
LARYNGEAL BOUNDARY SIGNALS

Eva Gårding

In this report we shall study how a v¿rriaticln in morpheme boundary location

may affect the behaviour of some laryngeal muscles Ivocalis m, cricothyroid

m, and sternohyoid m)" ttre activi-ty of the muscles was recol'ded in an EMG

investigation carried out at the Research Institute of Logopedics and Pho-

niatrics in Tokyo during the faLl of 1969 " 
1 Tht o-resent data ari: derived

from a speech sample rvhich was composed chiefly to investigate how the

selected muscl-es participate in the production of Swedish word tones' A

preliminary report of the word tone data [Gårding et al., 1970) was pub-

lished in the Annual Bul.l-etin No" 4. The same bulletin contains reports on

a number of o-Lher experiments all of which aj-m at expl-oring the functioning

of laryngeaL muscles during speech [Hirose et al., Simada and Hirose, ¡ha1a

and Hirose, 19?0) 
"

MORPHEIV]E BOUNDARTES AND SYLLABLE BOUNDARÏES

Acoustic and pei.ceptual aspects of morpheme and syllable boundaries were

studied rather extensively in Swedish material IGårdirrg, 196?) 
"

A spectrographic analysis of pairs of sequences that differ in the: loca-

tion of a moi"Pheme boundarY Ie.g. , "train-ferrY", and !å:gê[gg-are

Sr ,,toe.-wa1ker") showed that the acoustic segments around the boundary

depend on the structure of tlre underl.yirrg mr:rphemes, the stress pattern of

I wish to thanl< my collabcrators at the Institute of Logopedics and

phoniatrics for üreir invaluable aid. I anr particularly indebted to
DoctorsO,Fuji-mu::a,H.Hirose,andZ'Si'mada'Ihavealsoprofited
from some comments From Doctor M, Sawashirr¡a'
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the phrase and the rate of utterance of the speaker. Between stressed syl-

lables the speaker can time and arange his speech gestures in different

ways. The phonetic result was called internaf juncture, a marked boundary.

By means of perceptual tests it could be shown that fist"ners react to

these differences particulary if they are accompanÍed by a change in the

feature composition (aspiration, glottal stop etc.) of the segments involved.

The spectrographic study also brought" out some common characteristics by

whi.ch speakers realize morpheme boundaries in varying phonetic environments.

The location of the boundary can in most cases be related to an interval of

low intensity in the spectrogram. From a study of the formant movements ít

could also be j-nferretl that the speech organs slow down and move toward a

neutral posítion in connection with the marked boundary' When the second

morpheme starts with a vowel, the airstream is cheoked by a glottal closure

or constriction (various manifestations of glottal stops appear in the

spectrogramsJ. Tn a sequence in which the second morpheme has a consonantal

beginning there is no spectral indícation of a glottal closure. However,

the initial consonant closure or ccrnstriction is typically prolonged by a
ï-_.'

time interval comparable to that of the glottal closure.

With an increased rate of utterance speakers change their articufaf,fon

in a uniform manner. ¡ne of the stressed syllables io reciuced, the pro-

longed closure or constriction interval disappears and the intervocalic

consonants are rearranged ín such a way that as many as possible become

syllable initial. This was interpreted as an adjustment on the part of the

speaker to the general syllabification patterns (the unmarked boundaqies)

of the language. The procesË can be seen as the result of a shift to a

simpler production program. In an informal test speakers appeared to have

surprisingly similar notions of the syltable boundary locations for which

rules could be set up. Perceptual tests showed that when boundaries foI-
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lowed these rules the morpheme division made by listeners tended to become

haphazard. For example, a syllabification like tå-gångare in rapid speech

could be interpreted as meaning both train-ferry and €f.

MATEHIAL

The present material was composed in such a way that it will be possible

to study the effect of moving the morpheme boundary in a sequence from

...V + CV,.. to ...VC + V... and the effect of replacÍng a morpheme bound-

ary ...V + CV,., by a syllable boundary ...V - ÜV...

Test words

flrthographic representation with Modified IPA transoription
hyphens to show constituents

(l) mån-år or må-når [*mo:no:r]

(2) må-når [-mo:'no:r]

(:) mån-år [*mo:n'o:r]

(a) må-når ['mo: 'no:r]
/ -\ [-mo: nt o:r]t¡J !9!:9
(o) ta-gangare or tåg-ångare [*to:gena're]

(z) ta-gangare [-to:'gonare]

(eJ tag-angare [-to:g'cnarÊ]

The transcripti-on follows the IPA principles according to wni.ón /'/ inUi-

cates stronç¡ stress with the acute (simpteJ tone and f'f narks the stressed

syllables of words with the grave (compound) tone. When two or more sylla-

bles follow the stress, the sylIab1e bearing the second el-ement of the com-

pound tone is marked dy l'I , In the emphatic utterance" (4) anO [S), under-

lined in the orthographic representation, l'I is replaced by strong stress

I'1.
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The test words are compound nouns made up sf Swedish morphemes' Number

[+) is contrived and special]y designecl for the experiment. Conforming to

the rules for compound formation, the stressed syllabl-e of the first ele-

ment carries the grave accent f* f .

Items ( t J anU (OJ are meant to exemplify a pronunciation which conforms

to the genereil syltabification rules [in this case ...V: - C...). ft has a

reduced stress o¡ the second element of the compound. This syllabification

will be used in r.elaxed speech when the compound has a high degree of ex-

pectancy and the speaker does not i neist on the meaning of the individual-

morphemes.

In sentences (+) and [SJ ttre test words were given contrastive stress.

In the context usecl here the speakers used a stress pattern which adds pro-

minence chiefly to the second element of the compound '

The test word manar is composed of se¡¡ments that minj-mize the effect of

articulation on laryngeal muscles and is expected to reveal bhe effect of

prosodic qestures Itone, stressJ. In the test uvord Eågángale on the other

hand, the t- and g-gestures are expected to influence laryngeal activJ-ty.

A1l of the test words were put j-n the frame rl€-va - han 9* (lt was - he

said) and each test sentence was uttered 15times in a series with a short

pause after each item.

Sub,jects

The subjects were L [male) speaking Standarci Centraf Swedish and E (female)

speaking a Skàne dia-Lect. The clj.fferent pitch contours by which the grave

accent is manifested are typj-cal of the dialects. [Compare Fi-gurc;s 5, 61 7,

e. ) figures I and 2 show some spectrographic examples of the test words.
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EXPERTMENTAL PROCEDURES

The EMG data were obtained by means of double-ended hooked wire electrodes

which were inserted through the skin and other tissues of the ned<. [For a

fuII description of the technique see Hirose et aI., 1910,) figure 3 shows

the pertinent muscles.

The amptified EMG signals and the speech signel which had been recorded

simultaneously on magnetic tape were fed to a PDP-9 computer thrc'ugh an AD

converter for data processing. In this process the EMG signals were sampled

every 250 microseconds and the values were converted into 6-bit levels. The

digitized values of these samples were then averaged over a runnÍt+g window

with a range of 10 msec, flut of 15 utterances of each test sentence, 10 were

selected by auditory analysis and processed in this way. The resulting re-

cords of each set of 1o were then lined up in time with respect to some

easily ídentified speech event and superimposæd giving the final record as

shown in the figures. Different choices of line-up points proved to give

very slight variations in the pictures. Figure 4 shows examples of our

averaged and Processed data

EXPECTEÜ EMG CORRELATES

From what we know of internal juncture in swedish and the activities of

the muscles under investigation we should expect the following EMG coffe-

lates:

1. Glottal stoP

Vocal is m. There should be vocalís activity duríng the glottal- stop in

vc + v sequences. The vocalis muscle has been shown to be active for glottal

stops (Faaborg-Andersen 1g5?,0ha1a 1g?A, Hirose e,t al . 1970, Gårding et al'
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1g2O). Figure 5 shows for comparison conscious glottal stop gestures. de-

scribed in our earlier report. Notice that the ericothyroid activityr seems

to be suppressed at the time when the vocalis muscle has a peak of activi-

ty in connection with the glottal stops.

2. Timinq

-Sternohyoid m. According to spectrographic data (Gårding 196?) intervocalic
earlier

CcomesinaVC+V

as in tåsångare the

ís known to involve

an earlier burst of

sequence as compared to a V + CV sequence. When C = 9r

C gesture is associated with tongue retraction which

the sternohyoid muscle (Ohata and Hirose 19?0). Hence

activity is expected in tåg+ångare as compared to

tå+qånqare.#

Gricothyroldm. In the previously mentinned EMG investigations of laryngeal
---_"-"a-

muscles, the cricothyroid muscle appeared to coruelate positively with the

major movements of the pitch curve. since the pitch curve is also influ-

enced by variations in oral pressure taused by the articulation we can

expect the cricothyroid record to represent a "cleaner" prclsodic signal '

s. ggsgs

Bedueed vocalis-cricothyroid activity is expected when stress is reduced

as in the shift from a marked morpheme boundary to a syllable boundary.

The vocalis and cricothyroid muscles have been shown to cooperate for pitch

rising in stressed syllables. (See the works, cited above, and Sawashima

et al. 1969.)

contrastive stress is expected to enhance the clifference in laryngeal

activity associated with a shift of boundary. Contrastive stress v¡as found

to increase the EMG signal amplitude associated with cnnsonant phonemes by

10-20 percent [Harris et al. 1968). A change of ]exica] stress had no such

effect.



33

i\

a.I¿ l & n ê.: ? s
iiontral
$radtaft

tr

.ìxåne

ll.v.

ü. ctt''

t¡l sh

r{¡'t ,^

Sparch

Pltch

. lt \\
n€, :?LJa 7a

d\rfñ.úræ'

Qsta frtrn expragslve uttsrances vrith dellb+Erately pnoduced

alnttol stop5. speeker L absvc and E bçlown Froa Gårolng
ët at. 19zc--

l'-{
2ü! rr¡e

/\_

\--fT\

Flgure 5o



RESULTS AND DISCUS$ION

Figures 6-8 show sLlme rtssults of the experiment. Each af the El\lG-curves

represents an average of 1o uLterancÊs. They have been derlved from the

vocalis, the cricobhyroid and the sternohyoicj muscles. The fundamental

frequency cut:ve shswn as the lowest trace in the figure is the hand-made

average of three representative utterances'

Figures 6-_7 are derived from speaker E, Figure B from Speaker L' The first

vertical- line represents the beginning of the speech signal, the second

line connects the reference poj-nts used for the summation process, i.e.,

for the test word manår the reLease of [m], and for tågånggre the release

or [t].
In the following we shall comment mainly on observations concerning bound-

ary problems. For Etvic correlates to other speech gestures in the materiaJ

seeGårdingetal.1970,GårdingLgTo'andforthccming.

Effects of a morPheme boun

Glottal stop. lÏi'th a shif b of bounc.lary from ...v + tv... to '. 'vc + v" '

we notÍce: A gap in the h-rroad band spectragram before the postjunctural ,

initial vowel which i.s preceded by a schwa segment with r'efatively slow

vocal cor.cl vibration (figure I a and b). The comparable spectrogram in

Figur.e 2 O i-to:g"Ongar€J, derived from a test serltence with the same place-

ment of juncture uttered by speaker L, has an ah¡solute gap of much shorter

duration. However, this gap is followed by a segment caused by the creaky

onset of the following vowel which because of its scant supply of spectral

energy is similar to a ¡.¡ap. The duraiion of these two successive gaps in

Speaker L,s utterance is comparable to that of the single gap in Speaker

E's. The perceptual effect must be similar in this respect: the ssgments
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separate c+ from the following syltable kernel. It can be inferred from the

specErograrnathat.speaker E protluces the boundary in a " 't + v" ' sequence

by means crf a gluttal closure and a softly ettacked vcwel and that speaker

L makes a less complete closure which permits the vocal- cc¡rds to vibrate

slowly. For both speakers the irocafis muscle has an Et\4G peak which corre-

lates to the acoustic gap ancl during this time the cricobhyroid muscle is

mora or less passive. (An a¡row poin'bs to these vocalis peaks in Figures 6t

?, and B. J

This vocalis-cricobhyroid inteffelation is consistent in all the

...VC+V...Sequencesofourmaterial.Thereisalsoaconstanttiming

difference between the two speakers. For Éipeaker L (rigure B and also

Figure S) tfre vocalis peak assaciated with the glottal stop ap¡:ears toward

the end of the gap, for Ë it appears prior to the closure' It seems possible

to associate E,s earlier vocalis peak with the sudden and total r-110t"bal c10-

sure whereas L's peak may i:e connected with the creaky vowe} onset.

The vocalis peaks observed in connec bion with the glottal stops may be

ínterpreted as active laryngeal boundary gestures typical of the " 'vc + v' "

sequencE. Notice fur cmparison tlre accustically similar creaky utterance

endings in Sg(Figures I and 2) which are not connected with any vocalis

activity.

lve have seen that bhe crj-cr.:thyroid anr'l vacalis musc'les, which h¿rve been

found to cooperate foy' major pitch rises' have a rjiffcrent reaction pattern

for glottal stops" Figure 9 (from B. Sc¡nesson, uqt"!-.Wtgl-!æ, tc be

pubLishedJ iltustrates the mechanical effects of contraction in these two

muscles.år when the vocelis muscle contrac'bs, the arytenoids r'til} be pulled

forward and the vocal folcis will be shorbenerl. This shartening effect can

lç I am gr'ateful tr: Doctc¡r'8. S¡:rtesson fnr many explanations arrd dj.sertqqirl¡15

and fór' lending me the drawíng appæaring as Figure 1o '
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develop only if there is no counteracting force due to activity in a muscle

working in the opposite direction as for instance the crÍcothyroid muscle'

Tt has been founcl by visual inspection that the vocal folds are shortened

and bulged for glottal stops. Hence it is natural that the cricothyqçid

muscleshouldnot be activated fcrr glottal stops. When the vocalis and

cricng-¡yroid museles contract simultaneously the cricothyroid force prevents

the vocalis muscle from being shortened. The vocalis activity will then

produce the inner tension in the vocal fold needed to raise pÍtch.

Timilg. With /g/ as the intervocalic consonant as in Figure B, we--c-qr! see

the different timing of the intervocalic conaonant gesture in the sterno-

hyold record. A comparison of [-to:g3nar€] and [*to:g'CnargJ shows that the

major sternohyoid peak, which is probably connected with the g-release'

come6 earlier when lgl is syllable final both absolutely and in relalion

to the intensity maximum of the preceding vowel. In the given context it

also has a faster buildup of activity. These findings are ln agreement with

the observations of the formant movements of the intervocalic consonant in

the earlier studY Ieåruing 1967).

The cricothyroid activity connected with the pitch rise in the second syl-

lable of the test sequence månår [Figures 6 and 7) is differently timed de-

pending on the boundary location. when the intervoealic consonant is syl-

lable initial, for instanee in ['mo:'ncl:r], Figure ? a, tlre crieothyÉoid

curve starts rising prior to the /n/ segment. In [-mo:n'o:r] on the other

hand the corresponding crì-oothyroid rise comes after fnf abviously in connec-

tion with the initial vowe1. These data suggest that the activation 'of the

cricothyroid muscle far the pitch rise is tied to the beginning of the sy1-

Iable independently cf the syllablels articulatory characteristics'
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The time interval during whj-ch the cricothyroid muscle is activated for

the pitch'movement of the first sy1lab1e is comparable in the two test words

inå-når and gêÉI [figure Z]. This suggests that the duration of the proso-

díc sígnal is dependent on the degree of stress rather than the number of

phonemes of the syltabte. For the second syllable, however, the cricothy-

roid activation time is longer in g! than in år, The: cricothyroid activity

starts rising prior to the lnl tn når whereas in år the rise starts in con-

nection with the inítial vowel . Earlier considerations of the vccalis-cri-

cothyroid interaction make it natural to assume that in this case the glot-

tal stop gesture interferes with the prosodic gesture and delays the pitch

rise.

Stress. Figure 10 compares the test word må-!år under normal (ZJ anU contras-

tive stress. The two sets of curves have been superimposeC with the b-egin-

ning of the speech signal as their oommon reference ]ine. It 1s obvious that

the difference in muscular activíty is mainly l-ocaliz:ed to the secnnd sy1-

lable of the test word. The pitch curve derived from the contrastively

stressed utteranges has a prominent peak in this syllable which is obvioua-

Iy related to increased vocalis-cricothyroid activity, In spite of the fact

that listeners still regard the first syllab1e as carrying the main stress

[as shown in a test), there is no evidence that the EMG signal amp]ltudes

for this syllable are infl-uenced by the contrastive stress. We notice a

difference in the duration of certain acoustic segments however. The' con-

sonantal occlusion is longer in the emphasized tryord both in the initial

and intervocalic nasals. This suggests a different time prtgranì for the

gestures in the two test words which is also evidenced by the sternohyoid

record.

According to Fr.omkin (tgOO) a syllable initial løl nas a stronger EMG

signal (orbicularis oris) than a syllable final løl . Aut Harris e! al'
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I fSOS), fgund no significant difference in this respect. The present sterno-

hyoid data suggest that the syllable final lSl i" I b requires a higher de-

gree of muscle activity than the syllable initial ls/ fn I a and ", ãn inter-

pretation that has support in the up*åt"og"ams [Figure 2) which show- a

greater amount of acoustic energy in lg+l as Êompared to l*Ul. All these

different results may perhaps be explained by the great stylistic variabi-

lity of sy1.lable finat consonants. In this position a consonant may vary

from weak to strong, and the strongest variant is often released with a

following voiced or voiceless schwa element, which actually makes the final

consonant comparable to a syllable initial one. In the context used here

the speaker probably made a conscious effort to keep the consonant sepa-

rated from the following sy1lable, hence the stronger burst of activity

noted in the EMG signal'

To sum up our observations in Figures 6-8, the location of a morpheme

boundary is traceable to the laryngeal muscles that have been the targets

of this j-nvestigation. In a sequence ,..vc + v,.. the boundary is contrcllled

by the vocalis which contracts for the glottal stop after C+ and brings

about a larger separntion of the two sytlable kernels. There is also some

evÍdence in our EMG data that the aetivity of the cricothyroid muscle which

regulates the observed pitch patterns is closely timed with the syllable'

Morph eme bou and s able boundary

Figures B a and B c illustrate the difference between a sequence pronounced

with an unambiguous realizaticln of a morpheme boundary [*to:'gcnar¿] and

the same sequence pronounced at a higher rate of utterance with an ordinary

syllable boundary [-to:gJnarÉ]. The location of the boundary with reference

to the segments ínvolved is the ';ame 
in the two sequenoÊs'
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Stress. The test word [-to:'g3¡ar€] has a higher degree of subjective stress

in the second syllable than [-to:genar€J. This higher stress does not produce

a larger energy output but the pitch curves are different- Tn the first case

the pitch starts falling earlier and the vocalis and cricothyroid muscles

have higher and earlier peaks. In addition, the spectrograms show a longer

occlusion and a longer open interval with stronger enËrgy for the more

stressed /g/.

Timing. Because of the longer duration of the segments pertainin1 ta lgl

in [-to:. gSnar€i], the sy]lable kernels of the first two syllables are wider

apart.Theaccusticgaprelatestoaverysmal}peakinthevocalismuscle

and a passive phase in the cricothyroid. The combined behaviour of the two

muscles actually looks lika a glotterl stop gesture- - After the longer

occlusion in [*to:'gJnare] ttrere is of course a delay in the timing of the

gestures for the rest of the utterance'

The two comparedtest-words [-to:'gen-re] and ['to:gcnarg] have as was al-

ready mentioned the same syllabic division. we notice that the major ster-

nohyoid peak Ís similarly timed realtive to the intensity peak of the fol-

lowing vowel and has the same signal amplitucle regardless of the difference

in stress pattern. This relation shows that the sternohyoid peak is connec-

tedwiththeg-relBase.Thetimingofthepeakinrelationtol-hepreceding

vowel is different however. In [-to:gCnaråJ the peak has a fast rise, where-

as in [-to:" gcnarsJ the rise is slow which may be indicative of a s]ower

articulatory movement. The most conspicuous spectrographic difference in

the two test words is a longer occlusion for lgl in [-to:'gcnarg]'

The preceding observations may be summed up in the following way' with a

shift of boundary from .."VC + V"' to "'V + CV"' tn '"V - CV"' the

two syllables come closer. This process occurs at the expense of stress in



45

the second syllable and at the expense of the duraticrn of a glottal or oral

closure or constriction. The glottal closure is most pronounced in the

...VC + V... sequence.

One other aspect of the same process can be expressed as follows' -Two

stressed sytlables in succession seem to require a relati-vely long e{osure

or constriction interval after the first syllabte. During this interval the

subgtottal pressure needed for the seoond major stress ís probably being

restored.

Concludj-¡g remarks

ün the basis of the spectrographic sturdy [eårUing oo.cit. p. 133 ff.) it

was assumed that in sequences ...V1 + tVZ... the articulatory program must

be simpler than in sequences ...VtC * V2.,. using ohmant s coarticulation

moclel [Ünman 1967) the consonant in ...V + CV... could be regarded as super-

imposed on vocal tract shapes that gradually change from v/l to Vr. In

Vrc + V, on the other hand, c has resonances that indicate an intervening

-change in Lhe vocal tract ccnfiguration from v, to schwa to Vt. In o.ther

words, c+ seemed to ccarticulate mainly with schwa and +c with vt. The

glottal closure or constriction in connectitln with the initial postjunc-

tural vowel in ...vc + v... alsr: suggested a more complex innervaticrn

pattern.

The EMG data obtainecl l'rom the vocal-is and cricothyioid muscles in-'the

present study are in agreement with the view that a ...VC + V." seguence

requires a more complica.ted set of signals to the vocal apparatus than a

...V+CV...sequenee,Theglottalclosuregesturein"'VC+V"'oalls

for a differentiation in the activities of the two muscles which in the

EMG records of the ...V + CV. .. sequences show a smooth ci:operation.
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