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STRESS IN MODERN GREEK: AN ACOUSTIC STUDY

Antonis Botinis

INTRODUCTION

This paper reports an experímental investigation of the contri-
bution of fundamental frequency' duratj-on, and intensity to the
construction of \n¡ord stress and sentence stress in Modern Greek.

By vrord stress is meant the phonetic Prominence over a sylÌable
(of the Lype cONflict-conFlICT) to convey linguistic information'
By sentence stress is meant that part of the sentence which car-

ries the most important informationt in the terminology of gener-

ative grammar, .it is the foeus , referring to the nevt information
in contrast Lo presupposition, the information already shared by

the speaker and the listener (Jackendoff 19721 - Thus, sentence

stress is semanùica1ly rather syntactically conditioned.

The paper addresses three basic questions: (1) what is the acous-

tic manifestation of word and sentence stress in Modern Greek?

(2) Which is the most consistent acoustic parameter of word and

sentence stress? (3) Are tbe acoustic parameters equally con-

sistent across the utterance or does their contribution to the
construction of stress depend on the position of sentencè stress

in the sentence?

EXPERIMENTAL PROCEDURE

Fundamental frequency (Fo), duration, and intensity data were

recorded from two speakers who produced utterances with word

stress and sentence stress. oscillographic analyses \^¡ere made of

these recordings.

Speech materiaL

Eight meaningful Greek sentences were constructed. AII the sen-

tences were declarative, with the same syntactic structure, i.e.,

subject-verb-adverb. The words cornposi-nq the sentences \4tere pros-

odic minÍmal pairs and the position of sentence stress varied
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according to the contextual situation. The first two sentences
I¡tere pronounced neutraLlg, i.e., the speaker had no contextual
information. The remaining six test sentences were ericited as
ansriüers to questions formurated in different v¡ays, to make the
speaker choose one of tlre el_enents of the sentence as the focus
and the carrier of the information required by the questioner.
The segmental st.ructure of the sentences was composed excrusive-
ry of sonorants in order to have a continuous Fo-contour. Berow
is Èhe rist of the test sentences (capital letters indicate sen-
tence stress).

Conteætual fz'øne

1. lüone

2. lrlone

3. pja súnene móni?
(Ìitro was alone?)

4. pja su méni moni?
(Who is single?)

5. l;i súkane i nána nóni?
(What was ÍÞther doing alone?)

6. ti su ktini i naná moní?
(WhaL is Nana doing single?)

7. pos sínnene i mána?
(Ho¡¡ was n¡cther?)

8. pos su néni i narui?
(Hc,r,/ is Nana?)

Tealt sentences

i mdna mthnene móni
(l4other was alone.)
i narui mu néni moní
(Nana is single.)
I MÅNA mtinene nóni
(MctrIßR was alone. )

I NAÌ\Ã, mu méní moní
(NANJ\ is single.)
i mdna atiaqnu móni
(l,fother VßS STAYING alone.)
i naná MII MÉNf moní
(Nana IS STAYING single.)
i móna mthnene aóul
(l,lother lias AIONE.)

t naná mu máni MONí
(Nana is SINGI,E. )

The test sentences were read l-n a random ord.er, fÍve times by
each speaker. The speakers read the sentences as in everyday
speech.

Subjeets.

The nain subject is a male student,, 24 years o1d, brought up and
educated in À,thens; he speaks $rhat. is considered io be standard
Athenian. In addition the present investigator, male, 32 years old,
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was recorded. Both subjects speak about the same sociolect.

DíaLect.

The dialect investigated j-s Ì{odern Demotic Greek, a dialect
spoken in southern Greece, especially in Athens and Peloponnesos'

Erp e ximentaL e quipment.

The recordings took place in a sound-treated room at the phone-

tics laboratory, Lund University. The frequency response of the

tape recorder was ffat withir, I 2 de from 30 Hz to L4 000 Hz and

the signal to noise ratio was 63 dB. The microphone was flat

within the frequencies 35 to 17 000 Hz- The Fo-contour rttas ex-

tracted by a F-J Electronics pitch extracting device along with

a duplex oscillogram and recorded on a siemens oscillominc, with

a paper speed <¡f 100 nury'sec. Intensity was also recordcd using

a Fonema analYsis unit.

Acoustic anaLgsís.

oscilloqrams of the eight utterances were made from the tape re-

cording. From these oscillograms the first and the last repeti-

tions of the test sentences were rejected. From the remaining

three, the one which combined the best execution (in the investi-

gatorrs judgement.) and the finest oscillogram display I^/as selected

for acoustic analYsis.

Intensity \n¡as calibrated in 5 dB steps and fundamental frequency in

10 Hz steps. Both intensi-ty and fundamental frequency scales

were linear. For the segmentation of the utterances, a duplex

oscillogram and the intensÍty contour were used' Intensity was

measuredatthepeakoftheintensitycontourforeachsyllable¡
peak Fo values for the stressed syllables and Fo minima for the

unstressed ones were also measured.

RESULTS

The acoustic parameters of Fo, duration, and intensity are shown

in Figs. L, 2, 3, and 4. Figure I represents the neutral con-
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Neutral sentence. Intensity contour (upper), Fo_contour(niddle), and duration (boltom) of the sentences i ndnam.úmene móni (sol-j.d. lines) , and i nand mu méni moní(dashed lines). The thick lines represent the stressedsyllables and the thin lines the ui.rstressed syllables,subject 1 on the left and subject 2 on the riitrt.

figuration of the two sentences; the other three figures repre_
sent the acoustic manifestation of the sentences with sentence
stress located either at the first position, second position or
third (final) position, in response to the contextual situation
demanded by the question.

In Fig. I (the neutral sentence) the Fo-contour rj_ses on each
word stress although only moderately on the last stressed sylla.r,
b1e (for absolute values see Table I). The Fo_contour of the un_
stressed syrlables is either falling or revel, The stressed syr-
lables are longer than the unstressed ones; at the end of the
utterances the syrlables are longer no matter whether stressed
or unstressed. The intensiÈy contours have about the same con_
figuration as the Fo-contours, wi-th the addition of smarl peaks
on the unstressed syllables.
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In Fig. 2 (focus on the first poistion) , the Fo-contour rises on

the firsè stressed syltable (carrying the focus of the sentence)

and then falls and flattens towards the end of the utterance.

Duration preserves the same relations among the stressed and un-

stressedsyllablesasintheneutralsentences.Theintensityis
highest on the focus syllable, fearly high peaks on the other

word stresses right to the end of the utterances, in contrast to

the Fo-contour whi-ch remains low after tbe focus '

Focus 1 position. Intensity contour (upper), Fo-contgur
(niddle), and duration (bottom) of tþe sentences I MANA

^i^n"n m'óni ßaL]-.d lines), and f NAIIA mu méni monl
iá"tn"¿ lines). The thick lines represent the stressed
syif"¡fes and the thin lines the unstressed syllables '
ðåpi.t"f letters i-nd.icate focus, subject 1 on the left
and subject 2 on the right-
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Figure 3. T"9Y! 2 position. fntensity contour (upper), Fo_contour(4iddte), and duration (boÊto¡nl oi-tfre sentences i md,naM.UMENE móni (soLid lines) r and ¿ ""iA MII MEN| moni(dashed lines). The thick lines ,"p.å""rrt the stressedsyllables and the thin lines ti¡e "i.,ãir"ssed sy1lables.Capital letters indicate focus, 
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.l on the leftand subject 2 on the right.

rn Fig. 3 (focus on the second position), the Fo-contour rises
on each stressed sylrable unt.ir the focus syrrable and then farrs
and frattens to the end of the utterances. Duration preserves the
same structure as the neutral and the first-focus position sen-
tences, The word stresses have higher intensity peaks than the
unstressed syllables and preseve the same relationship to the
end of the utterances, though the peak levels are lower after
focus- The intensity contour is highest on the focus syrlabres.
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Figure 4

The overall structure of Fig. 4 (focus on the Lhird position)

is quite similar to that of Fig. 1 (the neutral seàtence) . The

stressed syllabl_es are rnarked for Fo, duration, and intensity

relative the unstressed ones-

All eight investigated declarative sentences have shown some

degree of declination, both for Fo and intensity, which is more

evident after focus-

Focus 3 (final) Position. Intensity contour (upper) '
Fo-contour (middle), and {uration (bottom) of the
.ã"iå"."" i'.mdna múmene M7NI lsolj..ð' lines) , and i nand
nu néni MONí (das]ned lines). The thick lines represent -
the stressed syllables and the thin lines the unstressed

"yff.lf"". 
Capital letters indicate focus, subject 1

o-n the left and subject 2 on the right'
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The acoustic parameters Fo, duratj_on, andof the sentences i ndna múmene nóní anð, imon¿. Th¡e neutral sentences as v/e1l as thepositions for both subjects are shov/n.

Table r
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DISCUSSION

Before interpreting the results given in Table l, the main points

will be recapitulated. First, word stress is realized differently

before and after focus- Before focus, as \¡tell as in the neutral

statements, all the three parameters contribute to a stressed

syllable; after focus only duration and intensity are present in

v/ord stress. Second, sentence stress is realized as a relative

increase of Fo and intensity in comparison with an unfocused

word stress in the same position of the sentence; the structure

of the words bearing sentence stress is the same as those with-

out focus as far as duration is concerned. Lastly, the effect

of downdrift, the tendency of human languages to decline in pitch

fromthebeginningtotheendofanutterance(BreckenridgeI9TT'
Brîuce and Gårding 1978, Collier L972, Thorsen L978) ' is quite

apparent in the maiority of the utterances analysed'

It is convenient to discuss sentence stress first. f|hle word nána

infocalposition(Fig.2)willbecomparedwiththesameword
without focus (Fig. 3 and 4) in order to isolate the senténce

stress component. It is easy to be led astray by the absolute

acoustic values (Table I). For instance, in sentence (a), sub-

ject l, e¿hen the wotd mána is in focus' Fo rj-ses to 160 Hz on

thestressedsyllable.WhenmânaísnotfocusedrForisesto
180andl-75H2(theneutral-sentencenotconsidered)'Ifthe
stressed syllable is instead compared with the unstressed one,

the Fo difference Í.or mána i¡r focus is four¡d to be 48 Hz v¡tereas tlrc dif-

ferences for the unfocused má.na are 30 and 40 Hz. The other acous-

tic parameteïs can be examined in the same way. Differences in

duration are found to be almost constant, no matter whether the

vrord is in focus or not, while intensity is 11 dB higher for

the stressed syIlable in focus position, 4 and 5 dB higher in

non-foca1 position. Thus, rising Fo and higher intensity are

acoustic elements characterizing sentence stress for subject 1.

The same holds true for subject 2. Duration does not seem to

contribute to the acoustic structure of sentence stress.
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When the word, mâ.na is compared with naná in pre_focal position,
we see that the stressed syllables have noticeabry higher values
than the unstressed syrlables, for all three acoustic parameters,
for both subjects. Fo is arways reaÌi-zed as a rise to denote word
stress in Modern Greek (BotÍnis 1979). Hyman (j977) has observed
that in other languages word stress can be reafized both as
rising and fal]ing Fo. This has been reported for swedish as
welf (Gårding et al. 1970, Hadding-Kock f96f). Thus, Fo, dura_
tion, and intensity are present on the word stress in pre_focal
and focal position.

The acoustic pattern of the post_focus stressed syllables is
ñrri {-ô 

^i 
f €^-^-+ G-^* !L - ,yu¡uç uirrËiuriL ii.om ihe sLructure of ihe pre_tocus stressed

syllables. The most striking difference is that variations of
Fo are reduced to a minimum, about 10 Hz. Bruce (1977) and
orshaughnessy (1979) have reported similar data for sb/edish and
English respectively. Although these smal.l variations are above
the percept'al threshor,d (Lehiste rgio), it seems highry ques-
tionable whether they contribute to the perception of a post_
focaf word stress distinction.

Durati-on and intensity run parallel to each other in post-focus
stressed syllables, both increase in the majority of the utter-
ances. Durationar differences are only at a mi-nimum in one sen-
tence (focus in second position) by subject 2, see Fig. 3. Ä,1_
thouqh the durationaf difference in this case is fo msec. (above
the perceptual threshold, Lehiste 1970), and although there is
a 10 Hz Fo difference, the dominant acoustic factor in this posi_
tion seems to be refative intensity. The final syllable _n.¿j
(of both nôni and moní, r.e., both stressed and unstressed) has
lower intensity than no-. This may be due to the general differ_
ence in int¡insic intensity between /i/ and /o/ ana to the contrijcuti-on
of the final juncture. But the intensity difference is much
larger in nóni (12 dB) than in noní (5 da) . rhis is probabty the
decisive factor for the perception of this stressed syllable.
Thi-s modern Greek data suggests that it woufd be too simple to
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set a hierarchy of acoustic cues to describe stress (Fry 1955,

1958). Rather' it is my opinion that the different acoustic para-

meters contribute in different \^/ays across the syntagm. The dif-
ferent cc¡¡rbinations to denote the same phonetic concept, stress,
sho\^¡ that they can be independent of each other; moreover, there
seem to be no solid grounds to support a view of a one-to-one
mapping between phonetic features and the acoustic signal (Bail1y

and Sì.¡mnerfielil 1980 ) .

CONCLUSIONS

Finally, I shafl try to answer the questions posed at the be-
ginning. It is itifficult to generalise as Lhe present study has

been lj-mited to a small number of speakers and utterancesl-

Firstly, while all three acoustic parameters (Fo' duration and

intensity) contribute to the stÌucture of htord stress, only clura-

tion and intensity are present after focus; on the other hand,

relative intensity and Fo both contribute to the sentence stress.
Secondly, of the three acoustic parameters examined, relative
lnterìsit)r diffe::ences are always pl3sent for both r.¡ord ar¡d sentence stïess.
Last1y, the three acoustic parameters do not make a constant con-

tribution across the syntagm but tL¡eir relative contribution de-
pends on the position of sentence stress.

l. r am planning both perceptual and physiological experiments
related to the relative importance of the physiological and

acoustic parameters for the perception of stress -
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