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LECTURES AND COURSES IN 1970

l. 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 Basbegll, Kirsten Greger-
sen, Steffen Heger, Hans Peter Jorgensen, Mogens Baumann
Larsen, and Nina G. Thorsen. There were 2 parallel classes
in the spring semester and 13 in the autumn semester (about
350 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 autumn semester (on an

average 175 per semester).

2. Practical training in sound perception and transcription

Courses for beginners as well as courses for more ad-
vanced students were given through 1970 by Hans Peter Jor-
gensen, Jorgen Rischel, and Oluf M. Thorsen. (The courses

form a cycle of 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 Berge Freokj=r-
Jensen. (The courses form a cycle-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 Basbegll and

Jergen Rischel. (The courses form a cycle of three semes=
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ters with two hours a week, the subject of the three semes-
ters being elementary phonological method, trends in phono-

logical theory, and generative phonology.)

5. Other courses

Carl Ludvigsen and Eli Fischer-Jgrgensen 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 Basbegll gave a course in Danish phonology in the
spring semester.,

Hans Peter Jorgensen 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 linguistic: purposes through

the spring semester.

6. Seminars

The following seminars were held in 197o:

Professor Eli Fischer-Jorgensen and amanuensis Hans

Peter Jorgensen: Loose and close contact.

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

tromyographic measurements on force of articulation.

Dr. S. O, Siemssen and speech therapist A. Boberg pres=-
ented a film showing tongue 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 voicing in
English (see below p. 1ff).

Borge Freokjer-Jensen demonstrated the glottographs
of the Institute.

7. Participation in congresses and lectures at other insti-

tutions by members of the staff

Eli Fischer-Jgrgensen and Hans P, Jergensen  lectured
on "Loose and close contact" at the Laboratory of Speech
Transmission of the Royal Technical High School in Stock-
holm, , :

Borge Frekjer-Jensen visited the institutes of pho-
netics in Amsterdam, IPO Eindhoven, Bruxelles, Bonn, Kéln,
Hamburg, Essex, Leeds, Colchester, and Praha, bie techni-
sche Hochschule, Dresden, University College, ﬁondon, and
the Institute of African and Oriental Studies, London. The
expenses were covered by a grant from the University of
Copenhagen.

Borge Frekjer-Jensen participated in the "Symposium
on Intonology" in Praha. |

Borge Frokjer-Jensen lectured at a meeting held in
Copenhagen by the Danish Society of Logopedics and Phonia-
trics on "Comparative Phonetié-Acoustic Analysis Before
and After Speech Therapy of Voices Suffering from Recurrens
Paresis" (cf. ARIPUC 4/1969 (1970), p. 145ff).

Hans Basbell and Jergen Rischel participated in the

Second Scandinavian Summer School of Linguistics in Stock-
holm.
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INSTRUMENTAL EQUIPMENT OF THE LABORATORY

The following is a list of the instruments that have

been purchased or built since January 1lst, 1970.

le Instrumentation for speech analysis

1l segmentator, 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

3 3/4" and 7 1/2")

3. Loudspeakers

3 loudspeakers, Beovox, type 2600

4, General-purpose electronic instrumentation

1 multi-generator, Exact, type 126 VCF
2 stabilized rectifiers, Danica, type TPS 1d
1l 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

Jergen Rischel and Poul Thorvaldsen

1. Improvements to the segmentator

In the past year the segmentator has been improved. A
new gate with field-effect transistors working in the non-
pinchoff region Kvariable 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 for a trape-
zoidal input to the gate. At the same time the maximum damp-
ing is raised from 45 dB to 7o 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 20 dB. The input mode can be either DC or AC
(0os1 Hz ). The pre-amplifier is followed by a general-
purpose amplifier with gain adjustable from =60 dB to +4o 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 - 20 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)
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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)



VOICING IN BRITISH ENGLISH t AND d IN CONTACT WITH OTHER
CONSONANTSl \

Nina G. Thorsen

ot Introduction

Sufprisingly 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 assimilation in French obstruents
has been done by Oluf M. Thorsen (1967). Eli Fischer-

Jergensen has investigated assimilation in Dutch (1952).

2. The material

The present investigation is based on an acoustic
(mingographic) analysis of 76 sentences, recorded five
times by six subjects, three males and three females, all
speaking RP, In addition to this material, which consisted
of examples of t and d, a much smaller material containing

examples with b and g was recorded twice by two subjects

1) Thesis work for the cand.mag.-degree, completed in
June 1970, I am grateful to Eli Fischer-Jergensen
for much good advice and very helpful criticism,



(two of the previously used males).

2ele The main corpus of the material

t and d were investigated in the following two posi-
tions: (a) X+_V where + is a morpheme- or word boundary,
and X is a pause, a vowel, or a vowel followed by p, b,

s, z, or 1, and (b) V_+X where + is a morpheme~ or word
boundafy, and X is a pause, a vowel, or a vowel preceded

by k, g, s, %, or 1.

2e2s Additional material

In addition, examples of t and g preceded by E and
g respectively, and of t and d followed by p and b respec-
tively, were recorded twice by the aforementioned two male
subjects, ; '

E and g were investigated in the following two posi=
tions: (a) X+_V where + is a morpheme- or word boundary,
and X is a pause, a vowel, or a vowel followed by t, §, S,
Z, or 1, and (p) V_+X where + is a morpheme- or word bound-
ary, and X is a pause or a vowel,

The examples with vowels and pause before/after the

consonant under investigation were included for comparison.

2.3 The clusters under investigation

Thus the material contains the following 'clusters?
a) V+t, p+t, b+t, s+t, z+t, 1l+t,
t+vV, t+k, t+g, t+s, t+z, t+1,
V+d, p+d, b+d, s+d, z+d, 1l+d,
d+v, d+k, d+g, d+s, d+z, d+l
There were 30 examples of each of these clusters (in each
stress distribution, see below), in some cases slightly

fewer, due to mistakes in the recordings.



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, 1l+b,
v+g, t+g, d+g, s+g, z+g, 1l+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
50 extensively examined, there being, for instance, no
weak-weak examples, and there were also omissions among

the strong-weak and the weak-strong distributions.

A few illustrations:

b+t, weak-strong: "Subtopians are happy"

strong-weak: "There's a cab to pay"
weak-weak: "It's a subterranean spring"

d+g, strong-weak: "The cad got hurt"
weak=-strong: "Did Golding do it?"
weak-weak: "Did Golightly do it?"



e 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
8oo. The traces were: one duplex oscillogram, one Fo
curve (Trans Pitchmeter, Berge Frakjer—Jensen), one
logarithmic unfiltered intensity curve, one linear inten-
sity curve, high-pass filtered at 500 Hz (Intensity Meter,
Borge Frokjer-Jensen) and an oscillogram filtered so that
essentially only the first harmonic was traced (Audio-
Frequency Filter, Berge Frekjer-Jensen).

The calculations on the data thus obtained were

performed on a data processing machine.

L, Results

L,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-Jergensen 1952 and Thorsen 1967), and

it does not seem to be valid for BE either.

2) I am grateful to Berge Frokjzr-Jensen who was in
charge of this part of the investigation.



Grammont (1939 Pe 193f) maintained that a partial
regressive assimilation always affected the last part of

the preceding consonant. He may have imagined a situa-

tion like this:
Cl I 02

‘which has not been found once in my material, nor in the
Dutch and French material of Eli Fischer-Jergensen 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 until the pressure drop
across the glottis is too small to allow vibrations. This
voicing may be supported and prolonged by a followiﬁg voiced
consonant and the voicing, if not total, will typically be
found to extend continuously through the first part of the
cluster, which may end unvoiced, even when the first conso-
nant is basically unvoiced (fortis) and the second conso-

nant is basically voiced (lenis).3

L,2, Stylized display of voicing in consonant clusters

A stylized version of the typical situations found
in my material (1475 clusters) is given on the following
pagess = The clusters are given to the left. They are
divided into groups according to the basic voicing charac-
teristic of the first and second 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 mnot.



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, etcC., etcCe)e.

Table Ia Voicing in consonant clusters

A*bA_+____l§ A¢54f4____g§ Avﬁﬁ¢+A¢L§§ AvA“*%“baAf'
ptt @ 47
t+k ¥ 66 i 6
k+t « 3 4 (242) (23) (6)
=5 e - 57
ShE e 68 11
________ ji""“‘“"""“’""""T"""""“"""‘"“
d+p o 1b 2 2b 6 3b
b+t @ B 38 18 33
g+t g 2 2
d+k 29 f3ad 23 (77). 33 (153)
d+s © 37 31 18
z+t 85 % 1
A S i i T

433 loo 159

continued on the

next page



Table Ia continued

T 46 4a oa 6a Ta
t+b 3 4
k+d 4 :
t+g 2 51 11 o H ] lo
s+b g 2 (197) (13) (15) (24)
s+d 52 1
s+g w 5
tvz o ® 29 2 6
441 . 1 4
________ P SRVAP RN NDSERIN M0 0 T A R g B SR e
d+b ) 4b Sb 5 6o 7 Tho
b+d -y 8 4 ;¥ ‘ 43
g+d 1 2
d+g 23 5 37 22
z+b i 57) (32 5 (189 3 (265)
z+d 15 16 44 11
z+g 3 1 4 3
d+z © 9 T 25 45
dads =, 81
1+b 2 6
1+d 21 38
l+g B i il il
254 45 195 289

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 omitted, since percentages for



Table Ib Voicing in consonant clusters (percentages)
ahA la | 2a l 3a l ;
1]

p+t 5 loo
BLES e T
L loo
t+s - é 86 14
b+t 2} ? 43 1b 20 2b 37 5b
PR e 34 27 ' 39
i 43 (45)1 5¢ (18) | 5, °(3T)
z+t © 96 - v
Tab ary lo0
ptd = 96 4 a 5a 6a 7a
t+g 1 61 13 5. 18
s+¥d  © 91 (59) (4) CRRAS T (7)
eV R 51 3 lo
TR 2 8

—

RIS B TR Eht . i
b+d a 9 5 37 49
d+g g o 26 6 43 25
z+d 9 L7:424)°) 185 (4) 49 (33) | 12 (48)
d+z o 1o 8 29 h2
d+l s 90
B 36 64




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 ‘in 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 total, lies
unbroken in the beginning of the cluster:

It will be seen that an initialu fortis consonant

(groups 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

la - 7a) are usually voiced only in the beginning (439
examples or 89% of the F+F and 59% of the F+L clusters),
but t and s may be fully voiced (81 examples or 1l1% 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 initial
forfis consonants, but initial lenis consonants may be
fully voiced, usually after a final lenis consonant (group
7b, 265 examples or 48% of the L+L clusters), but also some=
times after final fortis consonants when these are unstres=
sed (group 7a, 24 examples or 7% of the F+L clusters).
Final lenis consonants (groups 1b - 7b) are normally
voiced throughout (707 examples 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 1lo%

of the L+L clusters).

4L,2,2, Clusters exhibiting discontinuous voicing

A total of 98 clusters showed discontinuous voicing.
They are displayed in tables IIa and IIb, In table ITIa all
clusters are included, in table ITb 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 + lemnis 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.



Table IIa Voicing in consonant clusters

l 8a l 9a : l loa
w-st |st-w |w-w [w-st| st-W w-#{ w-st |st-w|w-w
t+b 2
t+g 1
0
p+d b 2
t+z  § 9 5 4 2
B g5 .| o1 1
O
s+d _ 4
s+tb 7 1 3 2
n
s+g e dc o RO SR W 2
o 4349 3075 5.5 6 6
————————— 6 _-un—--d——-—-——ﬂ————————-—-———?—dc-—--—-_-—--h—--—
T R 8b 3 %0 lob
o (aV)
d+2z g 1
a+1 - s ) ime guileds i3
b R R e b 13
E ] A S ] b Gl
total:44 4 4 9 0§ ﬁ
Table IIb
percentages ;
8a 9a loa
t+g w | (22) (2) (2)
o
p+d £ o
4z & 16 9 7 4
t+1 © '3 48 40 2
s O e B Y
-
""""""" 07 8Y BT R e lob
z+d .E E’ (2) | 4 (1)
d+z o 1
—
awl - ey 3 5 1 1

l'
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L,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 'closed!, because an intra-oral pressure 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 will take longer for the pressure drop to decrease,
but eventually it will be small enough to impede vibrationse.
- 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+421+1) of t+z and t+l. In the 5 examples (2 + 1 + 2) of
t+b, t+g, and p+d 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+342 + 1+2) of s+d, s+b, and
s+g are rather hard to explain: 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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Bernoulli-effect fo be active. This same requirement must
be met in the 5 examples of t+b, t+g, and p+d, and indeed
it seems very likely that the vocal chords approach the
tclosed! position at the beginning of the lenis consonant.
In both cases some expansion of the mouth walls is probably
called fore.

Regarding the 13 clusters with lenis first consonant:
lo of'these have z or 1 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 'closed! throughout the clustere.

Really strange are only 3 examples with z+d. z is
fully voiced, and d is partially voiced - but in the end.

I cannot explain why. Presumably the vibrations stop
because of heightened intra-oral 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, 'Rulest! for the placement of voicing in consonant

clusters

The above is, of course, purely speculative, In order
to be certain about these phenomena glotfograms should -
‘have 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 after consonants that end unvoiced are

always unvoiced (433 examples, group 1).

Fortis consonants after consonants that end voiced are un-
voiced (100 examples, group 2) or voiced in the beginning -
(159 examples, group 3).
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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 after consonants ending voiced may be un-
voiced (45 examples, group 5), partially voiced in the
beginning (195 examples, group 6), or fully voiced (289
examples, group 7).

4,4, Measurements (averages)

The next section contains some actual data on the
degree of voicing found 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), "yvoicing" means "duration in msec.of the voicing
in the consonant" (closure, respectively), and "%" means
"relative voicing in percentages". "+" denotes morphéme=
or word boundary. The first of the four columns in each
group gives the number of examples (in parentheses) that
form the basis of the calculations., = Tﬁe statistical
significance of the differences in relative voicing in
the consonants before/after a fortis and the corresponding
lenis consonant has been calculated. "¥*" indicates statis-
tical significance at the 99% level, "*" indicates statis-

tical significance at the 95% level.
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l"ol"ol,o Final d

The d-closure is usually voiced finally, regardless
of the following consonant (see Table III). The slight
differences found in different stress distributions are

not statistically significant.

Table III Voicing in the closure of final d:

(]

98

. 88

87
83
92

stress-
distri- strong-weak weak-strong weak-weak
bution
dura- voic- dura- voic- dura- voic-
tion ing % tion ing % tion ing
d+pause (3%0) 67 61 91 (30) 79 61 77
a4V (30} .32 32 1c0: (19736 .56 loo = (25} 37 36
d+k (26) 64 62 97 (30) 51 44 86 (30) 56 50
d+g (28) 62 60 97 (30) 56 51 91  (30) 53 47
d+s (26) 65 .59 92, (36)763 50 79  (30)x55 46
d+z £30) 71 Tl 300 (30) 64 62 96 (29) 61 56
d+l (30) 75 74 98 " (30)'56 56 loo - (30) 49" 46

94

Table IV shows that there is a considerable differ-

ence in the degree of voicing found in k vs. g and in s

vse. z after d: the lenis consonant is more voiced than the

fortis counterpart. - Only in the case of z does the

voicing show statistically significant dependance upon

stress distribution: 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 ) ot O
‘ dura-voiec- dura-voic- dura- voic-
tion ing tion ing % tion ing %
d+k (26) 86 17 20** (30) 79 13 17** (30) 7o 9 13**
d+g (2B): 71 .. %0242 * (30) 8o 4049, .7 (30): 63 .25 .36
d+s (26)129 12 9** (30)Y145: 514 10** (30)128 6 5**
d+z (30) 81 51465 - (30)118: 799 : 84 7. (20} 88" 32 .51
a+l (30) 62 60 97 (3%0) 88. 87 97 (30) 67 61 91
4.b,2, Final t

The difference between the relative voicing in final

and intervocalic t is statistically significant, but the

difference in absolut voicing 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 final t
is slightly more voiced before a lenis consonant than
before its fortis counterpart (though not before k vse g
when t is stressed). Unstressed t is slightly more voiced

than stressed E.

Table VI shows that fortis consonants after t are
completely unvoiced., g and z are unvoiced after stressed
t but slightly voiced after unstressed t. 1 is partially

voiced (in the end), more so when 1 is stressed.



Table V

stress-
distri-
bution

t+pause
t+V
t+k
t+g
t+s
t+2
t+1

Table VI

stress-
distri-
bution

t+k
t#g
t+s
t+2
T+l

17

Voicing in the closure of final t:

strong-weak weak-strong weak-weak
dura- voic~ dura- voic- dura=- voic-
tion ing % tioning. % tion ing %
(30) 80 22 27 (25) 63 26 42
¥* T %

(22) 5% .22 742 7:(19)° 28022 89 " (30) 20 0% vng
(25). 77:.18 7235 (30l 47 431 66 . (30) 41 3LV 15
(26) 68 1725 7"(%0) &7 =41 .87 = (J0) 47 34 753
(20) 71 26:436. 0 (29):55. 35 60 "(36) 49 33 67
(27)160 4640 (30) 78 64 82
(22)1e2 732 231 " (eGP el " 95" 53

Voicing in the consonants following final +:

strdng-weak weak-strong weak-weak

dura- voic- dura- voic- dura-voic-

tion ing % tion ing % tion ing - %
(25)105. o 0 (B0):8B0 : ¢ 6. (30) 69 o o
(26) 91 . o o (Fo)ilq 22° 28 .(30).67 «Le 18
(20)140 = o7 © (29)140: o o** (30)112 LR
(27)110 - 6 16 - (30137 <74 54

{22) 17 42 54 (29) 85°761 . T1
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el 3, Indtiels d

Initial d is strongly influenced by the preceding
consonants (se; Table VII). Between vowels d is voiced
(though not completely (91-92%) when unstressed). The two
intervocalic d's do not exhibit‘marked differences, After
fortis consonants q 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 g W
dura- voic- dura- voic- dura-voic-
tion ing % tion ing % . tion ing

pause+d (8)5) 476) (5)5) 386 : .

V+d (30) 84 76 91 (30) 52 52 loo (30) 60 57 9o

va’)  (30) 85 77 92 (30) 44 44 loo

p+d (29) 6% 5.5 7** (19) 67 o 0.

b+d (38)-60 Bo 85" +(27) 63 728 44i {0} 52 17 59

s+d (30} 84 9 1 (22) 57 o 0.

z+d L30]TeT 485 457 (29) 73 “12.71% i (Bo) el 20 . 32

1+d {29)113 €8 178 (30) 5151 99

5) There were 30/30-examples of stressed and unstressed
initial d after pause, but only 8/5 that showed !voic=
ing lead?.

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 above,
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Table VIII shows that lenis consonants before initial

d are almost always fully voiced, independently of stress

distribution (cf. Table III about final §)° p and s are

partially voiced in the beginning, more so when p and s

are unstressed.

weak-strong

dura- voic-
tion ing %

Table VIII
stress-

distri-

bution

p+d (29)100
b+d (30) 88
s+d (30) 84
z+d (%30) 7o
1+d (29) 68

2727

¥* %
88 loo

36 42

* %
69 . 99

68 100

strong-weak

dura- voic-

tion ing
(19)101 25
(27) 89 86
(27.)1oT %31
(29)1o1 95
(30) 92 92

Voicing in the consonants preceding initial d:

weak-weak

dura-voic-

% tion ing
25
* %
97  (30) 79 77 97

29
%*% ¥
94 (30) 62 61 098
loo

Initial t after a pause is always unvoiced (see Table

b 'Between vowels t is partially voiced, relatively

more so when E is unstressed than when E is stressed. When

initial t is unstressed after a stressed open syllable it

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

that the differences are reversed (and statistically signi-

ficant)

P, by 8, and 'z

when t

is stressed,

t is (almost) unvoiced after

(z being partially devoiced before t, cf.

Table X). t is partially voiced after 1 as it is 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 (%0) o)
V+t (30) 98 33 S (30) 58 B2 55 (29) 65 28 42
v48) (30) 93 38 41 (30) 43 21 48
p+t (27) 58 o o (20). 76:=0.:. 0

¥* %

b+t (%0) 61 2354 (29) 627711 (30):.42 43 6
s+t (30) 53 o o (27) 62 o
z+t (30) 96 o .0 (30) 58 o o (29) &l o2 e
1+t (30)1o0 33 33 (30) 51 32 63

Fortis consonants before t are partially voiced in
the beginning, more so when they are unstressed (see Table
X). E is almost fully voiced. z has been partially de-
voiced, more so when 2 is unstressed. E is fully voiced.,.
The difference between the relative voicing in s and Z in
the Eggg-strong distribution is significant, but this is

hardly the case for the absolute valuese.

Table X Voicing in the consonants preceding initial +t:

stress-
distri- weak-strong strong-weak weak-weak
bution
dure- voic- dura~ voic- dure- voic~

| tion ing % tion ing % tion ing %
p+t (27)102 3o 29** (20)118 19 16

* %
b+t (30) 85 172 85 (29) 95 85 89 (30) 85 78 9o
s+t (350)113.:35 31** (27)121 28 23

* %
z+1t (30) 77 39 50 (3%0) 97 48 49 (29) 67 43 64
1+t (30) 65 65 1loo (30) 82 82 loo

8) This example is one where there is no boundary between
d and the surrounding vowels, included for comparison
with the example Jjust above,



The results in Tables III, V, VII, and IX concerning

final and initial g and t, respectively, are displayed
graphically in Figs. 1 and 2,

The figures do not give any further information,
but they facilitate a direct comparison of 4 and t, and
they help illustrate the concluding remarks to this section

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

4,4,5, Conclusions inferred from the measurements

I should mention first that a vowel is always longer
before a lenis consonant than before the corresponding
fortis consonant, no matter what the degree of voicing in
the consonants may be.

Of the consonants it might be said generally that
they preserve their basic voicing characteristic better
when stressed than when unstressed, cf, that the 'ehpty-
square! curve is usually the uppermost and the 'filled-

square! curve usually the lowest one in the figures.

4,4,5,1, Single d and t

Before a pause after 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.

After a pause before a vowel the d-closure is usually

unvoiced (22 examples of 30 in stressed initial d, 25
examples of 30 in unstressed initial g). It may be voiced
and if so, the voicing-lead always has a certain duration,
about Lo msec. The t-closure is always unvoiced after a
pause.,

Between vowels, d is always (almost) fully voicede.

The t-closure is partially voiced, the voicing being to
some degree dependent upon the placement of boundaries
and stress (in the case of stress this is only valid for

the relative voicing in final t, cf. Fig. 1b).



before pause +V 1 g Z k S

Q. absolute values
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10~
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go-
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4o~
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20-
10 -

0- Fig. le
Voicing in the closure of final d and t.
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after pause V+ V 1 b z p 3

msec
90I

Q. absolute values

O=w-str d
O=str-w
A=W —-W

80 - d
d
m=w-35tr t
t
-

70~

@=s5tr-w
A= W-—-Ww

60'

100~

90- Ba— b. percentages

80~

70~

60-

50~

30-

20-

10~

Fig. 2.
Voicing in the closure of initial d and t.
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L,ho,5.2. Clusters

Final lenis consonants after a vowel and preceding a

consonant in the following morpheme or word are generally
voiced, regardless of following consonants and stress dis-
tribution, cf. the three 'empty! curves in Fig. lb: they
are almost congruent, and at any rate the slight differences
are not statistically significant. However, z (and maybe
all lenis fricatives) gets partially devoiced (approximately
50%) before t, more so when z is unstressed than when z is
stressed.

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 'filled-square'! curve with
the 'filled-circle! and the 'filled-triangle! curves in
Fig. la, and in Fig. 1b where the differences are more ap-
parent). The voicing is also very slightly longer before
a lenis consonant than before the corresponding fortis
consonant, but these differences are not usually statisti-
cally significant (see Figs. la and 1b; the values for each
type of curve are lower for t before k than before g, and
lower for t before s than before E)'

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
tempty-square! and 'empty-circle! 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 1 which behaves like the vowels as far as in-

fluencing the voicing of the following consonant goese.
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L,4,6, The additional material

The small material with b and g exhibited results
that are in agreement with those obtained for g. It.1s
interesting to note that b is relatively more voiced than
d, and g is slightly less voiced than d. This is in accord-
ance with what Eli Fischer-Jgrgensen has found on many oc-
casions (e.g. 1968). The fact that b is relatively more
voiced than § and g 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 subglottal
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.

L,5, An assimilation rule

A tentative assimilation rule for clusters of two
consonants, distributed over two neighbouring syllables,

may be formulated:

Voicing of fortis consonants, whether progressive

or regressive, takes place only to a very small
extent.

Regressive devoicing affects only (z and presumably
all) lenis fricatives, whereas prog;essive devoicihg
(more or less extensive) is, frequent and affects
plosives, fricatives, and 1 as well,

Generally a consonant pres;rves its basic voicing
characteristic better 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 E and g: 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 t and d, it is fairly certain
that a difference in intra-oral pressure exists, and that
it is assimilated completely with the voicing (cf. Fischer-
Jergensen 1969 and Thorsen 1967).

5.1le 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 should lengthen it.

In my material a vowel is always longer before syl-
lable final d than before syllable final t, and in all
cases, excep; 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-
ration, although they be significant, are smaller in cases
where the difference in voicing in 9 and t is small 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
before d and t respectively and on the differences between
the voicing (absolute and relative voicing, respectively)
in d and t. - "C" stands for d or t, the lengthening marks
apply only when C is g. Note that statistical significance
has not been calculated for the difference in absolute
voicing in E and t. About the number of examples: there
were usually 30 or slightly fewer (interested readers are

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

5¢lelele The stressed vowels

[&:] before d+pause is extra long, compared to [8:]
before d+k and d+g. The same tendency is observed in [e& ]
before t+pause, but not so strongly, which creates a large
difference in vowel duration before d and t Plus pause.

[u:] before d+z is also very Iong, but this is
probably due to the choice of frame-word ('They booed
Zacharia'). [g] before d+l is rather short, I do not know
why. The frameword was 'bled'! in 'He bled like a pig!?.

One more vowel difference is rather small, namely
that between [€I] before d+d and t+I, respectively (!'They
would fade away'!, 'His fate is hard'!') and it is accompanied
by a small difference in absolute voicing (lo msec). How=
ever, this is not the case in 'He bled like a pig'! vs.

'He bet like a fool?'!, so it is hardly significant.

S5elele2s The unstressed vowels

The unstressed vowels are more interestinge. Firstly
they are all the same, [1], (in 'did!' and 'it!') and there-
fore can be compared 'vertically'! 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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Table XI Duration of vowels before d and t, - related
to the differences in voicing in the consonants

vowel vowel .difference difference difference
duration duration in voicing in voicin
before d before t in d and t (relative
in msec in d and t
strong-weak
@()C+pause 288 164 124%* 39 b4 %%
£IC+o,T 171 145 26%*% " i’ Lo 5g**
el)C+k 197 125 2 44 TEEX
eE)C+g 192 119 ¢ i 43 y L
IC+s 183 138 45%% 33 56
uf)C+z 221 88 135%% - 60**
¢ C+1 loo 94 6 42 5 g
weak-strong
1 C+pause 96 84 12 L3 e b
IC+e 60 . 47 13%* 14 11
T C+k 56 33 A kol 13 20
TC+g 56 38 KK - i 1o 4
TC+s 56 32 RARY 17 19*#
TC+z 59 45 I4%* -2 14
xC+1 60 41 19%* 1 | 4T7%*
weak-weak ) o
TC+e 52 41 1LLr* 13 Ph?
1C+k 51 29 E & d 19 S
1C+g 52 38 P e 15 14
T C+s 55 37 18 13 16
TC+2z 62

zC+1 93
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the difference in relative voicing in the same cases is
likewise small and not statistically significant (except
in the case of IC+s in the weak-strong distribution) =
we should thus expect the difference in vowel duration

to be rather small.

512 Conclusion

The correlation between the difference in the dura-
tion of the vowel before d and t, respectively, and the
voicing in these two consonants is displayed in Fig. 3.

- The correlation, if any, does not seem to be a very
simple pne.9 A hypothesis t6 the effect that voice as-
similation in'a (final) consonant affects the duration of
the preceding vowel must probably be rejected. = But note
that the assimilation concerns only voicing of final t,
not, for instance, devoicing of final d.

The question of aspiration, or open interval, will
be dealt with in the section about duration of the conso-

nante.

5.2, Duration of the consonants

50201. d and t

In Table XII are given the data on the durations of
the § and t closures and their open intervals. "=" before
a figure means that 9 is longer than t. "*" after a figure
means that the difference is significantly different from
zero at the 95% level, "*¥" indicates significance at the
99% level., "+" denotes instances where the difference in

relative voicing in d and t is not statistically signifi-

9) I have tried also to correlate the duration of the
vowel before t with the voicing (absolute as well as
relative) in t with no result, - there is no corre-
lation to be found.
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cante. "+" denotes instances where the difference in rela-
tive voicing in t and d 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 t and d is statistically signifi-

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

5¢2¢.1lel. 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 d and t, i.e. the assim-
ilation 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 t is probably
not the open interval but rather the duration of the pre-

ceding vowel,

Helelel2s The closure

It is more difficult to discern a patﬁern 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 t is
longer than d, as would be expected.

17 differences are negative, i.e. the d-closure is
longer than the E-closure. These negative differences do
tend to coincide with cases where the difference in

voicing (absolute and relative) in d and t is small, -
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Table XII Duration in msec of closure and open interval in

% .8nd a4
duration duration differ- open open - differ-
of t- of d- ence inter- inter- ence
closure closure val t wval d
weak-strong
pause+C 50 11 by i
V+C 98 - 84 14%% .47 11 36%*
Ve 93 83 1o 46 11 o 15
p+C 58 67 -9 + 4o 13 3
b+C 61 60 1 38
s+C 5% 84 =31%%4 28 e 16%*%
z+C 96 lo7 -11 v A 14 £
1+C loo 113 -1 b e 1 8 5 g
strong-weak :
pause+C 39 13 26*%
ST 58 52 o 40 12 28*¥
Ve 4% 44 -1 23 11 Ao%E
p+C 76 67 33 19 14%*
b+C 62 63 -1 32 x7 1>
s+C 62 57 5 43 L
z+C 58 73 -15% + 39 16 25
1+C 5) e 8 0 % 45 12 o ¥ o
weak-weak "
V+C 65 60 5 38 13 25%%
b+C 42 3¢ =F o 42 15 i i
2+C 61 62 -1 34 s 5 b
strong-weak
C+pause 80 67 13
C4+V 5% 32 21%% 44 9 G 3 tafi
C+k 10 64 o 36 23 9%
C+g 68 62 6 28 16 1a%x
C+s 71 5 03 8
C+z loo 7 o RETE 29%%.
C+1 lo2 i 277

continued on the
next page
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Table XII continued /
duration duration differ-~ open open differ-

of +t- of d- ence inter- inter- ence
closure closure val t val d
weak=-strong
C+pause 63 79 -16
C+V 25 36 =11* 425 13 2%
C+k 47 Dk -4 + 23 20 3
C+g 47 56 - 9%*+ 19 15 4
C+s 55 63 - 8% +
C+z 78 64
C+l 67 56 11%
weak-weak
C+V 29 37 i % et 55 Lk vl el
C+k 41 56 =15%%*s. 23 l8 5
C+g 47 -} S - QO 14 8
C+s 49 55 -6 +

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

(i) the d-closure is (considerably) longer than the t-
closure and where the differences in absolute and relative
voicing in g and t is rather large: 48 msec, 45 (%) in

'His doe was hurt!/'His toe was hurt! (closure difference
"_.11" msec), 55 msec, 45(%) in 'He!ll dap again'/'He'll tap
again, (closure difference "-13" msec), and 35 msec, 35 (%)

in 'He'd looked at a cad!/!'It looks like a cat'! (closure
difference "-16" msec);

(ii) the t-closure is longer than d-closure and where the

difference in absolute and relative voicing in d and t

is none or small: o msec, o (%) in !The gap diminished!/
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'There's a gap _to fill' (closure difference 9 msec), and
n_2" msec, 14 (%) in 'Did Zena 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 1ongeri§-closures (or
shorter E-closures).

A possible explanation might be that in syllable
final position (where the unstressed d-closure usually is
longer than the E-closure) the syllables chosen were t!'it?
and 'did'. 'it! may have been still more weakly stressed -
than 'did' 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 E-closure

dndtially,

502.1.3. 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 'fortis'10 it ds
and if length is thus a measure of 'fortismess?!, then the
duration of the preceding vowel cannot be the result of
the force of the following consonant, since I have exam-
ples of 'long' vowels followed by !'long!? consopants.
(Delattre (1940) explains the vowel length in French in

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

the longer) the following consonant is.)

522 Consonants other than d and t

As regards the other consonants under investigation
(p bk gs z): these behave according to expectations and

not like t and d. The vowel preceding these consonants is

lo) From now on *'fortis'! and 'lenis? are used in their
ordinary sense about. force of articulation.
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always longer before b g z than before p k s, and p k s

are always longer than their basically voiced counterparts,

Also where the difference in voicing has been eliminated.,

k vs,g and s vs. 2 exhibit differences in consonant dura-

tion that are independent of their phonetic voicing (I

cannot say whether this would be true also of p vs b,

since these two consonants have only been investigated

finally in a syllable after a vowel, where their voicing

does not vary much).

5e2¢2els Duration of the consonants and their voicing

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

at some consonants after d and t, namely E and z after d

and t, respectively, and s before d and t (these conso-

nants are in otherwise identical positions).

Table XIII Voicing in and duration of k/z after d/t and of
s before 4/t

d+k/t+k
d+z/t+z
s+d/s+t

voicing
in msec

17/0
51/6
31/28

voicing duration
in per- of the
centages consonant
(closure)
20/0 86/105
63%/6 81/11o0
29/23 lo7/121 ‘

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-
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sonants, though not to such an extent that a basically un-
voiced consonant becomes as short as its basically voiced

counterpart.

50202.20 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 1in per- of the
centages closure
s+d/z+d 9/48 11/45 84/107
d+k/d+g 44/51 86/91 51/56
t+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 E have behaved differenzly from-
the other consonants, I am not sure why this is so,

It is possible that the E—closure is shorter than the
g-closure because 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
syllable). But since not all t-closures are shorter than
the d-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,

563 Final remarks about vowel duration before voiced and

unvoiced obstruents

Chomsky and Halle (1968 Pe 301) propose vocal chord
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adjustment rate as an explanation for the lengthening of
vowels before voiced obstruents, i.e. the movement to the
open position for unvoiced consonénts 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 before final voiced t in my material is
shorter than the vowel before voiced d (but, admittedly,
it may be that the vocal chord position is different in
voiced t from'that'in voiced g). In these cases t occurs
in 'it! which is very short and weak, and therefore the
vowel is particularly short. But there are also examples
where the vowel before voiced p is shorter than before
voiced b, and in these cases the choice of frame-word can-
not be made responsible for the relativgly shorter vowel

before p.

6, Concluding remarks

Gimson (1966 p. 267-270) writes about assimilation,
pPartly under the heading 'Allophonic Variations?!, partly
under the heading 'Fortis/Lenis Variations!?,

" Among allophonic variations at word boundaries he

mentions:

(i) Devoicing of 1 in 'at last?! and other close-knit
entities. A similar sequence in my material
('It looks like a cat!) exhibited 71% voicing
in 1l.

(ii) Devoicing of word final lenis fricatives and
plosives, d in my material is only devoiced
to a very small extent (91% voiced in stressed

syllables, 77% voiced in unstressed syllables).

(iii) Lenis fricatives followed by fortis consonmants
get devoiced, 4 before E in my material was
never less than 49% voiced, slightly dependent
upon stress placement,



(iv)

Among

(v)

(vi)

(vii)
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Initial lenis fricatives and plosives after a
pause are unvoiced. In my material were found

only a few instances with voicing lead.
fortis/lenis variations Gimson mentions:

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 subjects have more voicing in z than in s
finally, all have s longer than z, and all have

the vowel longer before z than before se.

b d g 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 placeme;t and regardless of the

following consonant was voicede.

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

materiale.
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A STUDY OF INTERNAL OPEN JUNCTURE IN BRITISH ENGLISH

Kirsten Gregersen

I Introduction

The aim of the present paper is to investigate cer-
tain acousfic properties of intermal open juncturel in the
dialect of British English called Received Pronunciation.2
More specifically dufation of segments before and after
internal open Jjuncture 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 intermal open Jjuncture 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 'mot at all' the /t/ in 'at' is pronounced as
if it belongs to the following word, see Gimson (1962
Pe 275); in 'Plato! some American phomneticians state that
the /t/ is pronounced as if word-initial, see Gleason (1955
P. 43) and Hockett (1955 p. 172).

In handbooks of British English phonetics the mani-
festation of internal open Jjuncture 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 Jjuncture, intermal juncture, and open
transition.

2) For a description see Jones (1967 pP. 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 Jjuncture which occurred either between
vowel and consonant or between consonant and vowel. All

3

tape-recordings with glottal stop were rejected. 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 Jjuncture it has been an integral part of most
American linguistic analyses, including generative grammar,
but the status of intermal open juncture has been different
in the various linguistic schools.u The first large-scale
phonetic study was made by Lehiste (1960), and later several
papers on the acoustic and auditory properties of intermal
open juncture have been published. Lehiste (1960) found
that post-junctural allophones of élmost all phonemes are
considerably ldnger than either pre-junctural or medial
allophones; vowels are excluded from this rule: they are
longer finally than initially and initial allophones may
start with laryngalization. Hoard (1966) states that pre=-
and post-junctural consonants show systematic difference of
duration particularly when there is no glottal stop, only
in one contrastive pair did he find'significant difference
in vowel duration (longer pre-junctural vowel in 'Nye trait!?
than medial in 'nitrate'); like Lehiste, Hoard found that

post-junctural consonants are longer than pre-junctural.

3) This was done because the authors believe that glottal
stop is an unequivocal boundary marker.

4) 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 ‘'umpire'! and 'nickname' were
in Middle English metanalyzed from !'a noumpire' and 'an

ekename?t,

2. Experiment

2+l s . Phonetic notation

The notation follows that used by Jones (1967) with
the divergencies mentioned below. "+" indicates possible
placement of intermal open Jjuncture; "?" stands for glottal
stop, creaky voice or laryngalization (not separated and
henceforward termed glottal stop); "V" for vowel; and "C"
for consonant. Square bfackets are used for phomnetic and

slants for phomemic notations.

2.2. Material

When reading articles on Jjuncture I collecfed a vast
number of contrastive pairs only differing in respect to
placement of internal\open juncture, e.g. of the type tgay
mate'!, 'game eight'!. To limit the material I selected
those.pairs where internal open Jjuncture occurs either be-
tween vowel and consonant or between consonant and vowel,
icee /eeV4CV,./ and /..VC+V../. Two pairs with intermal
5

open juncture contrasting with close Jjuncture” 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 combinations 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 substitution class they were inserted into the quota-
tion frames "The password is '...'" (list A) and "He said,
'.oo.!'" (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‘staff 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 lists'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 were they 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 mnot succeed in this; they all discov=-




Pre-consonantal or
pre-junctural vowel

Ls

TABLE I

Phoneme-combinations included in the material

Post-junctural or post-consonantal vowel

v % (98 @ o2 us B ei ai 2u au
s s z d z m 1

2t t
us d

o n (1)

ei k k (t)] m t,d

ai i

[u m

All consonants in the table occur medially.
Those in brackets may be preceded, but not
followed, by internal open Jjuncture, the
others may occur both with preceding and

following internal open juncture.
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v 4 s |clos. 4 S |op.int. % s |cC-V ? %?
CcS Ccs cs cs Ccs
e £ kool Ww”m b HWHM - o w“m 62 %71 win 1.2 75
et < T CCRAP b AR IRl (R o R (il
iosA % e e g mum 65 5.7 2.2 7o
g i fee s ch G AL LR
RS o . SR o S SN et A 65 *x% | 5.6 Lo T BT
v S i oy o e a3 5.7 3.1 76
S s 15,5 oo g T et [ae8 4.7 2.1 75
wwmwomwmwm wwuw lo5 N”w % m“w o 5.6 2.2 77
iR For Pt | e TRy 8 *xx| 184 *x | 5.3 2.5 76
TABLE II -  Averages for all subjects
V: vowel duration, clos.: closure of stop, op.int.: open interval of stop,

V-C: interval between stop and following vowel or glottal stop,

%?: percentual occurrence of glottal stop,

\..<o+<..\. St level of significance,
the 5% level, ** at the 1% level, and *** at the 0.1% level.

?2: glottal stop,

%t /esV+CV../ in percentage of

* indicates significant difference at
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TABLE III

Averages for all subjects

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

' % S + % S C-V ?  %?
cs cs cs cs

see zinc 19.4 11.5

seize ink 19,7 03 958 27 5.7 Y2065 7o
see Z0O0OS 211 2.4

seize ooze 21.7 402 lo.4 A 5.7 19 R
average lo3 85 ¥% Bie T e o (1
hoe-maker Y60 9.2

home-acre 13.5 o 7T e 3.6 6.5 38
gay mate 21.6 9.2

game eight 17.3 3 lo.o0 ko %7 R
see Mabel 14,8 8.7

seem able 32:7 o 8.9 ctts L.,o Bel 7463
SN I g5 wx [ 98 | hek . 5.3 59
a nation 647 9.6

‘an Asian 6.3 94 568 iy 2.8 e U7
a name 6.5 b - 3

an aim 6.9 lo6 6.7 e Bl k.7 3.3 .63
average loo 83 m— 3.7 _-5:5 -;;-
I laid 17:6 lo.2

see lying 18.4 8.6 : ;
seal eyeing 16.4 e lo.1l 44,2 e g P W
------------------------------ P-—--------—--—---—-----—------
‘average 99 lo3 5.6 L.,1 69
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ered at least some of 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
therefore have some knowledge of English phonetics, and

(2) some of the phrases were far-fetched and perhaps
suspicious.

The tape-recordings were made with professional‘equip-
ment in the language laboratory of Hull University and,in
“the Instifute of Phometics 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.

2. Results £for /..V+CV../ and /c:VC#¥Voe/

The averages for all subjects are here considered;
the level of significance has been calculated by means of
a pair test based on the average for each subject (see
Croxton 1953 p. 228f).

3.ls Vowels

The duration of vowels (termed "V" on tables and
figures) before pre-junctural consonant and before internal
open Jjuncture was measured. Vowels are considered beginning
where the intensity curves have reached the 'vowel=-=level!?,
i.eo when they have stopped rising sharply (this is perhaps
not quite correct, as the beginning of the vowel is ex-
cluded, but the absolute difference between two sets of
measurements is not affected 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 difference in the duration of comnsonants that are se-
parated from a following intermal open Jjuncture by one or
two segments, so including them in the measures for vowels

- should not influence the differences in vowel duration).
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The vowels are considered terminating where the inténsity
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 pgint
common to all cases was where the high-pass filtered in-
tensity curve and the duplex oscillogram started theif
respective sharp rise and fall., This point was therefore
chosen to ensure comparable measurements, in spite of the
inconsistency which then arises in the voﬁel durations,
since the closing movement before stops is considered as
part of the closure, whereas before /z/ it is included in
the vowel. It was likewise difficult to separate /l/ from
the preceding vowel, so these measurements are not reli-
able. | :

Vowels are significaﬁtly 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

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
stop. For /tkd/ the closure is significantly longer pre=-
than post-juncturally, see Figs.3 and 4, To ascertain whefh-
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

with particularly long closures.6 From these it seems safe

6) This investigation was suggested by professor Eli
Fischer=Jorgensen,
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4110
J 'shore tower!'
10 :
3 'short hour'
110
1 20
110
. 'grey tie'!

Y S
1 'great eye!'
110
41 10
. 'may kill'
10
d 'make 111"
1 10
1. .20
1 10O
o ‘may call'
10
q 'make all'
A o
<420

RErp e C e il o8
Figure 1.

Dispersion of vowel ‘duration for all subjects,

Dotted line indicates average.
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cs

Figure 2,
Dispersion of t¥owel-duration.

110

-10

ot 120

S 410

410

110

110

110

110

'hoe-maker!'

'home~acre'

'gay mate'

'game eight!

*see Mabel!

'seem able'

'the way to cut it!'

'*the waiter cut it!




N
2020
1G10 'shore tower!
1310 'short hour!
2020
1010 “GEeY tle?
1dio ' 'great eye!
| i
130
2G20
1310 Ll-L 'may kilje
. Qo ey
1310 ' 'make il]!
2G20
1)
1040 : '‘may call?
]
]
ml_"ln L3 T ; O ey -r
|
10110 FHJ?LJ_I 'make all!
20120

Figure 3.
Dispersion of duration of closure (to the
left) and of open interval (to the right)

for unvoiced stops.



36130
2620

1610 'New Deal!

;nude eel!

'free Danny!

'freed Annie!

'grey dye'!

'greyed eye'!

1
20R0
o 5 0 5 p T3 3. i 3;- Mo 0 3 T €
Figure 4,

Dispersion of duration of closure (to the left)

and open interval (to the right) for /d/.
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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 moreover 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 fdllows, internal open Jjuncture.
"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 unaspirated. The entire du-
ration of stops (closure plus open interval) is signifi-
cantly longer post- than pre-juncturally. In the case of
/d/ the open interval is significantly longer finally than
initially. This may seem strange, but the entire dupation
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-juncturally, see Fige. 5.

Fe2el2e Sonorants

The nasals are measured from the vowel to where the
high-pass filtered intensity 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

found, but the segmentation was not reliable.
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J 'see zinc!

i fseize ink!

o "'see zoos'

4 'seize ooze!

4 'a nation!

i 'an Asian?!

2 'a name'

A 'an aim!

s C8

Figure 5.

Dispersion of consonant: duration.,
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3.3. Interval from /C/ to [2] or /V/

This was measured from the end of the consonant to
where the curves again show amplitude, on Tables II, III
and V it is termed"C-V", The durational difference between
the different phoneme-combinations is not very great and

may be disregarded.

3.4, Glottal stop

The duration of glottal stop was measured as the in-
terval where the curves show irregular movements. This in-
terval seems to be shorter after obstruents than after
sonorants. I can only find one reason for this: unvoiced
stops are apparently the best juncture markers and there-
fore there need not be glottal stop of long duratiom to
separate the contrastive pairs, but this is élearly not true
for either /d/ or /z/.

Generally there is glottal stop in 70% of the phrases
/..VC+V../, only two phrases have a percentage below 50.
The 70% may be accounted for by remembering that the sub-
jects had noticed some of the contrastive pairs, moreover
some of them spoke rather carefully as one tends to do in
front of a microphone, There must be a particular reason
for the phrases with less than 50%! clearly this may not
be sought in the phoneme-combinations, e.g. 'home-acre’
and tgame eight' are parallel in that they both have nasal
preceded and followed by diphthong, but nevertheless glot-
tal stop is more frequent in the latter phrase. The cause
must then be found on other levels than the phonemic. In
most grammatical'analyses compound words are closer con=-
nected than, say, noun plus numeral (e.g. ! game eight').

It is therefore reasonable to suppose that this closer
grammatical connection has been signalized by fewer.in-

stances of the strong juncture-marker glottal stop.
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Considering the other results for the pair
/hou(+)m(+)eiks/ (thoe-maker!:'home-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 'an Asian' than in 'an aim! though
they have the same grammatical structure. One would also
here suppose that indefinite article plus noun would be
rather closely connected grammatically. TheAdiscrepancy
between the two phrases may perhaps be accounted for by the
number of times 'an aim':'a name' has been mentioned as a
contrastive pair in phonetic descriptions of English; the
subjects may haveArecognized it and been on their guard
against pronouncing the phrases alike and therefore intro=-
duced glottal stop. The reason 'an Asian':'a nation?! is
not mentioned as often is that it is not always a con-
trastive pair, 'Asian! being pronounced /eiSen/, /eiSjan/,
/eisjon/, eizjon/ or /eizen/ (all subjects pronounced the
phrases with identical segmental phonemes, though).

3¢5 Maximum intensity 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 maximum.

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. % S
dB

shore tower 29 %

short hour 26 89

grey tie 31 87.

great eye 27

may kill 25 83 %

make ill 21

may call 25 83 %w

make all 21

average 86 K

New Deal 26 88 ¥

nude eel 23

free Danny 23 99

freed Annie 24

grey dye 25

greyed eye 25 ABE

average 96

the way to cut it 29 1ok

the waiter cut it 30

not at all 28
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N
110
: 4 'shore tower!'
1= e 4 : D 10
Ww 1 'short hour'
110
. 110 d
i . ) tgrey tie
T T 4: — T 1 0
U~ U W ] 'great eye'
10
1 10
; 'may kill!
O T ! h 0
il : P i | 'make ill"
10
10
‘ ) 'may call!
UA e T : =T n'-:.‘l’u" 1 O :
LdileﬂthJ o ] 'make all'
10
R R TAMAEva e v oo rane dB
» ! s 3o % 4o
Figure 6,

Dispersion of maximum intensity of unvoiced stops.
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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':'nude eel!)
is there significantly higher intensity of /d/ in post-
junctural compared to pre-junctural position. 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.

L, Results for other cases

The results are shown on Table V.

Uelo/s s VECVe o/ and /.. VCV,./

In the contrastive phrase /fowei(+)tokatit/ ('the way
to cut it':'the waiter cut it') only significant difference
in vowel duration was found, pre-junctural being longer than
mediai vowel. The result is comparable to those found for
the contrastive phrases /..V(+)t(+)V../; one may conclude
that it makes no difference in respect fo 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
results for intensity to those found for post-junctural
7 S g

The results for /o(+)lsun/ ('a loant!:'alone') are
unreliable because of the vocalic quality of /1/, which

makes the segmentation difficult.
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Figure 7.
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
stope.
1. /fo:(+)t(+)aus/ 5. /njus(+)d(+)i:1/
2. /grei(+)t(+)ai/ 6. /fri:(+)d(+)ani/
30 /mei(+)k(+)il/ - 7. /grei(+)d(+)ai/
4o /mei(+)k(+)o:1/ 8o /Bowei(+)tokatit/
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\' clos. % op.int. % S C %
cs cs cs cs
the way to cut it 12.8 % 5.9 4.3
the waiter cut it 10 +0 79 5e8 27 5.2 a8
a loan g lo.3
alone 6.9 23 9.1 o
not at all 3.4 6.5 6.5
analysis 5.6 y D
TABLE . ¥V

Averages for all subjects

As for Tables II and III,




63

4,2, Unpaired phrases

2o le - tnot. at all?

After repeated listenings of the tapes it was found
that all subjects used the initial .allophone of /t/ in tat?,
Because the vowel in 'at! 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 either 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. tanalysis!

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.

5.1l I'emale 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 be several reasons
for this. IN is bilingual, her father 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 20 years she has lived in Denmark.
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B g %], so it is common for Danes not to make any distinc-
tion between voiced and unvoiced final 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 abnormally 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 subjects, In
/geim+eit/ ('game eight') and /si:m+eibol/ ('seem able')
the /m/ was likewise abnormally long. It is curious to note
that in /houm+eiks/ ('home-acre'), where there is only one
instance of glottal stop, the /m/ is significantly shorter
in this positiop 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 open 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
stope.

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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White columns: results for IN.
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subjects. Dots below the zero line show level
of significance , one dot at the 5%, two dots
at the 1%, and three dots at the 0.1% level.
Other symbols as for Tables II and ITII.
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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 PW!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, 10-12):
voﬁéls are shorter before unvoiced stops and, to a lesser
degree, /m/, than before voiced stops, voiced fricatives,
/n/, and internal open juncture., 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 states that pre-junctural allophones
of consonants may sometimes be drawled, this explains the
long pre=-junctural consonants of IN, Hoard's results agree
completely with those found for PW., It appears that there
is no difference between the manifestation of internal open
JjJuncture 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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" — = 'shore tower'
——T T8 '*short hour'
¢ T T | tgrey tie'
———T T3 tgreat eye'
——— e 'may kill'
P — 0 - | 'make ill?
— — | "may call'
| e | o 3 - | 'make all'
—T T '*New Deal'
- T — | ‘nude eel'’
|————— w0 ‘free Danny’

——————— s | 'freed Annie'
= — 0] ‘grey dye'
— = . O - | 'greyed eye'

+—>

0 10 20 30 40 50 cs
Figure 10,

Average duration of segmentso

= vowel -duration
= duration rof closure or interval
G duration of open interval

=3 duration of glottal stop.
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o ' 'see zinc'
P - —x "seize ink'
e~ — s 1 'see zoos'
=y — 'seize ooze!
—————— oo 1 'hoe-maker'
. ] "home-acre'
e YT | 'gay mate!
rETrLT "game eight?
'see Mabel'
———voomes 'seem able'
'a nation’
'an Asian'
'a name'
—— oo . ‘an aim!
—————— oo 'T laid!
R —_—— 'I*11 aid?
BP————g: e eerl 'see lying'
e s w— 'seal eyeing'

! + 2 " " A
O 10 20 30 40 &s
Figure 1ll.
As for Figure 10 except that

=3 signifies consonant -duration.
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[——— | 'the way to cut it'
1] 'the waiter cut it'
o W CXET) . 'hot at ailil?
SRS 'analysis?
] 'a loan!
] 'alone'

—d

0o 10 ©20 30 ecs8

Figure 12.

As for Figures lo and 11.
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for unvoiced stops than for any other consonants in an au-
ditory test in agreement with the findings of O'Connor and
Tooley (1964). This is true not only of English; in an
analysis of Swedish Garding (1967) found that unvoiced
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

Jorgen Rischel

l. Introductory remarks

In working with the generative phonology of a highly
inflectional or derivational language one repeatedly faces
the problem how to distinguish processes that are genuinely
phonological (Synchronically speaking) from what is more
appropriately considered "morphological alternation",
suppletion, and the like. Now, any attempt to define the
limits of morphology involves an hypothesis about the
nature of lexical items, including their representation
in terms of marked 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 whiéh point in gram-
mar lexical insertion takes place. Thus}it is that con-
temporary work in syntax and in‘phonology 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
phonology in languages exhibiting a.high degree of morpho—
phonemic complexity (viz. Danish and West Greenlandic
Eskimo). However, the specific questions of lexical in-
sertion on which the present paper concentrates are of a
very general nature, and the subject-matter has indeed
recéived-é good deal of attention 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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)familiar quotations for illustration) preferred to refer.
to examples in English although my intuitions about the
idioms cited are often insufficient for a serious analysis.
I have made no attempt to survey the literature on
the subject. It must be mentioned in particulér that it
has not been possible to include a discussion of the
general literature on morphological and lexicolqﬁuﬂtheo-
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_(l968) and other advoOcates of
the generative semantics trend of tranformational grammere.
The validity of generatice semantics is not at issue
here;l it is the sole aim of the paper to present some,
mainly morphological and phonoiogical, evidence bearing
upon the place of lexical insertion in a type of grammer
in which underlying representations are assumed to be of

a semantic kind.

2e The introduction of lexical items in grammar

2.l. 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 consistingvdf chunks of
morpheme-size, which are supplied with a phonological
specification. The syntactic transformations operate on
these items, and in the course of these processes other
phonological specifications may be introduced. That is, i

lexical insertion takes place essentially before the

transformational component of grammar, but some of the

l) 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 shown 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_syntacfic compénent is
pre-lexical (in European structuralist terminology:
syntax is concerned with content rather than expression).
McCawley posits a whole hierarchy of sentences underlying

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 1lifts the verb of the lowest sentence,
i.es BE ALIVE, to the next sentence, so that the lifted
verb comes to stand adjacent to NOT, and on the next
cycle it 1lifts 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 to 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 kill to die and the derivational

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

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

that the complex predicate NOT ALIVE underlies the sur-

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

correcit: in detailz), it follows that the derivational

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

- kill, dead - die) and a more regular type of derivation

(break - break, dark - darken), but this reduces to

merely a matter of morphological irregularity: die - kill

is nothing but an instance of suppletion, if we wish to
formulate the relationship within the framework of deri-
vational morphologye.

The analysis of kill which I have sketchily re-
ferred to above, implies that lexical insertion 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 1ater).

2.2+ Cyelic versus non-cyclic-insertion: of lexical items

It is supposed that lexical insertion takes place
either last in the transformational cycle or at the very
beginning of the post-cyclic rules of the syntactic com-
ponent.” - As far as I can see the latter solution may
mean that a form like kill 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 die and kill except that
the lexical entries for these items share semantic mate-

riale - 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 hiéher sentence
_comes to contain a complex consisting of CAUSE and die.
When lexical insertion applies again this hybrid configu-
ration is taken as a lexical entry, and the item kill
emerges. Lexical items like die and kill 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 eyelic df 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. '

Lakoff (1970 P. 78-79) refers to the come-bring
situation as evidence in favour of the hygothesis 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
come, 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 lexical decomposition
framework, the rule of predicate-lifting will create
complex predicates such as "CAUSE - come". The regularity
as that "bringh substitﬁtes 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 omne approach,éo this kind

of solution. '

Theré.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? 3

According to the cyclicality hypothesis a morpholo=-
gically indivisible chunk like bring is inserted in two
steps: first the form come 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 come
plus the element CAUSATIVE. This conception of* the
process seems to me 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 not a particularly convincing hypothesis about
what normally goes on in language. It seems awkward to
introduce phonological feature matrices in syntax with
the sole purpose of having a set 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 phonologic-

ally specified stem be be said to "underlie" the forms
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am, is, was? 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-ggg take more de-
rivational machinery than regular formations like (causa-
tive) break or (pret.) drowp+ed} It would indeed be inex-
plicable why some of the most central words in language
should be represented by forﬁs exhibiting the longest
paths of derivation. - It seems intuitively more satis-
factory to assume that the aforementioned idiosyncratid

forms are 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 3.l1l. below.

As for the relationahip between specifically

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

that bring is equivalent to come plus the element of
CAUSATIVE; the parallelism of die - 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 surface

verbs: break, turn, etc, In other cases the item from

which the causative is derived turns up as a surface ad-

jective, ¢f. dry, clean (or the underlying predicate

appears both as surface verb and adjective with more or
less identical phonological specifications, cf. ;;g). It
is obviously a lexical rule of English that causative
verbs can be derived with no phonological change from
items that occur as non-causative verbs or adjectives

(the derivation come Sbring, and the blocking of causa-

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

poses mno problem in the cyclic framework). Now, why is
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kill derived from die rather than from dead (if it is at
all derived from any of these)? The adjective dead obvi-
ously reflects a stative predicate, from which die is
derived as a perfective verb, Thus, the above derivation
involves a postulate: causative verbs are derived from
tichoative pathes: than istative predicates (cf., the deri-
vation of bring from COME rafher than from BE THERE, or
the like)., If we follow this principle, the transitive
i.e. causative, verb clean is not directly derived from
the stative predicate reflected by the adjective clean,
but it is derived from an intermediate derivation which
means something like BECOME CLEAN,

How should lexical insertion be imagined if there
is no surface item reflecting such intermediate deriva-
tions?uIn the case of clean from CAUSE TO BECOME CLEAN
the obvious solution is to insert an intermediate form
which is later blocked if 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 specification ("zero" deriva-
tion), (iii) predicate raising applies again, and lexical
insertion for CAUSE + clean gives an unaltered phonolo-
gical specification ("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 ("remembering" the deriva-
tion) or that there is a diacritic marking of lexical
items indi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>