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The phonetic word: the articulation of
stress and boundaries in Italian

Edda Farnetani
Istituto di Fonetica del Cl/R

Padova (lraly)

l.Introduction

A spoken word produced in its canonical form can be defined as a phonetic entity with its specific
segmental and suprasegmental structure. The suprasegmental component is expressed by two sets of
acoustic/perceptual attributes: temporaVmelodic properties at the word's edges, signaling initial and final
boundaries, and, for polysyllabic words, prominence contrast between syllables. In free-stress
languages prominence at the word level is determined by the position of lexical stress.
In normal speech communication, the word, unless uttered in isolation or produced in clear speech
style, tends to lose its canonical properties and to undergo a number of changes both in the segmental
and the suprasegmental properties. Such changes usually referred to as connected speech processes (see
Kohler, 1990 for a review), range from segmental reductions, weakening of stress contrast,
assimilations, to feature and segment deletion, cancellation of boundary signals and of lexical
prominence. In this case the word disappears as a phonetic unit. A great number of studies show that
speaking rate and speech style are two important factors affecting the articulation of a segment (see
Perkell, 1977, p.352 for a review of the changes in the articulatory kinematics as a function of these
two factors); linguistic factors such as prosodic/syntactic structure have traditionally been investigated
in terms of acoustic melodic and/or durational effects. Only recent research has been directed to the
analysis and the modeling of the changes in the articulatory configuration and in the kinematics of
gestures as a function of prosodic structure (see below, 2.1 for a review of recent studies on English
and French).
This experiment, which expands previous research on this topic (Farnetani and Vayra, 1996) deals with
the supraglottal articulation of lexical stress and of word boundaries, and tests the effects of three
different speech contexts: isolated words, sentence final words, and words embedded in a three-
component syntactic phrase. Thus it cornpares citation forms with words in two syntactic/prosodic
positions, phraselsentence final position, and phrase-medial position. The 1996 study dealt with the
spatial effects of stress and boundaries, the present paper is concerned with both the spatial and the
temporal/dynamic aspects of stress and boundary production.
One purpose if this study is to assess how the articulation of vowels and consonants in CV syllables
signals prominence and initial and final boundaries, and whether and how the articulation changes as a
function the three prosodic contexts; a second purpose is to get more knowledge of the dynamics of
stress and boundary production, in the light of current phonetic models of their realization.

1.1. Previous studies on lexical stress and boundaries in Italian.
As for boundaries, the fact itself that in continuous speech words combine together to form larger
prosodic units implies that at the lexical level boundary signals are weaker than at any higher level. The
question is then: are word level boundaries preserved in items embedded in larger prosodic units, and if
so, to what extent are they weakened? Or are they totally canceled?. As for lexical stress, we can ask
u'hether the syllabic prominence associated with stress weakens in embedded words. A previous
acoustic study on boundaries in Italian (F0 and duration) indicated that within two-word phrases, both
t-rnal boundaries of Wl and initial boundaries of W2 disappear, while syllabic prominence is preserved
:n both words (Farnetani, 1989). Other acoustic studies on lexical stress and rhythmic structure
Farnetani and Kori, 1983, i990) indicate that in phrase-non-final bisyllabic words lexical prominence

is preserved, but that stressed vowels undergo a progressive durational shortening as the interstress
:nterval between the target word and the following one decreases. The 1983 study shows that word
:evel prominence is totally canceled only under the condition of stress clash.
The overall data clearly indicate that in continuous speech word level prominence resists reduction and
leletion more than boundary signals, and therefore becomes itself a cue to word parsing. This idea is
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supported by a number of ASR studies (Lea, 1980), where the function of lexical prominence fc-'
detecting lexical items in continuous speech has been tested for English: the results show that promine;:
syllables are not only anchor points for phonetic recognition, but also a guide to the listeners for wor:
detection, even if they do not, per se, delimit words from the neighbours.

1.2. Current models of stress and boundaries production
Three models of the production of prominence have recently been proposed: the "Jaw expansion"
model of Macchi (1985), the "Sonority" model of Beckman, Edwards and Flechter (1992), the
"Hyperarticulation" model, based on Lindblom's Hyper/llypospeech theory (1990), and propos,ed by
de Jong ( 1995) to account for the articulation of prominence. Although quite different, all three of them
seem to account for the main acoustic effects of prominence observed in English and in other languages:
longer durations, more extreme vowel-formant frequencies, and higher intensity.
The jaw expansion model attributes the acoustic effects of stress tö an expansion in space and time of
jaw movement cycles, i.e. a greater and longer opening for vowels, and a more extreme and longer
closing for consonants.
According to the sonority model, framed within the task-dynamic model of speech production
(Browman and Goldstein (1989), it is the whole vocal tract to expand its cycles in space and time, thus
both jaw, tongue, and lip movements increase in magnitude and duration in the production of
prorninence. Expansion is brought about by decreasing the temporal overlap between adjacent gestures,
and airns at incieasing the contrast along the scale of the sonority feature. Thus, making a syllable
prominent means to maximize the sonority contrast between C and V of the syllable.
The H&H theory, based on the movement-target model of speech production, assumes that speech
varies along a dimension from hypo- to hyper-articulation: at one end, hyperarticulation i.e. target
overshoot aims at maximizing the segment phbnetic distinctiveness, and is proper of clear speech style,
at the other extreme, hypoarticulation i.e. target undershoot, aims at maximizing motor economy and
characterizes colloquial, casual speech.
de Jong (1995) testad the three models, by analyzing the movements of the jaw, the tongue and the lips
in monosyllabic words with nuclear accent (specifically in narrow focus condition), vs words with
prenuclear accent, vs unaccented words. The observed tongue and (lower) lip positions_ were
decomposed into independent jaw, tongue and lip components, which made it possible to. infer the
active movements of t[e tonguö and lips. The results show that for nuclear Nl the tongue articu-lator is
indeed active in the produition of 

-prominence (contrary to the jaw expansion model), but its
movements do not only expand along the high-low dimension, but also along the front-back dimension,
suggesting a more posterior target specification; and the upper lips enhance their protrusion, as

compared to the pren-uclear and the unaccented Nl. Moreover the kinematics of gestures shows that the

moväment expansion in nuclear words is associated more strongly with an increase in velocity than in
duration. Accärding to de Jong, the hyper/trypospeech model is the only one that can account for all the

findings, therefore iuclear proininenie fras io be considered an instance of localized frYPerarticulation.
It musl be noted that studyby de Jong compares emphatic with prefocal accent with no accent, while
the marerial used by Edwärd!, Beckman anä Fletchei (1991); Beckman et al. (1992)-com^pares phrase-

final accented woids with phrase nonfinal unaccented words, hence, the levels of prominence
specification compared in the two studies are not the same.
Äs for final prosödic boundaries, the experiment by Edwards et al.(1991) proposes two altemative
production strategies for the articulation bf final böundaries: slowing down the speech tempo (by
öhanging gestural stiffness), decreasing gestural overlap (by changing intergestural 

^phasing)- 
Both

stratJgie-s 6ring about final 
.syllable 

len§thening, but the- second has also the effect of expanding the

articulatory gestures and is applied in most cases for unstressed final syllables.
Forthearticülationof initialböundaries the EPG data for English by Keating (1995; in press) indicate
that the tongue-to-palate contact in alveolars is always greaterin word-initial than in word-final position
and that in Ientencä initial words the contact of initiäl es is greater than in words in other positio.ns. In
line with de Jong's hyperarticulation hypothesis, Keating proposes that consonant -strengthening^ in
initial boundarieiis an instance of hypeiärticulation. The EPG data by Fougeron and Keating { 1996)
for French refer to tongue-to-palate cöntact for tnl and/t/ production, and show that, at the word level,
initial Cs have more cäntact ihan word medial Cs, and that the contact in initial consonants increases
gradually as the prosodic level becomes higher, the greatest contact being associated with utterance
initial position.
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Fig. 1: Artificial palate: the electrodes are distribuited
in eight rows from front to back.
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2. Methods

2.1 Speech Material
The patterns of tongue movements and configurations in the production of stress and boundaries were

invesiigated by meäns of EPG in trisyllabia CVCVCV words with varying lexical stress position-
wheree=lü andV= lal or trl or lul in symmetric sequences. The target words are the reiterant versions
of the proper names Giacomo, Nicolä, Niccolö (stress on sy[.1,Z,_and 3 respectively). The words
were produced in isolation (IS), in sentence final position (FN) (lqrti per l.a Frcutcia col marchese

!go..'.), and embedded in a three-constituent phrase in sentence initial position (EM) (^Ago..-della

Tärre parti per la Francia). The utterances were lroduced with no emphatic itress.on any of the words:
the isdlated words and the sentence final words were produced with-the expected sentence accent, and

the embedded words with no accent or a weak accent (which preceded the phrasal accent of the phrase

final word).
The material was repeated 5 to 6 times at the most comfortable reading rate by two Northern speakers

of Standard Italian (EF and GA).
The use of trisyllabic words has allowed independent analysis of stress and boundaries: the effects of
.tr.r, *.6 ondlyzed paradigmatically in wordlmedial syllables, those of boundaries were.analyzed b}'

comparing *orä-meäid syilables with word-initial anci word-final ones (with both paradigmatic and

syntagmatic comparisons).
tte Oäta were coilected by means of the Reading EPG system which simultaneously records. EPG and

acoustic data at 10 ms rarä. See, in Fig. t the dis-tribution of electrodes along eight rows ordered from
front to back.

2.2. Measurements and analyses
For the consonant the data weri taken in the EPG frame of maximum front contact in the area

extending from row I to row 5, which covers the alveolar and tL9 prepalatal region, and the. parameter

is CFROI{T, i.e. the percent electrode activation in this region. This-Iarge area was chosen in order to
avoid ceiling effects in the articulation of consonants in prominent syllables.
For the vowäls the measures were taken in the frame of maximum contact for ltl and in that of minimum
contact for lul and tat. The vowel parameters are: PI (posteriority index), Cl_(centrality index).
PI indicates the variations in contact along the fron-tlback dimension and is expressed by the row
number where the frontmost contact occuri: PI ranges from 1, when the firstrow is contacted, to 9,
when no contact occurs in any of the rows (which-sometimes occurs for stressed /a/). \grmaJly' the

frontmost contact in the prodlction of vowäls is a contact at the sides of the palate. The right/left
asymmetries were accounied for by adding to the row number a fixed value of 0.50 when the contact

was on one side only.
CI, taken in the palalal and postpalatal region (Row 6 to 8) is a measure of the extent of-tongue contact

from the sides to' the center'of *ie palate, änd is expressed by the number of activated electrodes in the

row of maximum conract. CI rangäs from 0 (no contact) to 8 (when all the-eight electrodes of the row
are contacted), and is corrected b,-y subtracting a fixed value of 0.33 or 0.66, when one or two of the

back rows, respectively, exhibit leis central co=ntact than the one with maximun contact. As can be seen

in the palate pi'ofile of fig. l, in this area an increase in centrality indicates a movement of the tongue

body to a higher position.
Temporal parameters are: C closure duration, acoustic vowel duration.
In oäer to shed light on how the various changes are brought about in the CV syllable, lhe followin-e
measures were takln for lta/ syllables: 1) Maxi(n. activateä electrodes for lÜ in the last frame of max

closure; 2) Vmin (n. of free eläctrodes ii' the first frame of minimum contact for la(); 3)- duration of the

interval between CMax and Vmin; 4) difference in contact, and 5) mean and max rate of contact change

between CMax and Vmin. The last tftree measures should reflect the amount of tongue displacement, its

duration and rate in the C-to-V gestures The present paper will refer only to the very preliminary results

of this analysis.
Comparisoär u*ong parameters were carried out on standardized values. The significance level of
statistical analysis (ANOVA) was set at p<0.02.
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3. Results

3.1. Prominence
3.1.1. Prominence in vowels
The results of comparisons between word-medial stressed and unstressed syllables, across the different
prosodic conditions indicate that stress has significant effects on both the duration and the spatial
configuration of all three vowels. The direction of the changes is the same for the two subjects. The
data are illustrated in Fig.2, which shows the acoustic durations (averaged across the vowels), and
Fig.3, which shows the spatial parameters for each vowel, in each prosodic context.
As for duration, stressed vowels are always significantly longer than unstressed ones, as expected (see
Fig.2). The average durations are: ms 113.67 (S), ms 56.05 (U). Also the prosodic context has
systematic effects on vowel duration for both subjects. Interactions between context and stress indicate
that only stressed vowels change significantly as a function of context. As illustrated in Fig.2, for EF
the stressed Vs are shoner in embedded words than in the other two conditions (ms 126.71 (IS), ms
105,20 (EM), ms 124.36 (FN), while for GA, the stressed Vs of embedded and final words are both
shorter than the stressed Vs of isolated words (ms 130.60 (IS), ms 96.00 (EM), ms 97 .76 (FN).
As for the spatial configurations (see Fig.3), stressed /a/ is produced with a more posterior, a more
peripheral, and globally less tongue body contact than unstressed lal (+Pl and -CI) for both subjects.
Stressed ltl and /u/, like stressed la/, ue produced with a more posterior tongue contact (+PI). The
averaged PI values are: PI= 6.04 (S), Pl=4.32 (U). In high vowels, however, also the centrality index
tends to increase with stress (+CI). The trend to increase CI in stressed high vowels is consistent,
although it does not reach the significance level in all three prosodic contexts (see for EF, the data for hl
in embedded words (EM), and for /u/ in final words (FN) in Fig.3). Typical palatographic
configurations of stressed and unstressed vowels for the two subjects are illustrated in Fig.4.
The context has no systematic effects on the vowel spatial parameters. Specifically, there is no evidence
of a consistent trend towards a weakening of the articulatory characteristics of prominence in the
stressed vowels of the weakly accented embedded words vs isolated or final words (see, Fig. 3, vowel
lal for both subjects). There are some effects for the high vowels in the expected direction (reduction of
articulatory prominence in embedded words) but they are not shared by the two subjects. For GA
posteriority of both stressed and unstressed /u/ decreases in embedded words (p=0.015). For EF, the
only effects of context (p = 0.021) occur in stressed /i/, where centrality decreases from CI= 4.7
(isolated words) to CI= 3.9 (embedded words).

3.1.2. Prominence in Consonants
The data on the duration and the maximum EPG contact for the key consonant lü are shown for each
subject in Fig.5. The analysis indicates that both stress and prosodic context affect the EPG contact and
the duration of the consonant. For both subjects CFRONT and C duration are larger in stressed than in
unstressed syllables and larger in isolated and final words than in embedded words (p values ranging
from 0.001 to 0.000). The average effects of stress are, for CFRONT: 65.9Vo (S), 57.5Vo (U), for
CDUR: ms 84.63 (S), ms 54.67 (U). The average effects of contextare, foTCFRONT:71.5Vo (IS),
60.97Vo (FN), 52.70Vo (EM); for CDUR: ms 91.37 (IS), ms 68.07 (FN), ms 49.51 (EM). Fig 5
:learly shows that stress and context sum up their effects so that consonants in stressed syllables in
:solated words have the maximurn contact and duration, those in unstrcssed syllables in embedded
words have the minimum. In spite of the wide range of front contact variation, cases of reduced and
heavily reduced consonants (from incomplete closure to side contact) were observed only in unstressed
syllables of embedded and final words; they amount to 8Vo for EF and l3Vo for GA.

3.1.3. Comments on the articulation of stress
The systematic increase in PI (i.e. decrease in anterior side contact) in all three stressed vowels as

compared to the unstressed ones, indicates that they are produced with a lower tongue position in front
of the constriction. While in stressed lal CI decreases (indicating that also the tongue body is lower in
stressed than in unstressed la/),in the production of stressed lil and lulCl increases, indicating a higher
tongue body in the palatal and postpalatal regions. Thus, increase in both parameters (+CI, +PI)
indicates that stressed high vowels are articulated with a lower tongue front, and a higher tongue body
than the unstressed counterparts. Even if it would be possible to interpret the two sets of data as

movements of the tongue proper, i.e. retraction of tongue front associated with elevation of tongue
body, the fact that in slress-ed /a/ the increase in PI is not accompanied by any tongue body elevalion,
and-that in high vowels the increase in PI is larger and more systematic than the increase in CI, is
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against this hypothesis. Studies on the role of the jaw and of the tongue in the production of
prominence (Edwards et al. 1991, de Jong, 1995, among others), and a pilot Movetrack study on
vowels ll and /a/ in Italian for subject EF (Farnetani and Faber, 1992) lead to an account of the present
EPG findings in terms of tongue and jaw articulation. The 1992 data on Italian showed that both
stressed lal and lil were produced with a lower jaw position than the unstressed counterparts. As for the
tongup position, it was lower for stressed lal, but not for stressed lil. The separation between the jaw
and the tongue component in the tongue data, indicated that the observed tongue position was the result
of a larger rising movement of tongue articulator in the production of stressed hl. The two independent
movements of the tongue and the jaw in opposite directions in the production of stressed ltl converge
with the present EPG observation. We can thus infer that the increase in posteriority for stressed lal, lil,
and lulbe associated with a jaw lowering movement (much larger for lal than for ltl or lul), while the
increase in centrality around the constriction place of high vowels be associated with a more extended
tongue rising movements toward the target, and a consequent tighter constriction.
The effects of the prosodic context on the duration of word-medial stressed vowels, which are shorter
in embedded vs isolated words for both subjects, indicate that longer segments are more subject to
temporal .compression than shorter ones, and that also .word.medial syllables undergo temporal
compression in continuous speech. Moreover, the vowel shortening in embedded words vs sentence
final words observed for one subject (EF), indicates either a global lengthening of utterance final
words, or according to the model of Lindblom and Rapp ( 1973), a trend towards a durational
compression of words as the distance from the utterance boundary increases. The fact that the stressed
vowels in embedded words do not systematically undergo reduction in spite of their shorter durations,
suggests the activation of compensatory manoeuvres to preserve the spatial quality characterizing
prominent vowels.
The consonants parallel the vowels in the durational and spatial changes as a function of stress: syllable
prominence is always associated with a tighter, more expanded, and longer consonant closure. Instead,
consonants differ from vowels in the effects of context: stressed consonants reduce both their duration
and the tongue to palate contact in embedded words. In this condition stressed consonants may be
considered less strong than in isolated words, although it must be reminded that in embedded words
they are always articulated with complete closure rvith a contact (average CFRONT= 56Vo) covering the
three first rows, i.e. the entire dentoalveolar region.

3.2. The articulation of boundaries.
In order to test whether the whole CV syllable or only the word initial and final segments are affected
by word and utterance boundaries, both C and V were analyzed. Fig.6 and Fig.7 illustrate the global
results for the consonant and the vowels, respectively.

3.2,1. Initial boundaries: consonant /t/
The results of paradigmatic comparisons between word initial and word medial consonants (C I vs C2)
indicate that both the closure duration (CDUR) and the C front contact (CFRONT) are larger in word
initial position than in word medial position. The data are highly significant for both subjects, and for
each prosodic context (p=.04 0.000), as illustrated in Fig.6 (syll. I vs syll.2). Moreover the data
indicate that the boundary effects on C are significant in both stressed and unstressed syllables.
The interesting finding concerning initial boundaries is that they are signalled also in embedded and in
final words: it is reminded that in both conditions the word initial boundaries are phrase internal, hence
it appears that initial boundaries are signalled also at the word level. The average differences between
Cl and C2, which can be considered to reflect the strength of initial boundaries in the three prosodic
contexts are: CDUR = ms 97.84 (IS); ms 26.21 (EM); ms 23.86 (FN); CFRONT =8.87Vo (IS); 14.4t
(EM); l0.78%o (FN). Thus, it seems that in the more constrained condition of phrase-internal
boundaries, it is the strengthening of the closure, more than the increase in duration of the silent interval
to mark the word initial boundary (see Fig.6). The reason why the very long duration of consonants in
absolutely initial position is not paralleled by a comparable increase in contact can be found in the fact
that the contact in isolated words is always very high and cannot extend further back once it has reached
the maximum extent compatible with the articulation of an alveolar stop consonant (around 82Vo of. the
entire front region).

3,2,2. Initial Boundaries: Vowels
The changes in Vl with respect to V2 suggest that also the vowel in syll.l may contribute to signal
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initial boundaries. The.mos.t systepatic spatial change concerns the poueriory index (pI), which islarger in vl vs v2, and indicaies that vowels in sytti are producea tiitÄ ä" i,icreaieo äpä,iing or tn,vocal tract.
In isolated words both the stressed and the unstressed vowels tend to have larger pI values syll. I thar.in svll.2, with p=9.900 for EF, p=9.00l_for pA (9ee !,g.2,-i§ §tr";rä'ü;'i§ unstresiäJ v, iylt. t ussyll'2, for bottr-suuj"-.J:). For Ei: atso ct varies Jn*16;fry and rends ro decrease in the first syllable(p=0'013 for stresse.d v.s; p=.94 0'017 fol rlnqtrggsEa vsj. The duratioroi aoto are peculiar and indicatethat in isolated trisylla.bles-s_tressed vowels in initial po.ition ('CVCtaV words) tend ro be shorter thar.
jP:.:,ir^:.9iat position (CV'CVCV words). (p=0iOiO ior'ri; p=0.öO'ö'iä, GA), while unstresseiy:y:t 1: {yoy*onger in. sylt.I than in sylt.2 (p=,04 0.000 for'EF; p=.04 0.00+ rär CAl. -

rn emDeooed and tinal words only_unstressed vowels vary significantiy as a function of boundaries.yI!^II-,-!i1s t9 be higher.in vl rhan in vz_1p=.0+ ö.00j ?;;-6 o=ö+ 0.001 for GÄ), thusretlectrng the trend observed in isolated words. V-DUR i!. higher in Vi'vs V2 only o..utionäify, in
embedded words for GA, and in finalwords fo_r EF lsee Fig7,öA : pvt, gr -rN, iyll.i * ry1:l
The overall data indicate that the vowels of.the first sytlaUteileipecially unstressed VJ; tend to'bJ moreprominent than word medial vowels- owing to o iurge. uo.oi d;;iäüü often ässociatld with alonger duration. In embedded and final wordi, these ai?i"r"nc". (albeit iather"smatt), togetfrei *itt tt.
systematic increase in tongue-front contact ol the onset consonant, can contribute to cue to a word-initial boundary in phrase-internal position.

3.2.3, Final boundaries: consonant ltl
The results of comparisons of C2 vs C3 indicate that also the onset consonant of the final syllablecontributes to mark final boundaries. Significant changes occur in isolated and sentence final words but
not in embedded words. Final boundariäs are signalleä uy signinc;;il;;;;;;in closure duration in thelast.syllabl: : a-s can be seen in lr-g-.1j, cDUf, is longer fi;yii.j it., i, ivil.z 1p=o.ooo ?äiuotr,
s.ubjects). The front contact (CFRONIT) varies at a muäh lessei .*t"nt' ü i"nät to dä nigtri in syll.3
than in syll.2 only in senrence final woids (p=0.0t for EF; p=0.04i foiCÄj 

-

3.2.4. Final boundaries: Vowels
The overall results indicate that the word final boundaries are signalled in isolated and in sentence final
words, as expected, but not in embedded words. (see Fig.7, SVIt.irs syff .: ,lS vs EM vs FN for both
subjects).
Final boundaries are signalled by a significant increase in duration of final vowels. As illustrated in
Iig.l, V3 is lolFgr than v2 foi both-subjects (p=0.000); ttre aveiagi äüiätiona vatues are ms.56.4(v2) and ms. I 11.54 (V!). The increment in duräion of tüä rinai row?l iiliäät.r in unstressed than in
sJressed syllables (see, Fig.7, stressed v vs unstressed v in Isolateä woia;j. -
Also vowel posterioritl i!c1e.as9s sig-nificanly in syll.3 vs syll.2 in isoiated and final words; rhe
average PI values are PI=4.34 forY2,PI= 5'.77 foi v:. The'increment in iI i, *or" consistent in
unstressed than in stressed vowels. For GA it is significant in both stress .*äitionr ip:.g, ö.ött fo,
l!..Y; P=0.000 for U_ns.V; ), for EF ons for unitresseJ vowels fp= O+ ö.fiO:1. As' can be iein in
fig'2, the changes in PI and in VDUR in final vowels are simitar to ihorä inäuled'by initlulu*nääri"r,
$ q: m|ch 

largel. for b.oth. parameters. It has to be noted that in embedded words, where theboundary is not realized, the duration of the word final vowel tends to be even shorter than the word
medial vowel (see Fig.7, EM, Subj. EF).

3.2.5. comparing the articulation of stress and boundaries

To a certain extent, the articulation of boundaries resembles the articulation stress: duration and frontcontact increase in consonants, posteriority increases in vowels, ua.;;t"ri.a üy o relevant increaie induration in absolutely final vöwels. Thäse combined effectj on C 'and V-make initial and final
unstressed syllables more prominent than word-medial unstressed ones, while a stressed syttaUti at theword edges- further enhances the prominence contrast at the word i.r.t- gut ttrere aie irnport*t
differences between the effects of itress and those of boundaries, fiüt, 

-quäntitative 
differenöes: invowels, the. spatioteqpoqal changes induced by boundaries are smaller thaä those inauiia uy-.ir".,(compare F.ig..2 and Fig.3 with Fig.7), and, secönd, stress induces also an increase i"-"näity in irigtrvowels, which indicates that. the-^ tongue body has a higher position änO u tightei .onkütiio-n.

Boundaries do not induce such effectsJonthe öontrary, wh"en Cf ;ün;;r,--iitenAs-to decrease at the
boundaries. Thus, the articulation of boundaries comports *anry ;ffg;; ofening or ,o*ili una u
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tighter closing of consonants, whose outcome is an enhancement of the V/C contrast. Instead, the
articulation of stress, comports not only an expansion of vowel opening and consonant closing
movements, but also an increase in the target-directed movement for each vowel, hence, an
enhancement of the vowel specific distinctive properties and a consequent increase in the phonetic
distance among the different vowels.
As for vowel duration, while f,rnal boundaries induce an increase in duration of both stressed and
unstresssed final vowels, with stronger effects on unstressed vowels (as can be seen in Fig.7 for
isolated words), initial boundaries induce a lengthening of unstressed vowels only (see Fig.7 all
contexts). The stressed vowels of syll.l ('CVCVCV words) are never longer than those in syll.2
(CV'CVCV words), on the contrary, they are significantly shorter in isolated words (see Fig.7, IS).
These data on stressed vowel duration agree with a previous study on duration as a function of word
size and stress position (Farnetani and Kori, 1986). In that study the data indicated that stressed vowels
are longer in'CVCV words than in'CVCVCV but not in CV'CV vs CVCV'CV words, which showed
that the durational differences were not related to word size but rather to the number of unstressed
syllables following the stressed one, in other words the stressed Vs shorten as the word extends
rightwards. Thus, in the present study, the shorter duration of stressed vowels in the initial syllables of
'CVCVCV words vs the medial syllables of CV'CVCV words are to be related to the greater distance
of the stressed syllable from the end of the word, and can be accounted for by rhythmical constraints.

4. General discussion and conclusion

The first purpose of the present research was to know to what extent the prosodic features of lexical
stress and boundaries influence the articulation of a segment. The data indicate that the articulatory
spatial changes are systematic, quantitatively relevant and that in most cases they are not mere
consequences of durational changes, but rather active articulatory modifications aiming at the
production of various degree of articulatory prominence. As seen before, in the production of stress and
boundaries both the consonant and the vowel of the CV syllable play an important role. As for the
effects of the prosodic context, the data have shown that lexical prominence is not weakened when
duration is compressed in words embedded within a prosodic phrase, and that in phrase internal
position the word initial boundaries are preserved, although u'eakened, while word final boundaries are
totally cancelled. Thus it appears that the syllabic prominence induced by lexical stress and, to a lesser
extent, the prominence resulting from the articulation of initial boundaries are maintained also at the
word level.
The second purpose of this study was confront the present data with the models proposed for the
production of prominence and boundaries. The inferences that can be drawn from the analysis of the
spatial configuration of C and V are that lexical prominence, initial boundaries, and final boundaries,
though similar in their articulation under certain respects, differs substantially among each other: it has
been shown that the articulation of stressed syllables is characterized by a strengthening of C, ffi
expansion of vowel opening and an enhancement of vowel specific articulatory features, and this would
agree with the hypothesis that a stressed syllable is a hyperarticulated syllable. This cannot be said, at
least for high vowels, for the articulation of boundaries: both initial and final boundaries do induce
induce a strengthening in the consonant but only an expansion of opening in the vowels. Moreover
there are substantial differences between initial and final boundaries: initial boundaries are marked
articulatorily also when duration does not increase, while final boundaries are marked more strongly by
duration than by an increase in articulatory prominence.
In order to gain some more knowledge on the control strategies underlying the production of stress and
boundaries, multiple regressions have been carried out for vowel lal.Even if tongue movements cannot
be recorded with EPG, they can be indirectly infened from the traces left by the tongue-to-palate contact
over time. In this analysis the number of free electrodes in vowel /a./, measured in the first temporal
frame of minimum contact was the dependent variable of a number of stepwise regressions with the
amount and the duration of the C-to-V displacement, the mean displacement rate and the maximum (or
peak) displacement rate were the independent variables. The purpose was to infer how prominence,
initial boundaries and final boundaries are produced in terms of C-to-V gestures. The characteristics of
C-to-V gestures for stress were analyzed in word medial syllables, those for initial and final boundaries
were analyzed by confronting word medial syllables with word initial and word final syllables,
respectively. The preliminary results indicate that the very low contact characterizing stressed /a/ is in
general accounted for by an increased duration and displacement of the C-V movements. But in
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embedded words stress is associated with the duration and the peak rate of the C-V movement. Initial
boundaries production (unstressed syllables) is associated with the duration and the rate of the
movements for GA and to the their peak rate for EF, while the articulation of final boundaries
(unstressed syllables) seems to be accounted for only by the duration of the C-V movements for GA
and by displacement and duration for EF. This preliminary data, in which there is a good agreement
between the two subjects, suggest that hyperarticulation characterizing stressed vowels may be simply'
the outcome of a sufficient time allowed to the articulators to achieve the target; however, in embedded
words where segments undergo temporal compression the stressed vowel is still hyperarticulated, and
in this case the target is achieved by increasing the rate of the gestures. The two different articulatory
strategies inferred from the present data are compatible with the revised H&H model (Moon and
Lindblom, 1994) were duration and input force are two of the predictors of vowel undershoot and
reflects the strategies available to speakers under different circumstances. Hence, the sonority,'
expansion hypothesis (Beckman et al.1992) according to which prominence is brought about by
decreasing the temporal overlap between adjacent gestures, can account only in part for the present data.
As for the articulation of the vowel in the first syllable of the word, where the spatial changes are larger
than the temporal ones, the articulatory movements must be faster in order to attain a greater opening of
the vocal tract in the production of an unstressed vowel without interfering with the rhythm imposed b1'

the stressed/unstressed contrast. Final boundaries seem to be articulated by slowing down the speech
tempo (which could account for the very long vowel duration) and/or by expansion of the jaw
movements (which could account for a an increase in contact for the consonants and an increase in
opening for the vowels). Further analysis is now in progress for high vowels.
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