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2. FULL REPORT OF RESEARCH ACTIVITIESAND RESULTS
1. Background

The research reported here is part of the devajomiproach to the study of sound in
language known as "Laboratory Phonology" (Becknmrahkingston 1990). In this
approach, data from the phonetics laboratory aed tsinvestigate not the physical
aspects of speech production and perception, butdture of the phonological
structures that underlie speech; in Kingston'sisgtéormulation, "phonological
representations embody hypotheses about phonétavimeir”. Specifically, our
project aimed to shed light on a number of genbedretical problems within the
autosegmental approach to the phonology of intongf®ierrehumbert 1980, Ladd
1996), by means of several carefully controlledigs of intonation in Modern
Greek, building on our own earlier work on Greekv@niti 1991, Arvaniti 1994,
Arvaniti and Ladd 1995).

The issues we were especially interested in stgdyxolve around the phonetic
properties of tonal targetsinlike many earlier approaches to intonation,chihi
describe contours in terms of global shapes ancht\stopes, the autosegmental
theory assumes that contours are best analysedrags ©f tones - sequences of
Highs and Lows that occur at well-defined point$he utterance. In this view, the
tones are manifested as specific pitch targets tsxsaling” (pitch level) and
"alignment" (temporal coordination with the segnadistring) can be measured
instrumentally, and the pitch in between theselttargets is determined by simple
interpolation. There is good empirical evidencedeveral specific aspects of this
general theory, but at the same time there remaumaber of fairly fundamental
guestions relating to the notion of "tone" and &lotarget”, and to the possible
structural configurations that tones can enter. it overall goal of the project was
to provide a wealth of solid experimental phondtata on the factors that affect
targets in different contexts, and to bring thiglence to bear on the theoretical
issues.

2. Objectives

The specific objectives are laid out below as statethe original proposal, followed
by a brief discussion of how each one was met. Metail is provided in the Results
section below.

(1) To provide a thorough phonological descriptodithe intonation of Modern
Greek, on the basis of a substantial new body @distcc and perceptual datss
outlined under Resultsve have produced the substantial body of newsttodata as
planned, including extensive datasets relevantttmation in yes-no questions, WH-




guestions (question-word questions), emphaticrstatés, and prenuclear accents in
declarative utterances; we have perceptual datheodistinction between emphatic
statements and yes-no questions; and we havet(asaealysed) data on the
intonation of intransitive statements with varyiwgrd order. With the exception of
the unanalysed data on intransitives, we belieaettie correct phonological analyses
of the intonational types listed emerge quite ¢jefrom our findings.

We are uncertain at this point whether a profesdigpurnal in linguistics or
phonetics would publish a straightforward descvptverview of the Greek
intonational system. For one thing, such a papeddvsubstantially overlap the
publications that the project has already produsad about to produce. For another
thing, the datasets we have produced leave ceazumae, most notably to do with
nuclear and post-nuclear accents in non-emphaiiersents, the intonational
treatment of clitics, and the range of possiblenational resolutions of stress clash.
However, we do intend to produce a technical repomtaining more quantitative
detail than is possible in a typical journal agiatovering at least the main
intonational types for which we have new data. Mwee, Arvaniti has been asked to
provide a concise description of the pronunciatibgthm, and intonation of Greek
for the grammar of Greek in the Council of Europ&lsreshold” series, and this will
be heavily based on our findings. See further u@lgputs

(2) To use this body of data as a foundation forensatisfactory solutions to certain
persistent problems of the generally successfulssmgimental theory of intonation,
including (a) the "pitch accent"/"boundary tonestaiction and (b) the identification
of intonational targets

We feel that this has been one of the two cleasrt#teeal accomplishments of the
project, in particular with regard to (a). As ondd in the Phonologyaper included
with this report, our data on "phrase accents'es-go questions show clearly, and
our data on WH-questions strongly suggest, thadt sgcents associate with lexically
stressed syllables wherever possible. Since "pla@sents” are supposed to be
comparable to boundary tones in orthodox autosetahttreory, our clear empirical
documentation that they behave like pitch accentmportant, and we have outlined
what we see as the theoretical implications inpdyger. As for subgoal (b), our most
important general contribution is providing a grédaal of new evidence that putative
FO targets are quite invariant phonetically, angtbolstering the view that FO
contours are underlyingly sequences of targets.doer more specific contributions
in this regard is to document the phonetic invaréaof the FO valley that precedes
prenuclear accents. We feel that this invariancellshbe taken as evidence that this
valley is an intonational target corresponding taa tone, but we are aware that not
everyone in the field shares this view. Some dsiomsof this issue is included in
Ladd's chapter in the Bruce festschrift (see Ogfputhich unfortunately cannot be
included with this report. (3) By providing a dé¢ai body of data on a language
clearly distinct from the Germanic languages onclvlimuch intonation theorising is
based, to gain new insight into the cross-lingaistpology of intonation systems,
particularly with respect to the notions of alignmhand secondary accent

This is what we see as the other important thezaletiontribution of this project, in
particular our new discovery about the segmentetharing of alignment, which is
sketched under Resulbelow and reported in detail in the Journal of itispaper




included with the report. As noted under Resuhs unexpected discovery made it
necessary for us to devote considerable time tmnalanned follow-up experiment
(Expt. 2a) and to rethink the theoretical implioas, which somewhat curtailed the
attention we could give to other issues. As foctsglary accent”, some of the
guestions we planned to investigate under thisihgddrm part of our findings on
"phrase accent" mentioned just above. We had dsmed to address this in greater
detail in the analysis of the intransitive statetrdataset, which as we noted in the
discussion of the first objective was recordedrbuatains unanalysed.

(4) Possibly to contribute to the methodology & ihwvestigation of intonational
phenomena, in the interplay between acoustic arckptial studies

We do not feel we have made any notable contribatio this area, primarily
because, as already mentioned, the perceptuabkitie project was less extensive
than originally hoped.

(5) Possibly to provide a basis for more succesgiplroaches to Greek intonation in
Greek (or multi-language) speech synthesis systems

We think our data, especially our data on queshtmnation, should be directly
applicable in the improvement of synthetic intoaatiWe discuss this briefly in the
papers we are about to submit to the Journal ofAtweistical Society of America
(see_Outpuds which unfortunately cannot be included with treport.

3. Methods

As planned, we performed two main types of expemnisig(i) production

experiments, in which carefully controlled speeditenals were read aloud under
studio recording conditions; and (ii) perceptexperiments, in which the intonation
of naturally-spoken utterances was systematicatidifired by means of digital
resynthesis and the resulting stimuli were presetadisteners for judgement (e.g.
guestion vs. statement). The procedures and tesbsigvolved in these experiments
were fairly standard and we had experience witintfrem previous work. These
include constructing controlled speech materidtgital resynthesis of intonation, and
segmenting utterances from spectrographic displEys.production experiments all
had factorial designs which were analysed by AnalgEVariance (ANOVA).

4. Results
a. Segmental anchoring of tonal targets

The first, most unexpected, and possibly most ingmbifinding of the project was the
discovery that certain tonal targets are alignéattixe to landmarks in the segmental
string. Specifically, the FO valley and the FO paakociated with prenuclear rising
accents are aligned with the beginning of the oosesonant of the accented syllable
and the beginning of the following unaccented vowetpectively. This finding is
described in detail in the Journal of Phonegiaper included with this report. As we
argue in the paper, this finding has implicatiomsthe long-standing debate over
whether to treat targets or movements as the pvienredlements of intonation. In our
data, the targets exhibit constant alignment ave haughly constant scaling for any




given speaker, whereas the properties of the tisgone might expect to be constant
if pitch movements were primes (e.g. slope andtdurpare quite variable, being
entirely determined by the alignment and scalintheftargets.

The general theoretical issue of targets and pitolilements supersedes the more
parochial issue of whether the H tone is an acioer® or an edge tone, which is what
we were attempting to resolve by our experimente dlear implication of our
findings is that the alignment of the H is deteredrby the location of the accented
syllable, not the word boundary, and is therefa# pf the accent. (Among other
things, this meant that it was less important ®taido a follow-up perceptual
experiment, which we had tentatively called Expt. anipulating the alignment of a
FO peak with the aim of affecting the percept i direction of either an accent tone
or an edge tone; we still hope that it will be pblesto do a related experiment in the
relatively near future, but this is in no sensd péthe project.) On the other hand, the
new findings do raise questions for what it meamsaftone to be "associated" with an
accented syllable, since in the case of the Gremkuglear accent neither the L nor
the H is aligned in time with the accented syllatdelf, though the alignment of both
is determined relative to that syllable. We specomsiderable amount of time
discussing the implications of this fact for augrsental theory, in particular for the
notion of the "starred" tone, which is supposetiy dne tone in a bitonal accent that
co-occurs with the accented syllable. This disarss essentially what we reported
in the paper presented to the 1996 Laboratory Hbhgp@onference (see Activities

It is worth emphasising that we discovered the sdal anchoring of tonal
alignment largely by accident, while we were prapgato investigate the issue of
whether the H tone is an accent tone or an edge &pecifically, Expt. 1 was
intended as a control experiment for our planneptEX which would have explored
the influence of the number of unaccented syllabétg/een accents on the alignment
of the H; before doing Expt. 2, we wanted to hawaea idea of how much variability
in alignment is conditioned by differences in tlegrmental composition of the
experimental materials. As it turned out, thereesped to be very little variability in
alignment, so long as alignment is characteriseéberappropriate way relative to
segmental landmarks. Expt. 2a was a straightfortesidof this claim, and as such
was not planned for in the original proposal. E2ft was more like the original
experiment we had planned, in the sense that lbeegbthe effects of varying the
number of unaccented syllables and the locatiomartl boundaries relative to the
accented syllable; however, in the new conteXoitsis was on determining to what
extent "tonal crowding” would give rise to deviatsofrom the basic segmentally-
anchored alignment pattern discovered in Exptsidlza. Note that Expts. 1, 2a, and
2b correspond to what we call Expts. 1, 2, 3 inXbrnal of Phonetigsaper.

b. Stress-seeking alignment of " phrase tones"

The second major finding of the project was theeeixpental confirmation of the
"Impressionistic" linguistic description on whidhet proposal was based, specifically
with regard to the behaviour of phrase tones iMngequestions in Expt. 3. We
established that the high peak that occurs latledriypical yes/no question contour is
aligned with the lassyllable of the sentence if the nuclear acceanithe final word,
but with the_last stressexyllable of the sentence if the nuclear acceahian earlier
word. As a very general implication, this work egps the shortcomings of traditional



instrumental descriptions of intonation, which emglbe quantitative data reduction
(e.g. characterisation of the overall "declinatiofa contour) at the expense of local
detail. In one of the papers we are about to sutmlIASA we emphasise this aspect
of our work, and provide enough quantitative dsetaflthe alignment that our work
could be used as the basis for improving Greekdpsgnthesis. It is worth noting
here that the alignment data exhibit the same @egfreonstancy that we found in
Expts. 1, 2a, and 2b: as a rule, the peak is aigust after the onset of the vowel
when it occurs on the last syllable of the senteand approximately in the middle of
the vowel when it occurs on the last stressedlsglddowever, in both cases, "tonal
pressure" is present when the last word of theesesthas lexical stress on the last
syllable, and this pressure substantially affde¢salignment.

From the point of view of the autosegmental themdrintonational phonology, the
important implication of this finding is, as we Bdtin the proposal, that the final FO
peak of the question contour is a "phrase tonetwhevertheless seeks a stressed
syllable. As we discuss at length in the Phonolpgpger included with this report, this
poses problems for the Beckman/Pierrehumbert coiocepf the phrase tone as the
edge tone for a specific type of prosodic domain, the "intermediate phrase".
Rather, we think that this vindicates Bruce's (Brefrehumbert's) original idea that
the phrase tone is an additional accéhis in turn has two important implications,
one of which we have been able to confirm. The fgshat intonational tunes are not
merely strings of accents and boundary tones, &g An internal structure that
specifies metrical relations of relative strengtipmminence (in particular, phrase
tones are accent tones that form a constituenttvtimuclear tone and are
subordinate to it). The second is that in nucladiniy accents, which according to
Pierrehumbert consist of a H accent tone and arhgghtone, the alignment of the L
phrase tone should be affected by the locatioexatéal stress, in exactly the same
way that the H phrase tone of the yes/no contoatffécted. It is this second
implication that we have successfully tested, iptEA.

In Expt. 4 we manipulated the length and stresepaof the low-pitched stretch of
speech following a nuclear falling accent. Spealfic we constructed WH-questions
(which in Greek normally have the nuclear accenthenWH-word and normally
have a falling nuclear and a final boundary risagh that the interval between the
stressed syllable of the WH-word and that of tH®¥ang content word was varied
(0, 2, or 3 unstressed syllables). For example:

H* L LH%
'pu 'menune ‘where do they live?' (zero inteirvgisyllables)

H* L LH%
'‘pu me peri'menune  'where are they waitingrfeR"' (3 intervening syllables)

We showed that the location of the "elbow" in tlf@edéntour - the point at which the
steep fall from the nuclear FO peak ends and th&ooo flattens out - is influenced by
the location of the post-nuclear stressed syllable:earliest when there are no
unstressed syllables intervening, and latest wheretare three. Similar effects were
observed for the location of the final elbow, tlee beginning of the final rise. This
suggests strongly (i) that the elbow represenisdependent L tone, as



Pierrehumbert originally suggested in her analg&isnglish, and (ii) that the L tone
preferentially associates with lexically stressgthbles.

Finally, we should mention Expt. 3p, which dealthwthe distinction between
emphatic statement intonation and yes/no questitmmation. To the English-
speaking listener, the striking thing about thehtigse tone in a Greek yes-no
guestion is that it sounds like an emphatic statgéraecent. In practice there is little
likelihood of confusion, because in the emphatiteshent the H peak is the nuclear
accent, whereas the H peak in questions is poseanug¢So for example

L* H L%
fa 'fiyun ap to 'livano  'Are they leaving Lebanon?’
would never be heard as a statement because lothgtched nuclear accented
material preceding the H accent; conversely

H* L L%
sto 'livano  'in Lebanon!

would never be heard as a question because thedmmgdow-pitched material is
absent.) Nevertheless, Greek native speakers aveana of any ambiguity, and if
their attention is drawn to it they insist that thw® peaks sound different. On the
basis of data from Expt. 3 (which included emphstatements, although these are
not included in the write-up submitted to JA8?order not to make the paper too
diffuse), we concluded that the nuclear accent pealkemphatic statements (ES) are
distinguished from the phrase tone peaks of yegllestions (YNQ) primarily
through differences of alignment (some individyzgakers also have consistent
differences in the scaling of the peak, but for smhthese speakers ES have higher
peaks while for others YNQ have higher peaks). Bipatly, there are two key
points: (1) the peak in ES is generally slightlylieathan that in YNQ, although it is
difficult to be sure that this is the correct iqatation of the data, because the onset
consonants of the accented syllables tend to lgeekdn ES than in YNQ); (2) the fall
from the peak in ES is more rapid than in YNQ. Bibtbse points are consistent with
the putative phonological analysis, in which theafifall in YNQ consists of a H
phrase tone followed by a L final boundary toneeveas the final fall in ES consists
of a nuclear H accent tone followed by tWwdones, a phrase tone and a final
boundary tone. The existence of a phonologicaédkfice based on FO rather than
durationis confirmed by Expt. 3p, in which we asked pedplgidge whether a
sentence fragment like me ton Virofaith Vironas') was an ES or the end of a
YNQ. We showed that artificially "monotonised” nially spoken ES and YNQ
could not be distinguished by native listeners, ighs naturally spoken contours
resynthesised with their original FO contours wegectly identified as ES or YNQ
much more often than would be expected by chance.

5. Activities

Much of the work of the project was designing, rnagnand analysing the five
production experiments: creating the speech méen@aking the recordings,
digitising and making measurements on the speé&xs) ind statistically analysing
the results. This work is inherently slow and labmtensive, especially the acoustic
measurement phase, and it continued throughoulutstion of the project,



somewhat longer than expected because of the urgdaxperiment on segmental
conditioning of alignment (Expt. 2a). The followirggan approximate timetable:

[omitted]

We encountered no noteworthy difficulties in thell running of the project. In
particular, we encountered no difficulties in cbtbaating at long distance, with
Arvaniti in Cyprus and Ladd and Mennen in Edinburg8jigreat deal of detailed
planning and discussion (e.g. details of experiedesgsign and speech materials)
was carried out smoothly by e-mail, supplementethikyWe encourage the ESRC to
see long-distance collaborations as potentiallileia

In addition, of course, Arvaniti made several wsd Edinburgh, as follows:

(1) July 95, approx 4 weeks: Start-up discussititentifying appropriate
speakers. Design of speech materials for Exphd fiest recordings and
measurements. Supervising various aspects of Mé&nearly work on the
project.
(2) January 1996, approx 10 days: Further anabfdtpt. 1 and design and
recording of Expt. 2a. Work on Laboratory Phonolpgper.
(3) June 1996, approx 2 weeks: Final analysis @it&xXa and 2b. Final
preparation for Laboratory Phonology conferenceitéMrp and submission of
Journal of Phonetigsaper. Design of speech materials for Expt. 3faad
recordings.
(4) July-August 1996, approx 4 weeks: Write-up andmission of written
version of Laboratory Phonology paper. First measients and analyses of
Expt. 3. Preliminary discussion of Expts. 3p and 4.
[note that visits (3) and (4) counted as a singgé for administrative
purposes, as Arvaniti did not return to Cyprusetween these visits,
but rather attended the Laboratory Phonology cenfes.]
(5) April 1997. approx one week: Attending meetaig
Linguistics Association of Great Britain. Discugsiof results
of Expt. 3 and preliminary results of Expt. 4.
(6) August 1997, approx 2 weeks: final write-upJ&SA and
Phonologypapers. Preparation of final report.
We attended the following conferences and presehttbllowing talks as
part of the activity of the grant:

« Arvaniti attended the Second International Congogs&reek
Linguistics in Salzburg, Austria in September 199&r;, paper (on
emphatic accent in Greek) included referencesdgthject work,
which had just begun at the time.

« Ladd gave a talk in Utrecht in February 1996, dkietg the findings of
Expts. 1 and 2a.

« Arvaniti and Ladd attended the Fifth Conferencd.ahoratory
Phonology at Northwestern University in Evanstdimdis, USA, in
July 1996. Arvaniti presented our paper on the plagical
implications of Expts. 1, 2a and 2b.



« Arvaniti, Ladd and Mennen all attended the Spriregeting of the
Linguistics Association of Great Britain in Ediniglarin April 1997.
Ladd presented our paper on phrase accents.

- Ladd presented the phrase accent work at a one+dikghop on
prosody at the University of Debrecen, Hungaryomil 1997.

- Ladd presented the phrase accent work at a one+dikghop on
prosody at Cornell University, USA, in July 199 ,donjunction with
the Linguistic Society of America's biennial sumnrestitute.

« Arvaniti will attend the Conference on the PhonadagWord in
Berlin in October 1997, presenting a paper on Goéigks which
builds on some of our findings.

- Ladd will attend a workshop on accent, focus, am$@dic structure in
Schloss Maurach, Germany, in December 1997. Heowdk again
present the phrase accent work, this time to areaod of a dozen or
so leading scholars from Europe and North AmerBrace,
Gussenhoven, Selkirk, Dresher, and others) wheasepit the core
specialist audience for our theoretical proposals.

We set up a small website for the project in Ma8B7, with a brief sketch of the
project and a publication list, abstracts of papansl links to Ladd's and Arvaniti's
homepages. The website's URL is http://www.lingaedik/~bob/greek/.

6. Outputs

The most important output of the project is expedteconsist of five refereed papers,
four in major journals and one in an influentiabkaseries. The first (included with
this report) has been formally accepted and scleedol publication; the second will
presumably be accepted but the editorial procashéovolume as a whole has been
delayed for various reasons beyond our controlthitid and fourth, which are
intended as companion papers, are nearly comptetevédl be submitted shortly; and
the fifth (included with this report in draft fornwill be submitted in January or
February 1998, after Ladd's attendance at the \Wwogksentioned in the previous
section. The five are as follows:
1. Arvaniti, Ladd, and Mennen. Stability of tondbament: the case of Greek
prenuclear accents. Accepted for publication irdauof Phoneticsto appear
in January 1998. This describes the discovery ginemtally-anchored
alignment in Expts. 1, 2a, and 2b.
2. Arvaniti, Ladd, and Mennen. What is a starrateEvidence from Modern
Greek. Submitted for the fifth Laboratory Phonolagyume, published by
Cambridge University Press. This discusses the glbgital implications of
fixed tonal alignment outside the accented syll&tehe theoretical notions
of "association" and "starred tone".
3 and 4. Arvaniti, Ladd, and Mennen. Acoustic prtips of tonal targets in
Modern Greek question intonation I: Polar questi@mslAcoustic properties
of tonal targets in Modern Greek question intormatioWH-questions.
Companion papers to be submitted shortly to thenzdwf the Acoustical
Society of America (JASA)These two papers describe the findings of Expt. 3
and Expt. 4 (respectively) and their potential ubedss in speech synthesis.
They both emphasise the important role of phoncldgheory in guiding our
investigations.




5. Ladd, Arvaniti, and Mennen. On the place of ghrtbnes in intonational

phonology. To be submitted to Phonologis discusses the phonological

implications of Expts. 3, 3p, and 4, together vd#ia from other languages.
Further planned outputs include: (1) a chapter &gd.in the festschrift for Gosta
Bruce, due to be published by Kluwer next year,chwldeals with a variety of issues
and includes some discussion of the project'stiigsli (2) Arvaniti's chapter on Greek
pronunciation and intonation in the "Threshold'iegof language manuals (see
Impactsbelow); and (3) a technical report describingdhta in more quantitative
detail, which will be listed on the project websited available from the Linguistics
Department here. The first two are essentially deteand are expected to be
published in 1998; the third will have to be proddauring the coming academic
year.

In addition, we have presented project work at emarices and in invited talks, and
on the project website, as described above undevi#es. Work from the project is
also discussed in Ladd's 1996 book IntonationahBlogy (CUP).

7. Impacts

It is too early to tell what the impact of the aigery of segmentally-anchored
alignment may be, but we have definitely arousedkerest of several researchers,
for both theoretical and practical reasons. As aeis the Journal of Phonetipaper,
we feel that our findings have important theoretig®lications for the long-standing
issue of whether pitch targets or pitch movemerdstee primes of intonation; this
claim, if we can judge from the reaction of ondhd# referees, seems likely to
stimulate further research and lead to furtherighbl discussion. As for practical
applications, our findings can be put to use irespegechnology, especially speech
synthesis (see further under Future Research tegioelow).

In this connection it is worth mentioning an expent that has recently been
completed by an M.Sc. student in the departmenteubadd's supervision. Daniel
Faulkner, as the basis of his dissertation proggatjied the effect of speech rate on
the "rise duration” of prenuclear accents in Eiglisis results show that the duration
of the rise correlates strongly with the duratibnh@ segmentals as rate increases,
which is exactly what one would expect if segmeatathoring applies in English in
the same way as in Greek. Faulkner's materials mareet up to test a precise
hypothesis about segmental anchoring, but Laddatspe be able to supervise an
undergraduate Honours dissertation during the comoademic year which will
directly investigate segmental anchoring under gkarof rate; if the hypothesis is
confirmed, the results of the two dissertation®tbgr should be publishable. Rate
effects on intonation are not modelled in any éxgsspeech synthesis applications
that we know of, and several speech technologyrekers have responded with
interest to Faulkner's investigation.

The impact of the findings about phrase accemsoie theoretical than applied. Even
more than in the case of segmentally-anchored ralkgn, it is too early to tell what
the impact of this work may be; we note only thpaapnt interest with which this
work has been received on the three occasions Wwhes been presented publicly
(see Activitiesabove).



Finally, it should be noted that the work of thejpct will shortly put to direct
practical use, as Arvaniti has been commissiongutdpare the chapter on
pronunciation, rhythm, and intonation for the "T$treld Level” manual on Greek.
This manual is being prepared by the Centre foekstanguage of the Greek
Ministry of Education and is one of a series puigs by the Council of Europe. The
idea of each book is not to be a grammar or a ndefibrateaching the foreign
language but a description (within the communi@framework for second language
learning) of what a competent learner of a foréagiguage should know (hence
"Threshold"). The books are supposed to be usedyagle by teachers of the
language, to test whether they have covered th@gedints. The original book in the
series was about English, first published in thé0kSand subsequently revised; since
then other similar books have been produced alibet tanguages. Greek is the
twentieth language to be covered in this way, biltbe the first to have a section on
intonation based on modern phonological theoryiastlumental phonetic research.

8. Future Research Priorities

We believe that the discovery of segmentally-aneti@ignment should be followed
up in other languages, especially languages wifoimant speech technology
industries, because of the direct applicabilitalignment data in speech synthesis.
We are pleased to note that the ESRC and its revieapparently agree with this
view, since they have supported an application &yd.and Mennen (R000-23-7447)
to pursue this line of research in English and bulcis hoped that work on the new
project will begin sometime in the next 3-6 months.

References

Arvaniti, Amalia (1991). The Phonetics of Moderne€k Rhythm and its
Phonological ImplicationsPh.D. thesis,University of Cambridge.

Arvaniti, Amalia (1994). Acoustic features of Greslythmic structure.
Journal of Phonetic®2: 239-268.

Arvaniti, Amalia; Ladd, D. Robert (1995). Tonal gtiment and the
Representation of Accentual Targets. ProceedindSRhS 13 Stockholm),
vol 4, pp. 220-223.

Beckman, Mary; Kingston, John (1990). Introductiord. Kingston and M.
Beckman (eds.), Papers in Laboratory Phonolo@ambridge: Cambridge
University Press, 1-16.

Ladd, D. R. (1996). Intonational Phonologyambridge: CUP

Pierrehumbert, Janet (1980). The Phonology and &lesrof English
Intonation PhD dissertation, MIT.




