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A PHONETIC STUDY OF THE
STAD IN STANDARD DANISH

ELI FISCHER-JORGENSEN

Abstract

Chapter I gives a brief survey of phonological interpretations
of the Danish stgd, the dialectal and historical background,
and previous phonetic investigations.

Chapter II gives an account of the material, subjects and pro-
cedures used in the present investigation.

Chapter III contains the results. In accordance with Svend
Smith a distinction is made between the first and the second
phase of the stgd.

The first phase is characterized acoustically by a higher pitch
level and often a higher intensity level than syllables without
stgd, and by a relatively high subglottal pressure and airflow,
thus generally by a relatively high expenditure of energy. In
the second phase, the stgd phase proper, there is a strong de-
crease in intensity, particularly in the lower part of the
spectrum and, for the majority of the speakers, a noticeable
decrease in fundamental frequency and/or aperiodicity. More-
over the airflow is low, and inverse filtering shows a decreas-
ing amplitude of glottal flow peaks. There is also a slight de-
crease in subglottal pressure, and all speakers have a constric-
tion of the vocal folds and often of the ventricular folds as
well, but with large interindividual variation as to the degree
of constriction. On the boundary between the first and the
second phase most speakers have a strong contraction of the
vocalis and lateralis muscles, obviously preparing for the
glottis constriction of the second phase.

Chapter IV discusses the stgd in relation to phonation types
and concludes that the stgd is closely related to creaky voice
though without sharing all of its characteristic features.

Moreover the causal relations among the various properties of
the Danish stgd are discussed. The author cannot follow Svend
Smith in assuming that a sudden contraction and relaxation of
the respiratory muscles resulting in a quick rise and fall in
subglottal pressure, constitute the primary factor. There is
rather an independent contraction of a number of muscles, and
neither the high pitch in the start nor the fall in pitch and
intensity in the second phase can be explained by the subglot-
tal pressure contour. The high pitch level in the start may be
explained by activity in the cricothyroid, and the decrease in
pitch and the low intensity in the second phase is probably
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due to the glottis constriction, although the fact that the
decrease in intensity starts rather early, raises some problems.

Finally the question of the origin of the stgd is taken up
again. It is suggested that the st@gd in Danish perhaps origi-
nated from a reinforcement of the first syllable due to reduc-
tion and loss of a following syllable in common Scandinavian.
The reinforcement may have been accompanied by a rise in pitch
so that developments in different directions (involving stgd
or tonal accents) were possible.
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I. INTRODUCTION

A. PHONOLOGICAL ASPECTS OF THE ST@D
1. ST@D AS A PROSODY

The Danish sted is a prosodic phenomenon connected with certain
syllables. It generally shows up as a decrease in intensity
and (often) pitch, in distinct speech ending in irregular vi-
brations (creaky voice), in very emphatic speech probably some-
times in a complete glottal closure. A distinction is often
made between "sted in the vowel" and "sted in the consonant".
But the stegd is not, primarily, connected with specific seg-
ments. The irregularities (or dip of the Fo- or intensity
curves) are generally found about 10-15 cs after the start of
the vowel; therefore, if the vowel is long they will coincide
with the end of the vowel, and if the vowel is short with the
beginning of a following sonorant consonant. The sted requires
for its manifestation a certain stretch of voicing. Therefore,
syllables ending in a short vowel or in a short vowel plus
voiceless consonant(s) cannot have sted in Standard Danish.
They are said to lack "sted-basis". As Danish syllables do

not have voiced obstruents after short vowels (phonetically
Danish [&] is a sonorant, not an obstruent), only syllables
with short vowel plus sonorant consonant can have sted. More-
over, the stod requires a certain degree of stress (primary or
secondary stress) and disappears if the syllable loses its
stress in the sentence. It also disappears in song (at least
in traditional higher style singing). These facts show that

it is not a segment but a prosody. In phonetic transcription
it is traditionally indicated by a raised comma (’) or some-
times by the symbol for a glottal stop (?) placed after a long
vowel or after a sonorant consonant following a short vowel
(see Note 1 on phonetic transcription).

2. STOD IN DIFFERENT WORD TYPES

The presence or absence of sted can often be predicted. This
is, however, not always the case; and there is quite a number
of minimal pairs (see below).

As far as native monomorphemic words are concerned, the pres-
ence of sted is characteristic of monosyllables (provided that
they have stgd-basis) in contradistinction to disyllables.

(1) Almost all monosyllables with long vowel have sted, e.g.
pil [pPi:’1]'arrow', hus [hu:’s] 'house', best [be:’sd] 'beast’'.
The only exceptions are the contracted forms far, mor, bror
[fa:, mo(:)p, beo(:)p] 'father, mother, brother', and, in the
younger Copenhagen standard ("Advanced Standard Copenhagen")
words with assimilation of /r/ to a preceding [a] or [o],

e.g. mark [ma:g] 'field'. (2) Almost all monosyllables with
short vowel plus sonorant consonant plus consonant have sted,
e.g. kant [kPan’d] 'border', helt [hel’d] 'hero', sans
[san’s] 'sense'. Only words with /r/ plus voiceless consonant
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are excepted, e.g. vers [veys] 'verse', birk [bipg] 'birch'.
(In this position /r/ was voiceless earlier and still is in a
very conservative norm.) (3) Of monosyllables with short vowel
p]us sonorant consonant some have sted and others not, and this
gives rise to various minimal pairs, e.g. ven [ven] 'friend’
vsS. vend [ven’] 'turn!' (1mperat1ve), man [man] (indefinite
pronoun) vs. mand [man’] 'man', spil [sbel] 'play' (noun) vs.
spil [sbel’] 'play!' (imperative) (final sonorants are very
short in Danish, and may have been too short to get sted, ex-
cept when they were geminated or in clusters; later shortenings
or assimilations of long consonants and clusters gave rise to
a number of minimal pairs with short vowel plus sonorant con-
sonant). The recent shortening of vowels before [5] has in-
creased the number of minimal pairs, e.g. fed [fed] 'clove' vs.
fed [fed’] 'fat' (adjective), in the more conservative norm
[fe:’3].

Disyllables in -e [=] never have stgd. But disyllables in -er,
-en, -el [v (o), n, }1 vary (some were old monosy]]ab]es, some
polysyllables, and some are loanwords), and there is quite a
number of minimal pairs in -er, thus kzlder [kPelvp] 'cellar'’

vS. Keller [kPel’v] (a name), or lzser [le:sp] 'reader' vs.
leser [le:’sp] 'reads'.

As for polymorphemic words, the most general rule is that flex-
ives and derivatives do not cause any sted change. The presence
or absence of sted in inflected forms may therefore indicate
whether the stem is mono- or polysyllabic, e.g. tanken [t"angn]
definite form of tanke 'thought' VS. tanken [tPag’gn] definite
form of tank 'tank'. However, in many cases the sted of mono-
syllabic stems is lost, e.g. before endings in -e [s], for
instance the plural -e in nouns and adjectives (hus [hu:’s]

'house’', plur. huse [hu:sa]), and genera]]y before -ede [989]
(preterite of weak verbs), whereas in other cases there is ad-
dition of sted, e.g. in the definite form of stedless nouns in
short vowel plus sonorant consonant, e.g. ven - vennen [ven]
[ven’n]. The ending -er [o] behaves inconsistently, which may
give rise to minimal pairs like piber [pPi:bv] plur. of pibe
[pPi:ba] 'pipe' or nomen agentis of the verb pibe [pti:bs]
'peep' vs. piber [p"i:’bo] pres. of the verb pibe. There is
inconsistency even .with the same grammatical ending, e.g. ven
[ven] 'friend', plur. venner [veno] and han [han] 'male’, plur.
hanner [han’vp].

Monosyllabic first parts of compounds often lose their sted,
e.g. sol [so:’1] 'sun', but solskin ['so:1, sgen’] 'sunshine'.
On the other hand, disyllabic verbs or verbal derivatives (as
well as complex adJect1ves) with prefixes or as second part of
compounds often have sted addition. Whereas e.g. tale [tPe:1s]
'to speak, speech' and the nominal compound udtale ['ud th=:la]
‘pronunciation' do not have stﬂd there is sted addition 1n the
verbs betale [be'th=:’15] 'pay'’ and udtale [ ud, th=:’1a] 'pro-
nounce' and in the noun udtalelse ['ud, the:’ lalse] 'utterance’
derived from the verb udtale. (Further examples illustrating
the rules are found in the word lists, Appendix I.)
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Integrated foreign words follow the sted rules for native words.
Polysyllables with stress on the last syllable are treated as
monosyllables, e.g. supplikdnt with sted on -kdnt 1ike the mono-
syllable kant (except some French words with final vowel). Di-
syllables and words with penultimate stress generally do not
have sted (1ike native disyllables in -e, e.g. kane), e.g.

kdno, panordma. Words with stress on the antepenultimate have
sted on this syllable, e.g. fé1io (the native pattern may in
this case be the type 1dbene ['1g:’bena] definite plur. of the
monosyllabic noun 1gb [1g:’b] (but native trisyllabic words

may also lack sted, e.g. Igbende [lg:bsns] pres. participle

of the disyllabic verb 1gbe [1g:ba]). Sometimes foreign words
are treated like compounds, e.g. lat. scribunt with sted on
-bunt. (Latin words traditionally get sted, but otherwise sted
is very rarely transferred when Danes speak foreign languages.)

Thus the rules are complicated and not always exceptionless,
and the conditions may be both phonological and morphological;
although it is connected with the syllable,the sted may charac-
terize morphological types.

3. LINGUISTIC DESCRIPTION OF THE ST@D

The first description of the Danish sted is given by Jens
Pedersen Hgysgaard (1743, 1747, 1769). He sets up a system

of four so-called "&ndelav" (i.e. 'breath types' or 'phonation
types') based on a cross-classification of sted and vowel length
(with a terminology which varies somewhat in the three differ-
ent books). Hgysgaard does not give examples of four very
similar words like kzle, kaler, kalder, Keller [kPe:ls,
kPe:’1p, kPelp, kPel’p], but many pairs; his examples are per-
fectly clear, and he is well aware of the fact that his four
"dndelav" are based on a cross-classification of sted and vowel
length. He also distinguishes clearly between "&ndelav",
stress, metrical ictus, and the role of pitch and duration in
stress. Moreover, he gives the main rules for the occurrence
of sted with many examples and a number of minimal pairs, and
he proposes that the different "&ndelav" should be indicated
in orthography by means of accents. As a first description of
the sted, this is an admirable achievement. It influenced the
description of Danish prosody deeply for the next hundred
years, and it is still considered useful by many dialectol-
ogists. The only deviation from later descriptions of the
stegd is that Hgysgaard considers words with sted on a syllable
final vowel (e.g. [sg:’] as belonging to the type [hal’] (i.e.
stgd in syllables with short vowel plus sonorant consonant),
and not to the type [hz:’1] (i.e. sted in words with long
vowel). The reason may be that he heard the type [hal’] as
"stopping of the breath", and the type [ha:’1] as first stop-
ping of the breath and then "giving it speed again", i.e.
rather [h=’=1] with a rebound of the vowel, as it is still
often pronounced (and obligatorily so in the Zealandish sted
in Tong vowels). And he may not have had this rebound finally.
Moreover, in the distribution of the sted he is influenced by
his Jutlandish origin. In his main work on prosody (1747)
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he mentions that strictly speaking one might set up a fifth
"dndelav", viz. for words with apocope and lengthening of the
final consonant, as in skinne 'shine', e.g. in Jutlandish.

Some of Hgysgaard's followers made a few revisions, e.g. con-
sidering the type [sg:’] as having sted in the vowel, or adding
a 6th type (thus Rask considered the contracted type far [fa:]
to be a special type with overlong vowel, cp. Bjerrum 1959).
Levin (1844) distinguished the stpd-opposition from the length-
opposition, but in a not too clear way, which was not accepted.
Later Jessen (1861, cit. Bjerrum 1959) proposed this distinc-
tion again, and since then it has been customary to distinguish
the two oppositions completely. At the same time the grammari-
ans started describing the type [h#®:’1] as having "stgd in the
vowel" and [hal’] as having sted in the consonant, e.g. Lyngby
in the fifties (cp. Bjerrum 1959, p. 226), Bruun (1883), and
Jespersen (1897-99). This was, in a way, a step backwards from
a functional point of view.

Uldall (1933) places the stsd among the consonants in his sound
chart, but later (1936) he describes it as a prosody. However,
at this stage of Hjelmslev's and Uldall's linguistic theory a
marginal unit which can occur only initially or finally in a
syllable, but cannot occur in both positions, is a prosody, and
thus /h-/ is also a prosody.

Martinet (1934 and 1936) emphasizes that the sted is a prosody
in the more traditional sense of the word, arguing that it dis-
appears in unstressed syllables and in song, and that its place
in the syllable is automatically regulated and without phono-
logical value. Martinet also states that although a Tong vowel
with sted may be somewhat shortened, it does not represent a
neutralization of long and short vowels, realized as short (as
proposed by Uldall 1935), since it keeps the quality of a long
vowel; this is particularly clear in the cases of /o/ and /a/,
where the difference in quality between short and Tong vowels
is obvious (e.g. [=: - a]). Martinet also mentions the only
exception, viz. the so-called enclitic sted in a case like

lad os ['la’os] with [a], where the enclitic word begins with

a vowel, but he considers this case as dialectal. - In any case,
this type of enclitic sted is no Tonger common in Standard
Danish (cf. Brink and Lund 1975, p. 511f), and the case is a
very special one, cp. that in e.g. lad mig ['lam’ai] the en-
clitic sted occurs in the following consonant.

Aage Hansen (1943), who has given the most detailed description
and discussion of the functional aspect of the sted, also de-
scribes it as a prosody. He considers it as connected with the
syllable, but characterizing certain word types, in the first
place monosyllables; but also, in prefix words and compounds,
the last part of a complex unit. :

In glossematic and generative descriptions it has been attempted
to get rid of the exceptions, and thus of the sted, in the
ideal (glossematic) or underlying (generative) representation.
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Hjelmslev (1951) interprets the words containing short vowel
pTus sonorant with sted as containing a cluster consisting of
sonorant plus /d/ in "ideal notation", whereas words without
stgd are assumed to end in a single consonant. As for disyl-
lables in -er, -en, -el, the words without sted are interpreted
as ending in /e¢/ plus sonorant consonant, whereas the words
with sted are interpreted as monosyllables ending in /r, n, 1/
e.g. [le:sp] /le:ser/ vs. [le:’sp] /le:sr/.  He gives various
other (rather arbitrary) rules. Rischel (1970) prefers gemina-
ted consonants to d-clusters. Basbgll (1971-73) improves
Hjelmslev's rules on various points. In his paper 1972 he
simplifies the description by permitting morphological con-
ditions in accordance with generative phonology (this was not
permitted in the glossematic expression system). Heger (1980)
gives rules for monomorphemic native and foreign words. A de-
tailed and very instructive description of sted-occurrence in
native Danish words, including sted-addition and sted-loss in
inflected words, derivatives and compounds, is given in Bas-
bg11's latest paper (1985). In this paper (which has infTuenced
the description given in the start of this section) he does not
set up underlying forms with consonant clusters, etc., arguing
that since these are in most cases purely ad hoc, i.e. without
any other justification than the occurrence of the sted, very
little is gained by this analysis, so that it is just as simple
to indicate sted occurrence in the lexicon.

B, ST@D IN DANISH DIALECTS
1. OCCURRENCE OF ST@D AND TONAL ACCENTS

The map (figure 1) shows that although most Danish dialects
have sted, the sted is lacking in the southern part of Denmark,
on the island Bornholm south of Sweden (as also in the old
Danish dialects in present-day southern Sweden), on the island
Amager close to Copenhagen, and in a very small area in the
northernmost part of Zealand. (The diaTects are, however, now
to a large extent being supplanted by Standard Danish or re-
gional standards). Some of the dialects without sted have a
tonal difference instead, not only the dialects in Sweden but
also dialects in southern Funen and South East Jutland and
some of the smaller islands in this district. Finally, there
are areas in Funen, southern Jutland and some islands in Katte-
gat (e.g. Anholt) which have sted but also show- tonal opposi-
tions or traces of tonal oppositions. The tonal system of the
dialect in Felsted in South East Jutland has been described

in detail by Marie Bjerrum (1947). In this dialect old mono-
syllabic words have a rather low rising-falling tone movement,
whereas old polysyllables have a two-peaked movement, the
second peak being normally lower than the first. The tonal
difference is accompanied by a dynamic difference and a certain
lengthening of accent 2 words with apocope. Since Jutlandish
dialects have apocope of final -e in former disyllables, the
number of minimal pairs is much higher than in Standard Danish,
e.g. corresponding to Standard Danish hus - plur. huse [hu:’s
-hu:se] Jutlandish dialects with sted have [hu:’s - hu:s],
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North of —: sted
South of —: no sted

== contrastive
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contr. ton. i
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h" some monosyll.
types

Figure 1

Stod and tonal accents in Danish dialects (after
Kgster et al. 1982)

and in Felsted the difference is ['hu:s] with the one-peaked
tonal accent 1 vs. ['hu:s] with the two-peaked accent 2. The
dialects of eastern Funen have been described by P. Andersen
(1958). Here the manifestation of accent 1 and 2 is rather
complicated. In some areas the sted is accompanied by a rising
tone, in others rising tone and sted may occur in different
words, but monosyllables with short vowel plus voiceless con-
sonant may have falling tone, and the corresponding disyllable
rising tone. The dialect on the island Arg (Kroman 1947) has

a tonal difference, but with a different distribution depending
partly on vowel length.

2. DISTRIBUTIONAL RULES FOR THE ST@D

The distributional rules may also differ somewhat within the
stod-areas. In contradistinction to Standard Danish the Jut-
landish dialects generally lack sted in words containing a short
vowel plus sonorant consonant plus consonant, e.g. kant 'border'.
Jutlandish also Tacks sted in verbs with unstressed prefixes,
e.g. betale 'pay' (but it often has sted in derivations of such
verbs, e.g. betaling 'payment’' (see, e.g., Ringgaard 1971 and

K. Kristensen 1979). On the other hand, Zealandish dialects
have sted in positions where the standard language does not have
sted, e.g. after short vowels before voiceless consonants, con-
sistently so in the definite form of monosyllabic nouns 1ike
kzppen (Zealandish [kP=’bin], definite form of the word kap
'stick', but also in some other words in -er, -en, -el, and in
verbs with prefix, e.g. benytte [be'ny’ds] 'utilize'.
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Moreover, Zealandish dialects generally have sted in a disyl-
labic second member of compounds, also in syllables with short
vowel plus voiceless consonant (Ejskjer 1967). Long vowels
with sted differ in this dialect from short vowels with sted
by having a short reappearance of the vowel after the sted.
The short vowels with sted seem to be somewhat longer than the
corresponding short vowels in Standard Danish.

3. ACCOMPANYING TONAL CONTOURS

The accompanying tonal contours in sted dialects are different
indifferent areas. The normal Fo-contour in stressed plus un-
stressed syllable in Jutlandish and Funish is rising-falling,
with the fall starting in the stressed syllable if it has sted
(Fischer-Jogrgensen 1983). A similar contour seems to have
characterized the old standard norm. In the modern Copenhagen
standard, described by Thorsen (e.g. 1983 with further refer-
ences) the stressed syllable (only syllables without sted are
described) is low rising and the following unstressed syllable
high, with following unstressed syllables gradually falling.
North Zealandish dialects have, according to Kroman (1947), a
rising-falling contour in disyllabic words with sted, and a
falling-rising contour in disyllabic words without staed.
Andersen (1949) 1is sceptical, and assumes a falling-rising
contour in North Zealandish in both cases. I have, however,
found a rising-falling contour for several North Zealandish
speakers in words without sted (Fischer-Jgrgensen 1983), in
contradistinction to both Kroman and Andersen.

4. WEST JUTLANDISH ST@D

A large area in the western part of Jutland, which has normal
Danish sted, also has a second type, the so-called West Jut-
landish sted (see the map figure 2). It has been described in
detail by Ringgaard (1960). Its distribution differs complete-
ly from that of the common Danish sted. It is found in poly-
syllabic words and in old apocopated disyllabic words before
the stops /ptk/ following a voiced sound. Corresponding to
Standard Danish hat 'hat' - plur. hatte, West Jutlandish has
[hat - ha?t]. This sted is also found in compounds. Accord-
ing to Ringgaard there is a complete closure continuing into
the following stop, which is unaspirated. It is not really a
sted, i.e. a prosodic phenomenon, but part of a preglottalized
stop consonant. It is obviously similar to the glottal stop
found in many East English dialects, and also in Flamish dia-
lects, e.g. English [be?ta] or [be?s] for better. The glottal
closure may also simply replace the stop in West Jutlandish,
1ike in English, but Tess often. This phenomenon is also found
in North West.Funish and sporadically in Jutlandish dialects
with tonal differences (Ella Jensen 1961). The West Jutlandish
"stgd" will not be treated in the following.
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V-stad overalt foran p, ¢, k.

L]
Y V-sted ph volal foran . 1, &,
/7]

vk, rp, Qtu v Jt < ° Kt
V-sted ph kons. foran p, 7, k.
Vestod pd vokal foran p, 1, k.

Figure 2

West Jutlandish sted in Danish
dialects (after Ringgaard 1960)

o0 before -p, -t, =k

after all sounds

TAFR before -p, -t, —k under
—_— special conditions

C. THE HISTORICAL BACKGROUND

1. CORRESPONDENCES BETWEEN DANISH ST@D
AND SCANDINAVIAN WORD TONES

There is a close correspondence between the distribution of
Danish sted vs. no sted and the Swedish and Norwegian accents
1 and 2 (as well as the South East Jutlandish accents), the
sted corresponding to accent 1 and no sted to accent 2.

From a phonological point of view the systems are different.

In the first place Swedish and Norwegian compounds have only
one accent, spread over the whole word, whereas in Danish each
part of a compound or derivative may have stgd or no sted

(In Felsted most compounds have only one accent, but they may
have two). The Danish sted is connected with a syllable, not

a whole word (though it may characterize certain word types).
Secondly, whereas the Danish sted must be considered the marked
term of the opposition (in the Praguian sense), it is accent 2
which is the marked term in the languages with tonal accents.
This statement can be supported by various facts. In the tonal
languages there is no phonological opposition in monosyllables
(they do not have the Danish exceptions, e.g. [ven] vS. [ven’]),
and as monosyllables have accent 1, this must be the unmarked
term. Further, in unstressed position, where there is no op-
position in any of the languages, the tone in Swedish and Nor-
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wegian is close to accent 1, whereas Danish has no sted, and

in unassimilated foreign words Swedish and Norwegian generally
use accent 1, whereas Danish has no sted (see Basbgll 1972).
Moreover, Elert (1970) argues that whereas accent 2 has a posi-
tive (connective) function, indicating that the following un-
stressed syllable belongs to the same word, e.g. vadka, accent

1 is neutral in this respect, e.g. vdken, vdk en.. .

In the Targe majority of words the distributional correspond-
ence is, however, clear: accent 1 = stod, accent 2 = no sted.
The influence of various morphological endings is also mostly
parallel in the involved languages. One more specific differ-
ence is that accent 1 does not, like the stod in Standard
Danish, require a long stretch of voiced sounds. Thus words
with short vowel plus voiceless consonant of the type hat, hatten
have accent 1, but no sted in Danish (except for the type
hatten in Zealandish dialects). However, various older Danish
linguists have observed a difference in prosodic contour be-
tween disyllabic words with short vowel plus voiceless conso-
nants corresponding to accent 1 and accent 2 words, respective-
ly, e.g. between fedtet definite form of the noun fedt 'fat'
and fedtet as participle of the verb fedte 'fatten' either a
difference in pitch (Verner 1878, Jespersen (reluctantly) 1913,
Mgller 1922), or a difference of force and length (Aage Hansen
1943), particularly for Jutlandish speakers. More recently
Basbg11l (1972) has noticed a difference for Funish speakers.

I made a difference myself when I was younger, the accent 1-
word having a shorter vowel, a more abrupt stress, and perhaps
a higher pitch than the accent 2-word, but the difference is
not consistent in my present speech, and it is hardly found in
the modern Copenhagen standard speech. Anyhow, it seems prob-
able that Danish used to share with the other Nordic languages
an accentual distinction between two word types even in cases
where there is no sted-basis, whereas Danish differs categoric-
ally from the other languages in this respect if we 1ook only
at Modern Standard Copenhagen.

Seen in a historical perspective Danish stgd and accent 1,are
(roughly speaking) found in wordforms which were monosyllabic
in old Scandinavian after the syncope (i.e. after around 900),
whereas no sted and accent 2 are found in wordforms which were
disyllabic at that time. In old Danish the definite article
was a separate word, and its presence did not affect the ac-
centuation of the noun form, but it came to be used enclitical-
ly, and around 1200 it seems that the stem and the definite
article fused into one word. However, this did not affect the
accentuation of old monosyllables, which kept their accent
(accent 1) also when inflected with the definite article.
Later (around 1200-1500) monosyllables with final /r, 1, n/
after consonant developed a svarabhakti-vowel and became di-
syllabic, but kept their accent 1. The difference between the
accents was thus phonemicised (see, e.g., Oftedal 1952 and
G&rding 1977).
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2. THEORIES CONCERNING THE
HISTORICAL DEVELOPMENT

According to what was said above a common dependence on word
types differing in syllable number seems clear. But what is
still - and will probably remain - very uncertain is when and
how the development of the accents and sted took place, whether
the sted developed out of a tonal accent or vice versa, or
whether perhaps both developed out of a common, perhaps more
dynamic difference. These problems have been the subject of
intensive debate among Scandinavian linguists. Only some of
the main arguments will be mentioned in the following.

a. Time of origin The fact that accents and sted are not in-

dicated in the orthography makes it very
difficult to say when they have emerged. Some short charac-
terizations of the Danish language by foreigners from the 16th
and 17th century may be interpreted as pointing to the exist-
ence of the stgd. The Swede Hemming Gad has often been quoted.
In 1510 he wrote that "the Danes press the words out as if they
would cough, and seem to take pains to twist the words in their
throat before they come out" (e.g. quoted by Jespersen 1913).
This may be the first description of the sted. But the first
explicit description is not found until Hgysgaard (1743), and
the Swedish accents have not been mentioned until 1737 (very
briefly by A. Nicander, see e.g. Elert 1970, p. 41-42).

Most scholars have placed the origin of the sted somewhere be-
tween 1100 and 1500. But most of the arguments are rather
dubious. It has often been maintained that the sted must be
younger than some definite sound changes (e.g., the weakening
of final stops or the lengthening of final /m/), because the
sted could not be applied to the words before the sound change
in question had operated (Verner 1878, Jespersen 1897, Kristen-
sen 1898, Skautrup 1944). But this type of argument does not
hold, because the stgd rules may have been productive for
hundreds of years (they still are) and can have applied when
new sound changes made it possible (cf. also the criticism by
A. Pedersen 1912). Several scholars have also argued that

the sted must have originated later than the introduction of

a large number of loanwords from Middle Low German (around
1350-1500), which now have sted, since if the sted had already
existed at that time, the speakers would have used forms with-
out sted which were more Tike the Low German prosodic form
(Storm 1875, Verner 1878). But it is very improbable that
Danish speakers should have tried to imitate the foreign pro-
sodic contour. It is much more probable that they have treated
the loanwords according to Danish sted rules, as we still do
(the argument could also be used to prove that we did not yet
have stgd in the 19th century since there are loanwords from
this century and even from the 20th century which have sted).

The most problematic category of words are the verbs with un-
stressed prefix and sted. This word type was rare in 01d
Scandinavian, but was introduced in great numbers from Middle
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Low German. However, as Aage Hansen argues (1943), assuming
that the sted originated later or simultaneously with these
words does not explain why they got sted. We must assume that
the type existed beforehand, and 01d Scandinavian actually had
a certain number of prefixed verbs (Kock 1901) which must have
had unstressed prefixes. But the rule for sted application in
these cases is not part of the monosyllable rule, but must be
due to a special rule.

It is much safer to argue that the sted must be older than sound
changes which have changed words (which actually have sted) in
a way that made the sted rules inapplicable to them, e.g. the
addition of the definite article and the introduction of svara-
bhakti vowels. However, what can be concluded from such cases
is only that there must have been two distinct prosodic con-
tours before these changes, i.e. before approximately 1200, and
that the one characterizing monosyllables was maintained in these
words in spite of the new changes which made them disyllabic,
but we cannot know whether these contours were tonal or sted-
like at that time. Oftedal (1952) assumes that they might have
been stress differences accompanied by tone differences, cf.
that accent 2 in Swedish and in some Norwegian dialects has a
secondary stress on the second syllable. Before the changes
mentioned the two accents were only junctural (indicating the
number of syllables of the word); after the changes they were
phonemicized, and e.g. 01d Norwegian veg-inn (the way) and
veginn (participle of 'to weigh') must have had their different
accents already when the definite article coalesced with the
stem. Garding (1977) adds that the speakers may have found it
important to keep the definite form of monosyllables apart from
that of disyllables. Smith (1938) suggests that a concentra-
tion of energy due to the apocope, supported by the need to
keep old monosyllables and disyllables apart and thus avoid a
number of mergers, caused the emergence of the sted. Skautrup
(1944) adopts this theory, and thus dates the sted to 1100-1200,
when the weakening of the unstressed syllables is assumed to
have taken place. It is, however, problematic how imminent

the danger of mergers was. Jutlandish, where the weakening
developed into a complete apocope, at least around 1300, had
lengthening of a sonorous consonant in apocopated disyllables,
e.g. in words like skinne [sgen:] and perhaps also a specific
prosodic contour, the so-called circumflex, as a remnant of

the disyllabicity, so that monosyllables and old disyllables
were kept apart. This is still the case in West Jutlandish,
and in East Jutlandish the difference did not disappear until
the last century, cp. that Hgysgaard mentions this lengthening,
and it is also documented in other dialects, and in a few
places the older generation still has lengthening; as for the
words with Tong vowel before voiceless consonant (e.g. hus),
Ringgaard still perceives a circumflex in West Jutlandish
(1959). And in Funish and Zealandish the apocope is much

later and still facultative in many dialects., and nevertheless
there are more cases of sted in Zealandish than in Jutlandish.
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b. Did the sted develop from a As for the relative age of
tonal accent or vice versa? tonal accents and sted most
scholars assume that there
was first a common Scandinavian tonal difference and that the
sted originated later. There are some good arguments for this
view, viz. that the tonal accents in Danish are found in pe-
ripheral and isolated areas and are disappearing, and in some
dialects in Funen sted and tone may be variants (Andersen 1965).
Kroman (1947) advanced the theory that the tonal accents in
South East Jutland and in the southern islands should be due to
a Swedish invasion in the Viking time. But this theory has not
been accepted by other Danish scholars, and it does not explain
the traces of tones in the small islands in Kattegat. It is
thus possible that a larger part or the whole of the Danish dia-
lect area has had tonal accents, but it is only a hypothesis.

We do not know either whether the southern Danish islands which
have neither sted nor tonal accents have had one of these dif-
ferences earlier or whether they never had any difference of
this kind. The fact that all Scandinavian dialect areas with-
out any distinctions are peripheral makes them look like typical
relic areas. Haugen (1970) suggests influence from neighbour-
ing foreign languages, but it seems improbable that German
should have had more influence in Lolland than in southern Jut-
land.

Even if it should be true that the sted has replaced an earlier
tonal difference, it does not necessarily follow that it has
developed out of a definite, e.g. rising, tone. But this has
been assumed by various scholars (e.g. by Verner (2/11 1874
(1903) and 1878). Verner suggested that a quickly rising tone
involving a tension of the vocal chords, might lead to an
"iberschnappen" ('snapping') and a short closure of the vocal
chords. He finds this assumption supported by his own pronunci-
ation of words with stgd and by reference to the occurrence of
glottal closure in Lithuanian and Latvian in connection with a
rising-falling tonal contour (for a detailed discussion of
Verner's theory, see Smith 1944). This theory was accepted by
Jespersen (1897 and 1913), by Ekblom (1938) and by several
others. But Verner's description of his own tone contour is
rather different from what has been found for other speakers
(see later in this paper), and nobody can know how a hypothet-
ical Danish accent 1 has been. In Felsted it is rather low,

in Funish it may be rising but also falling, in Skdne it is
mainly falling, and on the whole the phonetic manifestation of
the Scandinavian word tones is extremely varied, the only
general feature being that if one of the accents is two-peaked
it is always accent 2, and if both have one peak, the peak is
later in accent 2 than in accent 1 (Garding 1977). It is also
a general experience from tone languages that the phonetic mani-
festation is not very stable. - J. Forchhammer (1942) has an
interesting argument against Verner's theory, viz. that a rising
tone is generally obtained by stretching the vocal chords,and
that cannot produce the compression which he considers to be
the characteristic feature of the sted. On the contrary, a
falling tone with thickening of the vocal chords might rather
lead to a compression.
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Others think that the sted has originated from a strong con-
centration of stress on one syllable. Storm (1875) suggests
this possibility besides assuming an earlier rising tone.
Kristensen (1899) also thinks that the sted is due to a dynamic
development and, as mentioned above, Smith is of the same opin-
ion. This explanation has the advantage that a concentration
of energy could also be assumed for words with prefix, so that
a common explanation might be obtained.

Only few scholars have assumed the sted to be very old, e.g.
A. Pedersen (1912), who dates it back to the common Scandinavi-
an syncope.

Recently Anatoly Liberman (1976 and 1982) has advanced the
hypothesis that the sted was common to 01d Scandinavian (or
even Common Germanic), and that the tonal accents 1 and 2 de-
veloped much later in connection with free apocope.

According to Liberman the main function of sted is to divide
the syllable nucleus into two parts or morae, and sted is the
marked part of the opposition, compared to no-sted. Accents,
on the other hand, have a syllable-counting function; in
Swedish and Norwegian accent 2 can unite the constituent parts
of a word or a syntagm, and is marked compared to accent 1.

01d Scandinavian (1ike 01d Germanic) was a mora-counting lan-
guage, and the tool of mora-counting was sted. It had its

main domain in words with long vowel or short vowel plus sono-
rant consonant, irrespective of the number of syllables. This
was just the type of words which were first submitted to apo-
cope (12th - 16th centuries). Apocopated disyllables became
monosyllabic and indistinguishable from old monosyllables.

Thus the sted became a signal of monosyllabicity. Accordingly
words that remained polysyllabic lost their sted. Since the
apocope was free in the beginning (later it could become
obligatory or be given up again) and partly determined by
rhythmical conditions, the same word could become monosyllabic,
e.g. medially in the phrase, but keep its weak syllable finally,
and these full forms also lost their sted and thus became iso-
lated. In order to maintain the phonetic identity of the words
which had been split up, the sted of the apocopated forms was
transformed into a circumflex, which restored the disyllabicity,
and in Swedish and Norwegian the full forms developed a second
peak, an accent 2 which became the marked member of the opposi-
tion. The sted in old monosyllables was then weakened into an
accent 1. In Danish no marked accent 2 developed and the old
monosyllables retained their sted which, besides its mora-
counting function, adopted a subsidiary function of indicating
monosyllabicity.

Words in -er, -en, -el developed in a specific way. They have
accent 1 in Swedish and Norwegian and sted in Danish. Liber-
man admits that they may have been monosyllabic at the time of
the apocope, but he prefers the hypothesis that words ending
in a closed syllable have always had sted. - He also assumes
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that words with voiceless geminates had sted, and that this
stgd developed into the so-called West Jutlandish sted, which
is a juncture phenomenon.

Liberman's hypothesis is based on a very thorough knowledge of
all accessible facts about Scandinavian dialects, and he finds
various dialects representing what he assumes to be transi-
tional phases of the development: the common Danish sted, the
co-existence of sted and tonal accents in Funish and (according
to Kroman) North Zealandish, the partly mora-counting function
of accents on Krg, some traces of redundant stgd in SOrmland,
and two small dialect areas in Sweden (Hedemora) and Norway
(Flekkefjord), which have (or have had) accent 1 in words be-
fore certain geminates irrespective of syllable number, inter-
preted as a relic of the mora function.

Nevertheless, I do not find his arguments convincing. In the
first place I agree with Ringgaard (1983) that the theory is
contrary to the results of areal linguistics. Ringgaard states
that apocope in Sweden and Norway is late (16th century) and
rare, restricted to some northern dialects far from cultural
centers, and he finds it improbable that a phenomenon developed
in reaction to apocope in some remote Scandinavian dialects
should have spread over the whole peninsula. Liberman might
object that he does not talk of obligatory but of free apocope,
and according to Hesselman (1948-1953, p.33ff) free apocope is
found or has probably been found in many dialectal areas in
Central Sweden. Even so, it is, however, improbable that the
innovation should spread to large areas in southern Sweden and
Norway which did not have apocope, whereas it does not arise

in Danish dialects (except for a smaller area in southern Den-
mark) which all have full or free apocope. Moreover, whereas
the very specific facts found in two small dialects before
geminates (which are the corner stones of the theory) seem

very dubious as relics of sted, it seems much more probable
that the peripheral and isolated areas in Jutland with traces
of accents are relic areas where the tones are disappearing.

The systems in the various dialects which are seen as transi-
tional phases do not really correspond to steps in the assumed
development, which therefore remains hypothetical and must be
judged according to probability. And I find the suggested de-
velopment phonologically and psychologically improbable. How
can apocopated forms become indistinguishable from old mono-
syllables and then be turned back into disyllables by means of
circumflex and accent 2? Would it not be much more probable
that they have retained some tonal or dynamic features of the
disyllables from the start? Liberman admits that the speakers
must have felt them as variants of the full forms. How can
the sted then have become a signal of monosyllables?

Finally, it is not always clear when the terms "stgd" and
"accent" are used for purely functional entities (Liberman
defines them in purely functional terms) and when they are
identified phonetically. Liberman is rather uninterested in
manifestation, and he does not even use the phonetic argument




72 FISCHER-JORGENSEN

he might have taken from Asiatic languages which - according
to strong comparative and historical evidence - in some cases
developed tone from syllable-final glottal closures (or other
so-called phonation types).

However, one does not have to assume that accents and sted

are successive phenomena in the individual languages. They
may both have developed in different dialects out of an earlier
distinction which had both dynamic and tonal features. This
may even be the most nrobable hypothesis. This seems to be as-
sumed by Oftedal (1952) and G&rding (1977). Uhman (1967) also
assumes a common origin but according to a specific model,
which will be mentioned in the following section.

In conclusion it must be stated that we do not have any re-
1iable knowledge about the origin of the stged. The problem
will be taken up again briefly in the final section of this
paper in the hope that some more arguments may be found
through a phonetic analysis of the sted in present-day Danish.

D. PREVIOUS PHONETIC DESCRIPTIONS
OF THE DANISH ST@D

1. OLDER DESCRIPTIONS

As mentioned in section A the sted was first described by Hgys-
gaard (1743, 1747, 1769). Phonetically he describes his four
"&ndelav" (1747) as "some peculiar thrusts and puffs of breath
in the pronunciation of syllables or their vowels and other
sounds ... different ways of exhaling the vowels". As for the
sted (a term proposed by Hgysgaard and meaning "thrust") he
says that it sounds like "a very little hiccup"”. After a short
vowel (e.g. sang [san’]) "it is as if it stops the breath"
("stepdende &ndelav"), after a long vowel "it stops the breath
and then immediately gives it speed again” (dobbelt ('double')
dndelav). In 1769 he changes the term "stgdende" to "stand-
sende" ('stopping') and explains that he first called it
"stgdende" because "it bumps in the pharynx" ('"det terner i
svelget"), but it is not really a thrust or push. It is rather
characterized by a stop of breath produced by closing up the
pharynx, which blocks the breath stream ("svalget lukker sig
for &nden"). At the same time he warns against the very strong
Zealandish sted. It should be milder.

This description ("svalget Tukker sig for lyden") was taken
over by his followers (Levin 1844, Hommel 1968). It is, of
course, not very probable that there is a closure in the
pharynx ("svaelget"), but Hgysgaard and his followers in the
middle of the eighteenth century hardly made any distinction
between pharynx and larynx; and later the sted is described
expressly as a glottal closure, e.g. by Sweet (1877), Verner
(1878) and Jespersen (1897-99, p. 297). Verner (3/7 1872
(1901)) also reported that he felt that words with sted re-
quired more energy in the throat, and he could feel a sudden
contraction of his throat muscles.
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2. THE FIRST INSTRUMENTAL
INVESTIGATIONS

In the years 1895 and 1896 Rousselot undertook the first in-
strumental (kymographic) investigation of the sted with one
informant. In 1899 he made another, more restricted recording
with Jespersen as informant. He found (see 1897-1901, p. 873-
879) that there was hardly ever a real pause (one case out of
50) but always an evident diminution of the vibrations. There
also seemed to be a vertical and horizontal movement of the
larynx. Nevertheless, Jespersen still describes the sted as

a glottal stop in 1912 and in the 1932-edition of "Lehrbuch
der Phonetik". In the second edition of his Danish phonetics
(Modersmélets fonetik 1922) he gives the same description in
the text, but in a footnote he modifies this description by
saying that a complete closure is only found in a strong form
of the sted, e.g. finally. In the interior of a sentence and
particularly before voiced sounds there is only a narrowing

of the glottis, involving a tension of the vocal chords, which
stiffen in their movement. The narrowing occurs in the last
part of a Tong vowel. If it occurs on a sonorant after a short
vowel, only the beginning of the sonorant consonant is heard.

The very rare occurrence of a complete closure in the standard
language (except for emphatic speech) was confirmed by a few:
later kymographic recordings: Selmer (1925), Heger (1931),
Ekblom (1933) and Abrahams (1943) (six speakers in all), but
there was in all cases a decrease of the vibrations. In con-
tradistinction to Jespersen Abrahams found that in syllables
with short vowel the minimum generally occurred at the limit
between vowel and consonant, rarely after the beginning of

the consonant. Abrahams also measured duration and found that
long vowels with stgd were slightly shorter than long vowels
without sted.

Selmer, Heger and Ekblom also investigated the Fo-contour in
words with sted. Through auditive observation of his own
speech Verner (1878) had found a contour which supported his
theory of the origin of the sted from a rising tone. Whereas
he had falling Fo in disyllables without sted, he found that
words with sted start on a Tow tone rising quickly about a
quint at the end of the stressed vowel until the closure, the
following unstressed syllable being low: Accent 1 words with-
out sted (e.g. drikker 'drinks') have a low start like the
words with sted, but the rise is cut off by the voiceless con-
sonant. Thomsen (in his obituary on Verner 1896-97) suggests
that this may be a special Arhus-pronunciation. But it does
not look Tike present Arhus speech (see later), and as Verner's
father was German and his mother from Zealand, it may have
been a rather personal contour. His sted-rules are obviously
influenced from Zealandish dialect, but his Fo contour is

not Zealandish either.

Selmer, whose informant (professor Brgndum-Nielsen) was from
Jutland, but speaking a somewhat artificial standard Danish,
found a moderate rise-fall in disyllabic isolated words without
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stgd and a pronounced rise-fall in the first syllable of words
with sted (before a possible break). - The contour is thus the
same, only more pronounced in words with sted. Selmer does not
find this difference important. Heger thinks that the strong
rise in the sted words investigated by Selmer might be due to
emphasis. His own informant (who had spent most of his life
in Copenhagen) had a conspicuous very deep fall in Fo in the
second part of the vowel with sted. - Ekblom, whose informant
was from Copenhagen, found - 1like Selmer - a moderate rise-
fall in words without sted and a stronger rise-fall in words
with sted, but in the cases of a break (which might be due to
the difficulty of measuring reduced or irregular vibrations

on kymograms) this was at the top of the curve, before the
fall, not after the fall as for Selmer's informant. Ekblom
also found a somewhat more abrupt rise in two disyllabic ac-
cent 1-words with short vowel plus voiceless consonant (and
thus without sted) than in the corresponding accent 2-words.
Like Verner he finds a similarity between the Fo contour of
words with sted in Danish and that of words with sted in
Latvian and Lithuanian. Whereas Heger recorded small sen-
tences containing words with sted, Selmer and Ekblom recorded
isolated words. This makes the judgement of the Fo contour
somewhat dubious, because it must be a combination of word

(or stress) contour and sentence intonation.

3. SVEND SMITH'S ANALYSIS OF THE ST@D

As for the production of the sted there has never, during the
whole period, been any doubt that it is produced by a constric-
tion or closure in the larynx, and it has been implicitly as-
sumed that the Tarynx was the primary source, i.e. that the
stegd was due to an innervation of the vocal chords.

However, this was called in question by Svend Smith, whose
thesis (1944) constitutes the first detailed and thorough in-
strumental investigation of the phonetic aspects of the sted.
It is a pioneering work, which brings a large number of new
facts and a new theory built on these facts. The most important
new contribution made by Smith is an electromyographic investi-
gation of the expiratory muscles. He used surface electrodes
because a preliminary experiment with needle electrodes gave
too many artefacts due to movements of the muscles. The elec-
trodes were placed on the abdomen between the navel and the
trigonum scarpae (which is close to the groin), i.e. rather

low down, in order to avoid interference from the heartbeat.
Smith considers the activity recorded at this place as repre-
sentative of the activity of the total complex of expiratory
muscles. There were five subjects, all speaking Standard
Danish. They pronounced a number of word pairs (one to three
times each), read as an enumeration of individual words with
non-final intonation, but shifting between words with and with-
out sted. There were 11 different word pairs in all, but not
all were read by all subjects, and some could not be used be-
cause of various disturbances. 83 pairs belonging to different
types (mono- and disyllables, words with Tong and with short
vowel) were analysed. In one word pair of a special type, viz.
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ending in a vowel ([t"=:’/tPa]) (which was, exceptionally,
read 17 times) no clear difference was found. But 53 of the
remaining 66 pairs showed more activity in the word with sted
than in the corresponding word without sted. The activity in
the words with sted is also more abrupt with a quick rise and
fall, whereas the activity in the words without sted is more
evenly distributed over the whole word. Smith concluded that
in words with sted there is a strong ballistic movement of the
expiratory muscles, whereas in words without sted it is a con-
trolled movement. A few whispered pairs showed the same dif-
ference. In the published curves (10 pairs) the difference is
very clear. Since it is found in 53 out of 66 pairs, it is
obviously significant, but at the same time it does not seem
to be a necessary condition for the production of the sted,
since it was absent in 13 pairs. It is, of course, possible
that some subjects may have used muscles whose activity did
not show up at the abdomen (e.g. internal intercostals). It
is said that there is large inter-individual variation par-
ticularly in the amplitude of the curves, but it is not stated
whether this variation implies a more or less clear difference
between pairs with and without sted and how the exceptions are
distributed on the individual speakers. - Unfortunately, it
was not technically possible to synchronise the electromyo-
graphic recording with an acoustic recording, so that one can-
not know exactly when the activity takes place.

Smith also analysed the sted from an acoustic point of view
by means of a direct oscillographic recording. There were

six speakers who, apart from the author, seem to have been
different from those who took part in the electromyographic
recordings. Smith managed to get hold of both Heger's and
Ekblom's informants, and they read the same material as in

the old recordings. Smith himself read a list of 46 word
pairs (each pronounced once, as an enumeration of words with
non-final intonation). The other speakers read only part of
the Tist; and only one read more than ten pairs. This time
the individual speakers are treated separately. Smith finds

a weak tendency to a stronger rise in amplitude and frequency
in the beginning of words with sted, but only in about 1/4

of the material, and rising frequency is mostly found in words
starting with a sonorant consonant. Only one speaker (OF,
Ekblom's subject) has a frequency rise in most of the words. -
What is much more general is a fall in amplitude in the second
part of the syllable in words with sted. Strangely enough
individual results are not given on this essential point.

In the conclusion p. 105 it is said that there is "often" a
decrease in amplitude, but no exceptions are mentioned in the
more detailed discussion. The decrease is treated as some-
thing given, and it is also in accordance with earlier kymo-
graphic recordings. Al1 illustrations show this decrease.

It may end in irregular vibrations but never in a complete
pause. There are obvious individual variations in the oc-
currence of irregularities. Three of the subjects have irre-
gular vibrations in all examples, one in almost all, one only
in one example out of ten, but he is from Funen where the sted
is normally weaker. Smith himself has irregularities in
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less than one third of the examples, which may perhaps be ex-
plained by the fact that as a speech therapist he considers a
stgd with irregular vibrations to be "non-normative". For most
of the speakers (except Smith) the irregular vibrations are in
the. majority of cases preceded by a fall in Fo, more or less
coinciding with the decrease in amplitude. The amplitude may
increase again after the minimum, particularly in Tong vowels.
In the case of Heger's informant Smith did not find the very
deep and abrupt fall in Fo indicated in Heger's measurements.
Smith assumes that this deep fall was probably due to the dif-
ficulty of measuring weak and irregular vibrations on kymo-
grams. For Ekblom's informant Smith found a Tess steep rise
and ~the irregular vibrations coming after the fall, not on the
top® of the curve.

Comparing the electromyographic and the acoustic recordings
Smith sets up the following hypothesis concerning the produc-
tion of the sted. There is a first phase, characterized by a
strong, ballistic contraction of the expiratory muscles, which
results in a heightened subglottal pressure. This higher pres-
sure may cause a proprioceptive reflex innervation of the vocal
chards. In the second phase the activity of the expiratory
muscles falls abruptly, which causes a fall in amplitude and
sometimes in frequency. A sted thus has two phases, and may
have three, if there is a new increase of amplitude. Since it
maybe difficult to adjust the tension of the vocal chords to
the ‘quickly falling pressure (the tension may be kept too long)
there may be a lack of balance resulting in irregular vibra-
tions. There is according to this theory no primary compres-
sion of the vocal chords as assumed explicitly by Jeorgen Forch-
hamifier (1942) and by Viggo Forchhammer (1954) and implicitly

by most phoneticians, and the fall in frequency is not a
primary phenomenon either, but caused by the falling subglottal
pressure.

Smith also finds indications of a more energetic articulation
in the start of words with sted based on kymograms taken with
a large and very lax membrane mounted on a Marey-capsule.
There; often seems to be a quicker rise of the airflow in the
beginning of words with sted. The interpretation of these
curves is, however, rather dubious because of the very great
inertia of the membrane, which makes all delimitations very
uncertain, and it is not quite obvious why a possible quicker
rise of the airflow should be due to energetic articulation
and npt to the heightened subglottal air pressure.

In cohc]usion the sted is characterized as a "stress accent,
a special marking movement made by a thrust-like emphasizing
of sounds."

Smith's theory is very interesting, but he has only proven
part of it, namely the contraction of the abdominal muscles.
He has not investigated the laryngeal muscles, and one there-
fore :cannot know whether there is also a contraction of these
muscles (which is felt subjectively by many speakers), and how
the ‘temporal and causal relations between these two contrac-
tions may be.
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4. LATER ACOUSTIC INVESTIGATIONS

During the following 30 years very little was published con-
cerning the phonetic aspects of the sted, and most of the papers
dealt with its acoustic properties.

In a paper on vowel Tength in Danish (1955) the present author
published some measurements of vowels with sted. The measure-
ments were mainly based on recordings of isolated words, viz.
the two triads [pPi:bvo, pPi:’bo, pPibo]-and [le:sp, le:’sp,
lesp] read once by 10 informants, and two other triads read by
one informant. In a few cases the words were placed in small
sentences, viz. the first two triads plus [hy:ls, hy:’lp, hyls]
read three times by three informants, and the first triad read
eight times by one informant. The result was that the duration
of vowels with stgd was in between short and long vowels with-
out sted but closer to the Tong vowels. In the series of iso-
lated words all speakers except one had a difference between
long vowels with and without sted, and in the series of sen-
tences all four speakers had an average difference but with
overlapping. When all speakers (in the two groups taken sep-
arately) were combined, the vowels with sted showed great over-
lapping with long vowels but hardly any overlapping with short
vowels. The percentual duration of vowels with sted compared
to long vowels without sted was 82 and 89 for isolated words
and sentences, respectively, whereas for short vowels it was

50 and 60%. Thus Uldall's description of vowels with sted as
phonetically short must be refuted. Martinet's observation
that the quality of vowels with sted is the same as that of
long vowels was mentioned above. To this may be added that the
influence from surrounding consonants is also the same as for
long vowels (I therefore also transcribe them with two length
points, not with one as is sometimes done).

The first spectrograms of words with sted, in some cases supple-
mented with amplitude display, were published by M. Lauritzen
(1968) 1in a short paper based on one informant who read 10 word
pairs and some triads once. The 33 published spectrograms of
words with and without sted do not show any consistent differ-
ences in formant structure, nor any indication of a difference
in voice quality in the first part of the vowels with sted but,
as stated by the author, a very clear drop in intensity during
the sted phase (Smith's second phase) and sometimes noisiness
and irregularity, and moreover a drop in Fo. - The author also
mentions that the start of the vowel shows higher intensity in
words with sted (and the same can be seen for Fo). - She states
that the drop in intensity and Fo and the irregularities are

not restricted to one segment. "Sted in the vowel" also affects
the transition into the consonant, and "sted in the consonant"
often affects the end of the preceding vowel.
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Lauritzen also draws attention to the fact that the sted is
preserved in whisper. She published spectrograms of one whis-
pengd pair which shows a clear drop in intensity.

A much more comprehens1ve study of the acoustic properties of
the sted was published in 1973 by Pia Riber Petersen. Her ma-
terga] consists of four triads of the type [1le:sp, le:’sp,
1£sn] and four quadruplets of the type [hy:1ls, hy:’1lp, hyls,
hyl’n] placed in the middle of small sentences with 3-4 main
stresses and read six times each by six informants. The de-
scription is made on the basis of mingograms with Fo- and in-
tensity curves. As for the duration she did not find any con-
sistent difference between long vowels with and without sted.
’,‘S
R1ber Petersen also measured the consonants and found a sig-
nifiicant difference of duration between consonants with and
without sted, the former being longer (Lauritzen found the
same difference, but on the whole her indications of duration
are dubious because she does not distinguish between words
with different number of syllables).

As for Fo, maxima and minima of the vowel contour were measured
and. schemat1zed average curves based on these measurements are
given for half of the material, viz. for the words with sono-
rant.after the vowel (the quadruplets). Neither the post-
vocalic consonants nor the following weak syllables were meas-
ured. It would have been more informative if complete curves
of the words had been given as illustrations. There are no
constant differences between words with and without sted, but
there are some clear tendencies. Subject 22 differs from the
other subjects in having rising Fo in both types with a some-
what higher level in the words with sted. - For the five
other' subjects the predominating contour of the stressed vowel
in words with sted is falling (more rarely falling-rising),
and-the predominating contour for words without sted is falling-
rising for four of the subjects and rising for one of them
(rising-falling contours are very rare). Generally the contour
starts at a higher Tevel and reaches a lower maximum in words
with sted than in words without sted. In V:’C-words the fall
is on the average 26.2 Hz greater than in V:C-words, and this
difference is significant; the minimum is generally closer to
the end of the vowel in words with sted.

The intensity contour is described very briefly. Like the Fo
contour it has generally a higher maximum and a deeper fall in
words with sted. For V:°C-words the fall is 6 dB greater than
for V:C-words, and the difference is significant. Subject 22
has the same difference for long vowels, but he does not have
any difference in words with short vowel.

Riber Petersen emphasizes the large variation in the acoustic
manifestation of the sted. Some subjects have normally irreg-
ular vibrations (starting, on the average, 11.8 cs after the
onset of a long vowel and 11.2 cs after the onset of a short
vowel), and there are a few cases with complete closure; some
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have no irregularity,but fall in intensity and Fo, and for
subject 22 there are cases without any visible difference,
although the words sound allright. A few spectrograms seemed
to indicate some weakening of the higher formants in the words
with sted.

The author made a listening test with six examples of the word
pair [le:sp - le:’sp] read by speakers 22 and 26 and cut out
of the surroundings. The test was played twice to seven lis-
teners, who had to identify the words. In a surprisingly high
number of cases the sted was not perceived;but, strange as it
may seem, this occurred more often for speaker 26 (37% of the
?asei), whose curves showed a clear sted, than for speaker 22
22%) .

In order to throw some more 1ight on this question, Nina Thor-
sen (1974) conducted a small Tistening test with the words
[ble:sp, ble:’sp, viisp, vi:’sp] read by herself, and the words
[le:sp, 1le:’sp] read by Pia Riber Petersen's informant No. 22.
Nina Thorsen's stgd showed up in the curves as a phase with Tow
amplitude and obvious irregularities, whereas: in the curves of
subject 22 the vowel showed rising pitch and intensity and no
irregularities in the sted-word and a fall in intensity in the
word without sted. The words were cut in steps from the end,
the first cut keeping the beginning of the s, the last cut
leaving the first part of the vowel. Five phaoneticians Tistened.
to the words read by Nina Thorsen, two to the words read by

No. 22. The result was that when the irregular phase was cut
off from Thorsen's sted-words no sted was heard, whereas in

No. 22's words the sted was identified for all cuts! - Nina
Thorsen concluded that there must be different types of sted.
She hears a certain strained voice quality in No. 22's sted-
words, but it does not show up in spectrograms. But she adds
that since the listeners had heard the word pair before the
test they may have identified the stgd-word by the higher pitch
level (or perhaps rather by the whole pitch contour of the word).

On the whole, Smith's acoustic description has been confirmed
by Riber Petersen's more comprehensive and precise analysis.
But the acoustic analysis can neither prove nor disprove the
central point in Smith's theory, viz. the physiological mech-
anism producing the sted. (Riber Petersen finds that the com-
bination of rising pitch and falling intensity often found in
No. 22's sted speaks against a relaxation of the vocal folds
due to a decrease in subglottal pressure, but this informant
is not typical.)

5. PHYSIOLOGICAL INVESTIGATIONS

A physiological investigation was made by Faaporg-Andersen as
part of his thesis (1957). He made EMG-recordings of the vo-
calis muscle and the cricothyroid muscle in "a series of sub-
jects" reading the two word pairs [mo:o / mo:’v] and [mglo /
mgl’p] and found higher activity in the vocalis muscle in words
with sted, but no difference in the cricothyroid.

A preliminary electromyographic investigation by the present
author and H. Hirose (1974) had the purpose to find out whether
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there was a positive innervation of the Taryngeal muscles in
the stgd. For one informant, who read a longer Tist of words
with and without sted, recordings were made of the interary-
tenoid muscle (INT) and the posterior cricoarytenoid muscle
(PCA), i.e. the closing and opening muscles of the larynx.
They-did not show any difference of activity in words with and
without sted, except that there was a peak in PCA after the
monosyllable [man’], probably due to a more vigorous opening
of the glottis at the end of the word. For three other sub-
jects reading the pairs [le:sp, le:’sp], [pPi:bp, pPi:’bo]

and [man, man’] sixteen times each in the frame: "han sa: ..."
recordings were made of the vocalis muscle, for one also of
the lateral cricoarytenoid (LCA), i.e. the internal tensing
muscles. One speaker did not show any difference, but he was
nervous and the recording was bad. The two other speakers had
a rather abrupt activity in the vocalis muscle in the words
with sted. One of them also had a clearly audible rise in
pitch, and the vocalis activity may have something to do with
this rise, but this was not the case for the other, who had a
sharp rise in vocalis activity starting at the beginning of
the vowel and having its peak at the point of the normal start
of the sted phase. There was also a slightly higher activity
in LCA. Thus this investigation (1ike that of Faaborg-Andersen)
pointed to an activity in the vocalis muscle in words with sted.

S. Ohman (1967) sets up a specific model for the description
of the production of the Scandinavian accents including the
stod. He considers them to be produced by a negative pulse
superimposed on the basic phrase contour and the (positive)
phonatory stress pulse which starts at the beginning of the
stressed syllable. The timing of this negative pulse in re-
lation to the stress pulse produces the different word tones.
If the negative pulse comes at the start of the word, the tone
will be rising; if it comes in the vowel, it will be falling-
rising, etc. There is always a difference between accent 1
and accent 2 in this respect, but the places may vary in dif-
ferent dialects. The sted (which is described as a glottal
stop) is produced by a very strong negative pulse at the end
of the vowel, and the Scandinavian tonal accents are con-
sidered to be a kind of soft glottal stops.

This model is also applied to a theory of the origin of the
word accents. Ohman assumes that they are developed in sen-
tence final position in Common Scandinavian. By the common
Scandinavian syncope the new monosyllables come close to the
final fall in the basic phrase contour (which is assumed to
start immediately after the end of the last stressed word).
The tonal rise of the stressed syllable is therefore truncated
and dominated by a fall. This fall comes to be considered
characteristic of monosyllables, and when later a number of
monosyllables become disyllabic by addition of the definite
article and by insertion of svarabhakti-vowels, so that the
distance to the final contour is increased again, the specific
pitch contour of the monosyllables is maintained by the in-
sertion of a negative pulse in the beginning of the second
syllable of the former monosyllables, or, if the high pitch of
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the second syllable of the disyllables was considered the char-
acteristic feature, a negative pulse could be inserted at the
start of the stressed syllable of these words.

This is, of course, highly speculative. The author tries to
support the idea of the negative pulses by interpreting them
as an inhibition of the activity of the cricothyroid muscle
(CT) which is generally held to be the main muscle responsible
for pitch movements. In a pilot experiment (Ohman et al. 1967)
EMG recordings were made of this muscle and the vocalis muscle
for one informant. In these recordings he finds an inhibition
of the CT at the points where he had placed the negative pulses
and in many cases a brief increase of activity in the vocalis
muscle 20 ms before the CT inhibition. In a glottal stop (an
example of hard attack) he finds increase of vocalis activity.

However, a decrease in CT activity correlated with the negative
pulses is not surprising, since the pulses were placed at the
points of low pitch, and the increase of vocalis activity is
not seen in the published curves.

G&rding (1970) made recordings of CT and vocalis for two
Swedish informants speaking different dialects. She has also
recorded a glottal stop in an emphatic "yes" and "no" in one

of the dialects [ja?a - ne?e]. In the glottal stops she finds
a (small) peak in the vocalis muscle, but in the word tones
vocalis and CT go together having higher activity for rising
pitch. If the Scandinavian tonal accents were a sort of glot-
tal stops or sted, one should expect activity in the vocalis
muscle but not in the CT (see also later in this paper). Thus,
Uhman's theory is not supported.

Garding prefers to simulate word tones by positive pulses mani-
fested in activity of the CT and vocalis muscles, which also
seems more natural.

IT. MATERIAL, SUBJECTS AMD.PROCEDURES
A. INTRODUCTORY REMARKS

The present investigation started as a teamwork at the Institute
of Phonetics in Copenhagen in 1974. Its main purpose was an
electromyographic analysis of the activity of the Tarynx muscles
in the production of obstruents, sted, and (to a certain extent)
stress, in continuation of preliminary investigations by H.
Hirose and me conducted at the Haskins Laboratories (see Fischer-
Jorgensen and Hirose 1974a and b). The main participants in the
teamwork were Jorgen Rischel, Birgit Hutters, Peter Holtse,

H. Hirose, and the present author. Almost all recordings took
place in 1974 with some supplementary recordings in 1977, when
Hirose visited Copenhagen again, and in 1979, with the help of
S. Niimi. The work was delayed partly because of computer prob-
lems, partly because the members of the team were busy with
other tasks, particularly the international phonetic congress

in 1979. In the beginning of 1982 it was agreed that the further
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processing of the obstruent recordings should be made by Birgit
Hutters in connection with her fiberoptic studies (see her re-
port in ARIPUC 18, 1984), and that I should take care of the
material on the sted. This work was further delayed by illness
but has now been finished. An analysis of the simultaneous
acoustic recordings and of quite a number of supplementary re-
cordings undertaken 1985-86 was included.

B. THE MATERIAL

The main corpus consisted of a list, used in 1974 for the re-
cording of the vocalis and the cricothyroid muscles, containing
eight word pairs, viz. [p"i:bo/p"i:’bv, huien/hu:’sn, leisp/
le:’sp, kPeila/kPe:’1p, kPelo/kPel’p, veno/ven’n, ven/ven’],
and [du/du:’] plus the words [ve:’n, ve:’non, lesp, pPibo] (see
Appendix I, 1ist 1; for the phonetic transcription, see Note 1).
Thus care was taken to include both monosyllables and disyl-
lables, sted in Tong vowels and in the consonant after a short
vowel, and both high and Tow vowels as well as different post-
vocalic consonants. The word pairs are not all perfect minimal
pairs: in [du/dau:’] a short vowel is compared to a long vowel
with sted, and the vowel in [hu:an] may be pronounced relative-
1y short (there is no opposition of length before [2]), but it
is generally pronounced long with assimilation of [s]. The
words [lesp] and [pPibo] were included for the purpose of a
comparison between the duration of long vowel, Tong vowel with
stod and short vowel. These examples (and those of the follow-
ing lists) may also illustrate the different types of commutable
word pairs with and without sted.

The words were read by seven subjects in the frame det er ...
de siger [de: ... di sin] 'it is ... they say'. This is a com-
monly used frame, and it was essential to choose a short frame
in order not to prolong the electromyographic session unneces-
sarily. But since the test word was the only stressed word in
the sentence its Fo movement might be influenced by the sen-
tence intonation, which was sometimes final and sometimes non-
final. This complicated the comparison between the Fo contours
of words with and without sted, which turned out to be more
interesting than first assumed.

In BF's reading of this list 1977 and 1979 the words [ven] and
[ven’] were replaced by [sen] and [sen’], and the extra unpaired
words were left out. In 1977 the words were also read in the
frame de siger alle ... 'they all say ...', and in 1979 de siger
ogsd ... 'they also say ...' with emphasis on alle and ogs&,

the purpose being to have the test words read on a Tow tone.
These recordings also contained examples of hard attack for the
purpose of a comparison with the sted, and scattered examples

of hard attack were also found in other recordings.

In 1977 and 1979 BF also read two pairs with and without sted
in a syllable with secondary stress (see Appendix I, list 2).
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In the 1974 session a further 1list intended for the analysis
of stress and sted was recorded. It consisted of a number of
nonsense words of the type bibibibi differing in respect of
vowel length, sted and stress. Only JR read the full list of
24 different words. For the present purpose only five pairs
were averaged (see list 3, Appendix I). They differ in sted
vs. non-stgd on the stressed syllable (as first, second and
third syllable), and two of the pairs also differ in sted vs.
non-stgd on a syllable with secondary stress. Three of the
pairs were also read by other informants, but as they had dif-
ficulty in pronouncing them correctly, each word was preceded
by a normal Danish word with the same rhythm and sted-occur-
rence, but this only worked for one informant, and the real
words were so different in their phonetic set-up that a com-
parison was problematic.

A very small Tist (1list 4, Appendix I) consisting of the words
[ven, ven’, ve:’n] was read by three subjects during a record-
ing of the interarytenoid (INT) and the posterior cricothyroid
(PCA) muscles.

Part of the results from the Haskins-investigation 1972 (see
Fischer-Jorgensen and Hirose 1974b) were also included. The
words, which were said in the frame de sagde ... [di sz: ...]
'they said ...', are listed in Appendix I, Tists 5a and 5b.

In 1977 a restricted EMG-investigation with one subject (FJ)
and recording of the lateral cricoarytenoid (LCA) and the
middle constrictor was made at the Haskins Laboratories in co-
operation with S. Niimi (see Appendix I, list 6).

In 1981 a recording of pharyngeal and esophageal pressure with
one subject (also FJ) was undertaken in Oxford, using the frame
de vil sige ... igen [di ve si: ... i'gen] 'they will say ...
again' (see Appendix I, list 7).

In 1985 a relatively long list of word pairs with and without
stod was read by four subjects with the special purpose of an
analysis of the airflow. This list contained the same words
as the main list plus a number of other word pairs (see Appen-
dix I, Tist 8). It was first read by FJ with inclusion of a
number of words from Smith's investigation (1ist 8a), but as
these words were difficult to delimit, they were replaced by
other word pairs for the three other speakers (1ist 8b). This
is the main 1ist for measurements of duration because the air-
flow curve made the delimitations particularly precise. It is
also important for Fo measurements, partly because the words
were said in a longer frame (Jeg kan godt sige ... til Palle
[ja ka 'god si: ... tPe 'pPale] 'I am willing to say ... to
Palle', partly because tracing of Fo averages by hand is in
some ways better than computer averaging (see below).

In 1986 a list of four word pairs was read by four subjects
and used for an analysis of larynx position and for acoustic
analysis (see Appendix I, 1ist 9). They were placed in the
frame jeg kan let sige ... fem gange [ja ka 'led si:... 'fem’
tgaga] 'I can easily say ... five times'.
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Moreover, in 1986 fhree word pairs placed in natural sentences
were read by three speakers (see Appendix I, Tists 10,11 and 12).

A fiberoptic investigation of the vocal cords made in coopera-
tion with Birgit Hutters (1986 ,seven subjects) was based on a
1ist of isolated words with the vowels [i:] and [i:’], see Ap-
pendix I, Tist 13).

Finally, a restricted number of words, read by two speakers,
were subjected to inverse filtering, viz. two examples of the
words [ve:len, ve:’lsn] read in isolation by FJ, and four word
pairs read in sentences by BRP (see Appendix I, list 14).

In Appendix I the words are listed systematically in pairs.
In the actual 1lists used for the recordings they were randomized
in different ways.

C. THE SUBJECTS

There were 15 subjects in all. Seven main subjects took part
in the original EMG-investigation 1974, viz.: BF, BH, BM, HU,

‘ JJ, JR, and NR. Some EMG recordings and other recordings were
also made of the subject FJ. Further subjects are: BRP, LG, MF,
ND, OB, PD, and PM. Moreover, T8 and PMi from the Haskins in-
vestigation 1974 are sometimes included. LG and MF only read a
list of three words. BH, FJ, HU and MF are female, the others
male.

BF, OB and PM speak Standard Danish on a Jutlandish background,
FJ and JR speak a slightly conservative Standard Danish, the
others speak "Advanced Standard Copenhagen" (ASC). (For further
information on the subjects, see Appendix I.)

D. RECORDINGS, PROCESSING AND MEASUREMENTS
1. ELECTROMYOGRAPHIC RECORDINGS

The main EMG-recording was undertaken.at the institute of Pho-
netics in Copenhagen in 1974. The insertion of the electrodes

was performed by H. Hirose. A supplementary recording of sub-
ject BF was made in 1977. A third recording of BF (plus a re-
cording of a restricted number of words read by FJ) was made in
1979. In the latter case the electrodes were inserted by S.
Niimi. Bipolar hooked wire electrodes were used in all cases.
For the recording of the vocalis muscle (VOC) and the crico-
thyroid muscle (CT) the insertion was made percutaneously through
the skin of the neck, whereas for the interarytenoid (INT) and
the posterior cricothyroid (PCA) the insertion was made trans-
orally (see Hirose and Gay 1972 and Hirose et al. 1971). The
correct placement was controlled by a series of tests, for VOC
and CT by swallowing, high and low tones, gliding tones, glottal
closure (7a 7a 2a) and strain. For PCA and INT by breathing,
swallowing, 222, and voiceless aspirated consonants ([ip"i])
(see Hirose 1971, cf. also Hirano and Ohala 1967). The tests
were recorded, so that they could be inspected afterwards.

It was not always possible to get at the right muscle. For NR
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and for BF 1979 the lateral cricothyroid (LCA) was hit instead
of CT. It also happened that the electrode moved away after
the start of the recording. This was the case for CT in BH's
recording. Probably the sternohyoid was recorded instead. (It
might have been practical to include tests for identifying not
only the muscles aimed at but also those which might be hit by
mistake.) It turned out that it may be advisable to avoid
swallowing (if possible) until the end of the recording, be-
cause swallowing may involve a movement of the electrodes. -
The identification tests were repeated at the end of the session,
but in two cases (BF 1974 and JR) this was not possible because
the FM-recorder broke down.

The EMG-signals together with the audio-signal, picked up by
a microphone close to the mouth, were transferred to an 8-
channel FM tape-recorder. The recording was controlled con-
tinuously on an oscilloscope screen and at intervals by means
of mingographic recording.

After the session an octal code was recorded on one of the
channels of the tape. The code, together with raw and inte-
grated EMG-signals, a duplex oscillogram, an Fo-curve, and an
intensity curve based on the audio-signal were recorded on an
8-channel mingograph at the speed of 100mm/sec. The mingo-
graphic curves were used to prepare the computer treatment of
the signals. The simultaneous recording of raw and integrated
EMG-signals made it relatively easy to identify artefacts as
spikes with low frequency components at unexpected places, and
the recording of duplex oscillogram, Fo and intensity permitted
a rather precise segmentation. Up to 7 segmentation lines could
be transferred to the computer and any of them used as line-up
point. The sampling window was also marked on the mingograms
(see Figure 3). The mingographic recording and the segmenta-
tion and marking of artefacts was undertaken by A. Lofqvist

and the present writer. The information was later transferred
to code sheets and used for sampling instructions.

A good number of the recordings contained artefacts (it had not
been possible to glue the two wires together), and some showed
microphony. A number of trials showed that both microphony and
most of the artefacts could be removed by highpass filtering
without damaging the signal. Therefore a number of filtering
experiments were carried out by Jegrgen Rischel and Birgit Hut-
ters (see Rischel and Hutters 1980) with samples from both EMG
channels for all subjects, in order to find out which cut-off
frequency would be adequate. This turned out to be different
for different subjects and muscles. Rischel and Hutters found
that the EMG-signal from larynx muscles mostly covers a fre-
quency range from 100 Hz upwards, the spectral energy being
most prominent below 1000 Hz, and particularly from 200-600 Hz.
There may, however, often be energy even at 2000 Hz, and in
some cases it was possible to choose a cut-off frequency be-
tween 1000 and 2000 Hz without changing the signal except for
minor details. The artefacts generally had their main energy
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Example of mingographic recording as preparation for
computer treatment: 1 Fo, 2-3 CT, raw and integrated,
4 intensity, 5-6 VOC raw and integrated, 7 duplex-
oscillogram, 8 time signal.

at low frequencies up to 100 or 150 Hz, and in these cases they could
easily be removed by filtering, but there were also artefacts which
contained higher frequency components, in some cases above 1000 Hz,
and in these cases it depended on the frequency components of the

EMG signal whether they could be removed or not. Therefore, specific
cut-off frequencies were chosen for each subject and muscle.

In the final sampling (1984-85) the following cut-off frequencies
(in Hz) were used:

VoC 9y | LCA
BF 1974 470 220
BF 1977 390 390

BE 1979 220 230



STOD IN STANDARD DANISH 87

VoC CT LCA
BM 330 51
HU 1800 51
JJd 420 280
JR 230 340
NR 165 51

The slope of the filters was 18 dB per octave except for BF
1977, BF 1979 (VOC), and HU 1974, where it was 36 dB/oct.

2. SUBGLOTTAL PRESSURE

In the 1974 investigation subglottal pressure was recorded for
one subject, BF, together with the EMG-curves by means of a
catheter inserted between the thyroid and the cricoid carti-
lages and connected to a pressure transducer (Simonsen & Weel,
Model HB 66). After one reading of the list the catheter
dropped out and was replaced by a new one, and the recording
started over again. In the middle of the 6th repetition the
catheter dropped out again and was not replaced, so that there
are only 6-7 examples of each word. The first recording was
weaker and has not been included in the averages. At the samp-
ling the curve was LP-filtered at 68 Hz.

A calibration curve in cm H,0 was recorded together with the
signals, but the computer-produced average curve can only be
measured in mm. A scale has, however, been constructed by
averaging the mingographic curves of a number of words by hand
and comparing their difference with the computer-produced
average curves.

Esophageal pressure was recorded for one subject (FJ) in the
phonetic laboratory in Oxford in 1981 for a number of words
with and without sted (see Appendix I, list 7) in co-operation
with Ameen Al-Bamerni. The recording was performed by means
of a multiple-transducer catheter with a diameter of 2.5 mm
containing two small pressure transducers (Gaeltic 3 CT) in-
tended to record pharyngeal and esophageal pressure at the
same time. However, the distance was intended for men with a
long throat, and when the transducer for esophageal pressure
was supposed to be in the right place in my case, the trans-
ducer for pharyngeal pressure was in the nose. This placement
was used for an obstruent series and gave very regular and
reliable esophageal pressures. However, for the sted series
the catheter was pushed further down so that the transducer
for pharyngeal pressure was in place, with the consequence that
the curve for esophageal pressure showed more, and more vari-
able, amplitude in the gross movements and less amplitude in
the ripple representing vocal vibrations, and the zero 1line
dropped out.

There was, however, a clear difference in esophageal pressure
between words with different stress placement, which were re-
corded in the same session, and there were rather consistent
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differences between words with and without sted, so that it
was possible to start from the syllable si: of the frame as
arbitrary zero point and compare the contours, measured in mm.

3. PHARYNGEAL PRESSURE

Pharyngeal pressure in words with and without sted was recorded
for BF in the 1974 session by means of a tube inserted through
the nose (pressure transducer Simonsen & Weel, Model HB 66).

It was calibrated in cm H,0. A scale for the computer-produced
average curves was obtained in the same way as for subglottal
pressure.

Pharyngeal pressure was also recorded for FJ in Oxford 1981
(see above). The recording was good, but there was no calibra-
tion. The same was the case for a recording of list 1 read
twice by JR in Copenhagen in 1974.

4. AIRFLOW

Oral airflow was recorded for BF together with the other curves
in 1974 by means of a Frgkj®r-Jensen aerometer. It was cali-
brated in 1/min., and a scale for the computer-produced aver-
ages was constructed as for subglottal and pharyngeal pressure.

In 1985 airflow was recorded by means of a flowmeter (pneumo-
tachograph, built in the Phonetics Institute in Copenhagen)
for four subjects reading Tist 8. It was calibrated in 1/min.

5. LARYNX POSITION

The position of the larynx was studied for four subjects read-
ing list 9 according to the method used by Reinholt Petersen
(see Petersen 1985, p. 100). I quote from his description:
"The recording equipment consisted of a television camera
(Sony AVC 3250 CES) and a video-recorder (Sony U-Matic type
2630). The frame frequency of the equipment was the normal

50 frames per second. The speech signal was recorded on the
sound track of the video-tape via a Sennheiser MD 21 micro-
phone placed about 15 cm from the subject's mouth. In order
to synchronize speech and video-signals a timer signal was re-
corded on the video-tape using a timing device (FOR-ACO, type
VTG 33). On playing back the tape, the timer signal was dis-
played on the monitor screen in minutes, seconds and centi-
seconds and it could, moreover, be registered together with
the speech signal on an ink writer as pulses for seconds and
centiseconds. In this manner it was possible to relate each
TV-frame to the speech signal.

During the recording the subject was seated in a dentist's
chair with a fixed head-rest. The camera was placed at the
level of the subject's thyroid prominence and at right angles
to his mid-sagittal plane at a distance which allowed the area
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between the subject's chin and sternum to be covered by the
field vision. The subject was wearing a light but firmly fit-
ting headgear to which a measurement scale was attached in such
a manner that it formed the background of the front of the neck
and the laryngeal prominence on the TV picture. The scale was
divided into units which corresponded to millimeter units at
the subject's mid-sagittal plane."

The contour of the larynx was drawn on transparent paper placed
on the video-screen for eight word pairs read by each of the
four subjects.

6. FIBEROPTIC INVESTIGATION OF THE VOCAL FOLDS

For seven subjects reading list 13 the movements of the vocal
folds were recorded by means of a video camera, using the same
instrumentation and set-up as described above for the recording
of larynx position, but with the optic of the TV-camera replaced
by a fiberscope (0lympos VF, type 4a), the 1ight guide of - the
fiberscope being inserted through the subject's nose and placed
in his pharynx. The video-recorder was equipped with a step-
function, so that it was possible to step forward frame by
frame. Selected frames were photographed from the screen by
means of a polaroid camera. Since the distance between frames
was 2 cs, they could be identified with points on the mingo-
graphic recording (comprising duplex oscillogram, Fo and in-
tensity curves with a temporal inaccuracy of *¥ 1 cs).

7. ACOUSTIC ANALYSIS

a. Duration A number of the recordings made for other pur-
poses (EMG, airflow, etc.) were also used for
measurements of duration. The words without sted did not give
many problems, except for a small uncertainty concerning the
boundary between initial [v] and [h] and the following vowel.
But the words with sted give problems because the sted often
shows up as weak and irregular vibrations, and these are not
always restricted to one segment. In the 1974 recording the
boundary between [e¢] and [1] in [kPe:’1lp] is sometimes placed
rather arbitrarily where the steod phase ends, and in [kPel’p]
where it begins. In the 1985 recording the airflow curve was
.of great help, showing a clear small dip at the start of the
[1] in all cases. And these curves showed that the irregulari-
ties in [kMe:’1p] may continue into the [1] and cover the
boundary between [e:’] and [1] in the duplex oscillogram.
Likewise they may continue into the following weak syllable in
[kPel’p]. The boundary between [i:’] and [b] in [pPi:’bo]
may also be problematic because the [i:] with sted is very
weak at the end. But here again, the airflow shows a clear
boundary. It cannot, however, always solve the problem of
finding the boundary between vowel and [n], e.g. in [be:’ns8]
or in [ven’] and [ven’n].
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However, in spite of these uncertainties there is a very good
agreement between the measurements of the same words and sub-
jects in 1ist 1 and the more precisely measured 1list 8. The
postvocalic consonants have only been measured in list 8 ([1]
also in list 1). The delimitation of vowel before [s] does not
give any problems when the start of the s-noise is chosen as
boundary, i.e. the small pause which is often found before [s]
is included in the vowel duration.

b. Intensity The 1974 recording (1ists 1 and 3) was also
utilized for intensity measurements. The direc-
tion of the difference is clear, but it is not possible to make
any quantitative measurements because, by mistake, the intensi-
meter (which is part of the "Transpitchmeter") was set on
“Tinear display", and this scale is not Tinear in dB. However,
intensity curves of lists 9-12 could be measured in dB.

c. Fundamental frequency Both the audiosignal from the 1974
recording and from the 1985 and 1986

recordings (lists 8-12) were used for fundamental frequency ana-

lysis by means of the "transpitchmeter". There is no problem

in lTooking at individual Fo-curves or in measuring a fall in

Hz. The problem arises when one wishes to produce average Fo-

curves. This problem will be treated in section 8.

d. Spectrography A number of wide- and narrow-band spectro-

grams and sections of words with and without
sted were produced by means of the Kay Elemetric Sonagraph 7800
(printer 7900).

e. Inverse filtering Both recording and analysis were carried
out at the Department of Speech Communi-
cation and Music Acoustics at the Royal Institute of Technology,
Stockholm. The recordings were made in an unechoic chamber
using a condensor microphone, and the speech samples were stored
on a digital tape recorder. The recorded signal contained fre-
quencies down to 20 Hz. The inverse filter analysis was done
by Inger Karlsson using an interactive digital filter programme.
A normal oscillogram, an inverse filtered oscillogram, and the
integral of the inverse filtered curve were produced for each
word.

8. STATISTICAL TREATMENT

a. The production of average curves Both the physiological and

the acoustic signals from
the 1974-79 recordings were further processed by computer and
transformed into average curves.

Sampling and averaging were performed using a PDP-8 computer.
The programme was partly based on the Haskins procedure, but in
an enlarged and modified version. It was first worked out by
P. Holtse in co-operation with J. Stellinger (see Holtse and
Stellinger 1976). Later it was modified and simplified
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by P. Dgmler and P. Holtse. Data are sampled through an eight-
channel multiplexed analog-to-digital converter controlled by

a real time clock. Data and results are manipulated and dis-
played via a Tektronix 4014 graphic terminal. The sampling
takes place with a 1.250 sec. window at a sampling frequency
of 200 Hz. The maximum number of examples that can be sampled
is 17, but if there are more, they can be stored in two files
and combined during the averaging procedure.

A preliminary sampling of most of the subjects was undertaken
in 1977, and a write-out was inspected by a team consisting of
H. Hirose, Jgrgen Rischel, Birgit Hutters and the present
writer. Some artefacts in the EMG-curves had been removed by
moving or shortening the sampling window (this could be done
if the artefact was found outside the relevant word). Some
curves had to be rejected, but the programme made it possible
to retain most of the material, i.e. not rejecting all curves
of a whole word because of an artefact in one of them. Each
of the curves (EMG, Fo, intensity, etc.) can be left out indi-
vidually, and a special programme permits to cut out small sec-
tions in one of the curves only. Later it turned out that a
number of curves had been disturbed during the sampling. Thus
in 1984-1985 a new sampling was undertaken for all curves rel-
evant to the sted-analysis. The integration time used for the
EMG-signals was 25 ms and for the intensity curves 13 ms.

The 1977 and 1979 recordings of BF and the recordings of JR,
which had not been sampled earlier, were also sampled at this
occasion. P. Dgmler and Sv. E. Lystlund took care of the
technical aspect of the sampling.

The final corrections and the averaging were performed by Jens
Bechsgaard-Christensen and Niels Jgrn Dyhr according to my in-
structions. Two examples of average curves are shown in Fig.

4. The line-up point was in all cases the start of the stres-
sed vowel. The time scale is in c¢s. The scale of the ampli-
tude of the curves is linear (except for intensity), but all
scale values are arbitrary except for Herz in the case of Fo.

A percentual standard deviation curve is given below each
average curve. It should be kept in mind that a good deal of
the apparent deviation is due to timing differences. Cases with
hesitation or large tempo differences were left out, but there
are, of course, a good deal of tempo differences left, and the
farther you come from the Tine-up point, the more the individual
tokens will deviate on the time line. Time differences are

thus transposed into deviations of amplitude, which may be some-
what misleading.

This is particularly true of the Fo curve, which, in sted words,
contains rather abrupt falls and rises which may not come exact-
ly at the same time.

Averaging Fo curves of sted words by computer is, on the whole,
a somewhat dubious procedure, particularly because the stgd
sometimes turns up as an abrupt fall in pitch, sometimes as
irregularities, and sometimes simply as a gap in the curve

R P e
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Print-out from computer; average curves of intensity and VOC
with standard deviation. A (0): start of vowel, line-up point.
B: end of vowel. Duration in cs (MV and OB are not real). Sub-
ject BF 1977; text: [de: kPe:’lp di sip].

because the signal may be rather weak. When these possibilities

are all realized for different tokens of the same word, the aver-
age is not very informative. In the cases where only a few tokens
had irregular vibrations and others a dip in frequency, the former
were left out (this was the case for BM, JJ, and in most words for
HU), but when there were many cases they were included. An example
with much irregularity is shown in Fig. 5. Since the irregular
vibrations are often of rather Tow intensity it also depends on the
sensitivity setting of the pitchmeter whether they will show up in
the curves, and the setting was not quite the same for all subjects,
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so that some have more gaps. This, then, does not mean that
there was a closure during the sted, but only that there were
irregularities and that they were of low amplitude. Averaging
the fundamental frequency of curves with such irregular vibra-
tions is a problematic matter anyhow.

180 - 3
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Figure 5

Example of dubious average curve of Fo.
Subject: BF 1977, text: [de: kPel’p di
sip]; line-up point = start of [e].

Octave jumps also give problems. A particular programme per-
mits the correction of evident jumps, but sometimes the sam-
pling has caught the octave jump on its way up or down, so that
it only shows up as a small jump. Some irregularities of this
kind have been cut out. In some cases averaging had to be given
up. For this reason only a restricted number of Fo-curves aver-
aged by computer are reproduced in Appendix IV.

Airflow, intensity, and Fo-curves of the 1985-86 recordings
(Tists 8-12) were not averaged by means of the computer, but
superposed tracings of the 8 tokens were made by hand, and an
average line drawn on this basis. In this case octave jumps
do not give problems, and irregular vibrations were left out,
but this means that the average curve of the latter half of
the syllable in words with sted may be based on a smaller num-
ber of individual tokens than the start of the syllable or the
following syllable. If it is based on a small number of in-
dividual curves, this is indicated by using points instead of
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broken 1lines (see Appendix IV). BH's curves (1974) were also
averaged manually, and the same is true of the words [pPi:bvo]
and [pPi:’bo] read by subjects JJ, HU and BM, because [pPi:bo]
had been forgotten in the sampling procedure.

The exactitude of these average curves may differ according to
the variability of the readings. Very often the individual
curves were very close together, and the exactitude was less
than * 0.5 mm, which corresponds to a little more than ¥ 1 Hz
for most of the male speakers, and to approximately * 2.5 Hz-
for the female speakers (HU, FJ and BH) and the male speaker
BRP (and to * 0.5 dB in the intensity curves). In some cases
it was higrker, particularly for the unstressed syllable. The
temporal variation was often rather large for the second syl-
lable, which is far from the line-up point. In this case a
certain temporal equalization was undertaken, i.e. a case like

~ was averaged as ™ (the mid curve) and not as ~~ , which
would be misleading. In the computer-averaged curves of air-
flow for BF 1974 there was something wrong with the zero-line,
the curves of different words being placed at different levels
in relation to the scale. Therefore all words were averaged
again manually on the basis of new mingograms, trying to
achieve height relations similar to the computer curves. For
the essential parts of the curves (the initial consonant and
the vowel) the agreement between the averages was almost per-
fect, most differences being less than one mm, which corre-
sponds to 1-2 1/min., showing that the baselines of the computer
curves themselves were OK, only the placement relative to the
scale was wrong. The computer averages were therefore used,
the baselines being adjusted to the same Tevel. At the same
time the comparison showed the rather good accuracy of the
manually produced average curves. (Examples of manually aver-
aged curves are given in Fig. 6.)

To the inaccuracies of the average curves should of course be
added the uncertainty of the measurements, which was around
0.5 mm.

b. Significance tests Significance tests for the durational
differences were made by means of Stu-
dent's t-test or (in some cases) the Mann-Whitney U-test.
For manually traced curves it was generally possible to super-
pose the two words with and without sted and state the over-
lappings at the relevant points. Very often there were no
overlappings, or just a single overlapping between the 8-10
examples of the two words, and it was easy to state by the
Mann-Whitney test that the significance was below the 0.1 Tevel.
In some cases there was almost complete overlapping, and thus
no significance. In the relatively few examples of doubt con-
cerning the number of overlappings the lower significance level
was chosen (see Fig. 6).

For the average curves produced by computer it was more prob-
lematic. In the Haskins programme it is possible to get a
print-out of all values with standard deviation, and then cal-
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Examples of manually superposed and averaged
curves. a: Fo curves (NR, list 8, 1985) ;.
b: intensity curves (NR, list 9, 1986). | 5 dB

culate the significance at selected points. This was not pos-
sible with the present programme. Moreover, the standard de-
viation curve printed below the average curve has a very narrow
scale, one mm corresponding to approximately 8%, so that it can-
not be calculated exactly. In some cases, i.e. rather often
for the intensity curves, the standard deviation is very small,
so that the inexactitude does not matter so much; in other
cases, i.e. very often in the EMG-curves, the standard devia-
tion is large. It also often happens that the percentual
standard deviation is very similar for the two words to be com-
pared, but the averages very different, so that the absolute
standard deviations are too different to permit the application
of a t-test. In these cases a non-parametric test should be
used, but this would require measurements of the individual
curves. Therefore, for lists 1-3 (1974-79) significance tests
were applied to all word pairs of one subject taken together.
It was, however, often possible to state that there was no
overlapping between the maxima of the individual tokens of
corresponding words with and without sted.
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IIT, RESULTS
A. ACOUSTIC MEASUREMENTS

1. DURATION

Duration of Tong vowels with and without sted was measured in
six word pairs read by seven subjects: BF, BH, BM, HU, JJ, NR
and JR (1list 1, 1974-79) and in six further pairs read by HU,
JR and NR (1ist 8b, 1985) and FJ (1ist 8a, 1985) as well as in
four pairs read by ND, NR, PD, OB and PM (1ist 9, 1986) and in
a few pairs from 1ist 3, read by JJ, JR and BM. Moreover,
measurements of duration were made for two subjects from the
Haskins investigation 1972 (PMi and TB). Durations, differ-
ences and percentual duration of the vowel with sted compared
to the vowel without sted are given for the separate word pairs
and subjects in Appendix II. As mentioned above in I,D, earlier
measurements by Abrahams (1943) and by me (1955) showed a clear
tendency for a long vowel with sted to be shorter than a long
vowel without sted, whereas Pia Riber Petersen (1973) did not
find any consistent difference.

The present investigation supports the earlier results. There
are, however, individual differences. Two subjects (BH 3 word
pairs) and BM (6 word pairs) do not show any difference, where-
as 12 subjects (BF, FJ, HU, JJ, JR, ND, NR, 0B, PD, PM, TB and
PMi) have a clear difference, the vowel with stgd being shorter.
In Table I a concentrated survey of the results is given, all
lists and pairs combined for each subject. (Averages of indi-
vidual word pairs are given in Appendix II, 2a-c), and dura-
tions are also indicated in the graphs for intensity (Appendix
II1), Fo (Appendix IV) and airflow (Appendix VI). The pairs
[pPi:’bo/pPi:bp] and [le:’sp/le:sp] were read by eight subjects
and [kPe:’1p/kPe:la] by six subjects. These main examples were
read in two different sessions and frames by HU, JR, NR and FJ
and five times in different sessions and frames by BF. These
readings in different sessions and frames are counted as sepa-
rate pairs in the survey.

Table I

Differences (in cs) between long vowels with and with-
out sted (V: - V:’) and percentual duration of [V:’]
compared to [V:]. N = number of word pairs (averages).

BH-' “BM  BF - Fd:# tHU =23d% JR' . ND- "NR'™ “PD:# 'PM.. PMi _ 7B . OB
N. .38 6 = ald ot I 6 16 4 16 4 4 2 /i 4

dggZYn.1o.2 2.8 396 53329 1.7 51 3.4 3.1 Bl 2654 Bre2e)

% S22 x99 4a85, 88 ¢ .84 81 5 90 " BOT “Bbe- 82- .87+ L 8byy /8688

The percentage is very similar for the different subjects, ex-
cept that JR has a higher percentage (and a smaller difference)
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than the other subjects. For BH and BM 5 of the 9 pairs have
a shorter vowel in words with sted and 4 a longer vowel, and
none of the differences are significant; but for the other 12
subjects the difference is consistent in the sense that 92 out
of 93 pairs of averages show a shortening of the vowel with
stpd, the difference being significant at the 1 or (more often)
0.1% level in 74 out of the 93 pairs. In 5 pairs it is only
significant at the 5% level, in 1 it is non-significant, and

in 3 (JR) the significance cannot be calculated because there
were only three readings, but there is some overlapping.

Although the tendency to shortening is clear, vowels with sted
remain longer than short vowels. In list 8 the two words
[pPibo] and [lesp] were also recorded. The relation between
short and Tong vowel compared to the relation between long
vowel with and without sted is shown in Table II.

Table II

Duration of long vowel with st@d and of short vowel,
both of them in percentage of long vowel without

SEMERCIN = 827 pdoael T 3R T e av.
I PIN T PYWRE GRS TR TSR 50.3
phit M bl SRS PE™ 95 & gg” e 81.8

lesp/le:sp 61 56 61 67 61.3
le:’sp/le:sp 88 93 82 93 89.0

The averages of long vowels with sted and of short vowels are
clearly different, and there is only overlapping in one indi-
vidual case.

Almost all examples without statistically significant differ-
ence concern the pair [le:’sp/le:sp], and on the whole there
seems to be a certain tendency to shorten high vowels with sted
more than Tow vowels and a more pronounced tendency to shorten
vowels before sonorants more than before obstruents (partic-
ularly s). The pairs [kPe:’1p/k®e:1ls], [pPi:’bo/pPi:bo] and
[1e:’sp/1le:sp] can be compared in 13 different cases (5 dif-
ferent subjects in different sessions or frames) and in 11
cases (for the percentual shortening 10 cases) [kPe:’1p] is
shortened most, and [1e:’sp] Teast. But a number of the other
examples (from lists 8 and 9) do not fit into this pattern; it
is thus only a tendency.

It is a problem why Riber Petersen did not find the same dif-
ference between long vowels with and without sted. None of

her six subjects had a consistent shortening, and on the whole
it is only found in 50% of the cases. The difference can hard-
ly be due to age or dialectal background. A1l Riber Petersen's




98 FISCHER-JORGENSEN

subjects were Copenhageners (of two different generations),
and most of the subjects in my 1955 investigation were also
from Copenhagen or North Zealand (and only a few of them were
somewhat older than the subjects of the older generation in
Riber Petersen's investigation). Of the subjects in the pres-
ent investigaticn from Copenhagen or North Zealand seven had a
consistent difference, and two none.

It is more probable that the difference has something to do
with the sentence types used. Riber Petersen's corpus consisted
of small, real sentences. The 1955 material comprised mostly
isolated words but also some small sentences, and in the latter
case the difference between words with and without sted was very
small and hardly significant. In the present investigation the
test words were placed in frame sentences. In 1974 there was
only one stress group, but in 1985 and 1986 three. This did
not make any difference. Perhaps words in frame sentences are
pronounced more distinctly than in real sentences, so that
small differences come out more clearly. This assumption may
be supported by the observation that the subjects with small or
no differences (JR, BH, BM) read the sentences in a relatively
fast tempo, and the subject with the largest difference read
the sentences slowly.

In order to test this assumption a new recording was made of
three subjects (HU, NR and OB) reading three of the same word
pairs in small sentences (for HU and NR Riber Petersen's sen-
tences were used, see Appendix I, lists 10 and 11, and Appendix
I, 2f). The result supported the assumption. In the sentences
(with 3-4 stresses) there is less difference than in the test
words in frames (with 4 stresses). There are still 7 positive
cases out of 9 (i.e. shorter vowel in words with sted), but

only 4 differences are significant at the 1 or 0.1% level, one
case at the 5% level, and two non-significant. None of the
three subjects have a significant difference in all three pairs.
The difference between vowels with and without sted is thus
still there as a tendency, but it is not consistent. A1l vowels
are shortened in the sentences compared to the corresponding
words in frames (with the exception of NR's [kPe:’1p]),the aver-
age shortening being 4.6 cs, but vowels without sted are
shortened about 1 cs more than vowels with sted. A new record-
ing of sentences read by Pia Riber Petersen's subject BRP was
also undertaken. He had a significantly shorter vowel in
[me:’1p] and [md:’1p] than in [me:1o] and [md:lo!, respectively,
but the opposite (without significance) in [le:’sp] vs. [le:sp].

The consonant following a long vowel was measured for list 8

(4 subjects, 3T word pairs) and the consonant [1] was measured
for 5 subjects reading list 1 (10 pairs) and for one subject
reading 1list 3 (4 pairs). Of these 45 pairs 24 had a longer
consonant in words with sted, 17 a shorter consonant, and 4 had
no difference. There is thus no consistent difference.

As for words with short vowel plus sonorant consonant both
Lauritzen and Riber Petersen found the vowel to be shorter and
the consonant to be Tonger in words with sted. The difference
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in consonant length was significant in all Riber Petersen's
four word pairs (all subjects combined), but the difference in
vowel length in only two of the four word pairs. These find-
ings are fully confirmed by the present investigation. The
lengthening of consonants in words with short vowel and sted
in the consonant is consistent for all subjects, and in only
one out of 20 pairs the difference is non-significant. But
the shortening of the vowel is only a tendency, and it is only
found in disyllables, where 23 out of 28 pairs have shortening
(17 with significance at the 1 or 0.1% level), whereas the
monosyllabic pairs have shortening in only 50% of the pairs
(7 out of 14 pairs). Durations and differences for the sepa-
rate pairs are given in Appendix II, 3a,b and 4a,b. A survey
of the absolute and relative lengthening of the consonant in
words with sted is given in table III, both Tists (1 and 8) com-
bined. In 1ist 8 all consonants were measured, in list 1 only
[L]. A survey of vowel duration is given in table IV.

Table III
Absolute and relative lengthening of consonants in
words with short vowel and stgd (N indicates number

of word pairs (averages)) (VC' - VC)

BF BM FJ HU JJ JR NR

N 1 1 5 4 1 4 4

cS +1.3 +1.6 +3.0 +2.6 +2.2 +1.9 +1.9

% 121 129 150~ 4347132 136 133
Table IV

Shortening of vowels in words with short vowel plus
stgd in consonant (N = Number of word pairs (aver-
ages)) (vc' - vc)

BH BM BF FJd HU JJd JR NR

disy11. M 2 2 5 4 4 2 4 4

cs +0.7 197 =2.7° 0.6 '-20% S42Z7 =15 VNEE
monosy]].N 1 1 5 2 2 1 2 2

cs #3.1 0.1 -0.5 ~0.1.7 -1.1 . +0.8 - =305 s/

Duration of initial consonants in words with and without sted
was measured for four speakers (FJ, HU, JR and NR) on the basis
‘of four selected word pairs from list 8 with different types cf
consonants ([p®, b-, s-, 1-]). FJ had a longer consonant in
words with sted in all four pairs (and she showed the same tend-
ency in list 7), but the difference was not significant, and the
other three speakers had no consistent difference.
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2. IRREGULARITY AND CLOSURE

The most conspicuous acoustic characteristic of words with sted
is the presence of irregular vibrations in the latter part of

a long vowel or in a sonorant consonant following a short vowel.
i.e. in what Smith calls the "second phase" of the sted, gener-
ally considered as the real sted phase. Smith considers this
as a "non-normative" stegd because, as a speech therapist, he
does not find this way of pronouncing the sted recommendable.
But as a matter of fact this is quite a normal pronunciation

of the sted in distinct speech. In the present investigation
irregularities were found in 70.8% of all cases. The analysis
was based on about 1700 words with sted. The irregularity con-
cerns both frequency and intensity and is seen very clearly in
the duplex oscillogram and also in intensity and Fo curves.
However, it is not always visible in the Fo curves which, de-
pending on the sensitivity level of the pitch analyser, may
show a gap instead. A1l recordings from 1985-86 (comprising
almost half of the examples) contained a duplex oscillogram
plus either an intensity curve or an airflow curve, besides

the Fo curve. Al1l cases with gap in the Fo curve showed irre-
gularity in the other curves. There were only two or three
cases where it may have been due simply to a weak signal. As
for the older computer-analysed recordings (lists 1-2), the
analysis was based on the sampled signals, which did not com-
prise any duplex oscillogram. Here a gap in the Fo curve was
taken as a sign of irregularity.

Some examples of different degree of irregularity are shown in
Fig. 7 (see also Riber Petersen 1973, p. 201-204). The degree
of irregularity is very variable. There is a certain tendency
to more irregularity in consonants and in high vowels than in
Tow vowels ([ven’] and [ven’n] show irregularity in almost all
cases and, for instance, BM has much more irregularity in the
[bibibibi]-series than in the other words, although they were
read in the same session). There are also individual differ-
ences (0B and BM having fewer cases of irregularity than the
other speakers, and JR and BRP often having somewhat weaker
irregularity than most of the other speakers), but the largest
differences are found between different readings by the same
speaker. This is only partly dependent on the character of
the Tist (HU and OB have less ‘irregularity in the words in
sentences than in the words in frames, but this is not the
case for NR; and BRP, who did not have irregularities in Riber
Petersen's investigation, has irregularity (though sometimes
rather weak) in 76% of the cases in the present investigation,
although both texts consisted in normal (and partly in the
same) sentences. It seems mainly to be a question of the dis-
tinctness level chosen by the speaker in the session in quest-
ion. Table V gives the percentage of words with irregular
vibrations for the individual speakers and sessions. In a few
cases with weak irregularity the decision depended on a sub-
jective estimate, but generally there was no doubt. (Lists
10, 11, 12 contained words in sentences).
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Table V

Percentage of words with stgd showing irregular vi-
brations. Lists 1-2 (1974-79).

BF 74 77a 77b 79a 79b BM1 BM2 BH HU JJ. JR NR
53 73 90 80 82 44 72 88 46 52 Bb' .90

List 8 (1985) ' List 9 (1986) i Lists 10,11,12 (1986) av.
FJ  HU JR NR ND NR OB PD PM HU NR OB BRP
75 94 63 41 98 100 46 100 96 34 81 8 76 70.8

There were no cases with a clear closure, i.e. where the in-
tensity line reached zero and the oscillogram showed a straight
line combined with a gap in the Fo curve. But there were some
cases where the intensity curve touched the zero-line for a cs,
or where the intensity was so low that it might perhaps be per-
ceived as a pause. This was particularly the case for words
with [u:?] (and sometimes [i:?]) before voiceless consonants,
e.g. [mu:’sen] and [sbi:?sp] (see Fig. 8).

Words without sted do not show any irregularity in long stres-
sed vowels or in sonorant consonants (whereas weak syllables
with schwa may show some irregularity). Irregular vibrations
are thus a characteristic of the sted.

Figure 8

PM [mu:’sen]; almost closure.

1: duplex oscillogram; 2: time;

3 intensity;. HP -500“Hz, in=

| tegr. time 5 ms; 4: log. in-

b 1 tensity, integr. time 10 ms;
53sFo.
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3. INTENSITY

The intensity contour of syllables with and without sted was
analysed on the basis of 74 pairs of averages from list 1

read by 6 different subjects, 8 pairs of averages from 1list 3
read by two different subjects, and 32 pairs from lists 9, 10,
11 and 12 (1986) read by 7 different subjects, two of whom also
read 1ist 1 (see Appendix III, p. 225). (Intensity was not
measured for Tist 8, because it might be affected by the mask
used for the recording of airflow.) The pairs from lists 1 and
3 (1974), which were computer-averaged, could not be analysed
quantitatively (see above, p. 90). But for the pairs from 1986
two points of interest in the beginning and end of the syllable
were measured in dB.

The result was that the intensity contours of syllables with
and without sted differ in a very consistent way (see Appendix
III, Figs. 1-2, pp. 226-231.

There is, in the first place, a tendency for words with sted to
reach a higher level of intensity in the beginning of the vowel,
i.e. in what Smith (1943) calls the first phase of the stad
(Smith also observed a tendency to a steeper rise in the start).
This is true of 59 out of 82 pairs from lists 1 and 3 (with 15
opposite cases and 8 of equal height). Similarly, in the 1986-
recordings, 23 out of 32 pairs show a higher level in words

with sted (with 7 opposite cases and 2 of equal height). How-
ever, the difference is small, for the 1986-pairs 1.7 dB on

the average, and it is only rarely significant (11 cases out of
32). There are also individual differences, OB showing a con-
sistent difference, NR, JR and BRP no difference.

In the second place, in words with sted the contour reaches a
lower point at the end of the vowel (or after a short vowel in
the sonorant consonant), i.e. the second phase (the sted phase)
than in words without sted, and this difference is consistent.
It is valid for all the analysed 78 pairs from lists 1 and 3
and for 31 out of 32 pairs in the 1986-recordings, the only
pair without any difference belonging to 1ist 11 (sentences).

Significance could be calculated for each individual subject
reading list 1 or 3, all pairs and the two unpaired words taken
together. It was 0.1% for BH, BM, JJ, NR, BF 1977 and 1979

(a and b), 1% for HU, and 5% for BF 1974 and for JR. For the
1986-recordings significance could be calculated for each word
pair. The words with sted reached a lower level in all 32
pairs, and the difference was significant at the 0.1% level for
31 of the 32 pairs, and at the 5% level for one pair (from the
sentences), the average difference in dB being 10.1 dB in

list 9 (test words in frame) and 6.7 dB in lists 10, 11 and 12
(sentences), differences which are well above the measurement
uncertainty.

There is thus a deeper drop in intensity from the start of the
vowel to the lowest point in words with stgd. This is the case
in 77 out of 78 pairs in Tists 1 and 3, and in 31 out of 32
pairs in the 1986-recordings (the only exception belonging to
the sentence examples).
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The occurrence of a deeper drop in intensity in words with sted
in pairs from lists 1-3 (1974-79) is indicated in table VI for

the different subjects, whereas the intensity decrease (in dB)

in words with and without sted and the difference between them

for the individual subjects in the 1986-recordings are given

in table VII.

Table VI

Number of averages with deeper (+) or smaller (-)
drop in intensity in words with stgd than in words
without stgd. (List 1)

BF BH BM HU JJd JR NR sum
+ 33 6 10 7 7 5 7 75
- 0 1 0 0 0 0 | R |

Table VII

Intensity decrease (in dB) in long vowels with and
without stgd. A: 4 pairs, each comprising 10 tokens;
B: 3 pairs, each comprising 8 tokens.

A. Words in frame (1ist 9)

ND NR 0B PD PM av.
| A 13.8 13.6 14.6 14.8 14.2
V: 3.9 31 0.4 1.6 2.8 2.4

gife.. 10.] 107 133 13.U 12.0 11.8

B. Words in sentences (lists 10, 11, 12)

HU NR 0B BRP av.
ViP 188 11.0 §312 181053 10.3
V: 4.0 3.8 4.3 1.0 3.3
diff. 7.5 7.2 3.9 9.3 7.0

The difference is very clear in all cases but somewhat smaller
in sentences than in frames.

The decrease starts early in the vowel, the average distance
from the start of the vowel being 4.8 cs in the 1986-recordings
with the individual means rather close (4.2 - 5.8 cs). A1l ex-
amples in these recordings contained long vowels. In Tist 1

it is possible to compare the start in long vowels with stgd
with the start in short vowels followed by a consonant with
sted. It is interesting to find that the fall starts at the
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same point in both cases, which is a further indication that
the sted is a syllabic phenomenon and does not belong to a
definite segment. This can be seen for the individual subjects
in table VIII (here also unpaired words with long vowel are in-
cluded.

Table VIII
Distance from vowel start to start of intensity de-

crease (in cs) in words with sted. List 1. N =
Number of averages.

Ay ¥s?
BF BH BM HU JJd NR av.
N 27 7 7 7 7 7
cs 5.8 6.4 7.0 10.1 &.3 6.3 0.7
B. VC?
N " 3 3 3 3 3

s .3.2° 8.5 §al 8.7 5.2 6.5 6.3

The distance to the end of the decrease is also almost the same
in the two cases. It is in almost all cases at the very end

of the long vowel (in only three averages a small rise is found
after the lowest point) and in the sonorant consonant after a
short vowel, but somewhat dependent on the duration of the
vowel (see also Figs. 1-2 in Appendix III). In long vowels
without sted the lowest point is also normally at the end,

but the small decrease may start at different points, often at
the beginning, but also later, so that it does not make sense
to calculate an average.

Thus the intensity decrease starts in the vowel in the case of
"stgd in the consonant" and, moreover, the decrease of inten-
sity continues into a following sonorant consonant after "stgd
in the vowel". A sonorant consonant 1ike [1] normally has lower
intensity than the preceding vowel, but it is much lower after

a long vowel with sted than after a Tong vowel without sted,

the difference for 10 averages of the words [kPe:1s] and [kPe:’-
1p] in the 1986-recordings being 7.3 dB, all statistically
significant.

4. FUNDAMENTAL FREQUENCY

a. First part of the stressed The frequency contour of the
syllable first part of the syllable in
words with and without sted
was analysed on the basis of 75 word pairs
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from Tist 1, read by 6 different subjects (1974-79), 8 from
list 3 read by 2 different subjects (1974), 62 from 1ist 8,
read by 4 subjects (1985), and 32 from 1lists 9, 10, 11 and 12
(1986), read by seven different subjects, i.e. 178 word pairs
in all, each word comprising 8-10 tokens (see Appendix IV, p.
232). The Fo contour was in almost all cases different for
words with and without sted.

The most stable difference consists in a higher level of Fo in
the start of words with sted (the first phase) compared to
words without sted. The differences in Hz for each subject
are given in Table IX for lists 1 and 3, and in Table X for
lists 8-12 (i.e. 1985-86). BH's curves were not calibrated,
and in this case a "+" indicates a positive difference. The
difference was measured as the largest difference within the

first 10 cs of the word (see also the graphs in Appendix IV).

Table IX

Difference (in Hz) between the levels of Fo within the first

10 cs of the vowel in words with and without sted (maximum dif-
ference). Lists 1-3 (N = number of pairs (averages)).

A: Disyllables with long vowel; B: Disyllables with short vowel;
C: bibibi-words; D: monosyllables.

BF 1974 1977a 1977b 1979a 1979b BM BH HU JJ JR NR

A N 4 4 4 4 - - - 4 B B

Va?=No 27.0 “2B0s. VISRt -17 00%8 3 17.0 -+ " 30%0% 223D 12.6

B N 2 1 1 1 1 2 2 2 2 2

VC’=VC 19.5; 3101350 51100 °72.0° 135 +7°20.0° 1530 4.5
C N 3 5
Vit =\ 21.3 22.0

D N 2 2 2 2 2 2 2 Vi 2 2

+

moni = 19.05, 1600 k8 05870 10,5 1725 - 14.5 335

It is apparent from the tables that words with "sted in the
consonant" have a higher Fo level in the vowel than their sted-
less counterparts, just as words with "sted in the vowel", thus
again indicating that the sted is a syllabic phenomenon.

The difference is smaller in monosyllables than in disyllables,
the main reason being that the monosyllables without sted have

a relatively high Fo level approaching the words with sted. It
is tempting to guess that this could be due to the fact that
they are old accent 1 words. However, in two of the three pairs
read by a larger number of speakers (viz. [du / du:’] and [tPa/
thz:’] there is also a difference in vowel duration, and the
short vowel might favour a higher Fo. In comparable disyllables
[kPelp] has a slightly higher Fo in the vowel than [kPe:1s] and
[pPibo] a clearly higher Fo than [phi:bo] for most speakers,
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Table X

Difference (in Hz) between the levels of Fo within the first

10 cs of the vowel in words with and without stgd (maximum dif-
ference). N = number of pairs (averages) (Lists 8, 9, 10, 11,

12). A: Disyllables with long vowel; B: Disyllables with short
vowel; C: Monosyllables; D: Disyllables with long vowel in

sentences.
List 8 List 9 List: 12
FJ  HU JR NR ND PD OB PM NR  BRP
A. dis. N 7 10 10 10 4 4 4 4 4

Ve?=Vig 206 1.2 “2429 20N % 18.3 12.5. 2650 265" 262

B. dis.. N 5 2 2 2
VvC°>-vC 9.0 11.0 2656 18.5

C. N5 3 3 3

mon. -2.8 7.38- 13.0- 138

sent. N 3 3 3 3
V:c-V: 5.7 33 1157 21.0

whereas there is no difference between [lesp] and [le:sp]. The
only monosyllabic pair without any difference in vowel dura-
tion is [ven / ven’]. [ven] is in between [veno] and [ve:n’]
in Fo level but clearly lower than [ven’] in most cases.

Only one of the speakers (FJ), who read five pairs of monosyl-
lables, has no difference between the words without and with
sted in this case, on the average the words without sted are
even higher. But in four of the five pairs the word without
sted has a short vowel and the word with sted a long vowel (she
has a slightly higher Fo in [kPelp] than in [kPe:1s] and has
not read the other two disyllabic pairs with short and long
vowel). Thus there is not much evidence to support the assump-
tion of a higher accent 1. BF has much less difference between
Fo in words with and without sted in recordings 1977b and 1979
than in the other recordings, the reason being that in these
two recordings the test words were in final position after a
word with emphasis. The difference, though smaller, is, how-
ever, retained even in this position.

In all, 171 out of 178 pairs (96%) show a positive difference.
As for the significance of the differences it could not be
calculated for lists 1 and 3 for the individual pairs, but it
is evidently significant for all subjects, since it is positive
in 74 out of 76 pairs. In the 1985-86 recordings significance
could be calculated by comparing the overlappings. Disyllables
in frames show a significant difference at the 1% or 0.1% level
(generally 0.1%) in 42 out of 48 pairs of averages (1 at the

5% level, 5 not significant). In sentences 9 out of 12 pairs
are significant at the 1% or 0.1% level, and 3 non-significant.
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For monosyllables only 4 out of 14 pairs are significant at the
1% or 0.1% level, 2 at the 5% level, and 8 non-significant (of
these 4 are due to subject FJ).

This difference is thus much more consistent than the corre-
sponding difference in intensity, where the difference was
positive in only 72% of the cases, and in the 32 pairs where
significance could be calculated only one third showed signif-
icance.

b. Second part of the syllable In the second part of a long
vowel (or in the sonorant con-

sonant after a short vowel) (the second phase) most authors

have found a tendency to decrease of Fo in words with sted,

though neither Smith nor Riber Petersen found this decrease

to be a consistent phenomenon.

In the present investigation such a decrease was found in ap-
proximately half of the examples (53.8%). As was the case
with the presence of irregularity this analysis could not be
based on average curves, since average curves based on cases
of which some show irregularity and some not, are not very
informative. It was therefore based on individual inspection
of the 1700 words with stgd mentioned in the section on irreg-
ularity. - It turns out that lack of decrease in Fo is not

a well defined parameter since it may mean two quite different
things: (1) the whole second half of the vowel may be charac-
terized by irregular vibrations, so that a description of the
direction of Fo does not make any sense. (2) The Fo curve may
be smooth, showing an even or rising direction. (1) is by far
the most common case. Very often the same speaker may show
either irregular vibrations, falling Fo mixed with irregular
vibrations, or simply a fall or a dip in Fo in examples of the
same word in the same session, depending on how distinctly or
forcefully he has pronounced the word at that moment. Irreg-
ularity is characteristic of a strong sted, Fo dip of a weak
stegd as pronounced by the same speaker. An example is given
in Figure 9.

The second case, an even or rising Fo, is extremely rare for
almost all subjects, with a few exceptions. In table XI the
cases are divided into four types: A: only irregularity; B:

a (larger or smaller) decrease in Fo mixed with irregularity;
C: only decrease of Fo; D: neither-nor, i.e. even or rising Fo.
The numbers are percentages (the sum of A+B+C+D is in some
cases slightly above 100, because the decimals have been left
out and the preceding integer raised if the decimal was above
0.5). - The actual number of cases on which the percentages
are based are, on the average, 70, reaching from 21 to 143,
for each column.
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Two examples of Fo from the same reading by HU,
one with irregularity, one with Fo drop; text:
[dsep’n 1le:’so].

Table XI

Percentage of words with st@d showing A: only irregularity in
the second half of the syllable; B: irregularity and decrease
of Fo; C: only decrease of Fo: D: neither-nor.

Lists 1-2 (1974-79)

BF 74 77a 77b 79a 79b BM1 BM2 BH HU JJ JR NR
A, 3 27 Mm ' - 58 7 41 44 3 6 69 80
B. 50 51 15 42 24 37 31 44 43 46 17 10
C. 44 22 8. .22 18 B2 .28 11 '52' 47 W V3
e 2 5 4 1 3 4 032" 1 e
List 8 (1985) List 9 (1986) Lists 10,11,13 (1986)

FJ HU JR NR ND NR OB PD PM|HU NR OB BRP | av.
A. 6 29 49 7 66 92 15 79 73| 4 10 8 76 |38.4
B. 69 65 14 34 32 8 32 21 23430 71 0 0 |32.4
C.25 6 19 48 0 0 54 0 4 '61 19 31 0 i23.4
D. . D 1.18 411 2 "0 ‘0 0 'Ui'8 ‘0 6229510
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Figure 10

Relative number of examples of words with stgd having A: only
irregularity, B: irregularity and Fo fall, C: only Fo fall,

D: neither-nor, for individual speakers and lists. The numbers
below the columns indicate list and year.
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The same facts are represented graphically in figure 10. Here
different sessions with the same subject are grouped together
to demonstrate the large intra-individual variation more clear-
ly. BF has less Fo-decrease and more irregularity in 77b and
79b than in the other recordings because in these two cases

the test word was placed at the end of a frame after a word
with emphasis, i.e. on a Tow Fo-level. BM has more irregular-
ity and less fall in list 2, where all words contained the
vowel [i:’],than in list 1. - NR has less irregularity and more
cases with Fo-drop in 1ists 8 and 10 than in Tlist 1. In list
10 the words are placed in real sentences. In list 8 the test
word is one of three stressed syllables, whereas in list 1 it
is the only stressed word. HU also has less cases with irre-
gularity and more Fo-drop in the sentence list No. 10, but in
contradistinction to NR she has more irregularity in list 8
than in Tist 1, which is surprising.

The distance from the start of the vowel to the Fo-fall is
rather variable and sometimes somewhat dubious. HU has, for
instance, generally a slow fall from the very start as in vowels
without sted, but the later point of abrupt fall is generally
clear. FJ has a strong fall from the start after voiceless
consonants, which may continue almost directly into the fall

for the sted. But in most cases it is possible to see where

the fall for the sted starts. In table XII the approximate
averages for the different speakers are given, based on lists
without too much irregularity.

Table XIT

Average distance (in cs) from start of the vowel
to start of Fo drop.

BF BH BM FJd HU JJd JR 0B NR
9.2  W.0 WE "X 1.3 105" 110~ RE5gLF

Sometimes there is a small rise again at the end of the long
vowel (generally accompanied by a small rise in intensity). -
This happens particularly often in the monosyllable [du:’]
where the vowel with sted is final, and in [1e:’sp] (see Fig.
9, HU [1e:’sp]). In other words, this occurs only occasional+
ly, and never in [pPi:’bo], probably because the vowel in this
word is rather short. In the monosyllable [ven’] with sted in
the final [n] there is generally great irregularity, but the
vibrations may reappear after a while. In the word [hu:’sn]
(often pronounced [hu:’un]) there is generally a clear drop
followed by a rise, but as no delimitation is possible, this
rise may belong to the second syllable.

In words with Tong vowel and sted plus [1] the drop in Fo (or
irregularity) very often continues into the [1] (see, e.g.,

Fig. 7 above, p.101), whereas in words without sted it is the
final rise of the vowel which continues into the [1]. The Fo
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contour of the sonorant is thus very different in the two cases,
see e.g. Fig. 7 above and Fig. 11 (NR). Here most of the drop
or irregularity is in fact in the [1]. It may even happen that
it does not start until the [1] (see Fig. 15 below (JR)). On
the other hand, the Fo contour of [kPe:’1lo] and [kPel’p] may be
almost exactly alike (see, e.g., the average curves of BM 1974
in Appendix IV, p. 235).

Hz 1 N
: B!
i e -
150~ | Lo 50 - o N ¢
i | - 3 : A
N i .
—nedT
. !
100~ : oo~
£ 3 1 » £ R L b

Figure 11

NR. Fo of [fi:ls] and [fi:’lvo]
showing the different contour
of'both [i:]and’ [1]-

Words with sted which have neither Fo drop nor irregularity

are rare. It appears from table XI that for most of the speak-
ers (viz. BF, BM, BH, HU, JJ, FJ, ND, PD, PM) this happens in
only 0-5% of the cases, which corresponds to 0-4 individual
words, 23 examples in all, of which 13 concern the word [pPi:’
bol, probably because the vowel may be so short that there is
no time for Fo drop or irregularity to develop (the four ex-
amples from BM have, for instance, a duration of around 10 cs).

But for four speakers: BRP, JR, NR and OB there are more ex-
amples. For BRP it is very clear. He never has any Fo drop,
but rising pitch throughout the vowel with sted. (This was
also the case in Riber Petersen's recording of this subject.)
JR (Tist 8, 1985) has 18% (or 21 examples) without either Fo
drop or irregularity (see, e.g., Fig. 12 [1e:’sp]. The [s] is
partly voiced. The delimitation is quite clear in the oscil-
Togram,which is left out here). Moreover, the irregularity is
rather weak, and in many of the examples with "only irregularity”
it is possible to state that there is no Fo drop, and in four
examples of [hu:’en] listed as fall it may be a fall in the
second syllable. The irregularity in this word is on the top
of a rising-falling curve, quite different from the falling-
rising curve of the other speakers (see Fig. 13 and the aver-
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JR. Fo of [le:sp] and [le:’svp]
showing rising Fo of the word
with sted.

age curves, Appendix IV). However, in other cases he has a fall,
particularly in the words [du:’, bu:’sp, g=:’bad, th=:’bsd] and
in half of the examples of [le:’sp], thus finally and before a
voiceless consonant, and there is often a rise before the fall,
starting when the intensity goes down, e.g. in [du:’] (see Fig.
14). Before [1] and [n] there are only a few cases with fall,
but in [fi:’lp, kPe:’1p, be:’nad] (but not in [s=:’1en]) there
may be a fall in the following sonorant consonant in contra-
distinction to the corresponding words without sted, which have
a rise in the consonant (see Fig. 15). Thus, this speaker does
not have a consistent pattern.
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Figure 13

Fo contour of [hu:’en] by JR and by

FJ (the latter contour is the typical
one).
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Figure 14

PR T Fo contour of [du:’] by JR, showing
Hz : a rise during the phase of the stgd
£ ! before the fall.

: For NR and OB the explanation is

. different. NR has 13 cases without
| either Fo drop or irregularity in

list 8 (1985), but he read this

100 - o é list rather softly. There is much
IR less irregularity than in list 1,
e e and in almost all cases with small

or no irregularity he has a clear
drop in Fo. The cases without this
drop are simply pronounced with a
very weak sted, which also appears
from the intensity and airflow
curves.

The same is the case for OB. He has, on the whole, a relatively
weak sted, but in list 9, which was read distinctly, there is
always a clear rising-falling Fo in words with sted, whereas in
list 11 (the sentences), which was read quickly and somewhat
slovenly, there are relatively many cases with neither fall nor
irregularity (1ist 11 was a short 1ist, so that 62% corresponds
to 16 examples out of 26). In 8 examples of [me:’1p] there is

a drop in the following [1]; and 3 examples of [pPi:’bp] with-
out Fo drop or irregularity are pronounced on a considerably
higher Fo level than [pPi:bo]. But 5 examples of [mu:’sen]

look very much 1ike [mu:sen]. There is no clear difference in
the Fo contour of the stressed syllable, but the unstressed syl-
lable is somewhat lower than in [mu:sen], and the decrease in
the intensity contour starts earlier. For the other three sub-
jects (BPR, JR and NR) all cases with neither Fo drop nor irre-
gularity are pronounced on a higher Fo level than words without
stegd (i.e. the high level characteristic of the start of the
vowel is retained or increased).

Thus, whereas for NR and 0B lack of both Fo drop and irregularity
is only found in some examples with very weak stgd, the other

two speakers, JR and BRP, show a real deviation from the general
pattern by having rising Fo in the stressed syllable in many
cases of quite distinct sted.
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Fo contour of JR [k™e:ls, kPe:’lp] and [fi:ls,
fi:’1lvo], showing a rise in the vowel and a fall
in the consonant in words with stgd.

c. The word contour In words without sted all subjects have
(= stress contour) the contour described in a number of
papers by Nina Thorsen (e.g. 1978 and
1983) as the typical Copenhagen stress contour (this contour is
generally taken over by people who have moved to Copenhagen from
other parts of the country): i.e. a low stressed syllable, from
which the pitch glides or jumps up to the first posttonic syl-
lable with following unstressed syllables pronounced on a grad-
ually falling pitch. The stressed syllable often has a falling-
rising pitch contour, particularly if it has a Tow vowel (typical
examples can be seen in the average curves of NR, Appendix IV).

In words with stgd the first part of the stressed vowel is
higher than in words without sted (see above, p. 106 ), whereas
the following unstressed syllable is generally said on the
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same gitch level as in words without sted, or sometimes on a
slightly lower pitch. The difference between the two syllables
is therefore always smaller than in words without sted, and in
some cases the two syllables are on the same level, or the
stressed syllable may even be higher than the following un-
stressed syllable, so that the normal stress contour is re-
versed. This depends both on the individual speaker and on

the segmental structure of the word.

From this point of view the speakers may be divided into two
main categories: (I) those who have this reversed stress con-
tour (practically) only in words with close vowels, and (II)
those who have this contour in words with all types of vowels.
The former category may be subdivided into (a) those who have
very few deviations from the normal contour (in this material
particularly in the word [pPi:’bo] (in the [i:’] after an
aspirated [p?])), and (b) those for whom it is a common phe-
nomenon with all types of close vowels. ([o:’], which is found
in list 9, is included in the close vowels here because it is
rather close in Danish and because there are some examples

with a higher stressed syllable with [o:’]. Danish [e] is also
a rather close vowel. It is found in Tist 8, but none of the
speakﬁrs of category I have a higher first syllable in this
case.

The speakers belonging to category Ia (HU, NR, ND and PD) are
all from Copenhagen or Zealand. They have the normal Tow-high
contour in 82% of the words with close vowel and in all words
with more open vowels. The speakers belonging to category Ib
(BH, BM, FJ) are dialectally a more heterogeneous group: BH is
from Copenhagen, BM lived in Jutland until he was seven and
from then on in Copenhagen, and FJ is from Funen and speaks a
standard language which in various respects is rather conser-
vative; she has, however, adopted the Copenhagen pitch contour.
For:these three subjects only 27% of the words with close vowels
have the normal low-high contour, and in a few exceptional
cases also words with [€:’] or [e1’] have an even or falling
contour (one example for FJ, two for BH and BM), but in an
extra reading of list 9, pronounced with particular force in
order to see what happens to the airflow, FJ has four more
examples with open vowels.

Category II comprises JR, who is from Funen but speaks a rather
conservative Standard Danish, and PM, OB and BF, who all have

a perceptible Jutlandish rhythm. However, they all have high
unstressed syllables after stressed syllables without sted.

But in words with sted JR has this type in only 51% of the
cases, PM in 41%, OB in 24%, and BF in only 18%. They have a
clearly high-Tow pattern in 32, 44, 61 and 74 percent of the
cases, respectively. In Appendix IV, Table I and II the number
of cases is indicated for different speakers and words. (The
analysis is based on individual tokens, not on averages). The
averaie curves in Appendix IV also show the differences between
speakers. Fig. 16 shows two sentences read by OB. In A there
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is only sted in the last stressed syllable, in B there is sted
in the first three stressed syllables but not in the last one.
The difference in stress contours is obvious (the sentences
were repeated eight times in random order, and he made this
difference each time; he speaks Standard Danish on a Jutlandish
background). :

The main reason for the reversed pattern is the higher Fo level
of the stressed syllable in words with sted, and it is under-
standable that particularly words with close vowels, having

an intrinsic high Fo, have this pattern. For those subjects
who have this high-low pattern only in words with close vowels
there is no pronounced tendency to having a Tower second syl-
lable in words with sted. It may be higher or lower than in
words without sted. - But for the speakers belonging to cate-
gory II, having the high-low pattern with all types of vowels,
it is not only the first syllable which is higher in words
with sted, they also generally have a lower second syllable
than in words without sted. This is, e.g., consistently so
for JR and 0B, and BF has a Tow second syllable in four of

his five recordings. But the high-low pattern is particularly
clear for close vowels also in this group (with the exception
of JR). One might consider this tendency to have a Tower Fo
in the unstressed syllable of words with sted as a consequence
of the falling Fo in the latter half of the stressed syllable
(as I have done in Fischer-Jdgrgensen 1984). However, in that
case one should expect a lower second syllable particularly
for those speakers who have a pronounced fall in the sted.

And this is not so. On the contrary: HU, who has a very clear
fall in the sted, does not have any particularly lower Fo in
following unstressed syllable, whereas JR, who very often has
no fall and even often a rise, has a consistently lower Fo in
the following syllable. So perhaps it is more correct to say
that these speakers have retained their Jutlandish - or (in
JR's case) conservative standard high-low stress contour in
words with stgd. - Sometimes the intervocalic consonant
seems to play a role. Particularly [s] seems to raise the
following unstressed vowel, and when the word [1le:’sp] forms
exception in BF's recordings as the only word which does not
have a Targe majority of cases with a high-Tow contour, it

may be due to the combined effects of an initial [1], an open
vowel, and a postvocalic [s].

In my earlier investigation on Danish stress (1984) I also
found a tendency for speakers of a more conservative standard
to have the high-Tow word contour in words with sted and high
vowels; and in the regional standard of Jutlandish speakers
this lower unstressed syllable was also found after low vowels
(cf. Fischer-Jdgrgensen 1984, p. 84-86 and Appendix III of the
1984-paper, 3, 6, 7).

Corresponding differences are found in unstressed words after
monosyllabic words with and without sted (e.g. after [dau] and
[au:’], see  Figs 16a}. It is thus a question of stress
contours, not specifically word contours.
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In Tist 1 (1974-79), where the test word was the only stressed
word, it may be influenced by sentence intonation, e.g. the
use of non-final intonation might favour a rise in the second
unstressed syllable of the test word. HU has generally used
this intonation, but she has just the same rise in the unstres-
sed syllable of words with sted in other recordings without
non-final sentence intonation. In BF's 1974-recording there
is, however, an influence from sentence intonation, then he
shifts to non-final intonation with retained high pitch at the
end. This has influenced the words with stgd and open vowel,
so that they get more rising contours in the last four record-
ings. Four of the five cases of [ve:’non], four of the eight
cases of [1e:’sp], and four of the six cases of [kPe:’1lp] with
high unstressed syllable are found in the last four readings.
But the final intonation of the preceding readings have not
changed the normal rising contour of words with sted, except
for two cases of [hu:en] with Tevel contour.

In the Haskins recording 1972 the test word was in final posi-
tion, the frame being [di s=: ...]. Here Fj has non-final in-
tonation, but nevertheless [hu:’sn], [pPi:’bo] and [kPel’v]
have a Tower second syllable or (in some cases) equal height,
whereas [le:’sp] and [kPe:’1p] have a higher second syllable.
0f the two other speakers PMi, who is from Copenhagen, has a
pronounced non-final intonation with a strong rise in the last
syllable of all words, whereas TB, who is from southern Jutland
but speaks Standard Danish, has a small fall at the end of the
sentence and makes a clear distinction between words with and
without sted, the final syllable being on a higher level in
words without sted but in almost all cases Tower in words with
sted, irrespective of vowel height.
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Fo curves of the words [du] and [du:’] followed by
[tPe] in the sentence [ja ka'god si: '[du (du:’)] tPe
pPals], read by NR and JR.
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5. SPECTROGRAPHIC ANALYSIS

The spectrographic analysis is rather restricted. It comprises
56 word pairs in all (only words from the same reading were
compared). For 12 pairs only wide band spectrograms were pro-
duced (BRP 1, HU 3, JJ 2, ND 2, NR 2, PD 1, PM 1). For the
other 44 pairs both wide band spectrograms (300 Hz), narrow
band spectrograms (45 Hz) and power spectra (45 Hz) were pro-
duced. The sections (power spectra) were placed in the first
and the last third of the vowel, generally 3-5 cs from the
boundary, and in the case of the second measuring point as close
as possible to the dip in fundamental frequency and intensity
in vowels with sted. 25 of the word pairs contained the open
vowels [=: / =:"] and [e: / €:’]. They were read by BF (4),

BM (2), BH (2), BRP (6), FJ (6), JR (2) and 0B (3). The other
19 pairs contained the close vowels [i:] and [i:’]. They were
read by BF (3), BH (1), BM (4), JR (8), FJ (1) and 0B (2).

In the first place the spectrographic analysis demonstrates

the same characteristic features of vowels with sted as those
described in the preceding chapters, i.e. shorter duration, de-
crease in intensity and fundamental frequency and in many cases
irregular vibrations, features which (except for duration)
could be measured more precisely by means of other types of
display. Fig. 17 shows wide band spectrograms of the pair
[m=:1p / me:’1vp] read by three different speakers with de-
creasing distinctness of the stod.

The power display may, however, also show measurable differ-
ences in relative intensity of different parts of the spectrum.
Such differences have been mentioned as characteristic of par-
ticular phonation types, and might therefore be relevant for
the stgd. Greater energy in the upper part of the spectrum is
mentioned by Laver (1980, p. 149) as characteristic of tense
voice, and relatively strong higher overtones and weak Fo are
mentioned as characteristic of tense voice by Sundberg and
Gauffin (1978) and of creaky voice by Lofqvist et al. (1983).
Ladefoged (who has recorded some words in the language !Xo0Q,
spoken by Bushmen in Southern Africa) and Kirk et al. 1984 (who
have recorded a number of words from the Jalapa de Diaz dia-
lect of Mazatec) have found that the best measure is the dif-
ference between the amplitude of Fo and F1, Fo being relative-
1y weaker than F1 in creaky voice, relatively stronger in
breathy voice and in between in modal voice.

Since the Danish stgd has often been described as creaky voice,
words with stegd may be expected to have relatively strong
higher overtones and weak Fo.

Lauritsen (1968) published 33 wide band spectrograms of Danish
words with and without sted read by one informant. In a few
cases vowels with sted show higher intensity, particularly in
F4 and F5. Riber Petersen (1973) published only one pair of
spectrograms, but she recorded quite a number, which I have
had occasion to see. There were 16 comparable pairs, of which
6 showed somewhat more intensity in higher formants at the
start of the vowel in words with sted.
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BRP
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Figure 17

Spectrograms of [me:lv] and [me:’lv] with strong, weaker

and very weak stgd.
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In the present corpus higher intensity in F4 and F5 was visible
for some speakers (BF, BH, HU, JJ and -JR) but rarely found for
other speakers (BM, BRP, FJ, ND, NR, 0B).

A clear difference between words with and without sted in re-
spect of the relation between the amplitudes of F1 and Fo was
found at the end of 21 out of the 25 pairs with open vowels.
This is clearly significant (in two pairs there was no differ-
ence, and in two pairs (both read by BH) the opposite relation
was found). In the first part of the vowels there was rarely
any difference (except sometimes for BRP and FJ). Fig. 18

(A and B) shows two typical cases, one with pitch drop (FJ)
and one with pitch rise (BRP), and Table XII contains the dif-
ferences in dB for each speaker. The dB values must, however,
be taken with some reservation. In the first place control re-
cordings with the sections placed 1-2 cs earlier or later
showed that the difference between F1 and Fo may vary some 1-2
dB in vowels without sted, and sometimes more in vowels with
stogd, particularly if the sted is strong and the spectrum con-
sequently irregular.

Table XIT

Difference (in dB) between the amplitude levels of F1 and Fo
at the end of vowels in (A) vowels without stgd and (B) vowels
with stgd, and the difference between A and B; N = number of
pairs. (FJa distinct stgd, FJb very weak stgd.)

Speaker List Year N F1 - Fo diff.
A (- sted) B (+ sted)
BF 1 1974 4 9.8 13.0 3.2
BH 1 1974 2 15.3 11.6 +3.7
BM 1 1974 2 7.0 13.5 -6.5
BRP 12 1986 6 2.9 6.3 -3.4
Fda (valen) 1981 3 8.5 17.0 -8.5
Fdb 5 3 8.0 10.2 -2.2
JR 1 1974 s 9.0 13.8 -4.0
0B 11 1986 3 Bk 6.0 -3.8

It is apparent from Table XII that the differences, though con-
sistent (except for BH), are relatively modest compared to the
differences found by Kirk et al., viz. 6.6 dB for modal voice
and 17 dB for creaky voice, thus a difference of more than 10
dB. There is also large interindividual variation, BF and BM
having, e.g., a larger F1-Fo difference at the end of vowels
without sted than BRP and OB in vowels with sted. There is
also overlapping between the two categories for each individual
speaker, in spite of the small number of pairs. Only BM (with
two pairs) does not show any overlapping. FJ shows a clear
difference according to the distinctness of the sted, very

weak sted showing a smaller F1-Fo difference than distinct sted.
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b md:lo md:’1lo

Figure 18 a-b

Power spectra (45 Hz) taken at the end of the vowels. t—— 10 dB.
(a) [ve:lsn] and [ve:’len] (speaker FJ, distinct stgd)
(b) [md:1lvo] and [md:’1lv] (speaker BRP, normal stgd).

4
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No corresponding difference was visible for the other speakers
(in FJ's case the difference between distinct and weak sted
was made intentionally).

In spite of these overlappings, the F1-Fo measure functions
quite well for open vowels. But it cannot be used for close
vowels. This is obvious for female speakers,whose Fo partici-
pates in F1 in close vowels. But, at least for the Danish
stpd, it cannot be used for male speakers either. It works
for BM, but not for BF, JR and 0B. For JR and BM the measure
F2-Fo can be used (see Fig. 18C), and it also gives a clear
difference for BH's [e: / e:’], but it does not work for BF's
and OB's [i: / i:’], and it only works in half of the pairs
with open vowels. A1l speakers (except 0B) have, however, a
clear decrease in amplitude in lower harmonics, including F1
and sometimes F2 at the end of vowels with sted, whereas in
most cases the higher harmonics (particularly around 3-5 KHz)
remain unchanged. OB has more decrease in Fo than in F1 but
also decrease in all higher harmonics. The difference between
stgd and no sted is obviously not a question of formants but
of glottal spectrum, and of course Ladefoged and Kirk et al.
only meant the F1-Fo difference to be a practical criterion,
which, however, cannot be used in all cases.

fnz Khz2

g i I e e D - - . il B

bi:ls bi:’1lsn

Figure 18 c
Power spectra (45 Hz) of [bi:ls] and [bi:’lsn] taken at the end
of the vowels (speaker JR).——10 dB.
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6. INVERSE FILTERING

An inverse filtering analysis of a number of words with and
without sted was undertaken by Inger Karlsson, Stockholm (see
above, p. 90). By inverse filtering the formants are removed
(as far as possible), so that the curve should show the wave-
form at the glottis. The integral of the filtered oscillogram
is supposed to reflect the airflow at the glottis (for the
%echn;que and its use, see, e.g., Fant (1983) and Javkin et al.
1983) .

In 1985 FJ read six examples of the words [ve:lsn] and [ve:’len]
half of them with distinct sted, the other half with very weak
sted. Three words from this Tist were selected for inverse
filtering; one example of [ve:lsen] and two of [ve:’len], oOne
with distinct sted and one with very weak sted (see Fig. 19a-c).
Moreover, some words were selected from a reading of 1list 12
(sentences) by BRP, viz. [ve:lsn / ve:’len, me:lp / me:’lo,
md:1lo / md:’1p] and [le:so / le:’sp], all from his fourth read-
ing. As mentioned above p. 79, BRP, who was one of Pia Riber
Petersen's subjects, had rising Fo, no irregularity and some-
times no decrease in intensity in sted words in the recording
she undertook in 1973, but nevertheless he had a clearly per-
ceptible sted. It would therefore be interesting to see whether
a difference between vowels with this type of sted and vowels
without sted would appear from inverse filtering. Unfortunate-
ly BRP spoke much more distinctly in the Stockholm recording
(1986, 1ist 12). In the four pairs which were filtered first
he had both intensity decrease and irregularity, although the
irregularity was very weak in [md:’1lp]. Therefore some further
words with stgd were filtered. The word [md:’1lp] from his first
reading was the one that came closest to the pronunciation used
in his 1973-recording. It has no irregularity and only a small
decrease of intensity at the end of the vowel. Fig. 20a-c

shows this word compared to [md:1v] and to [md:’1o] from the
fourth reading with a somewhat stronger stgd. The pairs

[ve:len / vee:’len], [me:lp / me:’1lp] and [le:sp / le:’so] from
the fourth reading are presented in Appendix V.

For reasons of space Figs. 19 and 20 are arranged differently
which may be confusing; but in all cases the numbers 1, 2 and

3 are used to indicate (1) words without sted, (2) words with
normal sted, and (3) words with weak stgd, and the letters

A, B and C indicate (A) normal oscillogram, (B) inverse filter-
ed oscillogram, and (C) integral of the inverse filtering.

The sampling frequency was 16 KHz for FJ and 10 KHz for BRP.

In all words with distinct sted both spectrograms and normal
oscillograms as well as inverse filtered curves show the ex-
pected decrease of intensity in the sted phase and sometimes
irregular vibrations, as well as a shorter duration of vowels
with sted, and - for FJ - decrease of Fo. - But the filtered
curves show further differences. The most conspicuous feature
of the oscillogram with inverse filtering is the decrease in
amplitude of the negative spikes in the Tatter half of the

vowel with sted. This is seen clearly in all examples, although

S N AT TR e
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Figure 19 a
Spectrograms of 1 [ve:len], 2 [ve:’len] with distinct
sted and 3[ve:’len] with weak steod, read by FJ.
From above: oscillogram, spectrogram, intensity, Fo.

0y
70 70
PN NNV S VN .SV N\M,M A W"WAW
v t v x:V’J' V M
L ) 0 R R g o oz Lo 1 ol - low .u'g" _lwo .
- : - ' :
o A Atana Adaa Aas ALiA AAA AMM}\‘ el AN AN ARy SN et R Yo | (o e
UYWAYV IV . O il B R .
W‘M RRIARRRRAA AR
% 960 8980 00 20 %0 1360 200 1!009 0 s :
; q |
PaPMAMPAAMAAA v/\vAvA_n ! MM A lmfA\"A 'AY.)\'AV.A
2 f ! :
1.010 1.0%0 1.080 1,070 1.0% 1,110 1.130 2 9% ~11.010 1.0%0
i1 115
2A ve:’len 2B
Figure 19 b

2A: Normal oscillogram, 2B: inverse filtering of 2 [ve:’len] with
distinct stgd, read by FJ.
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A: Normal oscillogram, B: inverse filtering, C: integral of inverse filtering
of 1 [ve:len] and 3 [ve:’len] with weak sted, read by FJ.
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normal sted, and 3 [md:’lv] with weak sted,
and mingogram of [md:’lv]3, read by BRP.
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Inverse filtering (B) and integral of inverse filtering (C) of 1 [md:lv],
2 [md:’1lv] (normal sted) and 3 [md:’lv] (weak sted), read by BRP.
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the decrease is very weak in FJ's example of [ve:’lan] 3 with
very weak sted (cf. Fig. 19b, B2 and 19c, B3). 1In BRP's ex-
ample of [md:’lo] with weak sted it is, however, very obvious.
According to Inger Karlsson's comments a small negative spike
should cause a decrease of overall intensity.

There seems to be a difference between FJ and BRP in the sense
that in FJ's case the decrease in amplitude of the negative
spikes does not start until around 10 cs after the start of

the vowel, whereas for BRP the decrease starts 2-3 cs after

the start of the vowel. This early start of the decrease might
have contributed to the identification of his sted in the early
part of the vowel in the perception test carried out by Nina
Thorsen and mentioned above p. 79. But it is more probable
that Nina Thorsen is right in suggesting that the listeners

may have identified the sted on the basis of the high rising
Fo, since they had heard a word pair before the start of the
test.

BRP's integrated curves (flow curves) show a clear decrease of
the flow in the latter half of the vowel with sted (also
starting rather early), and moreover a relatively longer clo-
sure phase compared to the words without sted and to the start
of the vowels with sted. For FJ no flow curve was produced of
her strong sted. As for her weak sted there is very little
difference between this word and the word without sted (the
flow peaks are only slightly lower at the end of the vowel with
sted, and there is no difference in closure duration (see Fig.
19¢c, C1 and C3).

Low flow and long closure are, according to Sundberg and Gauffin
(1978), characteristic of a tense (pressed) voice, and accord-
ing to Hollien (1974) of the "pulse register" (which is more

or less synonymous with creak). Low flow is also mentioned by
Catford (1977) as typical for creak, and by Rothenberg (1972)
as signalling "tight voice"; and both Javkin and Maddieson
(1983) and Zemlin (1981) mention a long closure period as char-
acteristic of creaky voice. In a study of Burmese Javkin and
Maddieson also found a shorter rise and fall time and steeper
slopes in the flow curve in creaky voice compared to modal
voice, and they remark that according to Fant a steep falling
slope is associated with greater intensity of the higher part
of the spectrum and with greater overall acoustic energy,

which is also found in creaky voice. They do not mention the
closure time. Longer closure time (with the same fundamental
frequency and flow amplitude) will of course give shorter dura-
tion and steeper slope of fall and rise.

According to their measurements the fall time is shorter

than the rise time both in normal and creaky voice. Fourcin
(1974), on the other hand, finds a sharp onset of closure and

a slow opening as characteristic of creaky voice. He bases
this observation on laryngographic recordings. Roach and
Hardcastle (1979) and Esling (1984) have also investigated
various phonation types (as pronounced by the authors) by means
of the Taryngograph. They find that the rising part of the
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laryngogram (interpreted as approximately indicating the closing
movement of the vocal folds) is relatively short in creaky voice
and that it gets longer with decreasing stricture of the glottis
in different phonation types.

As mentioned by Javkin and Maddieson, a comparison between nor-
mal and creaky voice presupposes similar fundamental frequency
and amplitude of the glottal flow. - In [ve:’len] read with
weak sted by FJ amplitude and fundamental frequency are almost
the same as in [ve:len], and the peaks slightly lower at the
end, which should give less steep slopes, but only the rising
slope (which in these curves represents the opening movement)
is somewhat less steep. In the examples read by BRP a compari-
son between words with and without sted is difficult because
vowels with sted have longer closure, higher pitch and a smaller
amplitude. Combined this seems to give shorter and lower but
less steep slopes in words with stgd. In 6 out of 8 examples
there is a tendency for the closing movement to have a steeper
slope than the opening movement, a tendency which is less pro-
nounced at the start of the vowel and in vowels without sted.
But since the pulses are of much lower amplitude in the stad
vowels, this does not give increased intensity.

B. PHYSIOLOGICAL ANALYSIS
1. LARYNX POSITION AND MOVEMENT

Position and movement of the larynx in vowels with sted compared
to vowels without sted was investigated by means of a videofilm
(see p. 88 above) for five speakers (ND, PD, NR, OB, PM) reading
1ist 9 containing four different word pairs in the frame "Jeg
kan let sige ... fem gange" 'l can easily say ... five times',
each word occurring ten times. Two of the ten repetitions were
subjected to a more thorough analysis, consisting in a frame by
frame tracing from the videoscreen on transparent paper. Words
with and without sted from the same reading, or at least two
consecutive readings, were compared in detail.

It was not possible to detect any consistent pattern apart from
the fact that the larynx tends to move more in vowels with sted
than in vowels without sted, this being the case in about half
of the 40 pairs with only 1-2 countercases. But in many pairs
the movement was of the same extent in words with and without
sted, or there was practically no movement. There were both
individual differences and differences between vowel types.

PD had more movement in the vowel with stgd in six out of eight
pairs, OB and PM only in two out of eight pairs, and there was
a difference between [u:] and [u:’] in eight out of ten pairs,
whereas for [i: / i:’] a difference was only found in two out
of ten pairs. On the whole, [i:] and [i:’] showed very little
movement.

In about one third of the pairs the starting position was prac-
tically the same for vowels with and without sted, but in most
pairs there was a certain difference. The larynx had a Tower
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and more fronted position in [u:’] than in [u:] for PD and ND;
otherwise there were no clear tendencies, and as for the move-
ments, they differed in a non-consistent way; thus PD showed a
forward and downward movement of the larynx in [u:’], whereas
for ND the direction of the movement was backward and upward.

On the basis of this preliminary analysis it was concluded that
it would not be worth while to undertake a quantitative in-
vestigation on a larger scale.

The generally observed tendency for [u] to have a Tower position
of the larynx than [i] and [a] was confirmed for all five
speakers.

2. FIBEROPTIC ANALYSIS OF THE VOCAL FOLDS

A fiberoptic analysis of the vocal folds by means of a video-
tape-recording (50 frames per sec., see p. 89 above) was under-
taken for seven speakers (BF, BM, BH, FJ, HU, JR and ND) read-
ing 1list 13 which contained four word pairs (one of them oc-
curring twice), all with the vowel [i], which is best suited
for fiberoptic research. BF also read some examples of the
sentence [si '?i:ls] with hard attack.

The recording of FJ was not quite successful since only part
of her vocal folds were visible, but this recording could be
supplemented with an analysis of a fiberscope film made in
the Research Institute of Logopedics and Phoniatrics in Tokyo
in 1976. This film contained four words with sted: [pPi:’1,
bi:’1l, £i:’1, vi:’1] repeated four times, and a number of
words in [-i:lsa]. In this recording the vocal folds were
visible in their full length.

The video-recordings were played back several times, and a
number of the readings were inspected frame by frame. 109
frames were selected as typical for the speakers (8-24 for
each speaker) and photographed from the screen. The film

from Tokyo was inspected frame by frame by means of a motion
film viewer, and 12 frames were traced manually on transparent
paper. It was not possible to make usable copies.

Most of the selected frames show the vocal folds a few cs

after the start and before the end of the vowel, the exact

point being chosen on the basis of a comparison with mingo-
graphic recordings comprising a duplex oscillogram and intensity
and Fo-curves, so that the picture illustrating the last part

of the vowels with sted corresponded, as far as possible, to

the moment of minimum Fo and intensity. Moreover, four series
of successive frames of words with sted (read by BF, BH, HU

and JR) were photographed, the individual frames being corre-
lated with the mingograms.

A number of photographs are reproduced in Figs. 21-32. Since
the speed of the film was 50 frames per second and the shutter
was closed half of the time, the pictures represent an average
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Frames from a fiberoptic film of the vocal folds. (1) first part of
“vowel, (2) second part of vowel. + = distance from vowel onset,
- = distance from vowel end. Speaker FJ.
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Figure 22

Frames from a fiberoptic film of the vocal folds (Tokyo), traced manually from a

viewer. 1 first part of vowel, 2 second part of vowel. Speaker FJ.
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of the vibratory cycle over a time span of about 1 cs, thus
showing the average glottis opening during one or two periods.
Moreover, the pictures give a certain impression of the con-
traction of the vocal folds as well as the position of the
ventricular folds and the epiglottis.

In words without sted there is hardly any difference between
the start and the end of the vowel, except that the glottis
may be slightly more open at the start, particularly after
voiceless consonants. In words with sted, on the other hand,
all subjects show a difference between the first and the last
part of the vowel corresponding to the differences seen in the
mingograms. At the start the vowels with sted look 1ike the
vowels without sted. A1l words were pronounced with a clearly
perceptible sted, and the sted is easily recognizable both in
the duplex oscillogram and in the intensity and Fo-curves.
Nevertheless, the fiberscope analysis revealed a conspicuous
individual variation.

Fd's vocal ﬁo]ds look almost alike in words with and without
stod. It isj e.g., hardly possible to see any difference be-
tween Fig. 21, a2 showing the end of [i:] in [pPi:1s] and b2
showing sted {in [phi:’lan], whereas in Fig. 21 c2 (showing a
different ex;ﬁp]e of sted in [phi:’1sn]) a very slight con-
traction of the%vocal folds and the ventricular folds is
visible. As for the recordings made in Tokyo, the vocal folds
are close together in all vowels with only a narrow slit in
the middle, but there is a consistent, though very small dif-
ference, the vocal folds showing a slight contraction looking
as medial compression in words with sted (see Fig. 22). In
some cases (e.g. [fi:’1] and [vi:’1] in Fig. 22) the distance
between the ventricular folds also seems to be very slightly
reduced at the end of the vowel. Averaging five pairs gives
the result that the distance is approximately 85% of the
distance at the start of the vowel.

HU shows a much clearer difference. In the last part of vowels
with sted the vocal folds are contracted and shortened and

the opening of the glottis is narrower (see Fig. 23). Since
the vocal folds are shortened both lengthwise and transversally,
some of the difference might be due to a Towering of the larynx
in [i:’]. However, since none of the five subjects, whose
larynx position was investigated (see p. 131 above) showed
lowering of the larynx in [i:’], this is not very probable.
Moreover, in vowels with sted the ventricular folds come closer
together, the distance between them being reduced to about 70%
(average of three pairs).

Fig. 24 shows a series of photos from the word [bi:’len] read
by HU. The numbers indicate distance from the start of the
vowel in c¢s. No.s 7 and 11 are taken well before the start of
the steod phase. At No. 15 the intensity has dropped somewhat,
but there is not yet any drop in Fo. Both intensity and Fo
decrease rapidly from No. 15 to 21. At 21 both have reached
their minimum value, and the vocal folds have reached their
maximum contraction. There is very little change in Fo and
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Figure 23

Frames from a fiberoptic film of the vocal folds. 1. first part of
vowel, 2. second part of vowel. + = distance from vowel onset,

- = distance from vowel end. Speaker HU.

intensity from 21 to 25, and the vocal folds keep their con-
traction. Immediately after No. 25, Fo and intensity start
rising. At 29 (in [1]), they have reached the maximum again,
and there is a clear relaxation of the vocal folds.

ND (Fig. 25) also has an adduction of the ventricular folds at
the end of vowels with sted, their distance being reduced to
approximately 70% (average of three pairs). (This is not seen
very clearly in the copies in Fig. 25; the measurements were
made in the original photos.) At the end of vowels with sted
his right vocal fold is almost covered by the ventricular fold,
so that it is difficult to see the glottis, but pictures taken
just at the start of the sted (Fig. 25c-1a) and at the end
where the glottis appears again (Fig. 25c-2a) show a very nar-
row glottis. Vowels with sted also have a slight depression
of the epiglottis.
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Figure 24

Frames from a fiberoptic film of the vocal folds. Successive frames showing
the vowel [i:’] in [bi:’lsn], compared to a mingographic recording. The
numbers indicate distance in cs from vowel onset (the last picture is from
the following [1]). Speaker HU.
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Figure 25

Frames from a fiberoptic film of the vocal folds. 1. first part of
vowel, 2. second part of vowel. c¢ la start of the stgd in [mi:’len],
c 2a start of [l1]. + = distance from vowel onset, - = distance from
vowel end. -Speaker ND.
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BH (Fig. 26) has a strong contraction of the vocal folds and
in one case also a certain shortening tengthwise, and the dis-
tance between the ventricular folds is reduced to about 55%
(average of three cases), so that her right vocal fold is al-
most covered. The glottis is also narrowed. She has a strong
stod with very low intensity and irregular vibrations, in some
cases perhaps a short closure. Fig. 27 shows that the most
conspicuous change in the contraction of the vocal folds and
the ventricular folds coincides with abrupt changes in Fo and
intensity (No.s 31-35 of Fig. 27).

BF has a very weak sted in the main part of this recording.
There is always a clear difference between the Fo contours of
words with and without sted, and there is a certain decrease
of intensity at the end of the vowel, but there are many cases
without Fo drop, and there is hardly any irregularity (in list
1 (1974) his Fo drop was also often very weak). A typical ex-
ample is shown in Fig. 28, b2. The glottis is narrow, and the
distance between the ventricular folds is reduced to about 60%.
Later in the recording the fiberscope was moved closer to the
glottis, so that the vocal folds look much longer. This time
he was asked to pronounce a strong sted. An example (with a
closure of 5 cs) is given in Fig. 29. The glottis gets nar-
rower from the middle of the vowel, particularly in the poste-

ek’ TS} cd - 1)  {=:lbes)
[bi:ls] . [bi:’len] [bi:’len]

Figure 26

Frames from a fiberoptic film of the vocal folds. 1. first part of
vowel, 2. second part of vowel. + = distance from vowel onset,

- = distance from vowel end. Speaker BH.
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Figure 27

Frames from a fiberoptic film of the vocal folds. Successive
frames showing the [i:’] in [bi:’lan], compared to a mingo-
graphic recording. The numbers indicate distance in cs from
vowel onset. Speaker BH.
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Figure 28

Frames from a fiberoptic film of the vocal folds. 1. first
part of vowel, 2. second part of vowel. + = distance from
vowel onset. - = distance from vowel end. Speaker BF.

rior part, and the ventricular folds are gradually adducted
and reach complete closure at point 16.

BF also pronounced a number of examples with hard attack

([si '7i:la], Fig. 30). Here too the ventricular folds are
adducted, but at the same time there is a strong front-back
constriction dn the larynx. The epiglottis goes down and the
distance between the epiglottis and the arytenoids is reduced.
Both closure and opening are rather abrupt. These examples
were read with the same position of the fiberscope as in Fig.
27

JR (Fig. 31) uses a more normal stgd from an acoustic and per-
ceptual point of view, although often without Fo-drop (see
above p. 112-113), but the fiberscope pictures show a very
strong adduction of the ventricular folds, on the average (5
examples) to 25%, and in one case even to 15% of the distance
at the start. Because of this movement very Tittle of the
vocal folds is visible. The successive frames in Fig. 32 show
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Figure 29

Frames from a fiberoptic film of the vocal folds. Successive
frames showing the [i:’] in [bi:’len] (very strong sted), com-
pared to a mingographic recording. The numbers indicate dis-
tance in cs from the start of the vowel. Speaker BF.
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Figure 30

Frames from a fiberoptic film of the vocal folds. Successive
frames showing hard attack in the sentence [si '?i:ls]. Numbers
indicate distance in cs from the end of the first [i]. Speaker
BF.
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Figure 31

Frames from a fiberoptic film of the vocal folds. Speaker JR.
1. first part of vowel; 2. second part of vowel. * : distance
from vowel onset, - : distance from vowel end.

that it is the right fold which disappears completely. What
happens to the glottis is therefore uncertain. It does not
seem to be very narrow when it appears again (Fig. 32, No. 22);
his glottis is generally more open in the anterior than in the
posterior part, and in the start of the sted the posterior part

is closed first.

BM has (according to Hirose, personal communication) a slight-
ly twisted supralaryngeal structure extending from the base of
the epiglottis to the ventricular fold. When he starts phonat-
ing the distance between the epiglottis and the arytenoids is
reduced, and the picture of the vocal folds gets very dark so
that it is difficult and sometimes impossible to distinguish
the glottis. It is therefore not possible to say what happens
to the vocal folds, and copies of the photos only show a dark
area, but the ventricular folds seem to be considerably more
adducted at the end of words with sted than in the beginning,
the distance being reduced to almost 25% in the two examples
which have been photographed.
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Figure 32

Frames from a fiberoptic film of the vocal folds. Speaker JR. Successive
frames showing the vowel [i:’] in [bi:’len], compared to a mingographic
recording. The numbers indicate distance in cs from the start of the vowel,
the last picture showing the following consonant [1].
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There is thus much interindividual variation, and it seems pos-
sible to produce the sted in different ways. The extremes are
FJ and JR, although both are from Funen, and both speak a some-
what conservative Standard Danish. FJ has hardly any adduction
of her ventricular folds in vowels with sted, whereas JR has a
very strong adduction; and the difference is very consistent,
the range for the 5 examples measured being 81-94% of the dis-
tance at the start of the vowel for FJ, and 15-38% for JR.
There is also an acoustic difference: In the 1985 recording FJ
had pitch decrease in 94% of the cases, JR in only 33%. But
whether there is any causal relation between these two findings
is very dubious. Both speakers have approximately the same
percentage of irregular vibrations.

Closure of the ventricular folds was found by Ringgaard (1960
and 1962) in the so-called West-Jutlandish sted, and by Fujimura
and Sawashima (1971) in the very similar phenomenon in English
postvocalic stop consonants (e.g. fat teeth).

In section IV B (p.179) the question of constrictions in the
larynx will be taken up again in connection with a discussion
of the sted as a phonation type.

3. AIRFLOW

Oral airflow was recorded for one subject (BF 1974, reading
list 1) and a combination of oral and nasal airflow for 4 sub-
jects reading 1ist 8. The material comprised 70 different word
pairs with 8 (for BF 10) repetitions, i.e. 566 word pairs in
all (but BF's two pairs with postvocalic [n] could only be used
for analysis of the first part of the vowel, because the mask
did not cover the nose). Average curves are found in Appendix
VI.

a. First phase As was the case for intensity and Fo, it is

practical to consider the first and the second
phase of the stod separately. Since both intensity and Fo tend
to reach a higher level in words with sted than in words with-
out sted in the first part of the vowel, the same might be ex-
pected for airflow. A glance at the 54 average curves in the
appendix shows that this is only rarely the case. More often
in words with sted the airflow rises more quickly and higher
for the initial consonant and falls more quickly down to the
vowel.

Smith (1944) found a steeper rise in the start of the open
phasg of an initial voiceless consonant and in the vowel after
a voiced consonant in words with stegd and a larger area under
the_f1rst part of the curve, but the delimitation was quite
arbitrary. - He used traditional kymographic recordings with

a very lax membrane and a valve in the tube. With this lax
membrane a peak of a [d]-explosion may be delayed up to 5 cs
after the start of the vowel. It might be of interest to re-
peat his analysis with more modern instruments and using a
larger corpus.
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Preliminary inspection showed that an analysis of the area was
problematic since a consistent delimitation after consonants
would be impossible and since the effects of a higher rise and
quicker fall might cancel each other. Instead steepness and
peak were analyzed. Steepness was measured as the horizontal
distance in ms between the start of the rise and a point corre-
sponding to vertical height close to the peak. - Both measures
were undertaken on the individual curves, not on the average
curves, and only as relations between corresponding words with
and without sted within the same reading of the list, because
the airflow might be expected to change in the course of the
recording. Partly due to the quicker reaction of the instru-
ments used (see p. 88) it was often difficult to see any dif-
ference in steepness in the case of bdg and the rise of the
vowel after [1] and [v], and there were thus many judgements
of "same". For the strongly aspirated ptk it was simpler.

For fsh the start was sometimes problematic.

Smith found no difference for monosyllables. The material is
therefore divided into disyllables and monosyllables. Tables
XIII and XIV give a survey of the results, and Tables I and II
in Appendix VI contain the results for (A) ptk, (B) fshhbdg,
and (C) vowel after 1 and v separately for disyllables.

Table XIIT

Disyllables.

A. Number of pairs in which the word with stgd has a steeper
(+) or slower (-) or the same (0) rise in airflow at the
start of the word compared to the corresponding word with-
out stgd in the same reading.

B. Number of pairs in which the word with stgd has a higher (+)
or lower (-) or the same (0) airflow peak at the start of
the word compared to the corresponding word without stgd in
the same reading.

Significance i i/shr e, 1%, K** <0.1%.

A. steepness B. height

+ 0 = TSR + 0 - S
BF 43 8. 10, AR 42 9 10, nen
Fd'. 30 31\ “23 46 8 30
R ) R T SR s SR 67 9 i SR
o A5 . 26 08 58 9 4 B
NRY 9 82 284G Lo e 66 9 74 KRt lbt
st 211 127 o967 iR 279 o0gg 2T R VR

% 48.7 29.3.:°21.9 % 64.4 10.2 25.3
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Table XIV

Monosyllables.
A. Steepness of rise, and B. peak airflow in words with and
without stgd. See legend to Table XIII.

A. steepness B. height
+ 0 - + 0 -
BF.. <131 8 3 8 4 10
FJ 718715 14 5 21
HU 9 347 18 12 2 10
JR 9 8 7 12 1 "
NR 8 8 8 " 2 "
sum 44 45 45 57 14 63
¢ 32.8, 33.6 _33:6 %42.5 10.5 47.0

There is a clear tendency to a steeper rise and a still more
evident tendency to higher peaks in disyllables with sted, but
there are some individual differences, the tendencies being par-
ticularly strong, and significant at the 0.1% level, for BF and
NR, and very weak and not significant for FJ. But for all
speakers there are negative cases, also in individual word
pairs, except for [s=:la / s=:’len] and [veno / ven’n] for HU.

The test used for calculation of significance was the sign test
(Siegel 1956, p. 68-75) which is applicable to the relation be-
tween members of pairs. But its application to steepness may
be somewhat problematic because it presupposes that the number
of "same" cases can be disregarded. If these cases are dis-
tributed on + and -, the significance is sometimes smaller.
This is indicated by parentheses around the stars.

The tables in the appendix show that the tendencies are most
pronounced for ptk.

Whereas there is a clear tendency to a steeper rise and a higher
peak in disyllables with sted, there is no difference in the
monosyllabic words, and thus Smith's observations are confirmed.
However, it is highly problematic whether this is really due to
the difference between disyllabicity and monosyllabicity. In
section A.4 above (see p. 106-107) a similar difference was found
for the Fo peak in the start of the vowel, but it was argued
that the difference might also be due to differences in vowel
length. This argument is also valid for the airflow, and the
argument has even more weight in this case. - Only one of the
monosyllabic word pairs has the same vowel length in the words
with and without sted, viz. [ven / ven’], and this pair shows
the same difference as the disyllabic pairs. The height differ-
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ence is exactly the same (63% of the cases have a higher peak
after the [v] in [ven’]), and as for the steepness the percent-
age is even higher than in the disyllabic words (viz. 61% vs.
49%). 1In all the other monosyllabic pairs investigated the

word without sted has a short vowel, and the word with sted a
Tong vowel ([du / du:’, tPa / the:’] and (for one speaker)

[pPib / phi:’b] and [fgl / £#:°1]). For these words there is

no significant difference, and the tendency is rather reversed.
The pairs investigated by Smith also had a difference in length
(the examples were in fact taken over from him in order to
verify his observations with better instruments, but they should
have been supplemented with pairs without this length differ-
ence). The assumption that words with short vowels may have a
stronger and steeper airflow than words with Tong vowels is
supported by a comparison of the examples [pPi:bo / pPi:’bo /
pPibp] and [le:sp / le:’sp / lesp]. Whereas the words with

long vowel and sted have a significantly steeper rise and higher
peak than the words with long vowel without sted, there is no
significant difference between the words with lTong vowel and
sted and the words with short vowel, and for [pPi:’bvo / pPibp]
the tendency is even reversed as far as the height is concerned.
- A comparison between [kPe:1a] and [kPelvp] (see Appendix VI)
also shows a higher peak in [kPelo] for four of the five speakers.

b. Second phase Smith did not analyse the airflow in the

second phase of the sted, which other pho-
neticians consider as containing the sted proper (with Tow in-
tensity and irregularities and/or Fo-decrease). Here a low
airflow should be expected. An analysis of the present mate-
rial confirms this expectation. The analysis consisted partly
in a comparison of individual words in the same reading, part-
1y in measurements of the difference in 1/m for words with
long vowel on the basis of average curves. A survey of the re-
sults is given in Table XV, A and B, and measurements of 1/m
values and differences for different word pairs and speakers
are given in Appendix VI, Table III.

A "+" was chosen if only a short stretch at the end of a long
vowel or in the consonant after a short vowel had Tower air-
flow in the word with sted. The difference in 1/m was measured
at the Towest point of the vowel with stgd. In [pPi:bo] with-
out sted the airflow increases clearly just before the [b];
thus if the end point of the vowel had been chosen, the differ-
ence would have been larger.

There was no difference between disyllables and monosyllables,
so that both are included in Table XV A. As for the measure-
ment of 1/m only long vowels in disyllables were included be-
cause it was problematic to choose a relevant point for measure-
ment with any consistency in consonants and in monosyllables;

in the latter case there was generally a length difference be-
tween words with and without sted.
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Table XV

A. Number of pairs in which the word with stgd has a lower (-),
higher (+) or the same (0) airflow in the second part of the
syllable compared to the corresponding word without stgd in
the same reading.

B. Difference in 1/m between words with long vowel with and
without stgd.

C. Distance from vowel onset to the point where the airflow
gets lower in words with stgd than in words without stgd.

A. B. G:s
dift. distance

- 0 + sf. (1/m) (cs)
BF 59 1 1  eba 8.5 6.2
FJ 99 9 16 way €43 62
HU 120 0 A 3.9 4.3
JR 120 0 0 oo 6.9 4.3
NR 112 6 2 e 1.5 5.0
sum 510 16 19 av. 4.6 5.2

The difference in airflow in the second phase of the sted is
obviously highly significant; and in contradistinction to the
differences in the first phase, which were only (partly) sig-
nificant for groups of words and not for separate word pairs
(with extremely few exceptions), the difference in the second
phase is generally highly significant for separate word pairs
as well, since generally all 8 (or 10) repetitions show the
same difference. This is true of 53 out of 65 word pairs.
According to the sign test the significance is 1% in these
cases. There are further 6 cases with 5% significance and 9
non-significant cases. - Average curves were made of 54 pairs,
and for these words the overlappings were analyzed. This gave
almost the same result, except that no overlapping of 8-10 ex-
amples, which was very common, gives 0.1% significance according
to the Mann-Whitney test.

4. SUBGLOTTAL AND ESOPHAGEAL PRESSURE

Subglottal pressure was recorded for BF reading list 1 in 1974
simultaneously with the other recordings. It was recorded by
the direct method inserting a needle into the trachea (see p.
87 above). There were 8 different word pairs with 5-6 repeti-
tions of each word (in one case only 4). The curves look very
reliable. The zero-line is almost stable, and there is very
little variation within the same word. According to a rough
estimate from the standard deviation curve of the computer
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Figure 33

Subglottal pressure, average of 5 examples, speaker BF.

averages, the s.d. is less than 5% for words without sted, and
around 10% for words with sted. Expected differences due to
stress and aspiration are also visible. The material is given
in the form of curves averaged by computer in Appendix VII.

A typical example is shown in Fig. 33.

A11 8 pairs show a higher maximum and a steeper rise in the
first part of the vowel (in [ven’] and [ven’n] in the [v]) in
words with sted compared to words without sted. The differ-
ences are small (generally less than 1 cm H20), but they are
consistent. Due to the small number of repetitions significance
for individual word pairs can only be proven for four of the
eight pairs ([kPel’s / kPelo], [hu:’sn / hu:an] 1%, and
[pPi:’bp / pPi:bo], [ven’n / veno] 5%); but eight pairs with
the same difference gives 1% significance for the total mate-
rial according to the sign test. Moreover, corresponding words
in the same reading with and without sted were compared, and

of 38 pairs 35 had a higher maximum in the word with sted, and
31 a higher start of the vowel. This is evidently highly sig-
nificant.

The distance from the start of the vowel to the pressure maxi-
mum in words with sted is on the average 5.0 cs, individual
averages varying between 2.6 and 6.4 cs except for [hu:’en]
where the rise is much slower (11 cs). After the maximum the
pressure decreases again. Within the first 10 cs, i.e. until
the start of the acoustical sted, the decrease is, on the aver-
age, 0.5 cm Hp0 (but [le:’sp] does not show any fall at all),
and during the phase of the sted the pressure is still slight-
1y higher in words with sted except for [ven’]. (The strong
decrease found in the words [kPel’p], [ven’] and [du:’] (see
Appendix VII) is much later and has nothing to do with the
stod, being due to cases where the speaker made a pause after
the test word.) In words without sted the distance to the peak
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is very variable, and very often there is no decrease during
the first 10 cs.

Quantitative measurements in cm H,0 were undertaken both on the
computer-averaged and on the manually averaged curves as well
as on the individual words in the mingographic recording.
Averages for different word pairs from the latter measurement
are given in Appendix VII, Table I, and the grand means of the
three different types of measurement are shown in Table XVI.

Table XVI

Averages (in cm H50) at vowel start and maximum, and rise of
subglottal pressure in words with and without stgd (speaker BF,
eight word pairs with 5-6 repetitions), (A) based on measure-
ments of individual words, (B) based on manually produced aver-
age curves, and (C) based on computer-produced average curves).

A (indiv. meas.) B (man. av. c.) C (computer av. c.)
vowel max. rise vowel max. rise vowel max. rise
start start start v

+sted 11.9 12.6 0.7 11.8 12.4 0.6 18926 4.1

-sted 11.4 11.8 0.4 11.3 11.7 0.4 10.8 1o 0.7

difre: % s 0.3 B39 D708 0.2 . 1d. DA

The reason for these extra control measurements was that the
differences are small, but at the same time of great interest
for the theories concerning the production of the sted. The ac-
cordance between A and B, i.e. averages of individual measure-
ments and measurement on manually produced average curves is
very high. As for C (computer averages) the maximum in sted
words is exactly the same as in A, but the maximum of words
without sted is 0.3 cm Hp0 Tower, which I cannot explain. At

any rate it is not much, and the maximum is higher in words with
sted in all eight pairs according to all three methods of mea-
surement. As for the start of the vowel it is 0.4 and 0.6 cm
H20 Tower in the computer averages, which gives a higher rise
(1.1 compared to 0.7 cm Hp0 in sted words). This is mainly due
to the words [du:’], [kPe:1s] and [kPelo] and can partly be
explained by the fact that there is sometimes a certain lag in
the computer averages probably due to the sampling, so that the
line-up point is slightly more to the left, and some of the rise
at the end of the dip during the aspiration will thus be in-
cluded. I am therefore inclined to think that the two other
types of measurement give a more correct result. Anyhow, maxi-
mum and rise are only around 1 cm H20 higher in words with sted.
The question whether these small differences are sufficient to
explain the acoustic differences will be taken up in the final
section. But a slightly higher subglottal pressure during the
sted phase combined with a considerably lower airflow (see

above p. 149) points to increased glottal resistance.

DI e B e i b o i B i
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Esophageal pressure was measured for speaker FJ reading 1list

7. The 1ist contained the pairs [di:sed / di:’sen, si:ls /
si:’1l, mi:ls / mi:’1] and [ven / ven’]. There were 12 repeti-
tions of each word. This recording is less reliable. The zero
line is often missing, and when it is present it is very vari-
able in height. Moreover, the subject sometimes did not breathe
in between the sentences (this was apparent from a simultaneous
airflow recording), and in these cases the esophageal pressure
was often considerably higher in the second sentence, as should
be expected if esophageal pressure reflects thoracic pressure
and not the combined thoracic and recoil pressure (see Kunze
1964). No correction for lung volume was undertaken, and the
pressure was not calibrated. Therefore superposed tracings
were made with the start of the vowel [i:] in the frame [di

vi si:] as vertical starting point. There was a rather large
variation, so that the tracing of the average was difficult.
However, the peaks are exact, and there is a clear difference
in all four pairs, the word with sted having a higher maximum.
Average curves are shown in Appendix VII.

In 1974 Jorgen Rischel (JR) made a recording of his esophageal
(and pharyngeal) pressure, while reading Tist 1 and list 3.
List 1 was repeated twice, 1list 3 four times. The recording
of esophageal pressure is, however, problematic. The curve

is strongly smoothed (no vibrations are seen), and the excur-
sions are very small. Moreover, the zero-line is moving up and
down all the time both between and within the sentences. In
1ist 1 sentences with sted often seem to be on a generally
higher Tevel, and sometimes there seems to be a peak in the
beginning of vowels with sted, but it is too uncertain. In
1ist 3 (the bibibibi-1ist), there also often seems to be some-
what more rise and fall in syllables with sted, starting in
the consonant, but it is all very problematic.

5. PHARYNGEAL PRESSURE

Pharyngeal pressure was measured for BF reading 1ist 1 in 1974
together with the recording of other properties (see Appendix
VIII), for FJ reading 1list 1 (1981) and for JR reading lists 1
and 3, i.e. together with esophageal pressure (see above).
BF's recording was calibrated in cm H,0, the other two record-
ings were not calibrated.

In BF's recording there is a tendency for the maximum pharynge-
al pressure in the initial consonant (i.e. just before the re-
lease of [pP] and [k®] and at the transition to the vowel for
[v] and [1]) to be higher in words with sted. The difference
is found in all eight word pairs and is thus significant for
the material as a whole, but the difference is small (0.3 cm
H20 on the average), the variation is much larger than for the
subglottal pressure, and the difference within individual pairs
is not statistically significant except for [hu:en / hu:’en]
(5% level). The zero line varies (about 1 cm H20) which gives
some uncertainty. Moreover, the pressure is smaller than ex-
pected. Shortly before the release of aspirated [p"] and [k"]
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one should expect to find identity between subglottal and
pharyngeal pressure (see, e.g., Lofqvist et al. 1982), but for
the three relevant word pairs the pharyngeal pressure is 3.2 -
3.3 cm Hp0 Tower. About 1.5 cm Hy0 would be gained by using
the zero-line of the computer averages, but these zero-lines
are arbitrary (except for Fo). The zero-line in the curves

in the Appendix has been placed by comparison with manually
averaged curves from the mingograms, which were calibrated,
and the error in this procedure is at most 0.2 cm H20. The
deviation is therefore difficult to explain. BF read the sen-
tences in a rather loud voice so that the subglottal pressure
of about 10 cm H,0 is not higher than should be expected (see,
e.g., Daniloff e% al. 1980, p. 202). But the scale and thus
the differences are OK. Heasurement and averaging of selected
mingograms gave the same differences with a deviation of only
0.1 cm H,0.

During the sted phase the pressure (measured at the minimum)
is Tower than the corresponding point in words without sted in
all word pairs except [kPe:ls / kPe:’1p]. This difference is,
however, also small (0.6 cm H20 on the average). A1l word
pairs taken as a whole give significance at 5%, but there is
no significance within separate word pairs except for [hu:en /
hu:’sen]. Averages for individual word pairs as well as com-
puter produced averages are given in Appendix VIII. The ten-
dency to slightly higher subglottal pressure in the sted phase
compared to slightly lower pharyngeal pressure points to strong-
er glottis constriction in the sted, but the differences are
small.

Pharyngeal pressure was also recorded for FJ reading list 7,
which contained four word pairs (see section (d) above). All
four word pairs showed a higher pressure in the initial conso-
nant in words with sted, and the difference is significant ex-
cept for [di:sed / di:’sen]. On the other hand, [di:’sen] has
a steeper rise during the [d] closure in 11 out of 12 cases,
when)words from the same reading are compared (see Appendix
VIII).

JR read 1list 1 twice. In this Tist no difference between words
with and without sted can be seen, although the base line is
quite stable in this recording in contradistinction to the eso-
phageal pressure. In list 3, which was read four times, the
initial consonant ([b]) has a higher pressure at the end of

the closure in most words with sted, but the difference is not
significant. There is, however, a clear difference in the move-
ment of the pressure during the closure. After the first steep
rise the pressure remains stable in words without sted in 8 out
of 12 examples, whereas in words with sted there is a rise in
10 out of 12 examples. This difference is significant accord-
ing to Fischer's probability test.

In JR's and FJ's curves the DC amplitude was rather small and
the vibrations very large in voiced sounds, which made measure-
ments of pressure during the sted phase difficult. But measure-
ment of selected examples did not reveal any difference. What
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could be seen very clearly, however, was a pronounced decrease
in the amplitude of the vibrations during the sted phase.

The sted thus also shows up in the pharyngeal pressure, but the
differences are small and not always significant.

6. ARTICULATORY FORCE

Since both airflow, pharyngeal pressure, intensity and pitch
tended to be higher at the start of the vowels with sted, it
seemed worth while to look for signs of more articulatory force
as well. Very informal observations seemed to indicate more
protrusion of the 1ips in rounded vowels with sted. But this
has not been investigated thoroughly.

Muscle activity in orbicularis oris superior (00S) in initial
labial consonants in words with and without sted could be com-

phi:bo

Figure 34

Palatograms of the words [pPi:bv] and [p"i:’bvo] pronounced
by FJ.
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pared in two word pairs: [pP"i bo / pPi:’bo] and [man / man’]
(average of 16 examples) in the Haskins recording 1972 (see
Fischer-Jgrgensen and Hirose 1974b), but the activity was not
consistently stronger in the word with sted. PM had the same
activity in initial [p] in both words, whereas TB had more
activity in the word with sted. In [man / man’] PM had more
activity in the [m] in the word with sted, whereas for TB the
opposite was true. In the Haskins recording 1976 of FJ it was
also possible to compare 00S in a word pair with and without
stegd ([phe:na / pPe:’n]). This comparison did not show any
difference either.

A number of palatograms dating from 1949 were also inspected
more closely. There were five speakers: FJ, KS, NE, OR and OT.
In one of the series with FJ as a speaker an artificial palate
was used (FJdb), in the other cases the method was direct pala-
tography. The tongue was painted with a mixture of yellow
ochre, medical coal and gum arabic, and immediately after the
pronunciation of the word a small mirror was inserted, and the
outline of the contact area was drawn on a photo of a plaster
cast of the palate. An example is shown in Fig. 34 (the curved
lines indicate 50% height of the palate counted from the highest
point to the surface of the molars). The subjects pronounced
partly isolated vowels with and without sted, partly words of
the type [pPi:bo / pPi:’bo], where only the stressed vowel would
show contact with the palate. The distance between the right
and left boundaries of the contact at the narrowest passage was
measured for each vowel. Since words and isolated vowels be-
haved alike, and the total number was small, they have been com-
bined in Table XVII, which shows the difference between the

Table XVII

Average difference in mm between vowels without and with stgd
in respect of the distance between right and left contact area
on palatograms, measured at the narrowest point of the passage.
N = number of individual examples; significance: * < 5%,

*k < 1%, *EE £ 0V1%:

 EME T (T e: - e:? gl & g yoosnysl. v ngietuy

N diff.| N diff. | N diff.| N diff.| N diff.
Fda 'B/11 3.4#*%
Fdb.. 9/9 . 2.9, 19/9.. 7.5%** 9/7 .=1.3. 3. 272 4.5
NEa -3/3: 3.0-13/3 7.0 3/5 529 F 3127 15T T AR
NED- . 8/6 1.3*
KS 6/10 1.6 {3/3 -2.7 3/3 0.6
OR 4/5 1.8 {4/4 -1.0 4/4 0.4 4/5 1.4

oT 10/6 1.6
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measurements for vowels with and without sted. These measure-
ments in mm are not real, in the first place because the photos
of the casts were about 10% shorter in both dimensions than the
originals, and in the second place because the contact areas
are larger than seen on the drawings due to the steepness of
the sides of the palate. But they give a reliable picture of
the direction of the difference between words with and without
sted and an approximate impression of the size of the differ-
ence. Because of the restricted number of examples it is only
rarely possible to demonstrate significant differences in the
individual averages, but seen as a whole the difference is sig-
nificant, vowels with sted having a smaller distance and thus

a larger contact in 17 out of 20 averages. There is thus a
clear tendency to pronounce vowels with stgd with more artic-
ulatory energy.

7. ELECTROMYOGRAPHIC INVESTIGATION

a. Interarytenoid (INT) and It is well known that INT
posterior cricoarytenoid (PCA) is an important muscle (or
muscle group) for closing
the glottis by bringing the arytenoids together and that PCA
has the function of opening the glottis by pulling the muscular
processes in an arc towards the back, thus separating the vocal
processes which move outwards (see, e.g., Hirose 1975).

Since it is a general opinion (see below p.182 ) that the ary-
tenoids are close together in creaky voice, INT might perhaps

be expected to be active at the start of the sted and PCA active
for opening the glottis again (although, according to the fiber-
optic pictures only JR and BF seemed to have more constriction
in the posterior part of the glottis in words with sted).

In the Haskins investigation 1972 HA read two words with sted:
[pPe'dz=:’1] and [be'tPe:’1ls]. The latter word could be com-
pared with [tPana] without sted. But there was no difference
in the activity in INT for the two words. FJ read six word
pairs and moreover two words with and without sted and with
the same initial consonant. There were 16 repetitions of each
word. In four of the pairs the word with sted had, on the
average, a slightly higher peak in INT, in the three others a
slightly Tower peak. There was thus no difference, nor was
there any difference in the duration of the activity. In her
case PCA was also recorded. It did not show any consistent
difference for the sted. But it showed a somewhat higher ac-
tivity in the preceding voiceless consonant in words with sted
in four pairs starting with [p®, k®] and [h], the average dif-
ference being 27 mv. This is in good agreement with the gener-
al finding that voiceless initial consonants have stronger
airflow in words with sted (see p. 149) though this difference
was not significant for FJ.

In the 1974 investigation the material is very restricted.
Three subjects (MF, LG and PM), whose INT and PCA were recorded
in connection with an investigation of obstruents (see Hutters
1984), also read the three words {ven], [ven’] and [ve:’n]
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twelve times in the frame [de ... di sip]. Moreover, the
text contained a certain number of words with sted which did
not have any counterparts without sted. PM's INT was not very
reliable, whereas the other recordings were good. The twelve
mingograms of each word were superposed and scrutinized for

LG and MF.

LG read the sentences rather quickly, and his sted was not very
strong. There was decrease of intensity, but hardly any irreg-
ularity. Two simultaneous recordings of his INT had been made
with a slightly different placement of the wire. In one the
peak before the start of the vowel was slightly higher in
[ven’] than in [ven], in the other recording the relation was
reversed, and in both there was complete overlapping. In all
cases the INT decreased slowly down to the valley for the
(voiceless) [d-] of the frame. No differences between the
three words could be found.

MF read the sentences very slowly and with a very strong sted
with a Tong irregular phase of around 9 cs, starting about 15
cs after the start of the vowel. In [ven’] there sometimes
seems to be a real closure. Her tempo was rather irregular,
which made averaging somewhat problematic, and therefore her
recording was not utilized by Hutters, but on the other hand
the slow reading often makes the interpretation of individual
words easier, and both INT and PCA have peaks and valleys at
the expected places for voiceless consonants and vowels. Her
INT had a slightly higher peak before [ven’] than before [ven]
and [ve:’n], but there was complete overlapping. There was,
however, a small difference in the vowel, [ven’] and [ve:’n]
showing a small valley, whereas there was hardly any dip in
[ven] (see Fig. 35 showing average curves of INT for the three
words). For LG a possible valley in the vowel could not be
distinguished from the valley for [d], whereas for MF, who
spoke more slowly, this dip came later.

The different sentences used for the investigation of obstru-
ents also contained some examples of sted, but it was not pos-
sible to see any particular activity in INT for the sted. In
most cases there was a pause or a voiceless consonant following
the vowel with sted, so that a possible valley would not be
visible, but the word [bxg:’s2d] had a small valley before the
sted in almost all cases in MF's recording, whereas a corre-
sponding valley is rare in, e.g., the words [bi:3s] or [pPi:na].

Thus, if there is any difference it rather consists in a certain
relaxation of INT for the sted. Hirose (see Hirose et al.

1974) also interprets the examples of Danish sted as having no
particular activity in INT.

As for PCA, LG does not show any activity for the sted, but he
has a peak for the following [d] of the frame. MF very often
makes a pause after the test word. In these cases she has two.
peaks in PCA, one for the pause and one for the [d]. In [ven’]
the peak is in the [n] and could theoretically indicate PCA ac-
tivity for the opening of the glottis, but in [ve:’n] it comes
after the stgd, and there is also a peak in [ven], so it must
be interpreted as activity for the opening of the glottis for
the pause in all cases. She sometimes has a small peak in PCA
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‘ for the [v] in [ven’] and [ve:’n]
but not in [ven]. This may have
! . to do with the degree of voicing

in these tokens ([v] sometimes
i AT being voiceless).

Faaborg-Andersen (1957) included
some examples of words with and

—*”"—\“‘“\\‘__ﬂf*\\\\ without sted in his electromyo-
graphic investigation of the in-

trinsic laryngeal muscles. There

¥ were only two examples with INT,
one had higher activity in the
word with sted and one the same
B level of activity.

_———"’———{\\“\“\\\‘ It may be of interest to compare

the activity of INT and PCA in

€ N T the sted with the activity in re-
v ; b lated phenomena, above all hard:
: attack. Hirose and Gay (1973)
investigated the activity of
various laryngeal muscles in
vocal attack in the syllables
[7a], [ba] and [ha] said in iso-
EMG (INT) average of 12 ex- lation by English speakers. INT
amples. Speaker MF. was recorded for three speakers.
One had no difference in INT be-
tween [?a] and [ba]. One had a
very small extra peak in INT
around 20 cs before the onset of
voicing, and one had a clear peak about 25 cs before the onset
of voicing in [?a]. PCA was recorded for two speakers only.
One speaker had a small peak at voice onset in [?a], not in
[ba], and the other also had some activity, but Tess clearly.

Figure 35

In the 1974 investigation a series of [? 2 2] and [?a 7a ?a]
was used as identification test for INT and PCA at the start
and at the end of the recording. The distance between the
bursts was approximately 17 cs for PM, 20 cs for LG and 40 cs
for MF. After the first mentioned series [? 2 ?] there was
in all cases a short burst of sound, [s]; PM and MF also pro-
nounced [?a ?a 7a] with varying length of the [a]. - INT and
PCA showed the expected alternating activity (see, e.g.,
Hirose and Gay 1972, and Hirose 1975; Hirano and Ohala 1967
also found alternating activity in PCA and LCA in a series of
[?2 2 2]). - The INT activity starts in or just after the pre-
ceding sound and has its peak 5-10 cs before the onset of
voicing, but it cannot be decided whether the peak would have
been lower for [s] or [a] without hard attack.

As for PCA it starts at the peak of INT in the case of LG, and
also in the case of MF if [?] is only followed by a short burst
of sound. Moreover, it occurs at a corresponding point in time
for. PM, i.e. before the [?o] or [?a], and it might therefore
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be seen as an activity for the opening of the glottis after
[?]. However, in thé case of MF's [?a 7a ?7a] which sometimes
have a vowel duration of 10-14 cs, it very often starts after
voice onset, about 10-13 cs before the end of the vowel, and
thus its function is to open the glottis for the pause (which
often contains a rather strong airflow). Thus PCA activity is
not needed for the opening of the glottis from closed to
voicing position.

In the text there are various examples of hard attack, and in
two cases it comes after a vowel followed by two voiced seg-
ments, the vocalic contexts being [e:'?e:] (24 examples) and
[0'2e:] (12 examples). Here the vocal folds are already in
voicing position, and an extra activity might not be needed
for the second vowel. However, MF, who always has a strong
hard attack with around 7 cs of glottal constriction, always
has a valley in INT with a new peak just before voicing onset
in ['e:]. But a valley with new onset of activity is also
often found for LG, who has hard attack only in a limited num-
ber of cases, and this valley and new peak have no connection
with the presence or absence of hard attack; the peak is evidently
a new onset of activity for the following (stressed) syllable.
Thus nothing speaks for a particular activity of INT for sted
or hard attack (except for one of Hirose's speakers).

Faaborg-Andersen (1957) found a very small increase of activity
(10 mv) in INT in two examples of [?ab] compared to [bob]. He
concludes that there is no significant difference.

As for PCA, LG and PM have no activity in these cases, but MF
has a peak in PCA during the glottis constriction, i.e. simul-
taneously with the INT peak, in contradistinction to the normal
activity in these two muscles. The occurrences of a peak in
PCA are in agreement with two cases in Hirose and Gay 1973, but
in only one of the two cases does it coincide with a peak in
INT. These peaks in PCA seem in fact to have something to do
with the opening of the glottis after hard attack (probably in
the case of a strong constriction, stronger than in a sted).
Fig. 36 shows average curves of INT and PCA for MF's [o'?e:].

b. Vocalis (VOC), crico-thyroideus (CT)
and the lateral cricoarytenoideus (LCA)

(i) General function of CT, VOC and LCA.

The three muscles VOC, CT and LCA are treated together because
they have partly common functions, which gives some problems

for the interpretation. It is well known and generally accepted
that CT's main function is to lengthen the vocal folds, making
them thinner and more tense and thus raising the pitch. VOC is
also normally active in raising the pitch in the chest voice.
This has been documented in numerous papers, e.g. Faaborg-
Andersen 1957 (7 subjects), Shipp and McGlone 1971 (14 subjects),
and Dejonckere 1980 (15 subjects). It is therefore also often
active in pitch accent (cf., e.g., Sawashima et al. 1973,
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Yoshioka and Hirose 1981,
and Garding 1970) and sen-
tence intonation (Harris

ca Sl
} et al. 1969). Its pitch
s _)/“f$\\\_¥ raising function is, how-
e ever, less consistent
than that of CT. Atkin-
INT son's subject (1978)
showed a rather low cor-
"///N\\\ relation between VOC and
W, ///’\\“"~"“-\\\ Fo, and Shipp (1982) found
much intra-subjective
variation in this respect.
e WM e LA A ——  ThiS was also the case in
§ L FE et the present investigation
(see below). It is also
somewhat uncertain what
the mechanism is: whether
Figure 36 the increased tension in VOC

EMG (PCA and INT) of hard attack; av- raises the pitch, or

erage of 12 examples. Speaker MF. zgz;hi;e153c§?s¥o}35to

close together against
their tendency to be slightly separated by the CT-tension
(Hirano 1981), or whether VOC acts as an antagonist to CT in
the sense that simultaneous activity for lengthening (CT) and
shortening (VOC) of the vocal folds results in increased ten-
sion (Garding 1971, Daniloff et al. 1980, Zemlin 1981), or
whether, finally, a contraction of the body of the vocal folds
makes the cover looser and better suited for vibrations when
it is being drawn tight by the activity of CT. The last men-
tioned explanation has been proposed by Hirano in 1972 (see
Hirano 1977 and 1981); he finds, however, that in the case of
strong contraction the whole vocal fold may be stiffened
(1977). The distinction between cover and body and the em-
phasis on the relatively free vibration of the cover was pro-
posed already in 1957 by S. Smith (the "membrane-cushion
theory") on the basis of a rubber model of the vocal folds,
whereas Hirano has based his description on an anatomical ana-
lysis.

i)

It can sometimes be seen in published curves that VOC starts
around 5 cs later than CT and also has its peak corresponding-
1y later (e.g. G&rding 1970), and it is a very general phe-
nomenon in the present material. (In Yoshioka and Hirose 1981
the peak is earlier in VOC than in CT, but this is because VOC
is active for the hard attack in the test word, which begins
with a vowel.) The later rise of VOC cannot be due to a slower
contraction time, on the contrary: VOC is quicker than CT

(cf. Sawashima 1974, Atkinson 1978 and Martensson 1982). The
later activity in VOC speaks for Hirano's theory, and the fact
that VOC does not always participate in Fo-rise speaks against
the assumption that both CT and VOC must be contracted to pro-
duce tension.
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VOC has, however, a number of other functions. It is always
active in voiced sounds, and generally starts its activity
around 25 cs before the start of an utterance after a pause,
whereas CT remains inactive during the same period and does not
show activity until there is a pitch rise. This is mentioned
by Garding (1970) and is seen very often in the present materi-
al. (The initial period of VOC activity may be preceded by a
short period of CT activity and VOC inactivity.) On the other
hand, VOC is relaxed for voiceless sounds (and more so for
aspirated than for unaspirated consonants) so that there is a
clear dip in the curve (see, for Danish, Hutters 1984), whereas
CT's behaviour is less clear and more dependent on the pitch
contour. Finally, VOC has been found to be active in cases of
strong glottal constrictions, e.g. in hard attack (Faaborg-
Andersen (1957), Hirose and Gay ?1973), G&rding (1970)) and
Korean laryngealized (fortis) consonants (Hirose et al. 1973).
CT did not seem to have any function in the Korean stops, where-
as its role in hard attack is less clear. Hirose and Gay (1973)
found stronger activity in [?a] than in [ba] in CT, whereas
Faaborg-Andersen found this stronger activity only in VOC.
Lindquist (1972) says that glottal stops show peaks in VOC but
inhibition of CT, and Garding (1970) has found this confirmed
for one subject producing a glottal constriction in emphatic
Swedish [ja?a], but for another subject (Garding et al. 1970)
this is not clear. On the whole, the activity of CT must always
be seen in connection with the pitch contour; and glottal attacks
after a pause (Hirose and Gay 1973, Faaborg-Andersen 1957) are
not easy to interpret because all adductor and tensing muscles
and in many cases the raising muscle CT as well, must be active
in this position.

As for LCA, it acts, of course, in a different way from VOC,
because its attachments are different (its contraction brings
the vocal processes together and raises the medial compression
of the vocal folds (see, e.g., Laver 1980), but in speech it
very often has the same functions as VOC: it has been found to
be active in glottal stops (Hirano and Ohala 1967), glottal
attack (Hirose and Gay 1973), Korean fortis stops (Hirose et
al. 1973); it also takes part in voicing and pitch raising, and
the curves of VOC and LCA are often practically indistinguishable,
but it seems to be particularly active in glottal constriction
(Hirose and Gay 1973) and its activity in pitch raising seems
to be somewhat less regular (see, e.g., MacNeilage 1972).

In order to judge the function of the muscles the time lag be-
tween muscle contraction and acoustic effect must be taken into
consideration. This aspect has not been studied very extensive-
ly, but some observations have been made. Buchthal and Faaborg-
Andersen (1964) studied the time interval between the onset of
electrical activity and the onset of phonation, using isolated
vowels and syllables. For CT they found an interval of 10-20
cs. But onset of phonation may require longer time than changes
during phonation. Simada and Hirose (1971) found that the ac-
tivity of CT begins to increase 12-18 cs before the onset of

the speech signal and that it reaches its peak 7-8 cs before

the corresponding peak in the pitch contour. Fujimura (1977)
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mentions 10 cs as a typical lag time in speech gestures. Atkin-
son (1978) used the method of shifting the EMG-curve forward

in time until the correlation with the Fo curve was at its
maximum. In this way he found extremely short time lags (15

ms for VOC and LCA, and 40 ms for CT). He finds excellent
agreement between these findings and the results of experiments
with cats and dogs, cited by Sawashima (1974), but these latter
experiments concerned twitch time of single motor units, which
should be expected to be shorter. Niels Jgrn Dyhr (personal
communication) found 5-7 cs as the most common distance between
the peaks of CT and Fo. In the present material I found 5-10
cs in the majority of the cases both for the start and the
peaks, but the distance may be both shorter and longer, and
there is much variation, the distance between the start of ac-
tivity in CT and Fo being more uncertain than the distance be-
tween peaks. When the vocalis muscle participates in pitch,

it may sometimes have its peak after the Fo peak, or stay at

a high Tevel after Fo has decreased.

(ii) Function of VOC, LCA and CT in the stgd

The EMG activity of laryngeal muscles in the Danish stod was
first investigated by Faaborg-Andersen (1957) and later by
Fischer-Jorgensen and Hirose (1974) (see the summaries in sec-
tion Id, p. 79-80 above). In both investigations the activity
of VOC was found to be stronger in words with sted than in
words without sted, but the material was restricted.

In the present investigation recordings of VOC and CT were
made in 1974 for seven subjects reading Tist 1 in the frame:
[de: ... di sip]. The subjects were BF, BH, BM, HU, JJ, NR

and JR. NR read the 1ist (which contained 8 word pairs) 6
times, JR 3 times, the others 10-12 times. BM and JR also
read list 3 ([bibibi] nonsense words). A new recording of BF
was made in 1977 and again in 1979. In both cases list 1 was
read, both in the normal frame and in the frame [di sip 'als
...] or [di sip 'ose ...] (1977 and 1979, respectively), and
list 1 was further supplemented with the short 1ist 2 with
stgd on secondary stress (see Appendix I, p. 1).

According to the activity of VOC in sted the seven subjects
form two groups. Five speakers (BF, BM, HU, JJ and NR) have
a clear peak in VOC in words with sted, whereas two (JR and
BH) do not show any difference between words with and without
stod. The two groups will be treated separately.

In the first group it is pretty certain that the recorded
muscle is really VOC. Besides for the stgd, it shows activity
for swallowing and for [?a ?a 7a], and there are valleys for
voiceless consonants (see Hutters 1984), except for NR, where
the valleys appear irregularly and are very weak. Moreover,
BF, BM and NR have clear activity for rising pitch in the
tests, but for BM and NR there is only very moderate activity
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for pitch rise in the sentences. The recording of CT was
successful for BM, HU, JJ and BF (1974 and 1977; in 1979 LCA
was chosen for BF instead of CT). For BH CT was allright in
the test, but then the wire must have moved, and during the
word list it looked rather 1ike sternohyoid. For NR LCA was
hit instead of CT. Thus VOC and CT can only be compared for
BF, BM, HU and JJ.

The higher activity in VOC for sted is quite consistent for
the five subjects of group 1, the average activity being
higher in the word with sted in all 75 pairs. Moreover, 67
word pairs from 1list 1 were analyzed individually for sig-
nificance. In BF's recording 1974 the activity of VOC in-
creased in the middle of the recording, but within the same
reading the word with sted always had higher activity than

the corresponding word without sted. A1l other recordings
(i.e. 59 pairs) could be analyzed by means of the Mann-Whitney
test. One pair (NR [du / du:’]) showed 1% significance, all
other pairs 0.1%, and only 9 pairs showed a slight overlapping,
whereas there was no overlapping at all in the other pairs.
The difference in VOC activity is thus very stable.

The extra activity in VOC in words with sted begins in most
cases 2-4 cs after the start of the vowel (for BF 1974 often

a few cs before vowel start). It has its peak 10-13 cs after.
vowel start (see Table XVIII), i.e. shortly after the point
where the stgd phase (with decrease in frequency or irregular
vibrations) starts (see Table XII, p. 111 above). The activity
decreases quickly again and crosses the curve for the corre-
sponding word without sted approximately at the end of the
vowel for long vowels with sted and at the end of the conso-
nant in the cases of short vowel with sted in the following
consonant (sometimes about 2 cs later) (see Appendix IX, p.261-
265). The activity is thus generally of rather brief duration
(10-20 cs in the average curves and often somewhat shorter in
individual examples), and the peak may be very sharp.

Table XVIII

Distance (in cs) from vowel start to the peak in VOC in words
with ste¢d (grand means of 7-8 averages).

BF BF BF BF BF BM HU JJ NR av.
/4 77a 77b  79a 7%
10.9" 11.3 11.6 - 9.7 10.8- #1.8 426 11.37138 ¥ 95

There is thus a clear connection between VOC and sted. CT has,
however, also a peak in the beginning of the vowel in words
with sted. In BF's curves it occurs about 8 cs earlier, just
after the start of the vowel, whereas for BM, HU and JJ it is
later, only 2-4 cs before the peak in VOC. This difference be-
tween the speakers can be explained by their Fo-curves. BF has
a jump up to the stressed syllable in stgd words (with fall in
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the following unstressed syllable), whereas the other speakers
have approximately the same pitch as in the preceding vowel of
the frame in words with [¢] (only slightly higher after voice-
less consonants) and a jump up only in words with [i] or [u]
(the following unstressed syllable normally being higher than
the stressed syllable). Therefore their CT-peak is later.
This explanation is corroborated by the fact that BM (and part-
1y HU) have an earlier CT-peak in words with [i] and [u] than
in words with [e¢] (this, by the way, shows that CT-activity
may be involved in the intrinsic pitch difference, a question
which is being investigated by Niels Jgrn Dyhr).

The presence of a peak both in VOC and in CT in the stressed
vowels of words with sted raises the problem whether the peak
in VOC might be partly (or completely) due to the pitch move-
ment, and (on the other hand) whether the peak in CT (or at
least its amplitude) may have anything to do with the sted.

In order to throw some 1light on this question some selected
examples (two for each speaker and recording) will be analyzed
in more detail (they are averages of 10-16 examples (6 for NR)).

Fig. 37 shows VOC, CT and Fo for the words [hu:sn / hu:’en]
and [kPelp / kPel’p] in BF's 1974-recording. It is evident
that his VOC is very active in pitch rise in words without sted.
The peak is clearly later in VOC than in CT, and the activity
continues for a longer time (this is not an unusual phenomenon,
see p. 160 above). In words with sted the peak in VOC also
comes later than the CT-peak. It can therefore not be ex-
cluded that the VOC-peak in sted-words might be mainly due to
the pitch contour. This was the reason why BF was recorded
again in 1977 and 1979. A correct analysis of his recordings
was also particularly important because he is the only speaker
for whom subglottal pressure and airflow have been recorded
simultaneously with the electromyographic recordings.

In 1977 and 1979 BF was asked to say the words both in the
generally used frame [de: ... di sip] and in the frame [di sip
als ...] (1979: 'ose), where the test word was found finally”
after an emphatic word, and where it might thus be expected to
have low pitch. Fig. 38 contains the same words as Fig. 37.
In Fig. 38a the frame is [de: ... di sip]. Here again VOC is
active for pitch and has a later and longer peak than CT in
the words without sted. But whereas the CT-peaks are of ap-
proximately the same height in words with and without sted

(in accordance with the Fo-curves), the peaks in VOC are con-
siderably higher and sharper in words with sted than in words
without sted. A good deal of this activity must be for the
sted. In Fig. 38b, where the sted word is said finally after
an emphatic word, the pitch is definitely low, but BF still
makes the same difference in pitch contour between words with
and without sted, although with smaller amplitudes. However,
just as in Fig. 38a, the peak in VOC in sted words is con-
siderably higher and sharper than should be expected on the
basis of its activity in words without sted. If it were a
peak for higher pitch, it would also be expected to continue
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voc ) voc |

sod_ (R ) i B LS (R T, | S s 1 SPATE 0 Ol I
PA A | R | - - 20 Qo akCles JCATN
BF h|] ur san ok Sl SRR B
74 hel™ s ? an kAR
Figure 37

EMG of VOC and CT, and Fo for words with and without stgd.

Speaker BF 1974. A: start of vowel (line-up point), B: end

of vowel. C: end of postvocalic consonant.— no stgd,- - sted.
— 10 €5,

for a longer time. In [kPel’p] (both in Fig. 38 a and b) there

is a small peak in VOC at the Tine-up point, which is also found
in the words without stgd. This is evidently activity for voicing
after the valley for the initial aspirated [kP]. The same is
seen, though less clearly, in [hu:’en] in Fig. 38 a.

Fig. 39 a and b show the words [le:sp / le:’sp] and [du / du:’]
read by BF in 1979 in the same two frames. Here CT is replaced
by LCA, which Tooks almost exactly 1ike VOC. The second peak in
[le:sp / 1e:’sp] must be activity for voicing after [s] (cf. that"
there is no peak at the Tine-up point after [1]). Both VOC and
LCA show activity for pitch rise in Fig. 39 a, but the peaks in
words with sted are much higher than should be expected for pitch.
In Fig. 39 b the pitch is low in the test words (but they are
still different), and particularly in the word [du:’] the peaks

in VOC and LCA cannot be explained by the pitch contour (and a
peak after the voiceless [d] should occur earlier).

In 1977 and 1979 BF also read the word pa1rs ['hoi huise /
'hoj,hu:’se8] and ['au tP=ils / 'au, the:’lo] with sted in a syl-
1ab1e with secondary stress (he has "Tow pitch in secondary stress
in contradistinction to the normal contour in the Copenhagen
Standard). Fig. 40 a, b and c contain three examples. In Fig.
40 a the pitch contour of the second syllable is almost the same

L
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77a R lrmisl en b O NPT [

7Zb il age %ig- R kb

Figure 38

EMG of VOC and CT, and Fo for words with (---) and without (——)
a: in the frame: [de: ... di siv], b: in the frame [di sip 'als
...]. Speaker BF 1977. See legend to Fig. 37.

stgd.
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EMG of VOC and LCA, and Fo of words with (---) and without (——)
stgd. (a) in the frame [de: ... di sip], (b) in the frame
[di sip 'ose ...]. Speaker BF 1979. See legend to Fig. 37.
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EMG of VOC and LCA, and Fo of words with

stgd in secondary stressed syllables.
to.Fig. 37.

Speaker BF.

(---) and without (——)

See legend
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in the words with and without sted, so that the peaks in VOC
and LCA must be for the sted. In Fig. 40 b the peak in VOC in
[2:7] is rather low, but it should not be expected to be very
high for an [=] (see below).

The conclusion is that the peaks found in VOC for stgd-words

in BF's recordings may be somewhat influenced by the pitch con-
tour, but that the activity must be mainly for the sted. This
can be concluded from (1) the consistent temporal difference
between the peaks in VOC and CT (8 cs), which is smaller and
less clear when only pitch is involved, (2) the height of the
peak compared to the height for pitch rise alone, (3) the sharp
peak with quickly decreasing activity compared to the activity
for pitch, which remains high for a longer time.

As for CT, its behaviour can be almost completely understood

as activity for the pitch contour. In [hu:’sn] and [kPel’p]
1974 (Fig. 37) and in [hu:’en] 1977 (Fig. 38 a) it has a dip
corresponding to the peak in VOC, which might be interpreted as
an inhibition (as assumed by Lindquist 1972) or as a prepara-
tion for the frequency dip during the sted, but in [kPel’p]
1977 (Fig. 38 a) it is too late for that. - On the other hand,
in [k®el’p] 1977 (Fig. 38 b) CT has a surprisingly high peak
for the rather low first syllable of the test word. This is
also the case for most other words in this series, i.e.
[kPe:’1lp, le:’sp, pPi:’bo, sen’], whereas [hu:’en] has a re-
latively high peak in only 5 out of 16 examples, and there-
fore a low average peak (Fig. 38 b), and [du:’] has no peak.

In all these cases the test word comes after an emphatic word
with a strong and quick rise and fall of CT and Fo, and it may
therefore be necessary to make a new start (BF also often makes
a short pause before the test word). Words without sted have

a different pitch contour with rising pitch on the second syl-
lable, which may require a different CT-activity. The CT-peak
in ['ag, tPe:’10] (Fig. 40 b) is more problematic. In this

case the pitch contour of the second part of the compound is
very similar in the words with and without stgd. Nevertheless
the word with sted has a much higher CT-peak. Still more enig-
matic is the CT-peak in ['hoj hu:sa] in Fig. 40 c which, con-
trary to the preceding example, is found in the word without
sted (it is quite regular in all 12 tokens).

The other speakers give less problems. Fig. 41 shows the word
pairs [hu:en / hu:’en] and [ven / ven’] read by JJ with record-
ing of VOC, CT and Fo. He has very clear activity in CT for
pitch rise, but hardly any activity in VOC for pitch. (This

was also the case in the introductory identification test,
which contained strongly rising and falling tones.) Neverthe-
less he has high peaks in VOC in words with stgd. They can
hardly have anything to do with pitch.

Fig. 42 shows the pairs [kPe:ls / kPe:’1p] and [ven / ven’]

read by HU. Just 1ike JJ, she has activity in CT for pitch
rise, but hardly any activity in VOC. The high peaks in VOC

in words with sted must therefore reflect activity for the staed.
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Figure 41

EMG of VOC and CT, and Fo of words with (---) and without (—)
stpd. Speaker JJ 1974. See legend to Fig. 37.
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Figure 42

EMG of VOC and CT, and Fo of words with (---) and without (—) stgd.
Speaker HU 1974. See legend to Fig. 37.
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Fig. 43 contains the word pairs [kPe:ls / kPe:’1p] and [du /
du:’] read by BM. In the identification test he has activity
in VOC for pitch (except for falsetto), but it is very weak in
the text. The peaks in words with sted are so much stronger
than the small rise for pitch in words without sted that they
clearly reflect activity for the sted.

Fig. 44 shows the word pairs [kPelo / kPel’p] and [du / du:’]
read by NR, with recording of VOC and LCA. The curves of these
two muscles are very much alike. Both have activity for pitch
rise, but the peaks in VOC and LCA in [kPel’p] cannot have any-
thing to do with pitch, since in that case it would be much
later (cp. the contour for the word without sted), and in

[du / du:’] the pitch contours are almost identical and cannot
in any way explain the peaks in VOC and LCA.

It is apparent from these examples that activity in VOC is
closely connected with the sted. A final problem is whether
it might be activity in order to obtain the right conditions
for voicing after the glottal constriction. This was the
interpretation which was suggested for INT activity prior to
hard attack, and it has also been proposed for VOC by Fujimura
(1977 a and b) for fortis consonants in Korean and for the

[?] in Swedish [ja?a]. As far as the Swedish example is con-
cerned, I think that the peak comes too early in the Skane
example to permit this interpretation. And as far as the ac-
tivity in words with sted is concerned, this assumption can

be refuted. In the first place there is very often voicing
all through the sted, only with a dip in frequency, and in the
second place clear peaks in VOC are also found in the cases
where the sted occurs before a voiceless consonant (as in
[1e:’sp]) or finally before a pause, e.g. [sen’] and [du:’]

in BF 1977 b and 1979 b (see Fig. 38 b and Appendix IX).

For all speakers the VOC activity tends to be stronger in words
with high vowels and in monosyllables than in disyllables with
[e]. I cannot explain this tendency.

BF sometimes has a small dip in CT corresponding to the peak
in VOC. But the other three speakers (BM, HU and JJ) do not
have such a dip. Thus, in their speech at least, CT is only
active for the higher start of the pitch in words with sted
but does not seem to have anything to do with the sted phase
or the dip in frequency concomitant with it. In the Swedish
accent 2, on the other hand, which has a dip in pitch at the
end of the first syllable in Standard Swedish, there is a
corresponding dip both in VOC and in CT (G&rding 1970).

BM, HU and JJ have rising pitch in the unstressed syllable
both after syllables with and without sted. Very often the
activity in CT decreases in spite of a new peak in the follow-
ing weak syllable, but that is also the case in words without
stod, see, e.g., BM [kPe:ls / kPe:’1p] (Fig. 43) and JJ [ven /
ven’] (Fig. 41). Only HU maintains a high activity in CT.
Otherwise it seems to be particularly active for the first
rise.
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EMG of VOC and CT, and Fo of words with (---) and without (——) stg@d.
Speaker BM 1974. See legend to Fig. 37.
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Figure 44

EMG of VOC and LCA, and Fo of words with (---) and without (——) stgd.
Speaker NR 1974. See legend to Fig. 37.
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For HU there is possibly a slight contamination with LCA since
her CT is active in swallowing. It is true that Faaborg-Ander-
sen (1957) found activity in CT for swallowing in a number of
cases, but he used needle electrodes which may move, particu-
larly during swallowing, and according to Hirose's clinical ex-
perience (based on thousands of cases) CT is always suppressed
in swallowing (personal communication, see also Hirose 1971).

VOC and LCA were also found to be active for hard attack for
BF, and in this case the activity is often still stronger than
for the sted. In 1977 and in 1979 he was asked to include the
word [ale] as a test word and to pronounce it partly with soft
attack and partly with hard attack. He did not always succeed
in pronouncing it with soft attack, but a comparison between
the cases with soft or moderately hard attack and the cases with
an evident hard attack shows a clear difference (see Fig. 45).
The 1979 recording showed the same activity in LCA. CT does
not show any inhibition. On the contrary, it has a small peak
(cf. that Lindquist 1972a found CT inhibition in glottal stop,
and Garding (1971) found decrease in CT-activity in [?] as a
boundary signal in Swedish). Activity in VOC was also found in
occasional hard attacks in the recordings of other speakers and
in a large number of cases in a recording of a German subject.
The peak coincides with the start of the hard attack, and it is
therefore highly probable that it is activity for glottal con-
striction, not for voicing after the glottal constriction.

Group 2

In JR's and BH's VOC recordings it was not possible to see any
difference between words with and without sted. JR read list 1
only twice in the first session and once in the second session,
because the tape-recorder broke down in the first session, and
the recording had to be interrupted in the second session.

This 1list has therefore not been averaged. But list 2 ([bibibi]
words) was read 10 times and has been averaged. Fig. 46 shows
"V0C", CT and Fo for two word pairs ['bi:bi bi:’bi/'bi:’bi bi:’bi]
and [bibi'bi:bi/bibi'bi:’bi]. "VOC" and CT look practically
alike, and the relatively small extra activity for the syllables
with sted can be explained completely by the Fo contour. For
comparison BM's VOC of the same pairs is given below.

BH's recording was not computer-averaged, but four pairs were
averaged manually. It is not possible to compare her VOC with
her "CT", because it was evidently not CT, but perhaps the ster-
nohyoid or a contamination. Fig. 47 shows her VOC for the

pairs [ven / ven’] and [kPe:ls / kPe:’1v]. In [ven’] there is
slightly more activity than in [ven], but there is extensive
overlapping; the same was the case for [pPi:’bop / pPi:bov],
whereas [le:sp / le:’sp] and [kPe:ls / kPe:’1p] are quite alike.

There are two possible explanations of the missing activity in
VOC: (1) The muscle aimed at was not reached, and (2) these
speakers do not use their vocalis muscle but some other muscles
for the stgd. They both had an acoustically and perceptually
clear sted.
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Figure 45

EMG of VOC and CT, and Fo in words with.soft (or moderate)
glottal attack ( ), and with hard attack (---).
Speaker BF 1977. See legend to Fig. 37.

(1) BH's VOC seems in many respects in accordance with expec-
tations. In the identification test it reacted to swallowing,
to voicing and very clearly to [?a ?a ?a], but not to pitch,
and it has clear valleys for voiceless consonants. Birgit
Hutters (1984) accepted it as a good VOC. According to its
reactions it might be INT, but it is hardly possible to hit
INT when aiming at VOC. A better guess is perhaps that the
wire has slid somewhat outwards, as it did in the case of CT,
and that it was rather the lateral part of the thyro-arytenoid
muscle, also called thyromuscularis, not the inner part, the
vocalis proper, which was recorded. These two parts seem to
be anatomically somewhat different (Bowden 1974, p. 297), and
may not have quite the same function. But not all scholars
think that it is possible to make this distinction (e.g. Zem-
1in 1981), and those who make the distinction do not ascribe
the same function to thyromuscularis. Some (e.g. Daniloff

et al. 1980) assume that its function is to shorten and relax
the vocal folds, others (e.g. Broad 1973, Sonesson 1968, and"
Laver 1980) assume that it may help closing the glottis by
drawing the vocal processes together (Tike LCA). In the latter
case it should be supposed to be active in the sted.
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Figure 46

a. EMG of "voC" and CT, and Fo of words with (---) and
without (——) stgd in the first and the third syllable.

Speaker JR 1974.
b. VOC of the same words read by BM. See legend to Fig. 37.
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Figure 47

EMG of VOC of words with (---) and without (——) stad.
Speaker BH. See legend to Fig. 37.

As for JR the introductory identification was not recorded in
the first session, but the two channels were accepted as VOC
and CT on the basis of a test including swallowing, [? 2 2]
and pitch change. In the middle of the recording rising and
falling pitch showed activity in both muscles. It was not
possible to make any identification test at the end of the
recording. In the text both curves show activity for pitch,
CT somewhat more for quickly rising pitch. VOC's activity
often lasts somewhat longer and its peak is often later. This
is what should be expected. VOC also often has the expected
valleys for voiceless consonants with rise around the release
for voiceless stops, but these valleys are very weak. Some-
times weak valleys can also be seen in CT, but here the rise
comes later (this can be seen in a different list used for
consonants; there is very little to be seen in list 1). The
only difference that can be seen between words with and with-
out sted apart from the difference due to the pitch contour
is that there is often a small dip in words with sted, both
in VOC and in CT at the place where other speakers have a peak
in VOC (see Fig. 46). If a wrong muscle is reached, it cannot
be the same as for BH, since its activity is quite different
(strong activity for pitch rise, hardly any valley in conso-
nants). One might think of CT since the two curves are very
much alike, or perhaps a contamination between CT and VOC.
Hirose thought that he might not have reached the vocalis be-
cause JR's throat is rather long. But in the second session
he felt much more confident that he had reached the vocalis,
although he would not quite exclude the possibility of a con-
tamination. In this session only the vocalis was recorded.
The identification test showed activity for pitch rise, for
strain and for [? ? 2], and there were valleys for [pP] and
[tP]. But the words with sted looked exactly as in the first
recording, the only difference between words with and without
sted consisting in an earlier rise in the first case because
the syllable was higher (as was also the case in the first
recording) (see Fig. 46).

(2) Particularly in JR's case much speaks in favour of the
second explanation, viz. that this subject does not use his
vocalis muscle in the sted. It should be remembered that
although his sted sounds exactly like that of other speakers,
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it differed acoustically by often having a rising Fo with small
irregularities and no Fo dip. Moreover, the fiberoptic pic-
tures of his vocal folds showed a very strong constriction be-
tween the ventricular folds, so that his vocal folds could prac-
tically not be seen. BH also had a stronger contraction of her
ventricular folds than most of the other subjects, but not as
strong as in the case of JR. However, BF and BM, who have ac-
tivity in VOC, also have adductien of the ventricular folds.

A constriction of the Tarynx above the vocal folds in glottal
stops was found by Lindquist, e.g. in [? 2] used in the case

of hesitation in Swedish (1969, 1972 a and b). He is of the
opinion that a contraction of the sphincter muscles including
the aryepiglottic sphincters is important in laryngealization
and that a glottal closure can be made without assistant activity
in VOC. An increase of activity in the aryepiglottic sphincters
results in a shortening and thickening of the vocal folds, and
it also serves as a pitch lowering mechanism. Simultaneous ac-
tivity in VOC serves to keep the pitch high. He also explains
the low pitch in the Danish sted by this contraction. It is
possible that JR and BH use this mechanism, but just JR did not
have regular pitch drop in the sted. Catford (1977) criticizes
Lindquist for generalizing one possible way of making a glottal
stop. Unfortunately JR's and BH's sphincter muscles were not
recorded, nor has any recording been made of their LCA.
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a. EMG of LCA and TP in hard (---) and soft (——) attack.
Speaker FJ. Line-up point start of vowel.

b. EMG of LCA and TP in words with (---) and without (
stpd. Speaker FJ. Line-up point start of implosion in
[p]. a.start of fe(:)], B. end of [e(:)]. See legend
to. Fig: 37~ =i 10 &8s
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In 1977 a recording of FJ's LCA and thyropharyngeus (TP) was
undertaken at the Haskins Laboratories in cooperation with
Seiji Niimi. FJ read 1list 6 (with 20 repetitions) containing
examples of sted and of hard attack (see Appendix I). There
was a very clear peak in both muscles for hard attack (see Fig.
48a). There was also activity in both muscles for strong sted
like [pPe:’nland [pPen’] said rather vigorously (see Fig. 48b).
In [1i:’] there was a clear peak in LCA but not in TP. But in
disyllables 1like [kMe:ls / kPe:’1p] the difference was very
small in LCA, and there was hardly any difference in TP. It
must, however, be remembered that in FJ's fiberscope recordings
there was hardly any adduction of the ventricular folds. TP
showed strong activity for the pharyngealized Danish [x], and
for the ending -er, pronounced as a pharyngealized [v] by this
speaker. The peak at the start in Fig. 48b is probably due to
a certain pharyngealization of the [z=:] in [s=:] as a sort of
boundary signal before the test word. There is no peak in
[si:], nor in [tPe:1la].

IV. SUMMARY AND DISCUSSION
A. SUMMARY

In the preceding sections the sted has been described from dif-
ferent angles. In accordance with Svend Smith (1944) a dis-
tinction was made between the first phase, i.e. approximately
the first half of a long vowel or a short vowel before a sono-
rant consonant, and the second phase, the phase of the stad
proper, comprising approximately the latter half of a long
vowel or a sonorant consonant with sted after a short vowel,
but there may, of course, be a gliding transition between the
two parts, although particularly the pitch-drop may be rather
abrupt.

The first phase is characterized by a relatively high expend-

iture of energy: Compared to corresponding words without sted

the pitch is always higher, the intensity of the vowel is

often higher, and there may be somewhat more energy in higher

formants. The airflow in prevocalic voiceless consonants is

also generally higher and often has a steeper rise, and the |
PCA-activity for prevocalic voiceless consonants (which could |
only be measured for one informant) was also higher. The sub-

glottal pressure (measured for one speaker) and the esophageal

pressure (for one speaker) are somewhat higher, and there is

a (relatively weak) tendency for the pharyngeal pressure to

be higher in the initial consonant. Whether the larger con-

tact area in palatograms of vowels with sted belong to this

first phase cannot be decided. The difference in airflow was

not found in monosyllables, and the pitch difference was also

smaller in monosyllables, but in most monosyllables a short

vowel without sted was compared to a long vowel with sted,

and the smaller difference might be due to a tendency for

words with short vowels to have relatively higher pitch and

airflow.
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The second phase, the sted proper, is characterized by a
strong fall in intensity (which, however, starts already
during the first phase, except for HU), and very often by a
decrease in fundamental frequency followed by or combined with
irregular vibrations (but BRP and often JR have rising Fo).
Moreover, there is a tendency to a decrease in the level of
the Tower harmonics; inverse filtering shows a decrease in

the negative spikes, and the integrated curve (the flow curve)
shows a decrease in glottal flow and a longer closure time.
There is also lower oral airflow and a tendency to lower phar-
yngeal pressure; and there is decrease in subglottal pressure,
but it is still slightly higher than in the words without sted.
Fiberscopic pictures of the larynx show constriction of the
vocal folds and adduction of the ventricular folds, but with
large interindividual variation. Relatively high subglottal
pressure combined with Tow airflow also points to glottal con-
striction. Finally, five out of seven (and if the Haskins in-
vestigation is included, seven out of nine) speakers show a
consistent strong activity of the vocalis muscle starting during
the first phase of the vowel, but with its peak shortly after
the start of pitch decrease or irregular vibrations, thus pre-
paring for the second phase. LCA showed a similar peak in the
cases where it was measured (three subjects plus one from the
Haskins investigation).

Finally, long vowels with stgd were found to be significantly
shorter than long vowels without sted (but only in distinct
speech), whereas sonorant consonants with sted were significant-
ly Tonger than sonorant consonants without sted.

B. DISCUSSION
1. THE ST@OD AS A PHONATION TYPE

In some of the preceding sections the sted was compared to
creaky voice. It may be useful now at the end to take these
scattered observations up again and raise the problem of the
stod as a phonation type. This is not a simple question, since
phonation types are described differently by different scholars,
and the terminology is by no means unambiguous; and moreover,
the sted is not always implemented in the same way.

Catford (1977) defines phonation as any laryngeal activity of
speech that has neither initiatory nor articulatory function.
According to this definition the difference between chest voice
and falsetto should be included, but they are generally treated
as two registers within normal voicing, probably because this
difference does not seem to have any linguistic function.
Hollien (1974), however, sets up three registers, distinguished
by their fundamental frequency domain: loft (= falsetto),

modal (= normal voice) and pulse register. The latter is iden-
tified with creak (or vocal fry), which by other scholars is
placed in the system of phonation types as a step in a dimension
of glottal stricture.
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Ladefoged (1971 and 1973) describes the different phonation
types in one dimension according to glottal stricture with in-
creasing stricture from voiceless sounds over breathy voice,
murmur, lax (slack) voice, normal voice, tense (stiff) voice,
creaky voice, creak, and ending with glottal stop. This is a
gliding scale, and he does not always distinguish between creak
and creaky voice or between murmur and breathy voice.

Catford (1964 and 1977) also uses the dimension of stricture,
comprising breath, whisper, voice and creak. Creaky voice and
murmur are not considered as steps in this scale, but as com-
binations (creaky voice as a combination of creak and voice,

and murmur as a combination of whisper and voice). Tense voice
is considered to belong to a different dimension called location
and comprising full glottal, anterior and ventricular location.
He considers tense voice to be produced with closed cartilagenous
glottis, so that only the membranous part vibrates (hence the
name "anterior"). These dimensions may be combined in different
ways. Both whisper and voice may be anterior, and creak

often, but not necessarily, is anterior. The cartilagenous part
of the glottis is narrow, but there need not be any active com-
pression.

Lindquist (1969, 1972a) also uses the stricture dimension, cal-
led "adduction", and comprising voice, lax voice, breathy voice
and voiceless, thus starting from Ladefoged's mid point: voice.
The other end of Ladefoged's stricture scale (voice, creak and

glottal stop) is considered to be a different dimension called

laryngealization. Creaky voice is lax creak, and whisper is a

laryngealized form of breathy voice or voiceless.

Finally Halle and Stevens (1971) sets up a rather different

system comprising four binary features: + constricted, + spread,

* stiff and * slack (i.e. two dimensions with three steps in a

binary formulation). According to this system breathy vowels ‘
are + spread, - constricted, - stiff and + slack, whereas creaky

voice is - spread, + constricted, - stiff and + slack. But |
creaky vowels are distinguished from glottalized vowels, which |
are also - spread and + constricted, but + stiff and - slack.

In a paper on articulatory parameters (1979) Ladefoged distin-
guishes between glottal aperture and glottal tension. Of course,
articulatory parameters, i.e. parameters that need to be con-
trolled in a model of speech production, are not the same as
linguistic features. Nevertheless, it is conspicuous that he
now states that glottal aperture is relevant for voiced-voice-
less, whereas glottal tension determines phonation types. He
thus seems to have modified his system.

Laver (1980) gives extensive summaries of the preceding litera-
ture (except for Halle-Stevens). He describes the following
main types: modal voice, falsetto, whisper, creak, harshness
and breathiness. Like Catford he sets up combined types, e.qg.
creaky voice, harsh voice, etc., and 1ike Catford he treats
tenseness separately, but in contradistinction to Catford he
includes supralaryngeal tension in this type.
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In spite of all these different systems there is, fortunately,
a good deal of agreement on at least some of the characteristica
of the individual phonation types, e.g. breathy voice and creak.

The Danish sted is mentioned by various authors. Catford (1964)
says (cautiously) that creaky voice may be one form of the
Danish stgd. Abercrombie (1967, p. 101) also mentions the
Danish sted as creaky voice, and both of them have had good
opportunity to listen teo Danish. Ladefoged (1983) does not use
this label, but says that "the Danish glottal catch .. may also
be considered an additonal phonation type"”. Thus he is not cer-
tain that it can be identified with any of the current types.
Finally, Halle and Stevens (1971) describe the Danish sted as
glottalized. As mentioned above, this feature differs from
creaky voice in their system by having stiff vocal folds. But
since in this system stiffness is correlated with high pitch,
and since vowels with sted often start on a high pitch followed
by a fall, they suggest that the first part of a vowel with sted
is + constricted + stiff and then changes into - constricted

- stiff. This is obviously in contradiction to the facts, since
it is always the second part of the vowel that shows constric-
tion in the glottis, not the first part (see particularly the
section above on the fiberscope investigation, but the same is
apparent from oscillograms, airflow curves, etc.). But it is,
of course, correct that the first and the second part of a vowel
with sted cannot be described as belonging to the same phonation

type.

The phonation types which may be relevant for a description of
the sted are tense phonation, creaky voice, creak and, perhaps,
harsh voice.

It is evident that the second phase of the sted, the sted proper,
belongs in the constricted end of Ladefoged's stricture dimen-
sion. Perhaps one might describe an exaggerated stgd as a glot-
tal stop, a strong sted as a creak, and a milder sted as creaky
voice. The perceptual effect of a creak is described by Catford
as the sound of a stick being run along a railing, i.e. the
pitch is so low that the single pulses are perceived. The dis-
tance between them may be irregular. The wide band spectrogram
of a creak in Laver 1980, p. 115 Tooks very much 1ike a strong
sted (see, e.g., the spectrogram of PD, p.121 above). Creaky
voice is also generally considered to have Tow pitch (Zemlin
1981, Ladefoged 1973, Catford 1964), but Ladefoged states that
this tendency, which he ascribes to a shortening of the vocal
folds, may be counteracted by activity in other muscles, e.g.
CT, and it is not unusual to find creaky voice combined with
higher tone levels in tone languages (see also Matisoff 1973).
Moreover, creak and creaky voice are characterized by a Tow
level of Fo (Lofqvist et al. 1983), particularly compared to

F1 (Ladefoged 1983, Kirk et al. 1984) and the glottal wave is
characterized by a long closure time (Zemlin 1981, Kitzing et
al. 1982, Javkin and Maddieson 1983) and low glottal flow
(Catford 1977, Hollien 1974). It is also characterized by
period to period variation in fundamental frequency (Monsen

and Engelbretson 1977) also called jitter (Kirk et al. 1984,
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Javkin and Maddieson 1983). There is often constriction in

the larynx, the vocal folds are close together (Ladefoged 1973,
Catford 1977, Zemlin 1981), and there seems to be medial com-
pression (Laver 1980). There may also be adduction of the
ventricular folds (Hollien 1974).

A11 these features were also found in the preceding analysis
of the Danish sted. There is some disagreement concerning the
tension of the vocal folds in creaky voice. Some find that
they are close together but with relatively loose borders
(Zemlin 1981, Catford 1977), others consider them as stiff,
thus apparently Ladefoged (1973) The degree of stiffness in
the borders of the vocal folds in the sted cannot be decided
on the basis of the fiberoptic pictures.

There are, however, also some divergencies between the descrip-
tion of creak and creaky voice and the properties found for

the stgd. In the first place all authors agree that in creak
and creaky voice the cartilagenous glottis is very narrow,
whereas there is an opening in the front, and most assume that
the cartilagenous part of the folds do not take part in the
vibrations (Ladefoged 1974, Catford 1977), whereas Abercrombie
(1967) assumes that they vibrate at a slower rate than the
membraneous part. (Ladefoged has given a similar description
earlier in his analysis of laryngealization in some West
African languages (1964), i.e. separate vibration of the two
parts.) In the fiberoptic pictures of the vocal folds only

BF and JR showed earlier narrowing of the posterior part, for
HU it was rather the opposite, for the others it was difficult
to decide, but nothing pointed to a particular narrowing of

the cartilagenous part. It is at any rate not a dominating

or conspicuous feature of the sted. In this case one should
also expect a particular activity in INT, and it should be re-
membered that INT, which as a pure adductor muscle is active

in voicing, is not active in the sted. Only those adductor
muscles which are at the same time tensor muscles (VOC and LCA)
are active in this case. This, by the way, speaks against
placing all phonation types in a single dimension. - To my
knowledge, nobody has made electromyographic recordings of the
activity of the muscles in creak and creaky voice; but strong
vocalis activity has been found for glottal stop, e.g. in hard
attack (Garding 1970, Hirose and Gay 1973) and in Korean forced
stops (Hirose et al. 1973), which have closure in the posterior
part)of the glottis and a small opening in the front (Kagaya
1974) .

In the second place, the most consistent acoustic feature of
the sted, i.e. the decrease of overall intensity, is never men-
tioned for creak or creaky voice. On the contrary, Javkin and
Maddieson find steeper slopes in the glottal wave in creaky
voice and mention that the consequence of steeper slope in the
closing phase of creaky voice is higher intensity and intensity
of higher overtones, adding that this is characteristic of
creaky voice. A steep closure phase in creaky voice was, as men-
tioned (p. 130), also found by Roach and Hardcastle (1979) and
by Esling (1984), and there were indications of this in BRP's
flow curves. However, this effect must be counteracted by
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the low flow amplitude. - Finally Catford (1977) says that
there is very low subglottal pressure in creak. But BF's sub-
glottal pressure and FJ's esophageal pressure did not show
this. The pressure was decreasing but still higher than in
normal vowels.

Thus many features are identical for creak or creaky voice and
stegd, but it is not quite the same. Sted is not just creaky
voice.

The concept of harshness may also be relevant for the sted.
According to Laver (1980), who refers to a number of investi-
gations, the predominant characteristic of harshness is aperi-
odicity of the fundamental frequency, and there is strong
laryngeal and pharyngeal tension. In strong harshness the ven-
tricular folds are also involved. MacCurtain (1979) mentions
constriction in the laryngopharynx and emphasizes that the
pharynx should not be neglected in the description of voice
qualities. Harsh voice seems to be used paralinguistically as
a sign of anger. But the properties described also apply to
the sted. Some cases of strong sted may perhaps be described
as harsh creaky voice. But the irregularity in the sted is
not just a question of fundamental frequency; there is also
irregularity in intensity.

The first part of vowels with sted has some features in common
with what is often called tense, tight or pressed voice, i.e.

a relatively high subglottal pressure {(Laver 198U), reiatively
strong higher overtones and overall intensity (Laver 1980,
Sundberg and Gauffin 1979) and more articulatory energy (Laver
1980). But other features mentioned as characteristic of
tense voice are practically the same as those mentioned for
creaky voice, e.g. low Fo compared to F1 (Sundberg and Gauffin),
Tow flow pulses (Rothenberg 1972), closed cartilagenous glottis
(Catford 1977), constriction of the glottis, medial compression
(Laver 1980), and these features are not characteristic of the
start of the vowel with sted. For BRP Tow flow and shorter
negative spikes in the inverse filtered curve start rather
early in the vowel, but not quite at the start; for FJ the
shortening of the negative spikes starts later. And only BRP
and FJ had relatively Tow Fo compared to F1 in the beginning

of the vowel, whereas the others did not show any difference

in this respect between vowels with and without sted. At the
start of the vowel the fiberscope pictures also looked quite
alike for vowels with and without sted.

Thus a syllable with sted may be said to start with a relative-
ly strong expenditure of energy, but it is not what is called
tense or tight phonation in the literature.

2. CAUSAL RELATIONS BETWEEN THE PROPERTIES
OF THE ST@D

An important factor when one is looking for causal relations
is the temporal relation between the properties investigated.
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In this connection the recordings of BF in 1974 are particu-
larly useful since a large number of different types of re-
cordings were made at the same time: electromyography of VOC
and CT, subglottal pressure, pharyngeal pressure and airflow
as well as the audio signal, which permitted measurement of
duration, fundamental frequency and intensity. The discussion
will therefore be based mainly on BF 1974. In Fig. 49 a-d

the different curves are placed in a vertical column with the
same line-up point.

As mentioned in the introductory chapter, Svend Smith proposed
the theory that the dominating factor in the production of

the sted was a quick contraction and relaxation of the ex-
piratory muscles, causing an abrupt rise and fall in subglottal
pressure. The vocal folds are supposed to react to the pres-
sure rise by a constriction of the glottis (there is thus no
primary contraction in the larynx). The following abrupt fall
in subglottal pressure causes a fall in intensity and sometimes
in frequency, and if the tension in the vocal folds is not
adjusted sufficiently to the quickly falling subglottal pres-
sure, irregular vibrations may result.

In the first place we must therefore ask: which of the stated
differences between words with and without sted can be caused
by the change in the subg]otta] pressure contour? It was found
(see p. 151 above) that BF's subglottal pressure was about

1 cm Hp0 higher in words with sted, the difference starting at
vowel onset (in [1e:’so] and [hu: an]) or 5-10 cs earlier.

In aspirated consonants there is a small difference in pressure
during the aspiration, which might perhaps explain the slight-
1y higher airflow (but a wider glottis opening cannot be ex-
cluded). The higher subglottal pressure may also be respon-
sible for the tendency to higher intensity at the start of

the vowel. The difference between vowels with and without
sted was on the average 1.7 dB. According to Flanagan (1958)
3 cm Hy0 may cause a rise of 5 dB (= 1.7 dB per cm H 0), and
MacNeiTage (1972) mentions 0.5 - 3 dB per cm H,0 (1argest
effect at Tow levels).

However, the fall in intensity in the sted cannot be due to
the fall in subglottal pressure, since the intensity often
starts falling earlier than the subglottal pressure. For BF
the intensity decrease starts on the average 5.8 cs after the
start of the vowel (in the 1974 recording 4.3 cs), whereas the
fall in subglottal pressure in, e.g., [le:’sp] and [hu:’en]

is much later (around 15 cs after vowel start). In [p"i:’bo]
and [kPe:’1p] it is earlier (3-5 cs after vowel start), but it
is slow, and a decrease of, on the average, 1.5 cm Hp0 in
[pPi:’bo] and around 1.0 cm H,0 in [kPe:’1p] cannot explain

a decrease in intensity which for all speakers is from 10-13
dB. It was not measured for BF, but his intensity curves show
a drastic fall.
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The recording of esophageal pressure for FJ was not calibrated,
but the temporal relations can be observed: in two of the four
words (each comprising 10-14 repetitions) the decrease in eso-
phageal pressure and intensity is approximately simultaneous,
in the other two the intensity decrease starts 3-4 cs earlier
(and it starts earlier in 29 out of 44 individual cases in

the four words). At the end of the vowels with sted the eso-
phageal pressure is of the same height (two word pairs) or
definitely higher (two pairs) than in the corresponding vowel
without sted (see Appendix VII, Fig. 2).

The pitch decrease starts later than the intensity decrease,
for BF on the average 9.2 cs after the vowel onset, but still
too early to be caused by the decrease of subglottal pressure
in e.g. [hu:’en] and [le:’sp], and it is often much too exten-
sive to be explained by the slow and small decrease in sub-
glottal pressure. In [kPe:’1lp], for instance, the drop in Fo
for BF is on the average 15 Hz, and the drop in subglottal
pressure during the same time is less than 1 cm H20.

As for the high pitch at the start of vowels with sted found
in the present investigation and by Riber Petersen (1973) but
not by Smith, it cannot possibly be explained by the higher
subglottal pressure. For BF 1974 this difference was on the
average 27 Hz for Tong vowels and 19 Hz for short vowels,
measured at the maximum, and even Lieberman, who goes farther
than anybody else in assuming frequency rise to be due to sub-
glottal pressure, mentions 3-18 Hz per cm H,0 (the highest
effect for Tow intensity, and BF used a rather loud voice
(Lieberman et al. 1967)). The general assumption is 2-5 Hz /
cm Ho0 (e.g. Ohala and Ladefoged 1970, Ohala 1978, Shipp

1982, MacNeilage 1972, Marchal and Carton 1980 and Baer 1979).

The next question to be asked is whether the subglottal pres-
sure change can be the cause of the vocalis contraction. The
extra rise in subglottal pressure starts sometimes 3-4 cs be-
fore and sometimes 3-5 cs after the start of the extra rise in
vocalis activity. The peak is in most cases earlier than the
VOC peak (5-9 cs in [pPi:’bo, kPe:’1p, kPel’p, ven’] and
[ven’n]). This means that it is at least excluded that it can
be the glottis constriction which gives rise to the extra sub-
glottal pressure (the fiberoptic pictures also showed that the
strong constriction comes in the lTatter half of the syllable,
about the time when the pitch starts falling). The timing dif-
ference in most cases permits the hypothesis that the vocalis
activity might be a reaction to the rise in subglottal pressure.
According to recent research the larynx contains various reflex
organs which may react to raised pressure and to a consequent
stretching of the tissue. Only a restricted number of spindles
have been found (but Baker (1971) found some). There are,
however, a number of spiral endings, both in the mucosa, in the
muscles and in the joints (see Wyke 1967, 1974 and 1983), and
there are afferent fibres in the recurrent nerve feeding the
intrinsic muscles (with the exception of CT) (Bowden 1974),
which can bring the information to a higher center. The prob-
lem is how fast this system works. In the discussions in the
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yngeal pressure (Psup.) and airflow (AF). Speaker BF 1974.
—— : no stgd, --- : stgd. A: vowel start (line-up point),
B: vowel end. | no stegd, : stgd. =410 cs-.
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conference on ventilatory and phonatory control systems (1974)
Wyke said that this question could not be answered precisely,
but the receptors in the mucosa seem to be relatively slow,
whereas the receptors in the joints react more quickly. Baer
(1979) made an experiment using the method of a sudden push in
the chest of a person singing a tone on a definite pitch.

The push caused an immediate rise of the subglottal pressure
and an immediate rise of amplitude and pitch, and after about
30-40 ms there was increased activity in the vocalis muscle.
Baer concluded that this may be a reflex activity preventing
the rise in subglottal pressure from opening the glottis. But
he does not exclude that it may be a startle reflex, since a
painful touch of the underarm gave a rise in pitch after 50 ms.
But even if the vocalis muscle might react to a rise in sub-
glottal pressure within 3 cs, this would only permit the inter-
pretation of the vocalis peak as a reflex activity in some of
the individual cases. In [le:’sp] the peaks in subglottal
pressure and VOC are approximately simultaneous, and in [hu:’an]
the peak in subglottal pressure is about 5 cs later than the
peak in vocalis activity, and the activity also starts later.
As far as the other words are concerned, it should be kept in
mind that these are relations between averages, and there are

overlappings in subglottal pressure in all word pairs with and
without sted (except for the maxima in [kPelp/kMel’p] and [hu:sn/
hu:’sn], but in the latter pair the peak comes too late), and in
[le:sp/1e:’sp] there is total overlapping, whereas there is hard-
ly any overlapping in VOC activity. This means that in a number
of cases the subglottal pressure may be lower in words with stgd
than in words without sted, and nevertheless the words with sted
have a vocalis peak. Average differences, even if they are sta-
tistically significant, do not prove causal relations. If the
differences are not consistent, there must at least be other
causes involved. The rise in subglottal pressure is thus not

a necessary condition for the VOC acitivity. Finally, it seems
improbable that a slow rise of 1 cm H20 should cause the vocalis
muscle to contract so suddenly and violently as is generally

the case (in 1974 BF's vocalis recording was rather weak and

the peaks less abrupt than in his other recordings), and a slow
decrease of 0.5 - 1 cm H,0 cannot either be assumed to cause a
sudden decrease in voca]%s activity. Moreover, activity in the
supraglottal muscles,which must be involved in the adduction of
the ventricular folds, can hardly be caused by a raised sub-
glottal pressure.

On this basis it must be said that Smith's assumption of a sud-
den rise and fall in subglottal pressure as the primary cause

of the other differences in the second phase of the sted is not
very probable. There seems to be an independent vocalis activity,
and the changes in subglottal pressure cannot explain the higher
pitch in the start, nor the decrease of pitch and intensity in

the second phase.

What then are the causes of the specific pitch and intensity
contours in words with sted?
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The high pitch in the beginning of words with sted can be suf-
ficiently explained by the early CT activity, which starts
around vowel onset and has its peak 5-10 cs before the Fo peak.
But the frequent pitch drop in the second phase of the sted
cannot be explained by CT relaxation. CT starts falling again
in the beginning of the vowel, sometimes even before the pitch
peak is reached, but this is normal, also in words without sted.
High activity in CT seems to be necessary for stretching the
vocal folds, but once the position is reached less activity is
necessary to maintain it. BF has a small dip in CT in sted
words, but this is not found for other speakers. There is a
gradual decrease but no dip and rise again corresponding to the
dip in pitch. One might think of a possible activity in sterno-
hyoid. This muscle was not recorded. But it did not show any
activity for the pitch valley in Standard Swedish accent II
(see G&rding 1970). It is, however, possible that a strong
contraction of VOC and LCA resulting in a strong cempression

of the vocal folds often combined with adduction of the ventri-
cular folds, may hamper the vibrations and thus cause a de-
crease in pitch and also irregular vibrations. Both VOC and
LCA have their peaks just when the pitch decrease and the irre-
gularities start.

The point where Fo starts decreasing is not always quite un-
ambiguous, but its distance from vowel onset was measured in

a number of clear cases (see above p. 111) and found to be on
the average 9.7 cs for BF, BM, HU, JJ and NR. - The VOC peak
is generally quite clear. For the same speakers it was on the
average 11.6 cs after vowel onset with very Tittle variation.
This means that Fo decrease (and irregularity) starts very
shortly before VOC activity has reached its peak.

The decrease in intensity is more difficult to explain. It
starts earlier (in BF's 1974 recording on the average 4.3 cs
after the start of the vowel) and gets lower than in vowels
without sted after, on the average, 5 cs (the airflow also
starts decreasing early, in BF's 1974 recording, on the aver-
age 6.2 cs after vowel start). In BRP's inverse filtering
curves there is a rather close correlation between decreasing
negative spikes, decreasing amplitude of the flow pulses, and
decreasing overall intensity. In [md:’1o]3 with weak sted
there is not much decrease in overall intensity corresponding
to the decrease in the glottal pulses, but otherwise it is
quite clear (in 7 out of 8 examples). If we assume that BRP,
1ike BF and FJ, does not have much decrease in subglottal pres-
sure, there must be a certain constriction of the larynx at a
rather early point. The decrease of oral airflow for the
other speakers also points to a larynx constriction. But
intensity and airflow start decreasing before the peaks in
vocalis and LCA are reached and before the strong constriction
of the Tarynx is seen in the fiberoptic pictures.

The steep rise in the VOC curve (after the small rise for
voicing) takes place, on the average, 5.1 cs after vowel onset
in the 1974 recordings, and LCA activity starts at the same
time; in the same recordings the decrease of intensity starts




192 FISCHER-JORGENSEN

6.4 cs after vowel onset, i.e. only a 1ittle more than 1 cs
later. Thus a possible larynx constriction at this point can
hardly be ascribed to the activity of VOC. In BF's strong
stod the adduction of the ventricular folds starts early in
the vowel, but this adduction takes place later for the other
speakers. However, HU, who has a later VOC peak than the
other speakers (13.6 cs), also has a later start of the in-
tensity decrease (9.1 cs), 4.1 cs after her VOC activity be-
gan to increase. But for the other speakers the early in-
tensity decrease has not been sufficiently explained. -
However, it often decreases more rapidly later, simultaneously
with the Fo decrease.

In conclusion of this discussion about causal relations I agree
with Svend Smith in considering the first phase of the sted as
characterized by a relatively high energy in expiration,
phonation and articulation, but I do not think that the rise
in subglottal pressure is the primary factor. It is rather

a general energetic accentuation, which also comprises the
intrinsic laryngeal muscles. As for the second phase, Smith
considers it to be a phase of relaxation, and he describes the
cases where the glottis remains constricted as a non-normative
stod due to lack of adjustment to the falling subglottal pres-
sure. But strong constriction in the second phase is quite
normal in Danish, as shown in this study. It is only from the
point of the speech therapist that, e.g., creaky or breathy
voice must be considered as due to malfunction. They are
linguistically relevant phonation types in a large number of
languages and certainly intended by the speaker.

Finally one may ask why long vowels with stgd are shorter than
long vowels without sted, and why only in distinct speech?

This may probably be explained by the fact that although vowels
with sted are long in the sense that their duration is closer
to Tong vowels than to short vowels and that they have the
quality of long vowels and are subjected to the same modifica-
tions by following consonants as long vowels (and not as short
vowels), they are not susceptible to lengthening in slow speech
in the same way as normal long vowels because they are charac-
terized by a more or less continuous change in phonatory qual-
ity, and the creaky part cannot be lengthened indefinitely.

If one tries to say, e.g., [pPi:’bo] or [kPe:’1p] very slowly,
the vowel will generally end in a glottal stop.

When, on the other hand, sonorant consonants with sted are
longer than consonants without sted, it is probably a question
of perceptibility. A sonorant consonant is generally only

5-6 cs, and if it were covered completely by the Tow intensity
second phase of the sted, it would hardly be identifiable.
Therefore it must be somewhat Tonger.
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3. PHONETIC EXPLANATIONS OF THE
ORIGIN OF THE ST@D

Is it possible, on the basis of a phonetic description of the
sted, to throw some light on the theories of its origin? -
Not very much, but a few tentative observations may perhaps
be of some relevance. There are two main theories concerning
the origin of the stod (see p. 67ff above). Verner thought
that it had developed out of a quickly rising tone involving
a strong tension ending in a "snapping" of the vocal folds and
a short closure. Others (Kock and A. Pedersen ) assume that
it is the result of a concentration of energy on the stressed
syllable due to syncope, and Skautrup and Smith connect the
origin of the sted with the later apocope.

Verner described the tonal movement in his own pronunciation
of words with sted as a lTow tone, which at the end of a long
vowel rises quickly ending in a glottal closure, with the
following unstressed syllable on a lTow tone. But this does
not correspond to any contour found in the present investiga-
tion. A1l speakers had a high start or a quick rise in the
first few centiseconds, often followed by a quick fall. In
modern Jutlandish dialects the contour also seems to be rising-
falling during the first syllable. But it is true that there
is a high tone, and that may be old (although in southern
Jutland, where there is a tonal opposition, accent 1 is slowly
rising-falling and not very high, see M. Bjerrum 1948). But
in present-day Danish, as in other languages, the main muscle
responsible for pitch rise is the cricothyroid, and a strong
activity of this muscle does not involve a constriction of the
glottis but rather a slight opening and more breathy voice.
The muscles used for the constriction of the glottis in the
sted are the vocalis and lateral cricothyroid and perhaps some
of the sphincter muscles. It is, of course, conceivable that
the vocalis has acted as an antagonist to the CT to keep the
vocal folds together, and that this reaction has been exagger-
ated, but that is pure speculation.

However, the problem is complicated, and the pitch hypothesis
is not so easily refuted. It is a striking fact that languages
with phonation type oppositions are very often tone languages
or related to tone languages. These connections are found in
some African and in many Southeast Asian languages, particular-
ly the Sino-Tibetan language group, but also im Austro-Thai

and Austro-Asiatic (see, e.g., Matisoff 1973, Egerod 1971,
Henderson 1977 and Ivanov 1983). Very often low or falling
pitch is combined with breathiness and high or rising pitch
with glottal stop or creakiness (Matisoff 1273). In some cases
a glottal stop has disappeared in the preceding vowel leaving

a rising tone (e.g. in Vietnamese according to Matisoff 1973);
and Ivanov (1983) and Hombert et al. (1979) mention quite a
number of Tanguages in Asia, Africa and North America where
glottal stop and rising or high tone are connected. In Kachavi
(a Tibeto-Burmese language) rising tone and final glottal stop
are in complementary distribution (Ivanov 1983) and a Middle
Chinese rising tone comes from a final glottal stop (Hombert
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et al. 1979 with references to some of the relevant literature,
e.g. Haudricourt). On the other hand, a final [h] seems to
lower the tone of the preceding vowel. Hombert has recorded
the time course of Fo for four Arabic speakers. He found that
an [h] produced a drop in Fo (varying from 25-50 Hz) on the
preceding vowel, while [?] produced a rise (from 9-48 Hz).
There are, however, exceptions, where a glottal stop seems to
have Towered the tone of a preceding vowel. Hombert et al.
mention Mohawk and a number of Middle Chinese dialects, but
they suggest that it may not have been a glottal stop but
creaky voice. However, Javkin and Maddieson, who measured the
Fo contours of the tones of a Burmese speaker, distinguish
expressly tone 3 with creaky voice from tone 4 ending in a
glottal stop, both being falling tones.

In Thai various types of glottalization are found in combina-
tion with both high and Tow (level or contour) tones in dif-
ferent dialects, but in Thai (as well as in Chinese) there are
distinct historical layers of tonal development: an older layer
of tonogenesis due to final (probably partly glottal) conso-
nants and a later layer due to initial consonants, so that the
situation in modern dialects cannot be immediately used as a
basis for conclusions about the causal relation between glot-
talization and tone level or tone contour. (Rischel, personal
communication.)

It is not straightforward to apply these experiences to the
Danish sted and its origin. In the first place: in all the
examples mentioned it is a glottal stop which has raised the
pitch of a preceding vowel; it is not a rising pitch which has
produced a glottal stop. In the second place the connection
between glottal stop and preceding high tone does not seem to
be an absolute universal. In the third place the connection
between creaky voice and tone seems to be still more uncertain.
Matisoff says that creaky voice is connected with high tone
(1973), Henderson (1977) mentions that this is often the case,
and the Danish sted may be combined with both falling and
rising Fo depending on the speaker (see above p.112 ).

Finally we do not know whether the sted started as a type of
creaky voice or as a glottal stop. The fact that all phoneti-
cians in the 19th century mention it as a glottal stop might
indicate that it may have been stronger than it is now in

the standard language.

On the other hand, it is a fact that the sted is found in
word forms which had become monosyllabic through the old
Scandinavian syncope (around 8-900), and this may have con-
ditioned the strong concentration of energy which is still
characteristic of the stad, and - perhaps at a Tater time -
has caused the gleftal constriction.

A parallel development is found in the Finno-Ugrian language
Livonian, which is spoken in areas very close to Latvian.

Professor Kalevi Wiik has drawn my attention to some descrip-
tions of Livonian (Posti 1942 and Kettunen 1947). Posti de-
scribes the "Stossintonation" in the following way: "Bei der
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Stossintonation steigt der Ton zuerst stark an, dann tritt der
Stoss auf, und nach diesem fdllt der Ton schnell, der fallende
Teil ist ldnger als der steigende." Kettunen quotes Endzelin's
description of the "Stosston" in Latvian: "Beim Sfossten, der
zum Beispiel auch im Livischen und im Didnischen vorkonmt:, zer-
fdllt die Lange in zwei Teile, indem nach dem stdrkér schgllen-
den Anfang inmitten der Silbe ein momentaner Glottisverschluss
eintritt (der aber oft durch Stimmschwdchung ersetzt wirdy),
worauf der zweite Teil hervorgestossen wird." Kettunen dﬁr
scribes the "Stossintonation" in Livonian as very variable. A
complete closure is not rare, but sometimes it “is onTy a,f%]]ing
tone, which is characterized by a shorter syllabic quantiby
than the so-called lengthened ("gedehnt") tone, which is Wising.
Latvian also has a rising tone, and both languages alse have a
purely falling tone, which, however, is rare in Livonian.:

]
These descriptions remind very much of the Danish sted, exeept
that the rebound after the laryngealization seems to be mere
common than it is now in Standard Danish. 4

As to the origin of the stegd in Livonian and in the Balti€ lan-
guages there are different opinions. Ivanov (1983) mentiens
Latvian and Lithuanian as examples of a sted which develeped
from a rising tone. As for Livonian it is generally assumed
that the sted was taken over from Latvian. However, Kettunen
(1947) argues that since it can be explained by historical sound
changes within Livonian,it is more probable that the katvian
stgd is due to Livonian substratum (Livonian was spoken -in a
much larger area earlier). According to both Posti (1942) and
to Kettunen it is a fact that very often Livonian sted appears
in cases where there has been syncope or apocope of a weak syl-
lable after a short stressed syllable. Further it is found
before a disappearing [h], in which case there is also apocope,
or before a final [h] followed by a consonant initiating the
following syllable; in the latter case Kettunen assumes that a
schwa had developed between the [h] and the following consonant
and then disappeared, so that all cases might be seen as due to
syncope or apocope. Through this development the first syllable
was reinforced and (perhaps at a somewhat later date) developed
a sted. (Both in Latvian and Livonian there is also a sted in
some syllables with secondary stress, which must be explained
in a different way.)

Posti thinks that the reinforcement involved a strong pitch
rise, and that this is what gave rise to the sted (he thus ac-
cepts Verner's explanation). Wiik has a somewhat different ex-
planation (personal communication). He assumes that the stad

1s a remnant of the old syllable boundary between the contracted
syllables and refers to the sted which may appear in hiatus
(1ike Danish sofa - sofaen ['so:fa - 'so:fa:’sn]). A similar
phenomenon is found in Finnish.

This is, of course, all very hypothetical, but it seems that

the development in Livonian supports the hypothesis of a re-
inforced accent due to syncope as being the origin of the Danish
stod as well. The reinforcement may have involved a pitch rise
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and consequently a tonal difference between reinforced syl-
lables and other syllables, so that developments in various
directions were possible.

4. VARIABILITY AND INVARIANCE

The phonetic description of the Danish sted given in this
paper, revealed a high degree of variability both in the pro-
duction and in the acoustic nature of the sted. Not all seem
to use their vocalis muscle in the sted, and those who do use
it use it in different ways for other purposes. Some subjects
have strong activity for pitch rise, some very little, some
have deep valleys in voiceless consonants, some hardly any
valleys, and all combinations seem to occur. It can, of course,
not be excluded that some of these observed differences may be
due to slightly different placements of the electrodes (there
are differences in vocalis activity for pitch and consonant
dips in different recordings by BF), but there is no doubt that
there is genuine individual variation. Moreover, some have
strong adduction of the ventricular folds, some hardly any ad-
duction. Some have a strong pitch decrease, some have rising
pitch, and in both cases there is decrease of intensity and
there may be irregular vibrations. Nevertheless there is no
problem in the perceptual identification. A similar inter-
individual variation has been found in other phonetic studies,
e.g. in the function of the strap muscles and the hyoid bone.

I agree completely with Lindblom (1982) when he states that
what is aimed at is not invariance, but perceptual equivalence.
Sufficient, but not necessarily identical acoustic cues are
supplemented by top-down predictability.

5. PROSPECTS FOR FUTURE RESEARCH

In spite of the relatively large material and different methods
of analysis used in this study, there are still many gaps in
the description, and much remains to be done. It would cer-
tainly have been preferable to record a larger number of muscles
and to measure subglottal pressure on more subjects. It is
also a serious drawback that the respiratory function has not
been investigated (a short experiment with surface electrodes
was negative). But with this type of physiological investiga-
tion what is scientifically desirable is not always humanly
possible. Most subjects having tried laryngeal electromyo-
graphy once do not want to repeat the experience. And a
planned recording of the internal intercostals was given up
because Hirose declared that there was a 20% risk of piercing
the pulmonary pleura.

Finally, it must be emphasized that the perceptual aspect has
not even been touched upon in this investigation. A thorough
study of the relative importance of the acoustical differences
as cues for the perceptual identification is a great desidera-
tum. I hope that the present description of the acoustic fea-
tures of the sted may be useful as a basis for such studies.
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V. NOTE

1. The phonetic transcription used in this paper is in prin-
ciple IPA.

The sted is, however, transcribed [’] in accordance with a com-
mon Danish tradition, in order to emphasize that it is not a
glottal stop [~].

IPA is 111 suited for the transcription of Danish lower rounded
back vowels. For the long vowel in e.g. mdle (IPA [o:++]) the
Danish letter & has therefore been used ([&:]). The short vowel
in, e.g., komme (IPA [o(+)+]) is transcribed [o], and the r-
coloured vowel in e.g. hdr (IPA [o+]) is transcribed [o]. Many
Danish phoneticians (wanting to avoid non-IPA symbols) use [o:]
for the long vowel in mdle and [a] for the short vowel in komme,
but this symbol is somewhat misleading, since the unrounded pro-
nunciation is very rare nowadays, and the fronting is being re-
duced.

The unstressed endings -en, -el, -et are transcribed [en, =1,
28] as a generalization of slow pronunciation. The actual pro-
nunciations in the text are variable. After a consonant [s]

is very often elided, and the final consonant becomes syllabic.
After [n] the ending [en] is practica]]y always [n], and there-
fore this transcription is used in vennen ['ven’n]. After a
vowel [=] may also be assimilated to this vowel, and the stres-
sed vowel may be shortened, thus [hu:sn, huen, hu:un, huun,
hu:n, hup]. Here [hu:en] has been genera]ized.

Danish /bdg/ are voiceless in syllable-initial stressed posi-
tion and finally, but may be (partly or fully) voiced initially
in unstressed syllables. The symbol for voicelessness (o) has
been omitted here, except in a few cases where it was reievant
for the argument.

Danish /ptk/ in syllable-initial position are aspirated, and

t (sometimes also k) is affricated, particularly before high
vowels. The affrication is not indicated in the transcription
here, /ptk/ being transcribed [p®, t®, kP] in syllable-initial
position.
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List 1 1974-79 (the main 1ist) (frame: det er ..

piber

piber

huen
huen

leser
leser

kaele
keler

kelder
Keller

venner
vennen

ven
vend

du
dug

van
Venern
lesser

pipper

List 2 1977-79

aftalen
aftaler

hgjhuse
hgjhuset

List 3 1974

h/2h
15/17
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Material and subjects

A. The material

[pPi:bp]

[pPi:’bo]
[hu(:)en]
[hu:’sn]
[1e:sD]
[1e:’sD]

I¥e:1a]
[kPe:’1p]

[X®%elp]
[kPel’p]

[veno]
[vsn’?]

[ven]
[ven’]

[du]
[du:’]

[ve:’n]
[ve:’non]
[1lesp]
[pPibo]

['au,tPz:ilon]'the agreement' def. form of aftale -

. de siger)

pl. of pibe 'pipe', or nomen
agentis derived from the verb
pibe 'to squeak'.

pres. of the verb pibe

definite form of hue 'cap'
definite form of hu 'mind' (obso-
lete)

nomen agentis of the verb lase
- 'to read'
pres. of the verb lese

infinitive, 'to fondTe'
pres. of the verb kzle

'basement’
a family name

pl. of ven 'friend'
definite form of ven

‘friend’
imperative of vende 'to turn'

IyOUI
'table-cloth'

'beautiful' (poetic)

name of a lake in Sweden

pres. of the verb lzsse 'to load'
pres. of the verb pippe 'to chirp'

(frame: det er ... de siger)

[tau, tP=:"1p] 'makes an agreement'

['hoj hu:sa] 'skyscrapers', pl. of hgjhus
['hoji hu:’sed] 'the skyscraper', def. form of

hgjhus

(frame: det er ... de siger)

['bi:bi bibi / 'bi:’bi bibi]
['bitbi bi:bi / 'bii'bi biibi]

B i i e e e e sk i L
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16/18 ['bitbi biflbi ¥ 'bif'bi bit'bi]
6/10 [bi'bi: bibi / bi'bi:’ bibil.
74V [bibi'bi:bi / bibi'bi:’bi]
List 4 ven vend ven (frame: det er ...
[ven] [ven’] [ve:’n] de siger)
(see list 1)
List 5a 1272 (frame: de sagde ... .)
leser leser piber piber
[1e:sp le:’so pPi:bo pPi:’bo]
(see Tist 1)  plus:
man [man] 'one' (indef. pron.)
mand [man’] 'man’
pedal [pPe'dz:’1] 'pedal’
betale [be'tP=:’1a] 'to pay'
pagaj [pPatgai’] 'paddle’
bakkant [ba'kPan’t] 'bacchant’
purist [pPu'sist] 'purist'’
buddhist [butdist] 'buddhist’
List 5b = 5a plus:
man [mee:’n] ‘urge!' imper. of mane
manden [man’p] 'the man', def. form of mand.
kele keler kelder Keller huen huen

[kPe:los kPe:’lp  kPelp kPel’s hu(:)sn  hu:’sn

(see 1ist 1)

List 6 1977
taler [tP=:1D] nomen agentis of the verb tale'to
taler [the:"10] pres. of the verb tale speak'
p&n [pPe:n] 'pretty’
pa&ne [pPeinal ‘pretty' (pl.)
pen [pPen’] ‘pen’ plus:
leser leser kaele kazler kaelder Keller
[le:so dev’sp kPeileik™et’ln  kKP&ln kPel’p]
(see list 1)
Kan du sige Anna? [kPa du si: 'ana] ‘'can you say Anna?'

L ey i fkddQu RLy +hana] VN R W

Kan du sige Hanna? [kPa du si: 'hana] 'can you say Hanna?'

Kan du lide Nana? [kPa du '1i:’ 'nana]'do you 1ike Nana?'
Han gik lige i seng [han gig 'li: i 'sep’] 'he went straight

to bed'
W PR S T e gy a1z 74 tasn’ld oot M ®
Der er et lig i sengen [da:.d 'li:’ i 'sep’n] 'there is a
corpse in the bed'



List 7 1981

mile
mil
mild
sile
sil
sild

diset
disen

Sanddalen
sandalen

List 8a 1985 (frame: jeg kan gdodt sige ...

A1l words from

buse
buser

duen
dugen

taget
taget

sejlet
sejlet

feldes
felles

geller
gelder

fol
fol
pib
pib
tag
tag

List 8b 1985

APPENDIX I

(frame: de vil sige ... igén)

[mi:la]
[mi:’1]
[mil’]

[si:la]
[si:’1]
[sil’]

[di:sed]
[di:’sen]

'mile' (p1.)

'mile' (sg.)
'soft'

'to pour'
imperative of sile
'herring'

'hazy'

'the haze', def. form of dis

['san dz:’1len] a place name
[san'dz:’1len] 'the sandal’

[bu:ss]
[bu:’so]

[@u:en]
[du:’en]

[tP=:08]
[the:’28]

[sailed]
[sai’lad]

[feles]
[£el’as]

[gelvn]
[gel’p]

[f21]
[£8:°1]
[phib]
[p%:"h]
[tra]
[the:’]

til Palle)

list 1, except ven and Vznern, plus:

'to rush'
present of buse

'the dove', def. form of due
‘the table-cloth', def. form of dug

‘taken', part.perf. of tage
'the roof', def. form of tag

part.perf. of sejle 'to sail'
'the sail', def. form of sejl

'is felled', passiv of fzlde
'common'

'gills', pl. of galle
'is valid', pres. of g=zlde

‘foal'

'feel!', imper. of fgle
'chirp'

'squeak!', imper. of pibe

| [ 1 .
el e 8 €57} vartonts

(both also short forms of the infinitive)

(frame: jeg kan gddt sige ..

. til Palle)
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A11 words from 1list 1, except ven and vznern plus:

buse [bu:ss] 'to rush' _ '

buser [bu:’sp] present of buse

file [fi:la] 'to file'

filer [£i:'1p] pres. of file
|
\
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bene [be:na] ‘to leg it'

benet [be:’nad] ‘the leg', def. form of ben
tabe [thz:ba] ‘to lose'

tabet [th>:’bod] 'the loss', def. form of tab
gabe [gz:ba] 'to yawn'

gabet [g=:’bad] ‘the yawning', def. form of gab
sale [s=:10] ‘hatlss; pl. of sal

salen [s®:’1an] ‘the hall', def. form of sal
tag [tha] "take!’

tag e il ¥ (see 8a).

List 9 1986 (frame: Jeg kan 1ét sige .... fém gdnge)

maler {mz:1p] ‘painter', nomen agentis of the verb
maler [mee:’io] '‘paints', pres. of male male
spiser [sbi:sp] _  ‘'dishes', pl. of spise

spiser [sbki:?sp] 'eats', pres. of the verb spise
musen [mu:sen] 'the Muse', def. form of muse

musen [ru:?sen] “'the mouse', def. form of mus

posen [pPo:sdn] " 'the bag', def. form of pose

Posen [pPoi’sen] Place name.

List 10 1986

'far renser 'piber i 'aften [phi:bo]
'musene 'piber p& 'loftet [pPi:’bD]

'bgrnene elsker at 'kele med 'hunden [kPe:la]
'bgrnene 'sidder og 'kaler med 'hunden [kPe:’lp]

'bogens 'leser vil 'undre sig [leisp]
'drengen 'le®ser om ‘'aftenen [le:’sD]

List 11 1986

Der 'stdr en 'maler pd 'stigen [mez:lp]
Han 'stdr og 'maler p& 'stigen  [me:’1lp]

'Digteren 'pdkaldte 'Musen for'geves [mu:sen]
'Bageren 'fangede 'musen i 'felden [mu:’sen]

Der var 'mange 'lakre 'spiser p& 'bordet [sbi:sp]
Hun har 'spurgt om 'Peter 'spiser pd 'skolen [sbi:’sv]

List 12 1986

Der 'stdr en'maler pd'stigen [mz:lv]
Han'stdr og ‘maler pa 'stigen [me=:’1lp]
Han 'viste en'valen 'holdning [va:len]
Han 'fjernede 'hvalens 'finner [ve:’lens]
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Der 'sidder en 'mdler pé 'veggen [md:1p]
Han'sidder og'mdler p&'kurven [md:’lo]
'Bogens 'leser vil'undre sig [1le:sp]
'Drengen "l@ser om 'aftenen [1e:’sp]

List 13 1986

mile [mi:ls] 'miles’

milen [mi:’1lsn] ‘the mile'

pile [pPi:ls] ‘arrows, willows'
pilen [pPi:’1en] 'the arrow, the willow'
bile [bi:la] 'to go by motor car'
bilen [bi:’1en]  'the motor car'

lime [1i:me] 'to glue'

limen [1i:’men]  'the glue'

B. The subjects

BF born 1935 in Ribe, West Jutland, since 1953 in
Copenhagen. He speaks Standard Danish on a Jutlandic
basis but also with some influence from Modern Copen-
hagen speech.

BH born 1946 in Copenhagen; has spent all her 1ife in
Copenhagen, speaks "Advanced Standard Copenhagen"
(ASC).

BM born 1947 in Grenaa, Eastern Jutland, but moved to

Copenhagen at the age of seven; has still some remi-
niscences of non-Copenhagen pronunciation.

BRP (= Pia Riber Petersen's subject No. 22) born 1933 in
Copenhagen and has spent all his 1ife here; speaks ASC.

FJ born 1911 in Nakskov, Lolland; grew up in South Funen
but has never spoken dialect. Since 1929 in Copen-
hagen, speaks a slightly conservative Standard Danish,
but influenced by Copenhagen intonation.

HU born 1945 in Copenhagen; has spent all her 1ife in
Copenhagen and speaks ASC.

JJ born 1949 in Hornbzk, North Zealand; spoke regional
Zealandish Standard as a child, now ASC. Has lived
in Copenhagen since 1969.

JR born 1934 in West Funen; spoke Standard Danish with
his parents, speaks a slightly conservative Standard
Danish but with influence from Copenhagen intonation.

LG born 1946 in Copenhagen; has lived in North Zealand
(Snekkersten) since his early childhood. Speaks ASC.
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MF

ND

NR

0B

PD

PM

PMi

TB

APPENDIX I

born 1939 in North Zealand, from 1946-57 in South Zealand,
from 1957 in Copenhagen; speaks Standard Danish

born 1950 in Hellerup, Northern Copenhagen; has spent
all his life here.

born 1943 in Gammel Holte, North Zealand, since 1964 in
Copenhagen; speaks ASC. ‘

born 1946 in East Jutland; lived until 1965 in various
East Jutlandish towns, the last seven years in Arhus,
from 1965 in Copenhagen; speaks ASC on a Jutlandish
basis.

born 1950 in Southern Zealand; lived in various Zealandish
towns until 1969, from then on in Copenhagen; speaks
ASC.: - ¥ x

born 1946 in Himmerland, East Jutland; spoke dialect
until the age of ten, then also regional standard.
Lives in Copenhagen since 1967. He has adopted the
Copenhagen intonation, but he has a perceptible Jut-
landish rhythm.

Two subjects from the Haskins investigation have been
included in some cases:

born 1942 in Copenhagen, has lived in Roskilde and
Copenhagen; speaks ASC.

bqrn 1937, spent his childhood in southern Jutland,
since 1955 in Copenhagen; speaks Standard Danish.
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APPENDIX I1

Duration

1. Survey of material used for measurements of duration.

a. Long_vowel with and without_sted

- B - -

List Year Number of Subjects and (average) number
word pairs of repetitions

1 1974 3 BF 10 HU 12 NR 6
BH 8 JJ 12
BM 10 JR 3
1977a-b 353 BF 12 11
1979a-b 3 3 BF 12 17
3 1974 L JR 10
3 BM 9 JJ 9
5a 1972 2 TB 16 PMI 16
1977 3 FJ 18
1981 1 FJ 12
8a 1985 B FJ 8
8b 1985 9 HU 8 JR 8 NR 8
9 1986 4 ND 10 NR 10 PM 10 PD 10 OB 10
10 1986 3 HU 8 NR 8
11 1986 g 0B 8
12 1986 3 BRP 8

b. Short _vowel with_and without_following sted

1 1974 3 same as a,1
1977 a-b 3 BE. 12}
1979 a-b 3 BF 12 .18
8a 1985 5 Fd 7
8b 3 HU 8 JR 8 NR 8
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List Year Number of
__________________ word pairs_
1 1974 1

3
1 1977 2
8a 1985 5
8b 1985 3

APPENDIX II

BM 10 HU 12
BF 10 '
BF 12 11

FJ 8

HU 8 JR 8 NR 8

d. Consonant after short vowel with and without sted

ls3.5E Year Number of
S e TR word_pairs__
1 1974 1

8a 1985 5

8b 1985 3

BF 12 BM 10 HU 12
JR-' 3 NR 6

JJ 12

Fd 7

HU 8 JR 8 NR 8
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2a. Duration (in cs) of V: and V:?, and V:® in percentage of V:

List 1 (significance: * < 5%, ** < 1%, *** < 0.1%)

219

BF 1974 1977a 1977b 1979a 1979
N 11 12 11 12 17
av. s.d. av. s.d. av. s.d. av s.d av. s.d.
pPiibo 14.4 1.5 15400 2.8 16.8 1.1 14.8 1.5 16.3 1.2
pMaToba k8 - 2:0 12.0 1.1 13:5 1.4 13.6 1.8 4.7 2.0
ditfay 2.5% 3.0%%* P 1.2 A s
83% 77% 80% 92% 87%
kbeils  22.8 1.8 21,6 1.6 23.0° 1.5 21.4 8.0 2340 2.3
kPe:’lo 18.7 1.6 17.7 1.4 S 3D 16.6 1.1 18.2 1.6
ditE.. 4.1%% R IR il 4.8xx* 4 .8x*x
82% 82% 78% 78% 79%
le:so 19,7 -1.2 19.5. ..0.9 9.6 -1.2 19.3 1.1 18.8 1.3
le:’so 18.7 1.6 1D i1 16.7 1.7 17.8. 14 8.1 1.5
gaifre, 1.0 o ki A 1.4 0.7
95% 90% 85% 93% 96%
BH BM HU Jd JR NR
N 10 10 12 12 3 6
av. s.d. av. s.d. av s:d. av. Ts.d. av.. o s.dv av.t sl
phl:ber 2105 1.1 13.9 0.7 %.2,.0.9 W7 1.4 14.5 17.2 0.8
Preen 1147 1.3 . 136" 0.7 - 18,7 4.2 129 1.8 . 12.5 13.2 1.5
diff. -0.9 0.3 2. (5 bl 2.0 4 . Q¥w
109% 98% 85% 88% 86% 77%
Ehedie 19.8--1.6 --18.2 16 2.3 1.5 22.3 1.5 .23.0 25.5 1.4
ks t1e 190 BT 19,5 1.6 20,30 1.9 484 0.8 - 260 190 - 1.1
diff. 0.4 -0.4 4 .Q¥** 1 3.0 GO
98% 102% 84% 83% 87% 75%
leiso 20.3 1.7 16.9 0.7 23.2 1.6 20.4 1.3 18.0 20.0 1.1
le:’so _20.0 1.8 16.3 0.8 21.7 1.7 19.5 0.9 ' "17:3 19.0 0.6
diff. 0.3 -0.4 1.5% 0.9 0.7 1.0
99% 103% 94% 96% 96% 95%
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2b. Duration (in cs) of V: and V:*, and V:’ in percentage of V:

List 3 (significance: * < 5%, ** < 1%, *** < 0.1%)

Word
No. JR BM Jd
N 9 9 9
av Swids av. s .de av S di
5 "hisbi bisbd - B2 - £.5 15.4 0.9 18.1 2.0
17 TR T T o B N ey 1455 1.2 b =la2
diff .2 0.9 3. 7%**
93% 94% 80%
16 'bisbi bi:'di A18.1 1.9 14.3 1.1 19.3 2.0
18 'bi:’bi bi:’bi 16.1 21 14 .6 122 {52 e e o7
diffi. 2.0%* -0.3 6.1%%*
89% 102% 68%
7 'bibi'bi:bi 16.6 20052, 3.0
" 'bibi'bi:’bi 15.9 1345 1.0
diff: 0.7 6 .8%**
96% 66%
5 'bi:bi bibi 18.0 2.0 14:8. .. 0.8
25 'bi:’bi bibi 16.6 1.4 14.0 1.5
diff. 14 0.8
92% 95%

2c. Duration (in cs) of V: and V:?, and V:? in percentage of V:

Lists 5a, 6 and 7 (significance: * < 5%, ** < 1%, *** < 0.1%)

List 5a. TB PMi List 6 FJ lEgist o7 FJ
N 16 16 N 19 N 12
av. av. av. av.
pPi:bo 17 36 17.8 the:lp 25.9 di:sed 15.6
pii:bo. 134 1355 th=:’1p 21.8 di’san; 14.1
diff. G 6%** 4 3ZF** e b1 o Pt ol eciadbed diff, lab¥eX
74% 76% 84% 90%
leisp 22.0 22.8 kbe:ls 26..3
le:’so 18 .1 21.6 khe:’1p 20.7
diff. 3.9%**x 1.2 diifif, 5. 67"
82% 95% 79%
le:sp 2138
le:’sp 19.3

diff. 2.5%*
89%
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2d. Duration (in cs) of V: and V:?, and V:* in percentage of V:

Lists 8a and 8b (significance: * < 5%, ** < 1%, *** < 0.1%)

ga &
FJ HU JR NR
N 8 8 8 8
av Sad. av s:d. av. Sl v, sady
pti:bo 14.6 1.0 5.8 .5 % 13.0:0.9 7 'M85= 0
phi:’bo 11.4 1.1 13040 0.8 7 <18 5080 4R 25 alrsl
diff. 3.2%** 2.4%* 1.5%* 2.,9%%%
78% 85% 88% 79%
kPe:la  20.7 1.1 202 0.5 C16.8. 1., 22520950050
kbe:’1p 15.6 0.6 18075 N.3%. 45.60 10 Eriise2 413
diff. 5.,1%** 5.g*** 1.2%* 5.7%%*
75% 78% 93% 73%
le:sp 1956120 22d=o a3 4679 0.5 =19.8% 1..8
YTei? goie b2~ 047 20:5¢8.0.9% 13.95.0.8:4 18544101
diff. - 2.4%%% 1.6%* 3.0%** 1.4%*
88% 93% 82% 93%
bu:ss 20581120 2t 107G, 0. i 218 205,
bustgpia 16%1 047 18:6 404 * A45:6:0:0.4 .0l
diff. 4.2%** 3.8%%** 2.0%** 4 4 x%*
79% 83% 89% 79%
gz:be 230 O Ao 19,3 - 10l 208 5059
g=:’bad 2068 140 = 1853309 ~19:3 1.0
diff. 3.1%** 1.0* 2.1%*
87% 95% 90%
thz:bs | [ oyl O S Ay 7 7 § s £ PRl YR O [ §
thz:’bad 18230007+ 5.8 1. 16309
diff. 3.3*%** 1.2% JuB¥adk
85% 93% 81%
be:np 22:5°.1.6 18.2 0.9 18.6 0.9
be:’nod 18.2 5 0.9:3 1595 1014282150
diff. 4. 3%** 2.3*%* .8
81% 87% 80%
se:lo 26.4 ° 1.2 2023 0.8 21778
sz:’lan 235 Jod g | e T ey 2 ol
diff. 2.9%*%* 2.6%%* G 55 Bk
89% 87% 85%
fi:ls 20,9 1.1 15.8 0.6 17..3::-0%8
fi:’lo 5.7 o £ AT - 3020 0l2 (8t it
diff. 5,2%%* 1.1* 4 S*tk

75% 93% 74%
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2e. Duration (in cs)

APPENDIX II

of V: and V:’, and V:* in percentage of V:

List 9 (significance:

L DD L 1%, L 001%)

ND PD PM 0B NR
N 10 10 10 10 10
av. +diey vV, sd. av. I | A sudiasiayv.
me: 1o 29.3 A e |2 e T 15.6 0.8 . 1759 201
M 1ol 2353 s B« U6 6" 1 2 14.0°0.9 . %16, 18.0
diff. 6 .0%*** 2.1%* 1.6%%*% 1.8*%* 2.1 %%*
80% 89% 90% 90% 90%
abiisn . f20590.0,.9 3 614 . 451, 2 13.7  D48#: . 16%3 15.0
sbi:’sp 16.0 S < ) 1048 05 %0401 1541
difif. 4.9*** 2.6%%* 2.9%** 2.2%* -0.1
77% 82% 79% 87% 101%
mu:sen 25.4 wi ] T e 16.9% 0.9 21931 17:.2
ma:’sen 21.6 AR I 15.1. 20865, 1659 11583
diff. 3.8%%* 3.2%%* 1.8%** 2.2%* 1. g**x
85% 82% 89% 88% 89%
pPoisen 26.2 A9 TEY9I A 1ks 2 16:76. .0t L1852 18.3
pPo:’san 20.7 SO 146 i ] 14.8 fit 15.9 16.2
diff. 5.p¥x** 4 5*** 1.8%*%% 2.3 % 2.1%%*
79% 76% 89% 87% 89%
2f. Duration (in cs) of V: and V:’, and V:’ in percentage of V:
HU NR 0B BRP
Ni =58 8 8 8
'_ av. av. av. av.
kPe:leo 12.8 15.6 me:lo 12.9 me:1lp 19.9
eher? 1n . 3] 13.6 mesilv. 12.4 me:’1lp 15.8
diiff. ey =09 2.0%* 0.5 4, 1%%*
107% 87% 96% 79%
prizhe . %4 12.2 sbi:so 11.6 mi:1lo 21.0
ke ks 1 JOR D0 9.8 sbi:’sp 10.3 md:’lo 16.4
diff. 1.6%* 2. 4%%% 1 3%% 4 .6%%%
86% 80% 89% 78%
le:sp 15.9 16.2 mu:sen 14.0 le:sp 18.6
g S 1D .6 16.1 mu:’sen 13.2 1e s ?sh A 1975
diff. 0.3 -0.9 0.8* -0.5
98% 106% 94% 103%
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3a. Duration (in cs) of short vowels with and without following sted.

List 1 (significance: * < 5%, ** < 1%, *** < 0.1%)

223

BF 1974 1977a 1977b 1979a 1979b
N 12 1" 17 12
av. " -Ssde . av. av. av. .s.d. gav,-  s.d
khelo 12.8 0.7 12.0 i1 10:2" 1.3 10.7 0.6
kbel’n 10.5 1.7 8.8 8. 7.8 1.0 7295 .0
dififis: . 2.3%x* 3.2%%* 3. 0% 2. 4%%% 2,8 %k
sen 12.5 1.4 9.1 10.0 8.7 1. Byek 1/
sen’ 1.0 0.9 7.8 8.7 .3 1. 8.8 1.0
diffisl 3.5* 135 1.3% 0.4 -0.6
BH BM JJ JR
N 10 10 12 12 3
avs, S.d. lav. Sad. av. av. av. 'Sid. s.d.
kPelp 11.6 12.4- 1.0 12: 10.5 10.7 1.2
Xtello. 11.6 10.5- 028 11 8.3 10.0 0.8
diff. 0 1.9%* 14 I el 0.7
veno 12.6. . 1.1 12.4°" 1.0 123 12.0 10.3 1.0
ven’n _14.1 1.3 105 1l 13.1 10.1 10.3 0.8
diffas, ~1.5% 1129%* -0.8 ) il 0
ven 11 ...056 10.0 10.9 9.1 9.3 1.0
ven’ 14.% 1.2 9.9 12.6 9.9 10.0 1.8
diff. =3.0%** 0.1 ol e -0.8 -0.7

3b. Duration (in cs) of short vowels with and without following sted.

List 8 (significance: * < 5%, ** < 1%, *** < 0.1%)

8a
FJ
N 7
av. s.d.
kPelp 10.8 1.3
k¥ello. " 8.2: 8.8
diff. . 2.6%%*
veno 12.3 0:6
vcn’? 10.8 0.9
dift. 1.5**
ven 9.8 0.6
ven’ 9.7 . 0.9
diffis . 0.1
gelo 12.8 1.2
gel’s  10.4 0.7
diff.:  2.8%**
felas 12.1 0.3
fel’as 9.5 0.8
diff.  2.6%%*

8b
HU JR NR
8 8 8
av. . avy sad, AT s,
108 154 8.5 0.4 B8 0.7
9.9 0.8 8.7 0.8 9.2
0.9 -0.2 1.7%*
1.3 0.8 10.0 0.7 192" 0.5
10.4 0.5 9.6 1.0 9.9 0.5
0.9% 0.4 1.3%%*
9.4 0.9 8.6 0.7 9.2 0.9
9.8 0.7 9.9 0.8 8.8 0.6
-0.4 -1.3%* 0.4
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4a. Duration (in cs) of consonants with and without sted.

List 1 (significance: * < 5%, ** < 1%, *** < 0.1%)

B8F 1974 BM + HU - Jdd JR NR

“N 12 10 12 12 4 6
AV, Sid. ag.  sod.  ave 6.4, av.. . SH Ve e cs.d
¥heko 6.1 1.1 el - .0 5,909 6.8 B.99 °5.306:,7 2008
kBel’n 7.4 1.4 A el DU S F R R B Cs R SE RO R Sl

diff. =¥.* -1.6** i e =2 ;2NmE 0.7 =1.3*

4b. Duration (in cs) of consonants with and without sted.

List & (significance: * < 58, ** < 1%, *** < 0.1%)

8a 8b
Fd HU JR NR
N 7 8 8 8
ava: seds av. S. av Sid-. AV usEa,
kbelo 58 06T 6.4. 0.6 4. 7..:054 52406
kPel’p 8.3 0.9 929~ 7.3*-0E8 6.9 0%6
diff. -2 . 5**%% -3.5%* -2.6%%* =1 .6%**
veno b 308 9.6 1.0 5.8 * 1.0 b Y08
ven’n 10@3 51 .1 T2 =079 3.3 158 8:29% 0.:6
aiafir. -5.0%** -2 hx** -2 . 5*%% -3.5%**
ven: T e85 495.0 10.5<30:9 h2-0n4 8 1550H
ven’ 17009 13.3290.:8 68205 9.4~ 30
diff. =3.9%** =2 .B%E** =1 .6%** =i, JX*x
g€lo 5.9, 5085
gel’o 1. DR E
diff. -1.6%*

felas 6.4 0.
fel’ss 8.6 . 0.

diff.  -2.2%%x

~N o1
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APPENDIX III
Intensity

List Year Number of Subjects and number of
pairs repetitions
1 1974 7-10 BF 11 HU 12

BH 8 Jd 12
BM 10 NR 6

1977a-b7{ 6=7 BF 12 11
1979 a-b | BF 12. 17
1974 3-5 JR10 BM 10
1986 4 ND 10 NR 10 0B 10
PD 10 PM 10
10 1986 3 HU 8 NR 8
1 1986 3 0B 8
13 1986 3 BRP 8

Average intensity curves of individual word pairs are shown on
the following pages (Figures 1 a-d, and 2 a-b). For reasons

of space some pairs which were quite similar to pairs included,
were left out: In 1ist 1 three of BF's five recordings, for all
subjects the unpaired words and the pairs [du / du:’] (with
different vowel length) and [veno / ven’n] (which is quite
similar to [kPMelo/kPel’n]), in Tist 3: 16/18 and 5/25 which

are almost identical to 15/17, in Tist 9: [pPo:sen/pPo:’sen]:

Lists 1 and 3 were averaged by computer, Lists 9, 10, 11 and 12
manually. In Tist 1 [pPi:bvo] was left out by mistake in the
sampling. Therefore averages of [pPi:bo / pPi:’bo] were made:
manually on the basis of a new mingographic recording

(except for BF).
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Figure la

Intensity average curves 1974 (list 1). Subject BF (N = 11) and BF 1979b (N = 17).
—— : no stgd. ---- : stgd. A: vowel start (line-up point), B: vowel end, C: end

of following consonant. | : no stgd, : : stgd. > 10 cs.
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Figure 1b

Intensity average curves 1974 (list 1). BM (N = 10), BH (N = 8). —— : no stgd,
-=-== : stgd. See legend to Fig. la.
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A B

S8 o m PSR bR il f e |

»
sa L3
Y o

.v-qv‘ “q,-

)
D
i
Figure Ic
Intensity average curves 197;1 (list 1). HU (N = 12), JJ (N = 12). — : no sted,

--- : stpd. See legend to Figure la.
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Figure 1d

Intensity average curves 1974 (list 1). NR (N = 6), list 3 JR and BM (N = 10).
: no stgd, --- : stgd. See légend to Figure la.
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Figure 2a

Intensity average curves 1986 (list 9). NR, OB, PD, PM, ND (N = 10).

See legend to Figure la.

: ‘stod. I: 5 dB.

: no sted,
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Figure 2b

HU, NR, OB, BRP

See legend to Figure la.

Intensity average curves 1986 (lists 10 and 11 and 13).

s stgd. I: 5 dB.

: no sted,

(N = 8).
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APPENDIX IV

Fundamental Frequency

Survey of material used for analysis of fundamental frequency

List Year Number of Subjects and number of
pairs repetitions
1 1974 7-8 BF 11, BH 10, BM 10, HU 11,
JJ 11, NR 6
1977 a-b 7 BF 12, 11
1979 a-b 7 BF 12, %7
3 1974 3-5 BM 9, JR 9
8 1985 15-17 FJ 8, HU 8, JR 8, NR 8
9 1986 4 ND 10, NR 10, OB 10, PD 10,
PM 10
10 1986 3 HU 8, NR 8
" 1986 3 0B 8
12 1986 8 BRP 8

Tables I and II give a survey of word contours for the indi-
vidual speakers.

Figures 1a-b, 2a-c and 3 contain average curves of individual
word pairs. List 1 was averaged by computer, Tists 8-12 manual-
ly. The word pairs from 1lists 1 and 9, which were left out in
the intensity averages (see Appendix III), are also left out
here. Moreover, 1ist 3 was left out altogether, and only some
of the readings of list 1 are shown, because the average of the
stod phase was problematic (see the section on averaging above).
The average curves included here are two of BF's five readings,
and the two subjects BM and JJ, who had less irregularity than
the others, so that it was possible to leave out the tokens

with strong irregularity from the averages.

For reasons of space a few word pairs were also left out in
list 8.

In the curves averaged manually strong irregularities were skip-
ped. There is thus sometimes only a gap (in list 9, the sen-
sitivity of the pitchmeter was relatively low, and here the
individual tokens also generally show a gap). When the average
is based on only 2-3 tokens, dots are used instead of broken
lines.
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Table I

Number of examples with the vowels [i:’], [u:’] and [o0:’] which have a lower
stressed vowel than the following unstressed vowel ( .’ ), both syllables of the
same height ( - - ), or a higher stressed vowel ( . ), for speakers who have ‘.
only in these vowels and not in words with [e:’], [=2:’] or [e] + ¢’.

Ia Ib
oo W | N | e BH BM F
I/ == \\ I’ TF \\ ; l,-- \\ ! I'-- ‘\ /’-- ‘\ Il-- ‘\ ,’-- “
priz’bo 21 3 4 {16 3 9 | 316[0010[00 8
£i:lo 6 2 09 0 1
sbi:’so 7 30110 0 0
vi:’so 10 0 \
hus’sn 19 1 0,14 0 ! 44 5Yes .y 4525
du:’an : 10
' sen 1000802/ 7 21
p"o:’sen 000434 71
bui’sp 8 0 010 0 0 : L2 i
sum 54 6 4,79 310(19 6 6|24 3 2| 7 2112 513 | 9 4 21
Table II

Number of examples which have a lower stressed vowel than the following unstressed
vowel (,”), both syllables of the same height (--), or a higher stressed vowel
( \), for speakers who may have “. in all types of vowels.

PM 08B JR
sbit’sp 5 1 4 2 2 14 hu:’sn 0 3 5
pPe:’do 0 0 8 kPe:’10 0 4 4
mi:’sen 5 3 4 5 4 1% fi:’1p 2 2 4
pPo:’sen 01 9 be:’ned 2 2 4
me:’lc 5 2 3 11 4 3 e oS- K B
sum 1810 14 18 11 45 Ksi’'a 3 2 3
se:’len 4 1 3
o ven’n 6 0 2
pPi:’bo 8 48 le:’so /7 0 1
Sl S 5 57 the:'bes /7 0 1
xPei'p 2 4 <56 g=:’bed 8 0 0
khe:’1p 16 9 37 bu:’sp 8 0 0
le:’sp 30 6 26 sum 50 15 31

sum 58 32 224
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Figure la

: stgd. A: vowel start (line-up point), B:
C: end of following consonant. '‘-s-s-st}
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Figure 1b

Fo average curves 1974 (list 1). BM (N = 10) and JJ (N = 12). — : no sted,
--— : stpd. See legend to Figure la.
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Fo average curves 1985 (list 8). HU (N = 8). — : no sted, --- : sted.

See legend to Figure la.
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Figure 1

Spectrograms of [ve:len/ve:’len], [me:lo/me:’lv] and
[le:sp/le:’sp] read by BRP and used for inverse
filtering.
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Figure 2a

A: normal oscillogram and B: inverse filtering, of 1 [ve:len] and
2 [ve:’len], read by BRP.
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A: normal oscillogram of 1 [me:lv] and 2 [me:’1lv], read by BRP.




APPENDIX V 245

~
!
PP oA A A A - A - fWal
VARV ViVt Tad TAd T Wi
l o
AbA LN \ P o e
v \ Vvv V‘ V" - Vv M V v
r&t_m_..n_in_;n_.-__‘l_m_‘_‘_
I
Nt v"'\‘, AT "'"A"v
a:? v L
.,’?___.as_.l;u._.‘m_..-_..u__m__ﬁ:.m_

B2 m=:’lo

VY VINNMVIVV YN R AAPAAAV AN
AVAVAVAVAVA VA VA WA A R L AN/ Wi W, W, WA BT
_#___d:\ ;: g lave  la L law = :Hﬂ,_‘-_m__.n_..-_.-__.n (N T
VAVAYAVAVIVIVIVIVAVA 0 R G P 5 o
_w‘mww?”"””"" %uo&:uoﬁ!_..{;_uﬂ!_-m" e |
VAVASAY |V VAT,V V. WY W

C{——;a:ln e 74 me:’1lp

Figure 3b

B: inverse filtering and C: integral of inverse filtering
of 1 [me:lv] and 2 [me:’1lv], read by BRP.
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Airflow

List ‘Year Number of pairs Subjects and number of
repetitions

1 1974 8 (6) BF 10

8a 1985 17 FJ 8

8b 1985 15 HU 8, JR 8, NR 8

Average airflow curves of individual word pairs are shown on the
following pages (Figs. 1-5). Fig. 1 was averaged by computer,
the others manually. BF's words with postvocalic nasal are

left out, and for lack of space only 12 of the pairs from list
8 are included. :

Since the airflow curves are smoothed,the rise is delayed.
Therefore the 1ine-up point was moved 2 cs to the right for
male speakers and 1 cs for female speakers compared to its place
in acoustic curves. This was not, however, done for BF, whose
curves were averaged by computer.

Table I

Number of disyllabic pairs in which the word with stgd has a
steeper (+), or slower (-) or the same (=) rise in airflow at
the start of the word compared to the corresponding word without
stgd in the same reading. Significance: * < 5%, ** < 1%,

kAKX o 0.1%. . 3

A. Aspirated B. Unasp. stops C. Vowels B+C
stops and fricatives after 1,v.
+ = - sf, + = = sf. + = =isf, .+ 5 =isf,
BE=82 4 85 **% B. 0 1> % 3 4 GERT P UiMfnn S
Fd 12 7 5 15 18 11 3 673 18 24 18
HU 19 8 5 *(*) 14 20 14 8 6 ‘2 22728 b
JR 18 6 8 (*) 23 10 15 4 10 2 27 20017
NR 18 8 6 * 23 19° 6 ** 11 .1-# 38 20 10 sx(%)

Sum 89 33 29 *** 83 67 &7 ** 39 27 F9MUAIPEY B0 A0
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Table II

Number of disgllabic pairs in which the word with stgd has a
higher (+) or lower (-) or the same (=).airflow peak at the
start of the word compared to the corresponding word without
stgd in the same reading. Significance: * <5%, ** <1%, *** ¢ 0.1%.

A. Aspirated B. Unasp. stops C. Vowels after B+C
stops and fricatives 1, v
.= = gF, + = = sf, + = = sf, + = - %,
BPS-EX 2. B SR Qv 2 g B 1D e T
VREES ¢ SR Zv-ad- 18 1 2«4 a1od 123
HU .24 "1 ] ™% 30 byl * 13 -2 4 *W(*] 4B G- 43 www
0B e I Uy i T S $0. 53 -3 X 36 -8 "2U %
NR<:22 0 10.-* SHewl . By X 11858 0 A4 19 51) kR

Sum 1066, 38 - FER 117240156 56377101 *EN Vg 7 e

Table IIT

Airflow (in 1/m) in the second part of long vowels with and without sted in
disyllables (measured at the minimum in stgd-words) (average of 8 repetitions).
Significance: * < 5%, ** < 1%, *** ¢ 0.1%.

pPi:bo kPe:le huien le:sp buise gz:bs be:ns fi:la du:isn
pPi:’bo kPe:’1p hu:’sn 1le:’sp bu:’sp g=:’bod be:’nod fi:’lp du:’sn

ot . 185 19.5 .o - 19.0

13.0 9.0 9.0 9.5
diff. 5.5%%% “10vGaws BLO%. |9 Drer
FJ Tl 6.5 9.0 7.0 6.0 6.0
4.0 4.0 a - 108 5.0 2.0
giff. 3.0% 25 B -3.0°. 1.0% 4 .0%*
HU 8.0 72D 140 g5 - 6,05 45i0 6.0 6.0
4.0 340 2.0 6.0 .3.5 155 1.5 2.
diff. 4. 0*> REPE - 0% 2.5%% 2 5 bk 4. .58% % e
JRr 2.0 19.0 0 230 9.0 6.0 ~22.0 16.0
12.0 12.0 20 180 6.0 da 1.0 8
diff 48, 0% A L D e L e M et U R R B B+
NR 5.0 6.5 6.0 8.0 2.5 4.0 .
4.0 4.5 3+ 74 2.0 8.0 2.5 1.0
gifee 1.0% L bt o ol 0.5 S e T ot i
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Subglottal and esophageal pressure

Survey of the material used for the analysis of subglottal and
esophageal pressure

List Year Number of pairs Subjects and number of
repetitions
1 1974 8 BF 5
(1 1974 8 JR 2 )
(3 1974 6 JR 4 )
1981 4 FJ 12
Table I

Subglottal pressure (in cm H,0) at vowel start and maximum for words
with and without stgd. Subject BF. List 1 ( based on measurements of
individual examples , average of 5 repetitions).

Vowel max. rise Vowel max. rise

start start
pPi:’bp 13.0 133540 .3 kPel’p 1.0 12.5 1.5
phicbp - 12s W2 2a 0] khelp 1053 el (RS0 7
diff. 0.9 Tl 02 diff. 0.7 1.abas =08
kbe:’1p . 10.8 Ths 1.0 ven’n 12 .4 12:950 205
khe:la 10.6 T 0.8 veno 1.9 1159 020
diff. .2 B4 0.2 diff. 0.5 150 L. %0.5
le:’so 1353 Wlea7 0.4 ven’ 123 12.5 052
le:so 155 148y 052 ven 11.6 N8l 0.2
diff. 0.2 0%4% 0,2 diff 0.7 0:75e 0e0
hu:’sn  11.2 12.4 1.2 du ’ 12.9 1854 =024
hu:an 10.4 We3= 4059 du 1259 508225502
diff. 0.8 $.1 0.3 diff. 0.0 %2 2052
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Pharyngeal Pressure

Survey of the material used for the analysis of pharyngeal

pressure.

ListE Year
1 1974
1 1974
3 1974
7 1981

Number of pairs

S o0 0

Table I

Subjects and number
of repetitions

BF 10

JR 2

JR 4

FJd 12

Pharyngeal pressure (in cm H,0) in initial consonant and in

the stgd phase.

(Subject BF), measured on average curves.

peak in stad peak in stad

cons. phase cons. phase
pPii"bp 8.0 145 khel’p 7.5 1.5
pPi:bo 7.8 1.8 kPelp 7.4 23
diff. 0.2 -0.3 0.1 -0.8
kPe:?lp 7.6 =3 ven’n 5.0 0.9
kPe:la 7ad T veno 4.5 1.4
diff. 0.3 0. 0.5 -0.5
le:s’o 4.6 1.2 ven’ 4.8 4
le:sp 4.2 1t ven 4: 33 1.6
diff. 0.4 -0.3 0.5 -0.5
hu:’sn Bis? 155 du:’ 4.0 1.8
hu:sn 4.8 2:5 du 3.9 2.1
diff. 0.4 -1.0 0.1 -0.3
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APPENDIX IX
Electromyography

List Year Number of pairs  Subjects and number

of repetitions

1 1974 8 BF 10, BM 10, HU 11,
JJ 12, NR 6

3 1974 3-5 JR 10, BM 10

1 1977 a-b 7 BF (124 -BE 1

1 1979 a-b 7 BF 12 BF W7

2 1977 2 BF 12

2 1979 2 BrF. 12

6 1977 FJ 16

Average electromyograms of the activity of the vocalis muscle
in individual word pairs (with the same omissions as in the
intensity averages, Appendix III) are shown on the following
pages, Fig. 1, a-e. The averages are made by computer except
for the pair [pPi:bo/pPi:’bo] where it had to be made manually
for most subjects.
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Figure 1b
Average electromyograms of VOC.
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See legend to Fig. la.
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