WORD TONES AND LARYNX wMUGCLES

Eva Barding

0, Qutline

This is a slightly revised version at a seminar talk given in Lund, May 1970.
In Section 1 I shall make a brief summary of Uhman's model for intonation
(8hman, 1967 a) and in Section 2 T shall discuss the results of an EMG study
that was cerried out by Jhman, Leandersson, and Persson to test Ohman's theo-
ry (Ohman et al, 1967 b). Section 3 is a preliminary report on an EMG inves~
tigation parallel to Ohman's (See also Garding, Fujimura, Hirose, 1970). The
implications of our own data are discussed in Section 4, They indicate that
Ohman's model cannot be entirely correct, In Section 5, a revised vefsion is
suggested and in 6, Meyer's wordtone data for Gwedish dialects (Meyer, 1937
and 1954) are interpreted in terms of the revised model. A correlation of our
EMGC data to the standard stress notation used for the word tones concludes

the report (7).

1, Summary of Ohman's model

Jhman tried to incorporate the Scandinavian word tones in a general guanti-

tative model for intonation (Ohman, 1967 a). The first version of this model

only concerns the stressed syllable of an utterance, He postulates that the

observed fumdamental freguency curve for such a syllable can be decgmposed

into a positive sentence intonation step and a negative word intonation pulse,
To give an example:

step- step i

functions
pulse




The stepfunctions represent the on and offset of the nerve signals. kach
stepfunction passes through a filter which simulates the inertia of the
anatomic structures. The filter has a smoothing effect on the stepfunction.
When the two inputs above have been smoothed and added to Béch other, the

output will be like the dotted line below:

By timing the pulse in verious ways in relation to the step, Dhmdn ob~—
tains the configurations that he needs to approximate the word tomeé in
different dialects. (Meyer, 1937 and 1954. The dialectal variation ié shown
in Figure 1, Ohman's figure II-3-3, op, cit. p. 23.)

Dialectal variation can then be explained as a difference in timing be-
tween the pulse and the step. The almost reverseu patterns in Stockholm and
Skane (Numbers 1-5 and 90-93 in Figure 1) are interpreted in the following
way: The time order of the step and the pulse is reversed (gp, cit. o. 26).
The acute and grave accents correspond in Danish to ggég (a kind oFbglottal
stop) and no Stﬁg. amith (Smith, 944) made acoustic and physiclogical measg-
urements of this contrast., In an ENG investigation of the expiratory muscles
he found that words with stpd are characterized by a brief and intense in-
nervation pattern compared to a more evenly distributed innervation in the
words without stpd, This innervation is followed by a sudden relaxation that
(for reasons not well understood) brings aebout a momentary disturbance or
inhibition in the vibretion of the vocal cords., The effect of this inhibi-
tion is & segment with a glottal stop or in most cases a segment with creaky
voice,

The fact that a glottal stop in Danish corresponds to the ecute accent in
Swedish gave Ohman the idea of interpreting all Scandinavian word tonss As

"mlottal stops" in the sense that they all have some inhibitory effect on
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sentence intonation. This inhibitory effect is strongest in Danish: for the
sthd the vocal cords are adducted to such an extent that the vibratory pat-
tern becomes irregular, In other Scandinavien dialects -~ accorading ?0 the
theory - the effect is much weaker: the vibrations are inhibited but they
do not lose their periodicity.

This glottal stop theory motivates Uhman's cholce of a negative pulse

for the word accent,

2, Uhman's EMG study

Ohman then looked for some physiological mechanism that was likaly'to have

a negative, that is pitch inhikbiting effect on sentence intonation. In an
EwG investigation Ohman and his co~workers studied the behavior of two of
the intrinsic laryngeal muscles during the pronunciation of words with con-
trastive word tones and words with glottal stops. (Uhman gt al,, 1967 b,)
The vocalis muscle was chosen as a ropressntative of the adductory muscles,
Tt is natural that this muscle should ke active for glottal stops. That this
is indeed the case has been shown in earlier EWG investigations, for in-
stance by Faaborg-Andsrsen. (Faaborg-Andersen, 1957.,) The cricothyroid was
selected because this muscle is known as the main tensor muscle and thero-
Fore the muscle responsible for pitch control, Yhen the cricothyroid con-
tracts the cricoid arch is raised towards the anterior pert of the thyroid
cartilage. In this process the arytenoid cartilages which are mounted on top
of the cricoid lamina are tilted backwards. The tilt lengthens the distance
between the points of attachment of the vocal oorda, (50ne55Dn, 1968, p. 51,
The vocal cords will therefore be stretched which means that during phonatior
the pitch will go up. The effect of the cricothyroid activity on nitch has
been extensively studied. (Arnold 1961, Faaborg-Andersen 1957, Ghala et al,

1968 and 1969, ) Expected electromyographic correlates to Ohman's theory



would be & period of inhibition in the cricothyroid muscle combined with in-
creased activity in the vocalis at the time when the negative word pulses
are supposed to occur.

The results of the ENG experiment, which was performed with needle elec—
trodes on a male subject speaking the Stockholm dialect, were inconclusive,
The main finding according to ohman was a brief interval of inactiQity in
the cricothyroid muscle which roughly coincided with the negative pulse,
There was no corresponding increesse in vocelis activity, at least th in the
oxamples published by the authors. Figurs 2 shows examples of the vocalils
and cricothyroid activity implied by the word tones., The inhibitian phases
related to the word tones are marked by arrows,

To facilitate the interpretation of the electromyograms I have added the
fundamental frequency curves that can bs expected in this kind of dialect,
The cricothyroid activity correlates very well with the Fundamentaj fre
quency curve in general, With a low pitch as in the last part of thc frame
ja sa therc is a concomitant low activity in the cricothyroid. In my view
this correlation can also explain the arrow marked interval in the grave
accented word in the figure and is not neacessarily an indicetion of a nega-
tive pulsz, Increased activity in the vocalis would have made the negative
pulse interpretation more probable but the vocalis record dogs not change
in connection with the pulse,

The electromyograms of the acute accented word do not give much support
for the negative pulse either. It is trus that the arrow points to an inter
val with reduced activity in the cricothyroid signal at a point in time tha
fits the postuleted pulse but it is not accompanied by increased activity i
the vocalis muscle, rather ' the contrary. In my ppinion the reducéu activit
in both the cricothyroid and vocalis muscles could be an effect of a phona-

tion pause in connection with the syntactic boundary between the frame de v

and the test word rather than a manifestation of a negative pulse, The gap
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in the oscillogram for the occlusion of thz p of the ecute word is longer
than normal end certainly quite a bit longer than the occlusion for the cor-
responding p above in the grave accented word,

This experiment is the only attempt that Uhman has made so far to give a
physioclogical basis to his theory.

o

Tn the following T shall discuss some results of an Ewd investigation pe-

-

G data I shall propose an analysis

'rallel to Uhman's, On the basis of our i
of word tones in terms of positive pulses only., This analysis is woll suppor-
ted by the EMG data, Tt slso fits the word tone date collectud by Neyer,

Wy analysis may also be used to sketch the dovelopment of word tones in

Spandinavian dialects from a common origin, I shall come back to this in

another oconuext.

3. EMG study (Garding, Fuijimura, Hirose, 1970)

Bubjects

Tha two subjects ares k& (Femal@) representing the Skane dislect and L (mala)
speaking a dialect in which the word tones are manifested much the same as
in the Stockholm dialoct. His dialect may perhaps be described as Standard

faicdle Swoedish.,

Test meterial

Our test material consists of somz 20 sentences with the two word tones in
varying phonotic contest, The test words were put in neutral frames and the
sontences were read with and without emphasis in & rising-falling sentence

intonation. A typicel test sentence is de va pamen ja se, i.e, 1t was pamen

T said. The nonsense seguence pamen was given the acute and the grave accents
oo o o



respectively. A few items had glottal stops and 2 couple of sentences were

whisneraed, Sach tost sentence was read fifteen times serinlly, 3o far onl
. 3 Y

part of the material hes been processcd,

pe
Musclos
b= hedeiedtid

Since tha exooriment wa

2 parallel to CUhwan's, 1t was natural to choose the
same muscles: the vocalis and the cricothyroid, In addition the sternohyold
was selected, This muscle has been shown to be active Tor pitchlowering in

both English and Japaness (Hirano et al, 1967 and Ohala gt al. 1968) and it

was expected to have a similar function in Swedish,

EMG equipment

[~

Figursz 3 shows the EMG eguipment. The electrodes are bipoler and consist

of thin wire threadea through the cannula of & hypodermic needle. The end

of the wire is hooked, #When the desired location has been reached the needle
is withdrawn leaving the electrode hooked to the musclo, (The experimental
procedures are described by Hirose et al,, 1970, )

The mucosa of the larynx is given a light anesthesia bafore the electrodes
are inserted through the neck, The insertion is almost painless. Unce the
electrodes have been Fixed in the right position the subject can talk in a
natural voics without Faeling thedr presence, After the session the wire is
removed by a light tug.

The clectromyographic signel was amplificd by a DC preamplifier designed
for EMS, It was recorded together with the microphonz signal on magh@tic
tapz, The recorded signals were fed to a POP-9 computer through an AD (gnalm
ogug to gata) convertar. In this process the EG signal is sampled svery 100
microsec and digitized into € bit levels, At first absolute values were taker
of the samples and these were then smoothed over a range of 10 msec, (FOT a

better description, see Simadas ot al. 1970,) The smoothed signals for 8-12
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ing the larynx back to its rest position after having been lowered for the
low-pitched end of the frame? Or is it an effect of the inspiration? Cuch~
thal (1959) thought that an increase of activity in this muscle during in-
spiration might serve to steady the vocal cords and prevent them from flapp-
ing during the influx of air,

The cricothyroid and the fundamzntal frequency curves ars very similar,
Y

Every peak in FO has = corresponding peak in the cricothyroid curva, This
confirms what is well known from a number of earlier investigations: the

cricothyroid muscle is the main pitch controller. The articulatory éestures
have 1little or no effect on this muscle,

The sternohyoid has peaks when the jaw opens for the most open and the
most stressed vowsls,

Figure 5 brings out the contrast between the acute and the grave accents,

pé:men, pamén in & a and mamma, mammz in 5 b, The vowel segments of the a-

cute words are marked by thick lines along the base line and the vertical
linues show the borders of these segments, The corresponding lines for the
vowel segments in the grave accented words have bwen left unmarked to avoid
cluttering up the figure. They would in each case precede the existing lines
by a few millimeters.

The most important difforence bestween the word tenes in the vocalis and
cricothyroid behavior is two peaks For tho grave accent compared to one for
the acute, that is in principal the same diffurence as wa find in the result
ing fundamental freguency curves, The first pesks connacted with the grave
accent occur a little earlier than the acute peaks. The sternohyoid ectivity
obviously is of no importance for the word tone contrast, Thi audio signal
is similar for the two accents and rofutes the traditional view of the grave
accented words as having different cnergy distributions from the acute ones,

At the top of the figure Uhman's pulses have been inserted at the place on
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the time scale where they have been postulated for this dialect: garly for
the acute (dotted line) and late in the first syllable for the grave (straigh
line).
To support his theory the vocalis - as an adductor -~ would have to be ac-
tive during the pulse whereas the cricothyroid — as a tensor - vould have to
be inhibited. The most convincing argument against Ohman's pulse theory in
these records is that the vocalls and cricothyroid muscles wors togéthar‘

Botﬁ muscles contract for the pitch peaks and they reduce their activity
for the pitch fall in the accented words as well as For the lowpitched end
of the frame

There is - in these data - no resemblance between the muscle activity con--
trolling word tones and the activity needed for the production of a stpd or
a glottal stop.

'

The utterancas behind Figure & contain what can be regarded as gxtrome

L.

cases of glottal stops. Un the whole these uttorances need a maximal use of
laryngeal ccntrol because they havs, apart from e glottal stop Letween the
twn syllables, the grave accent and emphatic stress,

The utterances represented in these tracings are to the left Ejé?a} and to

— R}

AN .
the right [nﬁ:75j pronounced by 3peaker E in the Skans

striking feature in these tracings is perhaps that when the veocalis is ac—
tive for the glottal stop, that is the closure of the glottis. the oricothy-
roid is completely relaxad.

What is the mechanism bshind the opposed activity in the vocalis and crico-
thyroid muscles in this kind of glottal stop? Are these muscles onpposed for
adduction in general and working together for pitch control i.e. tensing?
The data obtained so far speak in favour of such an interpre’ sion, Notice
again the pronounced peak in the voca alis muscle with o corresponding valley

in the sricothyroid before the beginning of phonation. This event i1s similer
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word tones as they appear in these records is an early peak in the fundamen-
tal freguency, the vocalis and the cricothyroid curves for the acute accent
as opposed to a later and plateau-formed obtrusion for the grave accent, Ac-
cording to the theory we should expect to find increased activity in the
vocalis concomitent with reduced activity in the cricothyroid., As can be
seen in the figure the muscles do not behave in this way. In three cases out
of four the vocalis and the cricothyroid muscles cooperate. Only in ﬁéﬂﬂﬁ
(acute) is there for a short period during the pulse opposed activit& in the
two muscles,

To sum up, our deta do not provide any physiological basis for Uhman's ne-

gative pulse,

4, Discussion

Shman was of course well aware that his EwG results were inconclusive, but
he suggests that if the ENG investigation included other laryngeal muscles
as well the pitch inhibiting muscle would perhaps be discovered,

Is there any physiological justification for such a view?

(op.cit.)

Tt appears from the discussion on @29 that Ohman expects muscular activity
for the word tone to ke "ballistic" in nature just as Smith - using Stetson's
terminology -~ regarded the stpd as a ballistic stroke (Smith, 1944 b, o, 3),
A typical innervation pattern behind such a movement would be an activation
of an agonist muscle combined with a complete inhibition of its antagonist
(reciprocal inhibition). In the EWMB records from the test words pronounced
with glottal stops (Figure 6) the opposed activity in the veocalis and the
cricothyroid mey perhaps be due to what is celled reciprocal inhibifion. Put
there is no similar effect in the data that can be associated with Fhe word

tones. Since there is no activity in the vocalis during the word tope pulses,



Ohman's interpretation of the acute and grave sccents as some kind of glottal

stops is not very convincing.

5, Word tones and positive pulses

In the light of our data it seems natural tc simulate word tones by one or
pogsitive

two/ pulses, To fit an actual fundamental freguency curve, these pulses mist

have appropriate amplitudes, onset times and durations and they must be ex—

posed to a suitable smoothing procedure, I shall give @ Tew examples of what

can be achieved by such a process:

same pulse, e T T
LT
e -
; . = e st slow smoothing
different degrees = =
,_._A;‘(-"' - .
of smoothing R b N
~ froluioi SO - fast 1
pulse with high R
) N
amplitude and 5/f§ .
T P N S slow smoothing
different degress s
Is \
’ \
. / I
of smoothing , i N
- b~ e = fast "
pulse with short N
—
[ ~
duration and =t e N - slow smoothing
different degrees N
70
- 7 "
of smoothing T B T fast
e ,“"”""‘“‘T"’"\ i SN
two pulses | J7T [ } .
fadiVocio B e hamne D e ™

fast smoothing
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It seems clear that with one or two positive pulses we can simulate any
piteh pattern implied by the word tones.q Actually in my examples above I
may have more paramcters than I need but we may safely say that a pitch
curve with one peak corresponds to & step function with one pulse (Dr per-—
haps two very close pulseg) and a pltch curve with two peaks corrasponds
te a step function with two pulsas,

Trom now on we shall consider curves that are similer in shape to the ob-
trusions caused by the pulses in my examples as the output of positive step
functions that I shall call positive pulses,

Yo have Tound earlier that the £MG curve derived from the cricothyroid
muscle has about the same shaps as FD with a time delay typical of an acous-
tic signal compared to a physiological one. The similarity between the FD
and the cricothyroid curves makes it possible to interpret obtrusions in the
fundamental frequency curve as the visible representatives of positive pul-
ses,

Let us now go back to the word tones in the dialects of my speakers and

interpret them as positive pulses.

acute grave

L (Standard) /“7"\““? t\i«]w

E (sSkéane) d \k\\ [:::7<:<:1

.

The pitch curves have been stylized in the manner of Meyer with one sguare

For each of the two syllables,

In terms of positive pulses the vifference between the acute and grave ac-—

cents in Speaker L is one pulse for the acute and two for the gravs, whereas

e

1 According to Lars Barding it is an established mathematical fact that
any smooth curve can be simulated by a step curve provided that the
step curve is subjected to a smoothing process with fixed parameters,
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E has an esrly pulse in the acute as compared to a late pulse in the’grave

accent,

6. Interpretation of Meyer's date

If we interpret Meyer's data in the samz manner (Figure 1) we shall find

that there are mainly two types of dislects: diaslects that like 3kane are

characterized by an early pulse a late pulse in the acuts and grave ac-
cents respectively, and dialects that like Speaker L*s have a late pulse in
the acute and two pulses in the grave accent,

There is anothér striking feature about Meyer's curves: whatever the
shape of the acute pitch curve the latter part of the grave curve 1s simi-
lar to it.

T can say with a certain emount of truthfulness: Give me your acute accent
and T'11 tell you what your grave is like. To perform this trick I do as
follows: I sgueeze in the acute accent in the latter part of the grave word,
Then I extrapolate the curve to the earlier part of the word., Naturally a
certain experience is needed to do it in the right way. I havz to keep with-
in & certain pitch rangs and I must follow a certain rule, The rulé’is that
an sarly pulse in the acute accent brings on & late pulse in the grave one
whereas a late pulse in the acute accent gives two pulses in the gréve aC—
cent. Now we must ask: Yhat is the linguistic implication of this procedure?
T think it implies that in tﬁa acute accent we do not have 2 reel word tone,
only a sentence intonation pulse anc it is this sentence intonation pulse
that recurs in the second syllable of the grave accent.

The idea that only the grave accent is a real word tone and the acute mere
ly the menifestation of stress is not a new one. It was put Forward in gene-

ral terms by Henry Sweet as early as 1878. A similar position was taken by
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Trubetzkoy (1939) who regarded the opposition between the two accents as a
privative one, that is, one member of the opposition - the grave accent -
is marked by a feature thet is lacking in the other - the acute accant. S5e-
veral other scholars have discussed the problem from various angles and have
arrived at the same conclusion (Heugen & Joos 1956, 19€2, Haugen 1963, 1967a,
walmberg and clert 1963, Rischel 1963, For a summary of the discussion sse
Elert 1970).

According to this general anelysis, Swedish intonation should be decom—

posable into sentence intonation and word intonation for the grave accent

tive pulse for both @ccents,

His use of negative pulses is open to many objesctions. We have seen ear-
lier thet it has no immediate physiologicel basis, L1t can be criticized al-
so on other grounds, In the Stockholm acute accent, Figure 9 (Ohmen, op.
cit. Figure II-E-4), a negative pulse is superimposed on a sentence intona-
tion step in order to produce a rather small dip in the pitch curve which
may very well be caused by the oral closure for the initial consonent, in
this case m. A look at the more schematic Figure 10 (Chman op, cit. Figure
II-B-8) reveals that, apart from minor effects, the main function of the ne-
gative pulse in Stockholm acute and Malm grove is to dielay the sentencae in-
tonation step. In view of these and earlier observations it seems more natu—
ral to assume thet there is in 3Swedish just one tones, the grave accent, This
word tone is manifested in all the cialects as a delayed sentence intonation
pulse which in some dialects (For instance Btockholm but not fialms) is proe-

ceded by an additional positive pulse,
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ACUTE - ACCENT: STOCKHOLM

He  ddgwa fm | & Joan{ ja s  a | fdeve fm | & Jnen| j5 8 & | Mz

wU

GRAVE ACCENT: STOCKHOLM

fdgva fm | & {nanf Jo 5 & | Jdgwa {m | & [onen | jo s & |

He L
' He
\Mr T wyay
| ° ﬁ_j\ Y 300
5 1:0 EL
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Y\’A\. /»"‘"A—/ . eV P NPV
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1w
Figurs 3,

Fig. [1-B-4. Comparison of Stockholm nccent patterns with carves caloulated by means
' of intonation model. The pulses marked I, I5, and IW represent model
outputs with the same input commands that were used to mateh the emplr-
ical date but with the model constants o and P both set to 1000,
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1S
W
"STOCKHOLM”
ACUTE GRAVE
C ¥ C C V C
| ] 1 ! ; !
§ § ! § 1 i
‘ "y, F 1 ] SR i 1
i e g 1
i ) } i i } i 1

MALMO

Figure 10,

Fig. 1-B.8, Input commands suitable for Stockholm and Malmd accents. The pitch
contour has been drawn with thick lines in the vowel segmente,
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~ 7, Word tones and stress correlates

The dictionary of the Academy marks the accent contrast with numbers that
indicates the difference in stress patterns that was supposed to be an ine
variable characteristic of these words guite independent of the dialectal
variation in pitch. The acute accent is marked 4-0, and the grave 32, for

4 3 .2
example andeg, Sndefi, This marking system was introduced well before the

time of acoustic measurements, Later, when such measurements could be made
it was at first somewhat surprising that no consistent difference in the
energy output of the acute and grave accented words could be found.’l

Today it is well known that subjective impressions of stress are related
to the total speech effort and only partly determined by the energy of the
speech wave.2 Increased pulmonary effort in connection with stressed syl-
lables was demonstrated in EMG recordings by Ladefoged, Draper, and Whitte-
ridge (1958), increased laryngeal effort is avident from Ohala's EMG work
(Ohala 1970) and Harris and co-workers (Harris et al. 1968) showed that in-
creased activity in some articdulatory muscles is a constant correlate to
stressed syllables,

Our ENG datamay to a certain extent explain the difference in subjective
stress attributed to the two accent patterns. Look again at Figures 5 and
8, For both speakers - notwithstanding the dialectal difference in their
pitch curves ~ the second syllable of the grave words coincides with more
activity in the vocalis and cricothyroid muscles than the corresponding
syllable of the acute words. The second syllable of the grave accented words

then seems to reguire a greater effort from these muscles,

eemmmm ey

1 Tn additional data, that I have received later, the averaged audio signals
from Speaker E have a higher amplitude in the second syllable of the grave
accented words than in the acute ones,

For a clarifying survey of the concept of stress and its acoustic and
physiological correlates, see Lehiste, 1970,

1AV]
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The subjectively felt difference in stress connected with the acute and
grave accents is perhaps a reflex of the difference in laryngeal activity

that may be common to most dialects.
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