
LARYNGEAL CONTROL OF SWEDISH WORO ACCENTS 

E. Gårding, 0. Fujimura, H. Hirose and Z, Simada 

INTROOUCTION 

The Swedish accents have attracted the interest of a great number of lin­

guist~ and phoneticians. 

Kerstin Hadding, to whom we dedicate this paper, was one of the first 

to analyse them by means of the spectrograph. She was interested in con­

textual and dialectal variation and tried to find invariant dialect in­

dependent features in the accent manifestations. The results were pub­

lished in her doctoral thesis, Acoustico-phonetic studies in the intona­

tion of Southern Swedish (1961). Recently electromyography (EMG) brought 

about a renewed interest in the physiology of speech. A pilot study of 

laryngeal muscle activity in connection with the production of accents 

was carried out by Öhman and his collaborators (1967). 

Along similar lines we made a number of EMG recordings of Swedish 

accents at the Research Instituts of Logopedics and Phoniatrics of To­

kyo University. A preliminary r~port was published a year later (1970 

ref, 11). Since then the material has been used to discuss a model for 

intonation (ref, 9 and 25) and to elucidate the naturs of boundary sig­

nals (ref. 10). 

The aim of our experiment is to study the production of the accents 

as it is reflected in the speech wave and in the EMG signals from some 

selected laryngeal muscles. An EMG investigation of how the accents are 

related to laryngeal muscle activity is interesting not only as a com­

plement to the acoustic picture. A study of the fast changes of pitch 

involved in the accents and the delicate control that is necessary to 

achieve this effect is likely to throw some light on the laryngeal me­

chanisms that regulate pitch in general. 

EXPERIMENTAL PROCEDURES 

Subjects and speech material 

Dur test material consisted of some 20 sentences each containing a test 

word that had one of the two accents associated with the phonetic condi-
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tians listed in Table 1. The test words were embedded in semantically 

neutral carrier sentences in a rising-falling statement intonation and 

they were uttered by one female speaker (E) af a southern dialect (Skåne) 

anda male speaker (L) af standard central Swedish, The dialects are 

known ta have different manifestations af word accents. Each test sen­

tence was uttered fifteen times in repetition. 

Electromyography 

We selected the vocalis (VOC) and cricothyroid (CT) muscles as the tar­

gets af our EMG study since they are known ta be active in laryngeal con­

trol af voicing and pitch changes (e.g. Hirose et al. 1970). In addition 

the sternohyoid (SH) was examined. This muscle has been reported ta be 

active for pitch-lowering (Ohala, 1970). 

The EMG data were obtained by means af double-ended hooked-wire elec­

trodes which were inserted through the skin and other tissues af the neck. 

(Fora full description af the technique see Hirose et al. 1970.) 

The electromyographic signals were amplified by high gain DC pream­

plifiers. Three EMG signals from different muscles and the speech signal 

were simultaneously recorded by a four-channel FM magnetic tape recorder. 

The recorded signals were fed ta an offline PDP-9 computer via an AD 

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

every 250 microseconds and digitized inta 6-bit levels. The absolute val­

ues were taken for the samples and these were integrated over a range af 

10 msec by use of a running window, (For more detail see Simada and Hi­

rose 1970,) The smoothed signals obtained for 10 selected utterances were 

summed at every corresponding time sample. The sampling times were deter­

mined in relation ta a time moment (line-up point), representing a se­

lected speech event, e.g, the explosion of [m], in the test word. 

RESULTS 

Each af the EMG curves in the Figures 1-2, 5-6, and 9-10 represents an 

average of 10 utterances. They have been obtained from the following 

muscles, from top ta bottom in each figure: the VOC, the CT, and the SH, 

The fundamental frequency curve shown as the lowest trace in the figure 

isa hand made average af three af the test utterances. The line-up point 

an the time axis for the summation process was selected at the voice onset 



56 

l 
(Standard, 
Central) 

Hz 

( ::j!<:.3ne, 
:;outh) 

rigure 1. The VR 

i u 
nnl,; 
2) dr? 1;;'1 

A.bD\/C? ·)11 k 

VfJC 

CT 

LPrr·1 .I 

l.c:h ccintr,ur· 
)Cl 

·;tcv1cLJrc.1 : :1 
;nutr1)" 



L 

lStandard, 
, Central) 

Hz 

~k :Hlt...,, 

;GUtrl) 

devam å mahansa 
a 

r:::=-
devam a m ahans a 

57 

Vl:C 

CT 

Speech 

~- Pitch 
devama m ahans a 

b --200ms 

devam ~ m a hans a 

i.gure :. The c:;arnF, A:. 1n iourF:: 1 for thr. ;itterancec; 
2) de va 'mamm~ han ~~ 

b) de va 'mamma hAn 5R. 



after initial /p/ or at the release of initial /m/. We shall discuss our 

findings in the order given by the variables in Table 1, i,R, accent, 

contrastive stress, whisper and rate of speech. 

1, Acute versus srrave under primary stress 

~t~n~ard Central Swedish. Speaker L 

Acoustic data, As can be expected in this dialect, the ~ accent in 

the given prosodic circumstances (primary stress and statement intonation) 

is characterized by a late fundamental frequency maximum (pitch peak) in 

the stressed syllable, The grave accent has two peaks, an early peak in 

the stressad syllable followed by a late peak in the second syllable 

( Figures 1 and 2.), The pitch value of the peaks does not vary rnuch wi th 

ttGGt:m L and location, 

For the acute accent the pitch curve reaches its peak at the end of 

v
1 

regardless of the structure of the syllable, The rise starts towards 

the end of the initial consonant when this isa bilabial nasal (Figure 

2). After the stressad syllable there is an overall slow and smooth de­

crease of pitch during the rest of the test word until the beginning of 

the first word of the frame when the curve makes a more rapid fall. 

For the grave accent the peak occurs at the end of the first third of 

a long vowel and at the middle of a short one. This peak is reached by 

a rapid rise starting in the preceding consonant when the vowel is short, 

After the peak the curve falls abruptly toa minimum at the end of the 

syllable. With a long vowel the curve hasa flat ending after the mini­

mum has been reached. With a short vowel the fall is interrupted by the 

consonant which now contains the minimum. At the onset of the second 

syllable the pitch starts rising again. The second peak is reached to­

wards the end of v2 (some 150 msec from the beginning of the rise), The 

pitch remains at the same level during c3 (always [n] in the test words) 

and falls at the beginning of the frame. 

The relative distribution of acoustic energy on the two syllables of 

the test words is sirnilar for the two accents. The durations of the acous­

tic segments are also about the same except that the intervocalic conso­

nants are slightly longer in the grave words. This finding is in agree­

ment with EJ.ert I s data for the Stockholm dialect ( 1964 p. 156). 
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Physiological data. As can be seen in the averaged EMG records in Fig­

ures 1 and 2 there is general cooperation between the VOC and CT muscles. 

Similar cooperation for pitch control has been found in other investiga­

t:Lons ( e. g, H:Lrano et al, 1969) • 

Like the p:Ltch curve, the VOC - CT curves exhib:Lt one peak for the 

acute accent and two for the grave accent. 

The activity pattern related to the accents is very consistent (Fig­

ures 1 and 2). Apart from prosodic activity wc-3 also notice the influence 

of articulation in the VOC. Figure for instance, shows how this muscle 

is suppressed for the obstruents, We notice also that the EMG peaks for 

the grave accent are somewhat higher than for the acute accent although 

the resulting pitch values are similar. (This will be discu~sed below.) 

For the acute accent the VOC - CT peaks relate to the pitch in the ...,.._..._,.. 

following way. 

The activity of the muscles starts to increHso about 50 msec before 

the release of c
1

• The peaks are reached about 90 msec later, that is 

soon after the onset of the vocalic segment. The resulting pitch peak 

comes 7G-90 msec later, a time lag typical of an acciustj_c signal as com­

pan:;d to an EMG peak. For the ~ accEmt the rii:;c, tuwards th1;3 first 

EMG peak starts some JO msec earlier than the activity for 

the acute peak, a difference in timing which agrees well with the acous­

tic record, The duration and rate of the rise arc about the same for all 

the peaks but the rat1::1 of fall differs. The fir,c,t prn:1k of the grav,J ac­

cent hasa steeper fall (see e.g, Fig, 1) than the uther peaks which are 

not followed by an additional peak. 

The SH muscle does not seem to be involved in the accent distinction. 

Southern Swedish, Speaker E 

Acoustic data, As is well known from many ser lier inve,3tigations, the :2.­

cute accent is characterized by an serly pitch peek in the stressad syl­

lable, while the grave accent has a peek late in tho ,same syllable, The 

initiation of the rise is correlatsd to ths location of ths peak. For 

the acute accent (sarly psak) ths riss starts in c
1 

(= m) wh~rsas for 

the grave accent (late peak) the rise starts later, at the border or at 

the beginning of v
1

• The rate of fall after the peak is about the same 

in both cases. 
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The first syllable has much stronger intensity than the second one 

regardless of accent. However, the second syllable of the grave accented 

words contributes more to the total energy than the corresponding sylla­

ble in the acute words. (The relations in [mamma] are 3:1 for acute and 

3:2 for grave.} The accents are distinguishable also by the intensity 

envelope, the acute accent having an earlier and faster drop than the 

grave one. 

The segmental durations are about the same for the two accents, ex­

cept that intervocalic consonants are slightly longer in the grave words. 

Physiological data, The muscular activity pattern connected with the ac­

cents is rather consistent all through the test words but the VOC - CT 

cooperation differs to some extent from Speaker L. 

In the acute words the VOC starts rising at about 70 msec before the 

release of initial [m]. The activity of the CT begins a little earlier 

(10 msec) than the VOC. The VOC peak is reached some 140 msec from the 

beginning of the rise, while the CT peak comes a little later. The CT 

remains active for about 20 msec longer than the VOC. For the grave 

words there is 110 conspicuous difference from the acute ones in the 

timing of the initiation of the muscular activity but the EMG peaks are 

reached later than for acute corresponding to the later pitch peaks. 

Typical of the grave accent is that the VOC and CT remain at a high 

level of activity longer than for the acute accent. 

Discussion 

Dur data suggest that both a pitch rise (as in L's acute) anda pitch 

fall (as in his grave accent) can be controlled by the state of contrac­

tion of the VOC and CT muscles. Whether a syllable has rising or falling 

pitch may depend on how the contraction and relaxation of these muscles 

is timed in relation to the syllable. A fall as in the grave accent can 

be explained as a consequence of a relaxation of muscles that have been 

activated earlier, 

The SH muscle which has been shown to have a pitch lowering effect in 

same cases of American English speakers (Ohala 1970) does not seem to be 

involved in the pitch fall present in the word accents. The SH curves are 

always similar regardless of accent, Hence the SH curve does not reflect 



the steep pitch fall in the stressad syllable which is characteristic 

of the grave accent in Central Swedish (Speaker L). Moreover there are 

in our data many instances of SH peaks without any corresponding pitch 

falls. These peaks can be related to jaw opening and consonant release. 

Another regular feature is that the SH muscle is suppressed when the CT 

is active. 

As stated above, the pitch peaks of the two accents are about the 

same. Figures 1-2 (Speaker L) show that this is not the case for the 

EMG peaks. The grave accent has somewhat higher EMG peaks than the a­

cute one, 

61 

A probabla explanation is that the steep rise (and the subsequent 

steep fall) characteristic of the first peak of this accent demands 

higher EMG activity than a slow rise as in the acute accent, An addi­

tional (not alternative) possibility is that since pitch starts to rise 

earlier in the grave accent than in the acute one, the effect of voicing 

initiation is added to the effect of pitch raising for the grave accent. 

The fact that the second EMG peak of the grave accent (Speaker L) is 

higher than the first one can be related to the larger range of pitch 

rise after the transient pitch fall at the end of the first syllable. 

2. Accents under neutral and contrastive stress 

Acoustic data, Figures 3 and 4 (based on averages of four utterances of 

each test sentence) campare the difference in segmental durations and 

pitch curves between neutrally and contrastively stressad renderings of 

the test ~ords ['mo:nen] and ['mo:nen], The acoustic segment of the 

stressad initial consonant is lengthened and for the acute accent of 

both speakers there isa slight compensatory shortening of the segments 

that makeup the second syllable, The part of the frame introducing the 

acute test word is likewise shortened for both speakers, 

The following table lists the duration of the second syllable in per­

centage of the duration of the first one as a function of accent, stress 

and speaker (dialect), 

Neutral stress 

Contrastive stress 

Acute 

Sp L 

57 

46 

Sp E 

90 

37 

Grave 

Sp L 

56 

46 

Sp E 

82 

70 
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We notice that under neutral primary stress Speaker L gives greater pre­

dominance ta the first syllable than Speaker E who hasa more equal re­

lation between the two syllables. 

The pitch curves have similar overall shapes but the contrastive ac­

cents have higher peaks. 

For Central Swedish contrastive acute (late peak, Speaker L) the 

higher peak is achieved by a steeper rise, The rise starts earlier and 

its duration is somewhat shorter than under normal stress and therefore 

the peak location is now nearer ta the middle of the vocalic segment. 

Consequently the rise, characteristic of the stressed syllable af the 

acute accent, has turned inta a rise-fall under contrastive stress. The 

pitch fall of the second syllable remains unperturbed by the added de­

gree of stress. The higher peaks of the same speaker's contrastive grave 

accent are also achieved by steeper rises. The first peak retains its 

early position relative ta the vocalic segment, The steep rise is imme­

diately followed by a fall with a similar rate of change but towards tho 

end of the first syllable the fall rate is the sams for both stress con­

di tions, The second peak is reached by a steep rise from a minimum that 

has about the same value and the same timing as before. 

The higher peak of Speaker E's contrastive acute accent is achieved 

mainly by a longer lasting pitch rise. The peak is followed by a steeper 

fall over the rest of the syllable. Because of the longer rise the typi­

cal early peak of the acute accent under normal stress is located nearer 

the middle of the syllable resulting in a rising-falling contour rather 

than a falling one. From the second syllable onwards the rate of fall is 

similar for the two stress conditions. 

In the contrastive grave accent the higher peak is achieved by a 

steeper rise, The subsequent fall which is steeper than in normal stress 

here hits the beginning of the second syllable (intervocalic n) but in 

v
2 

the falling rate is similar ta that of neutral stress. 

Common for both dialects is that contrastive stress modifies both syl­

lables in the grave accent and only the first syllable in the acute one. 

The changes in the stressed syllable of the acute accent also havs some­

thing in common in that the location of the pitch peak moves in the di­

rection of the center of the vocalic segment resulting in a rising-fall­

ing pitch movement. As far as pitch is concerned the contrastive acute 

accents of the two speakers are mors similar than the neutral ones. 
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Physiological data. As seen in Figure 5 for Speaker L, the high pitch of 

contrastive stress is strongly reflected in the VOC activity. The CT ac­

tivity seems ta be much less involved in the pitch elevation. The change 

ta higher pitch is due either ta same other intrinsic laryngeal muscles 

(e.g. the lateral cricoarytenoid) which are not included in the present 

experiment ar to increased subglottal pressure. The size of the pitch 

change, N 50 Hz, is not inconsistent with the latter assumption. Accord­

ing to Flanagan (1971) the pitch af a closed vowel like /u/ may rise from 

100 ta 140 Hz when the subglottal pressure increases from 8 to 10 cm H2o 
and pressure changes of this magnituds are reasonable in our situation 

(see e.g. Ohala 1970 p. 69 ff), 

Speaker E's production of contrastive stress is different from L's 

(Figurs 6). The higher pitch peaks of the test words uttered with con­

trastive stress correspond to higher CT peaks and steeper rises in the 

voc. 

Qi~c.!::!.s~i~n, Comparison af dialects 

Under contrastive stress L retains the same relations between the dura­

tions of the two syllables as he uses in neutral stress. Speaker E, an 

the other hand, changes the ratio for the acute accent in favour of the 

first syllable. Contrastive stress then makes the durational relations 

af the two syllables accent-dependent in her speech: a predominant first 

syllable for the acute accent versus equal durations of the two syllables 

for the grave accent. 

Under neutral stress the pitch patterns accompanying the accents are 

as we have seen quite different, It has often been noted as a paradox 

that a Skåne grave accent is similar toa Central Swedish acute one, both 

having one peak rather late in the first syllable giving a rising-falling 

contour, The similarity is in fact great enough to create confusion in 

perceptual tests (Johansson 1970). This similarity is restricted to bi­

syllabic words only, A comparison of polysyllabic words shows how the 

added syllables change the contours indifferent ways. In Central Swedish 

the rising-falling contour becomes a plateau, rise-level-fall ~\ 

whereas in Skåne it turns into a rise-fall-level,I\__. (Gårding and 

Lindblad 1973), The present material makes it possible to show that al­

so in the bisyllabic words the accents of the two dialects have many fea-
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Figure 7. Dialectal variation. Averaged acoustic segments and 
pitch curves for L's acute and E's grave accent under 
two stress conditions. 



tures that are not similar at all. 

Figure 7 campares in some detail pitch curves from the grave (E, SkG­

ne) and the acute ( L, Central Sweden) rn;::cents under neutral anQ con,­

trastive stress. We notice that E's peak occurs later relative to the 

stressed vowel than L's, A comparison of the pe~k location in open and 

closed syllables suggests that E's peak is tied tp the sylla~le boundar~· 

whereas L's peak is related ta the vocalic segment. The rate af fall at­

ter the peak is also different, For E1 grave, the fall is slower at th~ 

beginning of the second syllable whereas L. hasa rather smooth sloGo o~ 

oitch right through the remainder of the test word. (A similar smooLI, 

fall is characteristic of ~'s acute accent,) 

The muscular behaviour is closely correlated with the difference ir 

pitch (Figures 5 and 6). We notice particularly that the 5kå~e CT 

comes later than the Central 5wedtsh peak and the musclo is active o~,, 

a longer stretch of time, This activity should cover part of the sec1 

syllable and account for the slow rate of fall in the beginning of L 

ec,yllable, 

Practically all thc differences that we havo jusL noted ar~ morc 

~arked in contrastive ~trcss: the differcnce in peak location, thc di1-

forence in the subsequent rate of 

in the CT activity, 

1 and tho corresponding diffor 

All this suggests rather decp-going diffcre~ces in the producti•r 

i"ik,;·1ifi;:;station of accent cor1trasts in thr:: nNo cJ:i,:,lucts ( Skåne was f'.,: 

i.t Oanish province and the Skåne dialect i1,1s muny prosodic feoturc·· 

common with Danish (13)). One choracteri tic of controslivc stress 

common to both speakers, thc h pit.cr, ,1olucs, AJ.so ir1 this rcsi>, 

lmwever, the similari ty disapp1:3,ff'.-:i at U,c p11 

E 1 s higher peaks are correlated to higher CT peoks whereas L does nol 

show such a correlation, It is obvious Lhot pitch 'JOluc:., :c;, 

this speaker are achioved by a t 

The following timing characteris Li.cs of ti1c pitch curves remain crn-i-

=tant in the two stress conditions and in Speaker l's fast 

ccction ), The dash should be tJS "occurs in". 
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Speaker L 

Acute. 

Grave. 

Speaker E 

Acute. -

Grave. 

The rise - c1 
The peak - v1 (end) 

The low - v2 (or later) 

The first rise c1 
The first peak - v1 (beginning) 

The low - the end of the first syllable 

The second rise - the beginning of the second 

The rise - c1 
The peak - v1 (beginning or middle) 

The low - v2 

The rise - v1 (beginning) 

The peak - the end of the first syllable 

The low - v2 

syllable 

We notice that in spite of the different contours connected with the 

acute and grave accents in the two dialects the curves fora particular 

accent nevertheless have important timing similarities, If we just con­

sider the timing of the turning points, i.e. peaks and lows, and if we 

accept the conventional syllabification (Table 1), we find that for the 

acute accent the turning points occur in v
1 

and for the grave accent at 

the boundary between the first and second syllable. In other words, al­

though different in form, the accent commands fora particular accent 

have similar targets, It is perhaps worth remembering that the acute 

accent developed in words that were monosyllabics in Old Norse and that 

the grave accent is the reflex of the accent of polysyllabics. 

3. Accents in normal versus fast rate of speech 

Figure 8 is based on averages of Speaker L's utterances of the test words 

['ma:ma], ['ma:ma] and [~mamma], ['mamma], The utterances are produced 

at two rates of speech, here called normal (also used in the other test 

sentences) and fast, 

Acoustic data. As shown by the figure all the acoustic segments are short­

ened with an increased speaking rate, The shortening is not uniform how­

ever. Long segments, [a:] and [m:], are shortened more (20 ia) than the 
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corresponding short segments (10 o/a). An initial consonant - here always 

part af a stressed syllable - is shortaned more (20-40 o/a) than an inter­

vocalic one (10 o/a), which is part af an unstressed syllable. Long vowels 

with the grave accent are shortened more (35 o/a) than long vowels with the 

acute accent (20 o/a). 

From the above follows that the ratio between the stressed and un­

otressad syllabla of the test words is smaller at fast speaking rata. 

It also follows that there is a change j_n the vowel and consonant quo­

tients (\//V: and C/C:) which become larger in faster speech. 

The mast conspicuous difference between the slow and fast speech curves 

is that at the faster rate the peaks come closer ta each other and that 

the smooth lows are turned into rather sharp dips, 

Otherwise the overall shapes af the pitch curves and the location of 

the peaks relative ta the acoustic segments remain largely the same re­

gardless of the speaking rate, There isa small displacement af the peaks 

in the grave accanted words towards tha middle af tha syllable. The peak 

values ara always higher in faster speech. 

Oifferences in the location of the lows of the grave accent may be 

tied to the segmental and syllabic structure of the test words, For 

["ma:ma] the range gets smaller and the rise and fall rates are similar. 

The low has shifted upwards on the frequency scale, For ['mamma] the 

low remains unchanged and the rangs increases with the increased peak 

value. Consequently rises and falls are here somewhat steeper. 

Speaking rate has similar effects on tha intensity curvas. In fast 

spaach tha peaks are highar and coma closar to aach other. 

Phisiological dat~, With incraased spaaking rata all tha EMG paaks are 

slightly higher, corresponding to tha higher peak valuas of the pitch 

curves. Like the two pitch peaks of the grave accented words, the peaks 

of the correspond:ing \/DC and CT records come closer in the fast utter­

ances - (Figurs 9). We notice that at normal rate the first CT peak falls 

to the base l:ine of activ:ity in [·ma:ma] whereas at fast rate the fall 

turns into a rise well before the base line. For [·mamma] the minimum has 

the same value at both speeds (just as in the pitch curves) but the rise 

from the minimum is steeper at fast rate. 

The SH has two major activity peaks probably related to the jaw open­

ing movement of ~and~· Also these peaks come closer to each other 
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with incrsassd tempo. 

Oiscussion 

It is natural to assume that in fast speech, as under other strainsd eon-

ditions, we to pressrvs the intelligibility of an uttsrancs. This af-

fort lsads in our cass to a nor1-uniform contraction of the acoustic seg­

ments, The segmental shortsnings in fast speech affsct the stressad and 

long segments mors than ths othsr onss. 

The contraction of ths pitch curvs is not uniform sithsr but csrtain 

features are preserved, The rangs and ths timing of ths peaks relativa 

to the acoustic segments ars largely intact. For this rsason thsss fsa-

turas may be as ssssntial to ths accent contrast. 

The muscular activity is well corrslatsd with pitch also in fast spssch, 

A highsr activity levsl in fast spssch is probably nssded to bring pitch 

through the sams ranges in a shortsr tima. Why ths incrsassd activity is 

so large that it also results in highsr pitch may perhaps be sxplainsd as 

an effect of overshoot, 

Incrc1asr3d mw,3c1f? ctctivity in faster spsech rata has alE3D bsen obssrvsd 

in an EMG study of labial articulation (Gay & Hirose 1973). In this cass 

the higher activity level is combined with obssrved faster movsments of 

the articulators. 

The smooth risas and falls in slow spssch vsrsus mors abrupt changss 

in fast spssch may indicats a differsnce in ths activity pattsrn of ths 

neuromuscular units (NMU) involvsd (slow vsrsus instant recruitment of 

NMLJs). 

From thFi increase of intensity in fast speech as shown by the 

oscillograms we can infsr that thers may be a corresponding increass in 

the activity level of the respiratory muscles, The increassd intensity 

could of courss also be dus to incrsassd activity in ths othsr adductors 

of th(3 larynx. 

Figurs 10, rsferring to Speaker E, campares data dsrived from phonatsd 

and whispsred of the test sentsncss with ['mo:nfn] and 

Thu was rather strong. 



a 

ACUTE GRAVE 

b 
d ev a m , o: ne nh an s a de v a m o: n e n h a n s a 

Figure 10. Accents in whispered and phonated speech. Averaged EMG and speech 
signals af the utterances a) de va 'mo:nen han sa b) de va 'mo:nen 
han sa. Above in whisper and below under contrastive stress • 
. speaker E. 

voc 

CT 

SH 

Speech 
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Acoustic data.The table below lists the duration of the second syllable 

in percentage of the duration of the first one, as a function of accent, 

stress and phonation. 

Normal stress 

Contrastive stress 

Whisper 

Acute 

90 

37 

40 

Grave 

82 

70 

75 

The durations of the two syllables are about equal for both accents in 

normal stress for this speaker but they change drastically in favour of 

the first syllable under contrastive stress and acute accent. For the 

grave accent the equilibrium between the syllables is preserved. Whisper 

seems to have the same effect on the durations as contrastive stress. The 

similarity is striking. In the following as in Figure 10 the whispered 

utterances will be compared only with the contrastive ones. 

The intensity of a whispered acute accent hasa broad maximum over 

the center of the test word but the intensity envelope of a whispered 

grave accent has two peaks, one at the beginning and one at the end of 

the test word, 

Physiological data. For the whispered acute accent there isa general 

overall suppression of the muscular activity. The small peaks of acti­

vity that do exist are displaced in comparison to the phonated utteP­

ances with contrastive stress. For VOC the highest peak of activity is 

not in the stressad vowel but between the end of the test word and the 

beginning of the frame, probably in connection with [h]. In CT the over­

all suppression is greater. A small peak is found towards the end of 

the stressed syllable. 

For the whispered grave accent, the CT is considerably more active 

than for the acute one with peaks corresponding to those of the phonated 

utterances, 

For both accents SH is active only before the test word. 

Discussion -----
Since VOC and CT have been found to be active in voicing and pitch con­

trol it is not surprising that their activity should be suppressed in 

whisper (cf, Faaborg-Andersen 1965). 



But the qualitative difference in the muscular behaviour for the two 

accents isastonishing. It can however be tied to other observations. 
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In an experiment Kloster-Jensen (1958) found that the recognition af 

whispered accents largely depended on the whisperer's tech~ique. Whis­

pered accents whose recognition scores were 100 °/o were perforrned as fol­

lows: The acute accent had one marked stress and the grave accent had an 

additional marked stress on the second syllable. Hadding (1961) also 

showed that successful grave whispers had a prominent second syllable. 

From all this we may conclude that the speaker has made a special 

effort in connection with the grave accent and that this effort has 

triggered a program of signals ta theCTmuscle similar to that used in 

contrastive stress. 

SUMMARY 

Introduction. A Swedish word carries one af two accents, "acute" ar 

"grave". They are commonly described as tonal. In this study af the ac­

cents we campare acoustic data and EMG data from the vocalis (VOC), 

cricothyroid (CT) and sternohyoid (SH) muscles. The data are obtained 

from two speakers representing dialects with different accent manifes­

tations (L, Central Swedish and E, South Swedish). The accents were 

produced in disyllabics in sentences with statement intonation under 

primary stress and contrastive stress, in fast speech (Speaker L) and 

in whisper. 

Primary stress. The fundamental frequency (pitch) curves conform to 

earlier observations. The acute accent for Speaker L hasa late maximum 

(peak) in the stressad syllable giving rising pitch to this syllable 

anda rising-falling contour to the whole word, Speaker E hasa corre­

sponding early peak resulting in mainly falling pitch for both the 

stressad syllable and the word. Speaker L's grave accent is character­

ized by two peaks, one for each syllable (rise-fall-rise) whereas Speak­

er E's has one late peak in the stressad syllable producing a rising­

falling contour similar to L's acute accent. As observed in other in­

vestigations, the CT activity correlates well with rising pitch. EMG 

peaks precede pitch peaks by about 80 msec, The VOC and CT are in ge-
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neral active simultaneously particularly for Speaker L. When pitch is 

falling the two muscles show decreasing activity, Hence the pitch falls 

of the accents could be the result of a relaxation of the CT and VOC 

muscles from a contracted state, The SH is not involved in the pitch 

falls connected with the accents. The relation between the durations 

of the first and second syllable does not distinguish the two accents. 

Speaker L gives predominance to the first syllable for both accents 

and E hasa more equal relation between the syllables. 

Contrastive stress. For both speakers the absolute duration of the con­

trastive grave accent is larger than that of the contrastive acute. For 

L the relation between the first and second syllable is the same as under 

primary stress and similar for both accents. For E the contrastive acute 

is characterized by a predominant first syllable whereas the contrastive 

grave has retained the earlier equal relation. The overall impression of 

the pitch curves is the same as under primary stress but the location of 

the peaks is slightly displaced towards the middle of the vocalic seg­

ments. This results in a smaller accent contrast in terms of peak loca­

tion for Speaker E. The peaks have higher frequency values for both 

speakers, There isa slight elevation of the lows and the net result 

is larger pitch ranges, The peaks and lows are reached by higher rise 

and fall rates which results in level parts in the pitch curves not 

present under primary stress. By and large the muscular activity fol­

lows the pitch curve. For Speaker E the higher pitch peaks are reflected 

in higher activity in the VOC and CT muscles. Speaker L has about the 

same activity for both stress conditions and his high peaks are pro­

bably due to increased subglottal pressure or activity in some other 

internal laryngeal muscle than those investigated. 

Fast speech (Speaker L). All the segments are compressed but in a non­

uniform manner. The compression affects the stressad and long segments 

and the segments of the grave accent more than the other ones. The over­

all shape of the pitch curves and the location of the peaks relative to 

the acoustic segments remain unchanged but the peak values are higher. 

The higher peak values are correlated toa high activity level in the 

CT and VOC. 
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Whisper (Speaker E). Whisper has the same effect on the relation betwsen 

the durations of the first and second syllable as contrastive stre~s. For 

the acute accent the first syllable becomes predominant in oontradistinc­

tion ta the grave accent for which the durations qf t~e tw? syllpbl~s ars 

mora equal. There isa general suppression of the musoular acttvity af 

the VOC and CT for the whispered acute accent. For the whtspere9 grave 

accent however the CT is active. Here the speaker seems to havs mads a 

special effort which may hava triggered a program of muscular activity 

similar to that used in phonated contrastive stress. 

Comparison of dialects. As an example of the diale~tal variability in 

the accent manifestations it has often been notad that the Sk&ne grave 

accent is similar ta the Central Swedish aoute one, Dur data sh~w that 

these accents differ in the timing of the pitch peak and in the corre,.. 

sponding VOC and CT activity. 

Under contrastive stress there ara durational differsnces for our 

two speakers which may be dialect dependent. Speaker L achieves can­

trastive stress mainly by means of higher peak values and ranges wher13-

as E also changes the relation between the durations of the two syllables, 
I 

Sirce E's accent contrast (timing of peak within the same syllable) is 

mora subtle than L's (number of peaks within the word) and sinoe cot1-r 

trastive stress tends ta displace the peaks and diminish the contrast, 

she may reinforce the difference between the accents by using durational 

means. The same durational contrast between the accents is also used in 

whisper. 

In spite of the different manifestations there ars imp9rtant timing 

similarities in the accents of the two speakers. If we restrict our at~ 

tention to the timing of the turning points of the curves (peaks and 

lows) and accept the conventional syllabification we notice that for 

the acute accent the turning points ara related to v1 and those of the 

grave accents are related to the boundary between the first and second 

syllable for both speakers. This indicates that both the vowel (acute) 

and the syllable (grave) may be targets for the pitch commands, It also 

recalls the fact that the acute accent is the accent of the Old Norse 

monosyllabics whereas the grave accent is carried by words that were 

polysyllabic during the same period, 
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