpuq/ - /kaatuwinnarpuq/ -- -
/pila~:uut/ - /sila!uut/ 

/a!!appaa/ - /ka!appaa/ 

/ma::uwuq/ -·/maiuwuq/ 

/a!:urpaa/ - /aiurpaa/ 
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TABLE I (continued) 

/r!/ - l!I 

1. /tuqqur!aq/ - /uqqu:aq/ 

2. /imirtarput/ - /puwisitarput/ 
- . -

3. /amirturpuq/ - /niqiturpuq/ - -
4. /atur!arpuq/ - /ku.!appuq/ 

5. /imaar!uwinnarpuq/ - /kaa:uwinnarpuq/ 

6. /tar~unaq/ - /ma:uwuq/ 

7. /ar!urpaa/ - /a!urpa~/ 

8. /pur!uwuq/ - /pu!uwuq/ 

l!el {ts) - l:I (comparison of stop intervals) 

1. /aa~iaat/ - /aa~aat/ 
2. /irinittapput/ - /puwisitarput/ 

-- . -
3. / aki !eurpuq/ - /n.iqi :urpuq/ 

4. /ku!eappuq/ - /ku!appuq/ 

5. /qa!eurpuq/ - /a:urpuq/ 

6. /pu!iuwa1ippuq/ - /pu~uwijarpuq/ 

7. /aa!tarput/ - /aa:arput/ 

8. /aki!iurpuq/ - /niqi!urpuq/ (repetition of pair 

9. /siwi!euut/ - /sila:uut/ No. 3) 

l:el - le/ {comparison of stop and fricative intervals) 

.{a) /~//.= "ts" 

1. /naa!iirpaa/ - /naaeirpai/ 

2. (1) /tiki!Eirpara/ - /kuu1lieirp~ra/ 

3. (2) /na:eiq/ - /naeiq/ 

4. (3) /pu!eirpuq/ - /ueirpuq/ 

5. (4) /ina:iit/ - /igaeit/ 

6. (5) /naaieirpaa/ - /naaeirpai/ (repetition of pair 
(b ) /ti/ = n .t t n NO • 1 ) 

7. /~asa!iirpara/ - /kuulpifirpara/ {second word same 
as in 2~) 

8. (6) /ki!firut/ - /qiEirut/ 
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TABLE I {continued) 

l!!I - /r!/ 

1. /inu!!ut/ - /inur!ut/ 

2. /uqqu!!arpaat/ - /tuqqur!arpaat/ 

3. /Øiki!!arpuq/ - /imir!arput/ 

4. /nipi!!urpuq/ - /amir!urpuq/ 

5. /kasu!!akkat/ - /atur!arpuq/ 

6. /imaa!!uwinnarpuq/ - /imaariuwinnarpuq/ 

7. /ma!!uwuq/ - /tar!unaq/ 

8. /a!!urpaa/ - /ariurpaa/ 

9. /paa!!urluni/ - /paar!urluni/ 

lo. /t~-a-i~urippuq/ - /naar!ulirpuq/ 

/!!/ - /!f/(ts) (comparison of stop intervals) 

1. /Øiki!!arpuq/ - /irini!fapput/ 

2. /nipi!!urpuq/ - /aki!furpuq/ 

3. /kasu!!akkat/ - /ku!iappuq/ 

4. /pila!!uu_t/ - /siwi!iuut/ 

5. /paa!!urluni/ - /aa!furluni/ 

6. /misigi!!arpuq/ ;_ /irini!eappuq/ 

/r!/ - /!i/{ts) {comparison of stop intervals) 

1. /imir!arput/ - /irini!fapput/ 

2. /amir!urpuq/ - /aki!iurpuq/ 

3. /atur!arpuq/ - /ku!iappuq/ 

4. /paar!urluni/ - /aa!eurluni/ 

/9.9./ - /9./ 

1. /quu9.9.ut/ - /quu9.ut/ 

2. /ani9.9.uwaa/ - /an~9.uwaa/ 

3. /tu9.9.urtaq/ - /tu9.utaq/ 

4. /a9.9.arpaa/ - -/a9.arpaa/ 
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TABLE I (continued) 

5. /nuwisgarpuq/ - /nuwisarpuq/ 

6. /aallasgugumma/ - /aallagugumma/ 

7. /nunagga/iqarpuq/ - /nunaga/iqarpuq/ 

8. /qulissirasuwaggullugu/ - /qulissirasuwasullugu/ 

9. /usguttarpaat/ - /tusuttarpaat/ 

lo. /pisgarpuq/ - /pisarpuq/ 

11. /agsuppaa/ - /aguppaa/ 

12. /i~1aawuq/ - /iqaarpuq/ 

13. /sinisgarpu~a/ - /inigarpu~a/ 

14. /nijaggugut/ - /nijagurut/ 

15. /issurpuq/ - /isurpuq/ 

16. /tuggugaq/ - /tusutaq/ 

17. /ugsippuq/ - /ugippuq/ 

18. /sinisgarpuq/ - /inigarpuq/ 

/nn/ -· - Ir;/ 
1. 

I 
2. 

3, 
4. 
5. 
6. 

7. 
a. 
9. 

lo. 

/maa~a/ - /maa~a/ 

/si~iq/ - /pi~iq/ 

/alijannaarpuq/ - /alijanaappuq/ -- • -
/ak~appuq/ -/tak~arpuq/ 

/a~iq/ - /ma~iq/ 

/inniqarpuq/ - /iniqarpuq/ -- -
/~irluni/ - /~illuni/ 

/maa~iq/ - /taa~iq/ 

/annippaa/ - /anippaa/ -- -
/uunnappuq/ - /uunarpuq/ -- -

{comparison of nasal intervals) 

/maarniq/ - /maana/ - -
/pirniq/ - /piniq/ - -
/agijarnarpuq/ ~ /alijanaappuq/ - -
/takurnarpuq/ - /tak.unarpuq/ - -
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TABLE I {continued) 

5. /mar~iq/ - /ma~iq/ 

6. /irniqarpuq/ - /iniqarpuq/ - -
7. /urnilluni/ - /unilluni/ - -
8. /qaar~iq/ - /taa~iq/ 

/~/ - In:/ (comparison of nasal intervais) 

/maa~a/ - /maa~iq/ 

/sinniq/ - /pirniq/ -- -
/alijannaarpuq/ - /agijarnarpuq/ -- -
/akunnappuq/ - /takurnarpuq/ -- -
/anniq/ - /marniq/ -- -
/i~iqarpuq/ - /ir~iqarpuq/ 

/unnirluni/ - /urnilluni/ -- -
/maa~iq/ - /qaa~iq/ 

sure hold, and the explosion or affrication were measured 

separately for stops befare the total duration was calcu­

lated as the sum of the two. In the case of single /q/ 

the point of explosio~ was often impossible to determine 

since the whole consonant was more or less fricative. It 

seems to be a general difference between /q/ and /qq/ that 

the single consonant is much more loosely articulated. The 

total duration could, however, be measured with a fair de­

gree of accuracy, in spite of the unstable character of the 

oral articulation. There were no similar problems with the 

other types. 

The measurements of consonant duration·was made by one 

of the authors (HM) accordi~g to "conventions" for seg­

mentation agreed upon. Random checks on examples measured 

by both authors showed generally a good agreement; in a 

minority of cases (less than ten per cent of the single 

word tokens) there was a disagreement amounting to one es 

or (occasionally) more. This means that there is a margin 
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pp 

Fig. 1. 

Words: /napapput/ and /napparput/. 

't$i\-1 

•• ~t1{tf: 
- .,~ ...... ----~V ! •.i-·. 

: . ..:.~: .. .-L ·--· ·---~ ... :.-. ___ ._1 •• 1 -~ ··- .•.. 
-. : ·:; - . ; ,.. . : : : . ; -~: -~ - -~ ~ .. r .. 

--·---·· •-· •--t- •• r •• :f -: : . ~: -·, .. 
• • • • ~ ' ' ! I ; 

rp 

Speaker: RP. 

Traces from top to bo~tom: four intensity ourves with 

different filtration (integration time: 5 ms), funda­

mental frequency curve, and duplex oscillogram. 
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Lcf:!•J''Y½~\!i~~~;}~;:-1-~' i': ;1·ri~~~ v<~➔h,;c; H~ 
l-:~ (p~~+ i. l ::~J 

r~ -- -~X~Tu!f 2-·:.tTt~~rr·'·,):~~'. 
~ :_" ~- ... -i--.- •• ~:. t _.--T 

pp rp 

Fig. 

Words: /napapput/ and /napparput/. Speaker: IH. 

Traces from top to bottom: fundamental frequency 

curve, two intensity curves with different filtra­

tion (integration time: 5 ms), and duplex oscillo­
gram. 
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tt tø 

Words: /paatturlWli/ and /aatpur1uni/. Speaker: RP. 

Traces from top to bottom: fundamental frequency curve, 

three intensity curves with different filtration 

(integration time: 5 ms)·, and duplex oscillog~am. 
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t~ tt 

Fig. 4. 

Words: /paatturluni/ and /aat,z!urluni/.· Speaker: CCO. 

Traces from t,op to bottom: fundamental 

three intensity curves with different 

frequ~ncy 

filtration 

( integration time: 5 ms ).1, and duplex osoillogram. 

curve, 
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of error {which can hardly be avoided since several in­

stances are genuinely problematic due to imperfect mouth 

closure or other factors which are more or less impossible 

to recognize on the basis of acoustic curves). However, 

the error is diminished due to the faet that every bit of 

data entered in the tables represents an average of ty­

pically five individual measures. 15 

3.4. Results 

The average measures of the duration of stops and 

nasals are given in Tables II, III, and IV. The printed 

symbols are to be understood as follows: 

RN VERSUS N etc.: measurements on word pa~rs differ­
ing as stated (in casu /rn/ versus /n/ inter­
vocalically), cf. Table I 

RP, QQ, TS, T, C, etc.: duration of {what appears to 
be) oral closure plus explosion/affrication in word­
forms with these phonemic representations (TS = 
/t//, C = ///) 

RN, NN, N: duration of nasal consonant in wordforms 
with these phonemic representations 

RT/T, etc.: ratio between two measu~es 

RT-T, etc.: difference in centiseconds between two 
measures 

3.5. Discussion 

The main part of this section will be devoted to the 

durations of the stop and nasal segments with which the 

paper is specifically concerned. The durational charac­

teristics of their environments wil1 be more briefly 

treated later. 

15) Word tokens that were obviously misread were of course 
excludede The total number of such omissions is very 
small. 
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TABLE II 

Average measures :for each word pair: absolute dura•tions 

in es, differences, and ratios. Subject: RP. 

SUBJECT RP CONSONANTS pp VERSUS p 

PAIR pp p PP-P PP/P 

1 26.5 10.9 15.6 2.43 
2 19.3 8.2 11.1 2.35 
3. 17.6 8.3 9.3 2.12 
4 20.3 9.6 10.7 2.11 
5 21. 8 8.3 13.5 2.63 
6 20.6 a.o 12.6 2.57 
7 26.0 12.3 13.7 2.11 
8 16.9 9.4 7.5 1.80 
9 18.3 8.6 9.7 2.13 

10 19.8 7.8 12.0 2.54 
11 23.0 10.2 12.8 2.25 
12 19.4 10.2 9.2 1.90 
13 25.0 11.7 13.3 2.14 
14 20.3 9.0 11.3 2.26 
15 20.6 10.3 10.3 2.00 
16 17.4 8.2 9.2 2.12 
17 16.3 8.1 8.2 2.01 
18 20.0 8.6 11.4 2.33 

SUBJECT RP CONSONANTS RP VERSUS P 

PAIR RP p RP-P RP/P 

1 18.2 9.1 9.1 2.00 
2 17.7 8.8 8.9 2.01 
3 16.7 9.0 1.1 1.86 
4 17.3 8.8 8.5 1.97 
5 19.l 7.5 11.6 2.55 
6 20.8 10.0 10.8 2.08 
7 22.9 12.3 10.6 1.86 
8 18.7 8.6 10.1 2.11 
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TABLE Il - continued 

SUBJECT RP CONSONANTS pp VERSUS RP 

PAIR pp RP PP-RP PP/RP 

1 20.3 20.0 0.3 1.01 
2 26.5 2.5. 5 1. 0 1.04· 
3 22.6 22.8 -0.2 0.99 
4 21. 4 21.5 -0.1 1.00 
5 21.5 22.4 -0.9 0.96 
6 21.1 22.8 -1.7 0.93 
7 24.6 ·25.5 -0.9 0.96 
8 22.1 23.3 -1.2 0.95 
9 21-8 22.5 -0.1 • o. 97 

10 24.8 23.5 1.3 1.06 
11 19.4 21.2 -1.8 0.92 
12 26.0 22.9 3.1 1.14 
13 16.9 16.2 0.1 1.04 
14 18.3 18.7 -0.4 0.98 
15 18.8 19.6 -0.8 0.96 
16 20.6 20.4 0.2 1.01 

; ·--------------.-. ........ - ---~ ~----... ~ --~------------------------ - --------

SUBJECT RP CONSONANTS TT VERSUS T 

PAIR TT T TT-T TT/T 

l 22.4 8.9 13.5 2.52 
2 19.9 9.0 10.9 2.21 
3 19.0 7.5 11.5 2.53 
4 18.6 8.6 10.0 2.16 
5 19.5 10.8 8.7 1.81 
6 21.4 10.3 11.1 2.08 
7 19.4 7.4 12.0 2.62 
8 19.6 7.8 11.8 2.51 
<J 21. 5 7.6 13.9 2-83 

10 17.3 11.1 6.2 1.56 
11 23. 5 11.5 12.0 2.04 
12 19.2 7.5 11.7 2.56 
13 20.2 10.4 9.8 1.94 
14 20.s 8.7 11.8 2.36 

·-------------------------------------------~-----------~~-----
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TABLE II - continued 

SUBJECT RP CONSONANTS RT VERSUS T 

PAIR RT T RT-T RT/T 

1 20.1 7.3 12.8 2.75 
2 19.0 7.4 11.6 2.57 
3 20.3 7.8 12.5 2.60 
4 19.4 7.6 11.a ·2 .55 
5 19.3 11.1 8.2 1.74 
6 20.6 10.4 10.2 1.98 
7 21.2 8.7 12.5 2.44 
8 20.1 10.4 9.7 1.93 

SUBJECT RP CONSONANTS .TS VERSUS T 

PAIR TS T TS-T TS/T 

1 19.6 7.4 12.2 2.65 
2 21.0 7.8 13.2 2~69 
3 19.8 7.6 12.2 2.61 
4 25.9 13.l 12.a 1.98 
5 24.0 11.5 12.5 2.09 
6 19.7 8.4 11.3 2.35 
7 20.3 10.3 10.0 1.97 
8 .18.9 9.0 9.9 2.10 
9 19.8 1.2 12.6 2.15 

-----------------------------~-----------------~-~~-~-~---~~~~ 
SUBJECT RP CONSONANTS TS VERSUS C 

PAIR rs. C TS-C TS/C 

1 21.3 11.5 9.8 1.85 
2 20.5 8.4 12.1 2.44 
3 24.2 11.6 12.6 2.09 
4 21.6 9.5 12.1 2.21 
5 21.8 12.2 9.6 1.79 
6 19.6 10.8 8.8 1.81 
7 19.0 8.4 10.6 2.26 
8 21.5 13.2 8.3 l.63 
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TABLE Il • ~ continued 

. . -----------------------------------------~---------~-------~--
SUBJECT RP CONSONANTS TT VERSUS RT 

PAIR TT RT TT-RT TT/RT 

1 22.0 22.4 -0.4 0.98 
2 18.3 17.8 o.s 1.03 
3 19.4 19.0 0.4 1.02 
4 19.6 20.3 -0.1 o. 97 
5 21.5 19.4 2.1 1.11 
6 17.3 19.3 -2.0 0.90 
7 20.2 20.6 -0.4 0.98 
8 20.5 21.2 -0.1 0.97 
9 '17. 5 18.6 -1.1 0.94 

10 16.2 16.3 -0.1 0.99 

SUBJECT RP CONSONANTS TT VERSUS TS 

PAIR TT TS TT-TS TT/TS 

1 19.4 19.6 -0.2 0.99 
2 19.6 21. 0 -1.4 0.93 
3 21.5 19.8 1. 7 l .09 
4 23.5 24.0 .-0.5 0.98 
5 17.5 17.6 -0.1 0.99 
6 17.2 18.7 -1.5 0.92 

SUBJECT RP CONSONANTS . RT VERSUS TS 

PAIR RT TS RT-TS RT/TS 

1 19.0 19.6 -0.6 0.97 
2 20.3 21.0 -0.1 0.97 
3 19.4 19.8 -0.4 0.98 
4 18.6 17.6 1.0 1.06 

-------------------------------------------------------------



222 

TABLE li - continued 

- . ·- - -~--· ----------------------~--~-------~---~~----------~---~-----~-~ 

SUBJECT RP CONSONANTS QQ VERSUS Q 

PAIR QQ Q QQ-Q QQ/Q 

1 22.5 12.0 10.5 1.88 
2 23.0 12.0 11.0 1.92 
3 22.1 11. l 11. 0 1.99 
4 22.5 10.6 11.9 2.12 
5 20.3 10.0 - 10. 3 2.03 
6 14.5 9.1 5.4 1.59 
7 15.3 8.6 6.7 1.78 
8 18.7 9.8 8.9 1.91 
9 23.5 10.4 13.l 2.26 

10 21.9 9.5 12.4 2.31 
11 23.4 10.5 12.9 2.23 
12 25.0 11.9 13.l 2.10 
13 11-. 7 10.3 7.4 1.12 
14 21.4 10~8 10.6 1.98 
15 22.0 10.1 11.9 2.18 
16 18.9 11.0 7.9 1.12 
17 22.9 10.6 12.3 2.16 
18 19.0 9.1 9.9 2.09 

SUBJECT RP CONSONANTS NN VERSUS N 

PAIR NN N NN-N NN/N 

l 16.6 4.0 12.6 4.15 
2 19.3 5.3 14.0 3.64 
3 16.4 4.8 11.6 3.42 
4 16.4 3.8 12.6 4.32 
5 22.0 .5.8 16.2 3.79 
6 16.3 5.1 11.2 3.20 
7 17.4 5.5 11.9 3.16 
8 12.4 4.8 7.6 2.58 
9 16.3 5.8 10. 5 2.81 

10 16.0 4.5 11.5 3·.s6 
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TABLE Il - oontinued 

------------~~------~-------- _______ ,_, _ __, __________ ,...~--~-----------------

SUBJECT RP CONSONANTS RN VERSUS N 

PAIR RN N RN-N RN/N 

1 17.0 4.0 13.0 4.25 
2 18.9 5.3 13.6 3.57 
3 15.6 4.8 10.a 3.25 
4 14.9 3.8 11.1 3.92 
c5 19.6 5.a 13.8 3.38 
6 15.5 5.1 10.4 3·.04 
7 15.1 5.8 9.3 2.60 
8 16.2 4.5 11.7 3.60 

SUBJECT RP CONSONANTS NN VERSUS RN 

PAIR NN RN NN-RN NN/RN 

1 16.6 11.0 -0.4 0.98 
2 19.3 18.9 0.4 1.02 
3 16.4 15.6 0.8 1.05 
4 16.4 14.9 1.5 1.10 
5 22.0 19.6 2.4 1.12 
6 16.3 15.5 o.a 1.05 
7 16.3 15.l 1.2 1.oa 
8 16.0 16.2 -0.2 0.99 
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TABLE III 

Average measures for each word pair: absolute durations 

in es, differences, and ratios. Subject: CCO. 

SUBJECT CCD CONSONANTS pp VERSUS P 

PAIR pp p PP-P • PP/P 

1 25.4 12.2 13.2 2.08 
2 22.0 8.2 13.8 2.68 
3 11.2 a.o 9.2 2.15 
4 21.0 8.9 12.1 2.36 
5 21.a 8.7 13.1 . 2. 51 
6 20.3 7.8 12.5 2.60 
7 26.l 13.2 12.9 1.98 
8 20.1 10.0 10.7 2.01 
9 22.4 9.2 13.2 2.43 

10 24.6 11.5 13.1 2.14 
-11 21.9 ll.7 10.2 1.87 
12 25.3 14.0 11.3 1.81 
13 22.6 8.8 13.8 2.57 
14 20.8 11.4 9.4 1.82 
15 21.1 9 .-1 12.0 2.32 
16 18.l 9.9 8.2 1.83 
17 20.4 8.9 11. 5 2.29 

----- -

SUBJ'ECT CCD CONSONANTS RP VERSUS p 

PAIR RP p RP-P RP/P 

1 18.6 10.8 7.8 1.72 
2 18.8 8.9 9.9 2.11 
3 26.1 13.2 12.9 1.98 
4 19.9 10.0 9.9 1.99 
5 16.8 8.4 8.4 2.00 
6 19.8 9.6 10.2 2.06 
7 22.3 a.s 13.8 2.62 
8 22.7 12.9 ·9.8 1.76 

-----------------------------------~---~----~~-~-----~--------
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TABLE III - continued 

SUBJECT CCD CONSONANTS PP VERSUS RP 

PAIR pp RP · PP-RP PP/RP 

1 20.4 2·0.0 0.4 1.02 
2 24.7 ,24.7 o.o 1.00 
3 23.2 21.8 1.4 1.06 
4 22.5 22.2 0.3 1.01 
5 23.0 22.4 0.6 1.03 
6 21.6 22.1 -0.5 0.98 
7 25.2 27.1 -1.9 0.93 
8 21.6 21.5 0.1 1.00 
9 21.1 21.2 -0.1 1.00 

10 25.6 24.6 1.0 1.04 
11 22.0 22.9 -0.9 0.96 
12 26.l 26.l o.o 1.00 
13 17.7 16.7 1.0 1.06 
14 20.1 19.9 0.8 1.04 
15 20.0 20.4 -0.4 ·o.98 
16 22.0 23.3 -1.3 0.94 

SUBJECT CC.O CONSONANTS TT VERSUS T 

PAIR TT T TT-T TT/T 

1 23.0 10.7 12.3 2.15 
2 19.0. 7.8 .11. 2 2.44 
3 20.9 9.4 ·11.5 2.22 
4 17.4 8.5 8. 9 . • 2.os 
5 19.6 8.6 11.0 2.28 
6 20.8 10.1 10.7 2.06 
7 18.6 8.3 10.3 2.24 
8 17.5 10.8 6.7 1.62 
q 22.6 13. 1 9.5 1.73 

10 24.0 8.2 15.8 2.93 
11 24.8 11-5 13.3 2.16 
12 · 23.3 8.7 14.6 2.68 

--. 
.. . --~------~~-~-~-~~----~~----~---~-~-~-~----------~-~--~---~~-
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TABLE III - continued 

SUBJECT CCD CONSONANTS RT VERSUS T 

PAIR RT T RT-T RT/T 

1 21.7 8.5 1.3.2 2.55 
2 18.8 8.6 10.2 2.19 
3 19.4 10.1 9.3 1.92 
4 19.9 8.3 11.6 2.40 
5 18.0 10.8 7.2 1.67 
6 23.,5 11. 5 . 12.0 ·2.04 
7 22.6 8.7 13.9 2.60 
8 23.4 10.6 12.8 2.21 

SUBJECT CCD CON SONANTS TS VERSUS T 

PAIR TS T TS-T TS/T 

1 23.4 14.5 8.9 1.61 
2 17.8 8.6 9.2 2.01 
3 20.5 10.1 10.4 2. 03 
4 21.3 8.3 13.0 2.57 
5 24.4 8.9 15.5 2.74 
6 22.2 9.5 12.7 2.34 
7 21.2 10.6 10.6 2.00 
8 22.1 10.s 12.2 2.16 
9 23.6 13.1 10.5 1.80 

SURJECT CCD CONSONANTS TS VERSUS C 

PAIR TS C TS-C TS/C 

1 19.4 8.4 11.0 2.31 
2 26.7 11.8 14.9 2.26 
3 23.4 9.9 13.5 2.36 
4 24.l 11.6 12.s 2.08 
5 19.8 11.4 8.4 1.74 
6 24.1 13.8 10.3 1.75 
7 19.3 8.4 10.9 2.30 
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TABLE III - continued 

SUBJECT CCD CONSONANTS TT VERSUS RT 

PAIR TT RT TT-RT TT/RT 

1 21.8 22.6 -0.8 0.96 
2 18 .o 18.5 -0.5 0.97 
3 19.6 18.8 0.0 1.04 
'-t 20.8 19.4 1.4 1.. 07 
5 18.6 19.9 -1.3 0.93 
6 17.5 18.0 -0.5 0.97 
7 24.8 .23. 5 1.3 1.06 
8 23.3 22.6 0.1 1.03 
9 19.0 19.7 -0.1 0.96 

10 20.5 18.4 2.1 1.11 

SUBJECT CCD CONSONANTS TT VERSUS TS 

PAIR TT TS TT-TS TT/TS 

1 19.6 17.8 1.8 1.10 
2 20.8 20.5 0.3 1.01 
3 18.6 21.3 -2.1 0.87 
4 22.6 23.6 -1.0 0.96 
5 19.0 19.8 -o.a 0.96 
6 20.6 20.5 0.1 1.00 

--------------------------------------------------------------
SUBJECT CCD CONSONANTS RT VERSUS TS 

PAIR RT TS RT-TS RT/TS 

1 18.8 17.8 1.0 1.06 
2 19.4 20.5 -1. 1 0.95 
3 19.9 21.3 -1.4 0.93 
4 19.7 .l 9. 8 -0.1 0.99 

------------------------------------------------- ... ..----------·---.-.----------
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TABLE III - continued 

SUBJECT CCD CONSONANTS QQ VERSUS Q 

PAIR QQ Q QQ-Q QQ/Q 

1 22.1 12.6 9.5 1.75 
.2 .22.4 13.6 8.8 1.65 
3 20.9 10.1 10.2 1.95 
4 20.4 7.9 12.5 2.58 
5 19.5 9.0 10.s 2.11 
6 16.2 9.9 6.3 . 1. 64 
7 16.4. 8.9 7.5 1.84 
8 18.3 7.4 10.9 2.47 • 
9 19.4 9.0 10.4 2.16 

10 19.5 8.7 10.8 2.24 
11 20.9 9.1 11.8 2.30 
12 23.1 10.0 13.1 2.31 
13 16.7 8.7 8.0 1.92 
14 20.0 12.3 1.1 1.63 
15 20.1 8.8 11.3· 2.28 
16 21.9 10.7 11.2 2.05 
17 19.2 8.1 11.1 2.37 
18 18.9. 10.2 a.1 1.as 

SUBJECT CCD CONSDNANTS NN VERSUS N 

PAIR NN N NN-N NN/N 

1 15.4 7.3 8.l 2.11 
2 19.6 6.5 13.1 3.02 
3 14.7 7.3 7.4 2.01 
4 14.2 5.2 9.0 2.73 
5 20.2 6.4 13.8 3.16 
6 15.4 6.8 8.6 2.26 
7 16.5 4.8 11.1 3.44 
8 16.4 6.7 9.7 2.45 
9 16.5 4.8 11.1 3.44 

10 16.2 6.4 9.8 2.53 
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TABLE m - continued 

SUBJECT cco CONSONANTS RN VERSUS N 

PAIR RN N RN-N RN/N 

1 16.0 7.3 8.7 2.19 
2 18.6 6.5 12.1 2.86 
3 15.2 7.3 7.9 2.08 
4. 14.8 5.2 9.6 2.85 
5 17.8 6.4 11.4 2.78 
6 15.6 6.8 8.8 2.29 
7 16.6 4.8 11.8 3.46 
8 15.6 6.7 8.9 2.33 

SUBJECT cco CONSONANTS NN VERSUS RN 

PAIR NN RN NN-RN NN/RN 

1 15.4 16.0 -0.6 0.96 
·2 19.6 18.6 1.0 1.05 
3 14.7 15.2 -0.5 0.97 
4 14.2 14.8 -0.6 0.96 
5 20.2 17.8 2.4 1.13 
6 15.4 15.6 -0.2 0.99 
7 16.5 16.6 -0.1 0.99 
8 16.4 15.6. o.a 1.05 

--·----
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TABLE .--IV 

Average measures for eaoh word pair: abso1ute durations 

in es, differences, and ratios. Subject: IH. 

-..... --- __ ..... ---------~------ ~ -- ---------------- -- - ---- ------- _,__ --- --- - -

SUBJECT IH 

PAIR 

1 
2 
3 
4 
5 
6 

SUBJECT IH 

PAIR 

1 
2 

SUBJECT IH 

PAIR 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

pp 

32.0 
23.7 
18. 4. 
23.8 
25.3 
24.2 

-RP 

19.9 
19.2 

pp 

24.5 
32.2 
28.5 
26.5 
21.1 
22.9 
29.3 
25.8 
21.9 
28.6 
23.4 

p 

12.5 
9.4 
8.4 
9.8 
9.5 

10.2 

p 

9.8 
8.6 

RP 

23.8 
32.0 
28.0 
24.7 
28.2 
25.l 
28.4 
24.7 
22.9 
26.6 
23.3 

CONSONANTS 

PP-P 

19.5 
14.3 
10.0 
14.0 
15.8 
14.0 

CONSONANTS 

RP-P 

10.1 
10.6 

CONSONANTS 

PP-RP 

0.1 
0.2 
0.5 
1.8 

-0.5 
-2.2 

0.9 
1.1 

-1.0 
2.0 
0.1 

pp VERSUS P 

PP/P 

2.56 
2.52 
2.19 
2.43 
2.66 
2.37 

RP VERSUS P 

RP/P 

2.03 
2.23 

pp VERSUS RP 

PP/RP 

1.03 
1.01 
1 .02 
1.01 
0.98 
0.91 
1.03 
1.04 
0.96 
1.08 
1.00 
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TABLE IV - continued . 

SUBJECT IH ) CONSONANTS TT VERSUS T 

PAIR TT T TT-T TT/T 

l 30.7 9.5 21.2 3.23 
2 22.3 8.7 13.6 2.56 
3 24.9 8.9 16.0 2.80 
4 21.4 9.4 12.0 2.28 
5 19.2 11.5 1.1 1.67 
6 24.9 11.9 13.0 2.09 
7 23.7 1.1 16.0 3.08 
8 23.8 8.3 15.5 2-.81 
9 23.9 7.3 16.6 3.27 

10 17.7 9.0 8.7 1.97 
11 ·24.9 11.5 13.4 2.17 

. . ----------------------~~~--~~---~-~--~---~----~~------~--~~-~-
SUBJECT IH 

PAIR 

1 

SUBJECT IH 

PAIR 

1 
2 
3 
4 
5 

SUBJECT IH 

PAIR 

1 
2 

RT 

23.9 

TS 

22.1 
23.0 
24.7 
25.4 
26.0 

TS 

21.1 
23.4 

T 

T 

7.7 
8.3 
7.3 

11.5 
13.7 

C 

10.2 
7.3 

CONSONANTS .RT VERSUS T 

RT-T 

14.6 

CONSONANTS 

TS-T 

14.4 
14.7 
17.4 
13.9 
12.3 

CONSONANTS 

TS-C 

10.9 
16.1 

TS 

RT/T 

2.57 

VERSUS T 

TS/T 

2.87 
2.11 
3.38 
2.21 
1.90 

TS VERSUS C 

TS/C 

2.01 
3.21 
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TABLE N - oontinued 

• ___ _.. .......... __.~-------:a,..~~~....- ~- ... ---------------------------------------...---

SUBJECT IH 

PAIR 

l 
2 
3 
4 
5 
6 

SUBJECT IH 

PAIR 

1 
2 
3. 

TT 

28.6 
20.0 
23.7 
23.8 
23.9 
17. 7 • 

TT 

23.7 
23.8 
23.9 

RT 

29.9 
19.0 
22.1 
24.0 
22.2 
18.5 

TS 

. 22.1 
23.0 
24.7 

CONSONANTS 

TT-RT 

-1.3 
1.0 
1. 6 

-0.2 
1.1 

-o.a 

CONSONANTS 

TT-TS 

l .6 
o.8 

-0.8 

TT VERSUS RT 

TT/RT 

0.96 
1.05 
1.01 
0.99 
1.oa 
0.96 

TT VERSUS TS 

TT/TS 

1.01 
1.03 
0.97 

------------· -------~----------~----------------~-~--~--------
SUBJECT IH 

PAIR 

1· 
2 
3 

RT 

22.1 
24.0 
22.2 

TS 

22.1 
23.0 
24.7 

CONSONANTS 

RT-TS 

o.o 
1. 0 

-2.5 

RT VERSUS TS 

RT/TS 

1.00 
1.04 
0.90 
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TABLE IV -, continued 

SUBJECT IH CONSONANTS QQ VERSUS Q 

PAIR QQ Q QQ-Q QQ/Q 

1 25.4 10.6 14.8 2.40 
2 23.8 12.9 10.9 1.84 
3 24.l 10.7 13.4 2.25 
4 23.2 9.9 13.3 2. 34. 
5 23.5 8.9 14.6 2.64 
6 18.4 9.5 8.9 1.94 
7 17.0 8.7 8.3 1.95 
8 18.6 9.0 9.6 2.01 
9 21.8 7.9 13.9 2.76 

10 25.5 9.6 15.9 2.66 
11 22.3 9.4 12.9 2.37 
12 26.4 10.6 15.8 2.49 
13 21.4 8.3 13.1 2.58 
14 21.3 11.4 9.9 1.87 
15 23.6 9.4 14.2 2.51 
16 24.2 10.8 13.4 2.24 
17 24.9 ·s.8 16.1 2.83 
18 22.5 8.3 14.2 2.11 

------~---------~--~-~-· --~~------~~-~~-~---~-~~---~-~~---~-~-
.I 

SUBJECT IH CONSONANTS NN VERSUS N 

PAIR NN N NN-N NN/N 

1 17.3 6.3 11.0 2.75 
2 23.0 7.9 15.1 2.91 
3 18.4 4.5 13.9 4.09 
4 16.3 4.1 12.2 3.98 
5 24.5 5.9 18.6 4.15 
6 16.4 6.1 10.3 2.69 



TABLE IV -, continued 

. - -----------~----------~------~--~-~----~-~~~~--~-----~-----~---
SUBJECT IH CONSONANTS RN VERSUS N 

PAIR RN N RN-N RN/N 

1 17.0 6.3 10.7 2.10 
2 21.2 7.9 13.3 2.68 
3 17.0 4.5 12.5 3.78 
4 14.2 4. 1 10.1 3.46 
5 19.8 5.9 13.9 3.36 
6 15.0 6.1 8.9 2.46 

-------------------------------------------------------------
SUBJECT IH CONSONANTS NN VERSUS RN 

PAIR NN RN NN-RN NN/RN 

1 17.3 17.0 0.3 1.02 
2 23.0· 21.2 1.8 1.08 
3 18.4 17.0 1.4 1.oa 
4 16.3 14.2 2.1 1.15 
5 24.5 19.8 4.7 1.24 
6 16.4 15.0 1.4 1.09 
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3.5.1. Geminate versus single consonant 

As stated earlier, every measure of duration in the 

tables represents an average of generally five individual 
16 measurements. A statistical treatment of the original 

raw data shows that there is a good deal of dispersion of 

the measures for each item {word). However, the durational 

difference between phonologically geminate (long) and phono­

logically single (short) consonant is found to be signi­

ficant at a 99 per cent confidence level within each (sub-) 

minimal word pair. 

There is absolutely no overlapping between long and 

short consonant within a word pair, and it was true for all· 

three subjects that all occurrences of the long item were 

at least 1.7 times as .long as any occurrence·of the short 

(in the same word pair), with the following exceptions: 

nine words had a ratio between 1.6 and 1.7, and two words 

had a ratio of 1.56 and 1.59 respectively. 

The quantity contrast is thus very clearly manifested. 

This is true both with respect to the absolute difference 

and with respect to the ratio long:short. The fo~er ex­

ceeds 9 es, and the latter generally exceeds 2:1._ General­

ly, the lowest figures are found with /qq/ versus /q/, for 

which some word pairs differ by only some 6 es and show a 

ratio of little more than 1.6:1. The opposite extreme oc­

curs with /nn/ versus /n/ whose ratio sometimes exceeds 4:1. 
The re1ative1y 1ow figures for the quantity contrast 

of /qq/: /q/ may have to do with the· faet that /qq/: /q/ 

to some extent differ also by weaker articulation of the 

latter. They may thus not be quite comparable. The other 

consonants studied are supposed to exhibit amore purely 

16) We are indebted to Mr Jørgen Elgaard Knudsen, mag. 
scient., who has performed the data processing. 



du*ationa1 difference. 

Ae tor th• naeal th• high r tio ie not du to X• 

cessive duration of /nn/ but to a tendency toward very 

short duration of /n/. It may be inherently shorter than 

the stops, but the difference may also in part be due to 

our principles of segmentation (with exclusion of the en­

tire transitions in order to ensure a meaningful comparison 

of /nn/ with /rn/). Anyway, the dif.ference between /nn/ and 

/n/ {which, of course, is not nearly as vulnerable to dif­

ferences in the duration of /n/ as the ratio is) is similar 

to that of /tt/ to /t/, etc., viz. typically of the order 

of lo es. 

A comparison of the two measures of quantity rela­

tionship: absolute difference and ratio, shows that within 

the word list belonging to each p_honological contrast there 

is more variation in absolute difference than in ratio. If, 

however, we compare the averages fo~ each word list with the 

averages for other word lists {cf.· examples in Table· V) the 

relative variation of the difference is clearly smaller than 

the relative variation of the ratio.· Since each list re­

presents a "rariety of different word types (differing in 

syllable and mora number, in the position of the measured 

consonants within the word, eto.), it seems that environ­

ments exert less influence on the ratio than on the absolute 

difference in duration, whereas the phonetic properties of 

th~ segments themselves exert less influence on the abso1ute 

difference of duration than on the ratio. 

We suggested in section 2. above that geminates differ 
. . 

from single consonants not only bf being "double" but also 

by belonging always to two syllables, as against single, in­

tervocalic consonants which are syllable initial. This ap­

plies equally to double consonants that are related to single 

consonants by the gemination rule {see section 2.~.) and to 

double consonants that are derived from consonant clusters 

with complete assimilation (see section 2.a .. ) •. Hence, what 

we really compare is not, systematically speaking, a long 

an~ a short consonant in the same position (note that word 



TABLE V 

SUBJECT RP 

PP/P 

PP-P 

SUBJECT CCD 

PP/P 

PP-P 

SUBJECT RP 

PP/RP 

PP-RP· 

SUBJECT CC0 

PP/RP 

PP-RP 
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Specimens of statistical treatment 
i 

of ratios and diff~rences. 

CDNSDNANTS PP VERSUS P 

MEAN 

2.21 

11.19 

S.D. 

0.23 

2.14 

0.05 

0.51 

C0NS0NANTS PP VERSUS P 

MEAN 

2.21 

11.78 

S.D. 

1.11 

M.E. 

0.07 

0.41 

C0NS0NANTS PP VERSUS RP 

MEAN 

0.99 

-0.13 

S.D. 

0.06 

1.24 

M.E. 

0.01 

0.31 

C0NS0NANTS PP VERSUS RP 

MEAN 

0.03 

s.o. 
0.04 

0.88 

M. E. 

O. Ol 

0.22 

NUMBER=l8 

95 PCT.CF.LM. 

0.11 

1.01 

NUMBER=l7 

95 PCT.CF.LM. 

0.15 

0.88 

NUMBER=l6 

95 PCT.CF.LM. 

0.03 

0.66 

NUMBER=l6 

95 PCT.CF.LM. 

0.02 

o .• 47 

----·---------------------------------------------------------· 
SUBJ EC T I_H 

PP/RP 

PP-RP • 

C0NS0NANTS PP VERSUS .RP 

MEAN 

1.01 

0.33 

. s.o. 

0.05 

1.22 

M. E. 

0.01 

0.37 

NUMBER=ll 

95 PCT. CF. L·M. 

0.03 

o.a2 



TABLE V - oontinued 

------------------------------------------------~-~------------· 
SUBJECT RP 

TT/T 

TT-T 

SUBJECT 

TT/T 

TT-T. 

CCD 

CONSONANTS TT VERSUS T 

MEAN 

2.21 

11.06 

CONSONANTS 

MEAN 

2.21 

11.32 

s.o. 

0.36 

1.95 

TT 

s.o. 

0.36 

2.48· 

VERSUS 

M.E. 

0.10 

0.52 

T 

M.E. 

0.10 

0.72 

NUMBER=l4 

95 PCT.CF.LM. 

0.21 

1.13 

NUMBER=l2 

95 PCT.CF.LM. 

0.23 

1.58 

·----------------------------------------------------------------- -- - - -- ·- -

SUBJECT IH CONSONANTS TT VERSUS T NUMBER=ll 

MEAN s.o. M.E. 95 PCT •. CF. LM. 

TT/T 2.54 0.55 0.16 0.37 

TT-T 13.97 3.77 1.14 2.53 

. . -------------~~------~-----------~---~---~--------~--------~----
SUBJECT RP 

TT/RT 

TT-RT 

SUBJ EC T. CCD 

TT/RT 

TT-RT 

CONSONANTS TT VERSUS RT 

MEAN 

0.99. 

-0.24 

S.D. 

0.06 

M.E. 

0.02 

CONSONANTS TT VERSUS RT 

MEAN 

0.25 

S.D. 

0.06 

1.15 

M.E. 

0.02 

0.36 

NUMBER=lO 

95 PCT. CF. LM. 

0.04 

0.78 

NUMBER=lO 

95 PCT.CF.LM. 

0.82 

----------------------------------------------------------------. . . 
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TABLE V - continued 

SUBJECT RP CONSONANTS QQ VERSUS Q 

QQ/Q 

QQ-Q 

MEAN 

2.00 

10.40 

S.D. 

0.20 

2.30 

0.05 

0~54 

NUMBER=l8 

95 PCT.CF.LM. 

0.10 

1.15 
. -----------------------------------------------------------------

SUBJECT cco CONSONANTS QQ VERSUS Q NUMBER=l8 

MEAN s.o .. M.E. 95 PCT.CF.LM. 

QQ/Q 2.06 0.30 0.01 0.15 

QQ-Q 10.02 1.85 0.44 0.92 

- - ----·--------------------------------------~-------------------~-~---
SUBJECT IH CONSONANTS QQ VERSUS Q NUMBER=l8 

MEAN s.o. ·M.E. 95 PCT.CF.LM. 

QQ/Q( 2.36 0.32 o.oa 0.16 

QQ-Q 12.96 2.43 0.51 1.21 

---------------------------------------------------------------
SUBJECT RP 

NN/N 

NN-N 

. - - -

CONSONANTS NN VERSUS N 

MEAN· 

3.46 

11.97 

s.o. 
0.55 

2.24 

M.E. 

0.11 

0.71 

NUMBER=lO 

95 PCT.CF.LM. 

0.39 

1.60 
, 

---------------------------------------------------------------· 
SUBJECT CCO 

NN/N 

NN-N 

CONSONANTS NN -VERSUS N 

MEAN 

2.11 

10.29 

s.o. 

o.53 

·2.11 

M.E. 

0.17 

0.69 

NUMBER=lO 

95.PCT.CF.LM. 

0.38 

1.55 
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final clusters and geminates are impossible), but a sy1lab1e 

final consonant versus zero before an identica1, syllable 

initial consonant: 

VQ.-CV 

V-CV 

although on the articulatorr level we get a longer versus 

a shorter closure hold. If we denote the sy11ab1e final, 

"mora-forming", consonant by C, and the syl1ab1e initial 
a 

consonant by Cb,·we may suggest that (i) the addition of 

C to the sequence gives an increment of duration which is 
a 

not high1y dependent upon the specific features of C ,. where-
a 

as (ii) the duration of Cb is rather dependent __ upon its spe-

cific features. ( - How properties of the environments in­

f1uence C Cb and C remains to be studied in detail.) 
a a · 

Geminates tend to be more than twice as 1on,g as single 

segments. This is ~ true of a11 word pairs'· taken ind±­

vidual1y, but it holds true for the averages of --all_ resu1 ts 

within each type of contrast except /qq/:/q/, although the 

average ratios do not exceed 2:1 very much. The resu1ts 

are: 

/pp/:/p/ RP 2.21:1 cco 2.21:1 IH 2.4611 

/tt/:/t/ 'RP 2.27:1 cco 2.21:1 IH 2.54 :·1 

/qq/:/q/ RP 2:1 cco 2.36 :·1 IH 2. 36 :·1 

/nn/:/n/ RP 3.46:1 cco .3.43:·1 IH 3.43:1 

These figures have 1imited va1idity since they are averages 

from arbitrary sets of word pairs, but they do show a ten-
' 

dency. 

3.5.2. rC~clusters 

If we now turn to the sequences representing underly­

ing uvular plus consonant, the figures in the tables show 

conclusively that the stop or nasal segments of these se­

quences are equal in duration to the geminates treated above 

but entirely different from single segments between vowels. 
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I.e., it can be stated that sequences containing an under­

lying uvular plus a stop or nasal are reflected phonetically 

by sequences containing a 1ong stop or_nasal, which accord-
) 

ing to its duration might be the ref1ex of an underlying 

geminate or consonant cluster. 

3.5.3. Coronal affricate 

In all types discussed above the explosion of stops 

was included in the {total) duration of the consonant. We 

have calculated the averages for closure and explosion 

phase separately before adding them together, but we have 

not given the figures here because we did not find that 

they contributed significantly to this discussion. The ex­

plosion is generally short (and rather weak). 

As stated earlier, ! before i is reflected by the af­

:fricate /t/, and ll in this position coalesces·with !.C.+)! 
into /tt/~ Our measurements clearly show that the affrica­

tion phase is of essentially the same duration in /tt/ and 

and /t/, viz. about 5 es in both (slightly less for IH than 

for the other persons), a·s against the short explosions of 

2 es or less found in other consonants. At the same time 

the occlusive portion of /t~/ is considerably longer than 

anormal segment, so that the total duration of /tp/ ciose­

ly resembles that of /tt/. Thus the transcriptions /t/ and 

/tt/ seem adequate from a phonetic point of view: the former 

is an affricate of which roughly the last 5 es are taken up 

by affrication, the latter is equal to the same affricate 

preceded by the homorganic stop /t/. 

3,5.4. Duration of the whole word 

In the preceding sections we have been concerned only 

with the durations of the specific segments under consi­

deration. In the case of quantity contrasts (not involving 

a uvular component) one might, however, expect some influ­

ence on the remainder of the words. We have measured the 
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total duration (minus initial or final conso~ant) and the 

durations of the single segments of some chosen word pairs, 

see Table VI. This sho_wed no clear pattern, except :for the 

durational di:f:ference o:f the contrasting segments., 

Sequences involving an underlying uvular consonant pose 

amore important problem. We have not :found any reason to 

assume that the long oral closure hold (whose existence can 

be in:ferred :from the mingograms) is a succession o:f two di:f­

:ferent consonants sharing a manner o:f articulation but di:f­

:fering with respect to point o:f articulation (i.e. uvular 

stop or nasal plus non-uvular stop or nasal). However, one 

might a priori assume that there should be a clearly dis­

tinguishable "r"-segment o:f a certain duration be:fore the 

stop or nasal, since this is the way phonetica11y trained 

scholars have almost invariably transcribed thø se_quences. We 

have measured the total duration (mi~us initial or :final 

consonant) and the durations o:f the individual segments o:f 

some chosen words with and without underlying r be:fore con­

sonant, see Table VII. The measurements show that vowels 

a:f:fected by an underlying uvular are either as long as or 

slightly longer than their non-uvularized counterparts. 

This tendency is, however, very wea~ indeed, and we cannot 

decide at present whether it is a matter o:f inherent extra 

duration o:f more open types o:f vowels {the uvularized vowels 

require amore pronounced displacement of the tongue than 

the other vowels, which might account for their tendency 

toward longer duration)._ At any rate, the total duration 

of the vocalic segment (including the transition to stop or 

nasal) cannot be said to bear evidence that it represents 

a succession o:f two segments: vowel and r. I:f one wishes 

to derive it that way phono1ogical1y, the underlying ~ 

segment must be said to be incorporated phonetica11y into 

the vowel. It may instead be meaning:fu1 to speak o:f pre­

uvularization as a secondary :feature o:f the otherwise as­

similated consonant. 
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TABLE VI 

Durationa1 re1ationships o:f some chosen words. 

Averages o:f 5 measurements. 

i p a 
i EE a 

cco 4.7 12.2 5.6 
4.7 25.4 5.6 

RP 5.6 1o.9 6.1 
4.1 26.5 5.4 

IH 6.7 12.5 6.3 
4.7 32.0. 6.1 

u p i pp 
u pp . i pp 

cco 

(t) u t u 
(t) u tt u 

cco 4.5 7.8 4.8 
4.5 19.o 4.6 

RP 4.9 9.o 4.8 
4.8 19.9 4.9 

IH 6.2 8.7 4.9 
5.3 22.3 5.3 

~~~ 

u 
u 

= 
= 

= 
= 

= 
= 

pp 
pp 

21.2 
17.5 

19.8 
20.5 

25.2 
19.3 

22.5 
35.7 

22.6 
36.0 

25.5 
42.8 

= 
= 

Ul)a 

Ul)a 

2o.4 
16.9 

17.9 
17.2 

2o.9 
18.4 

= 
= 

= 
= 

= 
= 

46.8 
59.5 

58.7 
62.5 

56.3 
67.2 

65.9 
70.6 
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• TABLE VII 

Durational relationships of' some chosen words. 
Averages of' 5 measurements. 

u pp i ~~~ u r:e i 
cco 5.4 24.7 5.5 = 35.6 

6.6 24.7. 5.6 = 36.2 
RP 5.2 26.5 5.2 = 36.8 

2-4 22-!2 4.2 = J5.2 
IH 5.1 32.2 6.o = 43.3 

6.2 32.o 6.o = 44.s 

u pp i 1J ')Ua . ~:~ u r:e i !'J!_JUa 
cco 4.9 21.6 5.2 -30.9 = 62.6 

s. 3 21.,2 5 • 5 Jo .7. = 6J.o 

i n u tt u ~!~ i n u rt u 
cco 6.3 4.5 6.9 21.8 6.o = 45.5 

s. !2 .2. 1 7..2 22.6 ~-2 = 46.J 
RP 5.9 5.3 6.o 22.o .5 = 43.5 

6.1 g·8 :z. 5 22.4 5. 2 = 44.2 
IH 6.2 .o 7.1 28.6 5.3 = 53.2 

6.6 s.2 :z.1 22.2 5. 2 = ,24.:z 

i q u rp u ~:~ i 99 u r:e u 
cco -4.4 8.8 6.·7 21.4 5.7 = 47.0 

.2. 2 2o.l 6.2 21.a a-4 = a8.4 
RP 5.4 lo.l 5.1 21. .4 = · 6.4 

6.4 22.o 6.4 22.o 5.4 = 62.1 
IH 7.0 9.4 5.7 27.8 5.8 = 55.7 

.2. :z 23.6 6.2 22.J 5.8 = 63.6 

i n i q a rp u 

~~~ i nn i q a rp u 
i rn i q a rp u 

cco 4.8 6.8 5.2 9.4 4.2 21.2 4.9 = 56.5 
5"2 J 5.8 5.5 9.4 4.2 20.0 4.9 = 65.0 
6.B· 15.6 4.2 2-3 • 4.5 12.6·: 5 .-6 = 65.6 

--

RP 5.5 5.1 5.9 9.1 5.0 21.5 4 .1~ · · = 56.4 
6.4 16.3 5.5 9.o 5.3 ·22.6 4.4 = 69.4 
6.2 15.5 4.4 2.0 .2•J 21.4 4.o = 66.4 

IH 5.3 6.1 7.8 8.4 5.2 23.2 5.0 = 61.0 
6.2 16.4 7.3 8.4 5.2 22.6 5.7 = 71.8 
7.9 15.0 5.9 9.1 5.4 22.3 6.o = 71.5 



3.6. Statistical treatment 

Table V presents some specimens o:f a statistical treat­

me~t presenting overall ratios and di:f:ferences~ This approach· 

is obviously o:f extremely limited validity since it in-. 

volves a number o:f unwarranted (or contrary-tq-:fact) as­

sumptions, such as {i) that :fora given contrast· there 

is a "true" overall :figure :for the ratio or di:f:ference as 

such, {ii) that this can be :found :from a "representative" 

sample o:f occurrences o:f the contrast, _and (iii) that our 

sets o:f word pairs are such "representative" samples. This 

they are not very likely to be, particularly since the very 
-

concept o:f "representative" is anything but well-de:fined in 

this context. {For this reason we have le:ft in a single 

repetition in RP 1 s set o:f· 18 word pairs with /pp/ versus 

/p/, although it is strictly speaking statistically dubious.) 

The :following :figures are·given :for ratios as well as 

di:f:ferences: (1) mean value o:f the total set {sample), 

(2) standard deviation, (3) standard error o:f the mean, and 

(4) maximum deviation o:f the sample mean :from a hypothetical 

"true" mean estimated with a probability o:f 95 per cent. 

Severa1 o:f the sets which are not shown in Table V 

were too sma11 :for this kind o:f processing. However, they 

a11 show 1arge1y the same tendencies. Some o:f the informa­

tion was given in section 3.5.1. above. 

4. Conclusion 

As shown in sections 3.5.1., 3.5.2., and 3.5.3. the 

phonetic measurements corroborate the assumptions about pho­

no1ogica1 rules made in the beginning o:f this paper. First-

1y it is con:firmed to be entirely adequate to describe ge­

minates as clusters o:f two like consonants. Secondly clu­

sters with an underlying uvular as the :first segment behave 

phonetically as i:f the :first segment is assimilated to the 

second as in other instances o:f assimilation, except that 
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the feature of uvularity {uvularization) is retained some­

·where in the sequence. Fina11y, the complex arising from 

!(+)! before i or from!(+)~ can be described as a succes­

sion of stop and homorganic fricative, i.e. when derived 

from!(+)~ it exhibits affrication before !, and when de­

rived from~(+)~ it exhibits partial assimilation of ~tot. 
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