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Abstract

The interplay of verbal and visual prominence cues
attracted recent attention, but previous findingse a
inconclusive as to whether and how the two modsalitare
integrated in the production and perception of pnamce. In
particular, we do not know whether the phonetidization of
pitch accents is influenced by co-speech beat gestand
previous findings seem to generate different pieaitis.

In this study, we investigate acoustic properties o
prominent words as a function of visual beat gestun a
corpus of read news from Swedish television. Thpuws was
annotated for head and eyebrow beats as well asrsen
level pitch accents. Four types of prominence cumsirred
particularly frequently in the corpus: (1) pitchcant only, (2)
pitch accent plus head, (3) pitch accent plus hpat
eyebrows, and (4) head only. The results show(#adiffers
from (1-3) in terms of a smaller pitch excursiordashorter
syllable duration. They also reveal significantbrder pitch
excursions in (2) than in (1), suggesting thatrdadization of
a pitch accent is to some extent influenced byptfesence of
visual prominence cues. Results are discussedrimstef the
interaction between beat gestures and prosodyanjithtential
functional difference between head and eyebrowsbeat

Index Terms: audio-visual prosody, multimodality, Swedish,
news speech, co-speech gestures

1. Introduction

1.1. Research question

In spoken language, words are made prominent byisnef
prosody for various, e.g. information-structuralexpressive,
reasons [1]. Previous research on co-speech gssamd
audio-visual prosody strongly suggests that prasodi
prominence is indeed an audio-visual, or multimpdal
phenomenon, as pitch accents (verbal prominencs) are
frequently accompanied by movements of the hamgshéad
and certain facial areas (visual cues), also refeto as beat
gestures (cf. 1.1) [2][3][4][5][6][7]. It has, maveer, been
shown that visual and verbal prominence cues mayccar in
various constellations (such as ‘pitch accent plkeed beat’ or
‘pitch accent plus head and eyebrow beat’) [8]figgesting
that we need to distinguish between verbal-onlguai-only,
and possibly different multimodal prominence types
combinations, which might to some extent serve edifit
communicative functions [10]. However, few systemat
studies have been carried out to investigate thmusdic-
phonetic realization of multimodal prominencesthis paper
we ask the question: Do accompanying beat gesiuresme
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way affect the realization of a pitch accent? Aréuge this

question would add to our understanding of therautton of

verbal and visual prominence cues, and more gdpeiai

gesture-speech integration. This paper presenexploratory
study on acoustic properties of multimodal promoenbased
on a corpus of read news from Swedish television.

1.2. Verbal prosodic prominencein Swedish

Unlike so-called intonation languages such as Ehgli
German or Dutch, Swedish is a pitch-accent languagéing
use of pitch contrasts at the lexical level. In tipatar,
Swedish has a binary distinction between two wardeats
(Accent 1 and Accent 2), two different pitch aceeassigned
to words by means of lexical/ morphological rulesaddition,
words can be highlighted at the sentence level, @ssin
English or German. Stockholm Swedish exhibits al-wel
established phonological distinction between the-fozal,
accented realization of a word and a focal reatmabf a
word. Note that the notioffocal accent” does not strictly
relate to the information-structural notion of fecit is rather
synonymous with sentence accentThere exist various
phonological interpretations of these basic pastddri][12],
but for the purpose of this study it is most releva note that,
in both Accent 1 and 2, the focal accent is charaztd by an
additional rising pitch movement. It is importaatunderstand
that while the non-focal vs. focal accents represevo
different phonological prominence levels, no difece in
prominence is generally assumed between the twod wor
accent categories (Accent 1 vs. 2) [12].

1.3. Audio-visual integration in prosodic prominence

It has been shown that beat gestures can facibiatte speech
production [13] and speech processing [14][15]. ravgng
body of evidence suggests that hand, head and ayebr
movements are aligned with pitch accents in spaadhn this
way contribute to the production and perceptiompfsodic
prominence [16][17][18][8][19][20].

There is also evidence suggesting that beat gesane
more likely to occur withperceptually strongaccents than
with weakones: Swerts and Krahmer [8] found in their study
of Dutch news readings that the more accented d was on
an auditory scale (no accent, weak accent, strongnd), the
more likely the word was to also be accompaniedthead
movement, an eyebrow movement or both (most comimon
the strongly-accented words).

Somewhat at odds with these findings by Swerts and
Krahmer [8] are the results from perception experita by
Prieto et al. [21], which suggest that beat gest(again, head
and eyebrow movements) and pitch accents exhikih of



trading relationship in the coding of contrastivecds (vs.
information focus), in that one modality is ablecmmpensate
for another modality. A possible interpretationtlis finding
could be that, if a visual gesture is present, theral cues
for prominence can be potentially weaker in themlization
than when only verbal cues are present; somethimighwis
clearly not predicted by the results of Swerts Krahmer [8].

Also, head beats were found to be more informative than

eyebrow movements for the identification of cortikesfocus
[21], which might suggest different roles in promiiite cuing
for head beats and eyebrow beats (see also [22]).

1.4. Predictions

One prediction derived from our review in the poms
section is that a focal pitch accent (in Swedish)kiely to be
realized with stronger acoustic prominence cuesh(sas
longer duration or a larger pitch excursion) whecompanied
by a beat gesture than when not, since it has dleewn that
visual cues are more likely to occur with strongerminences
as assessed auditorily [8]. Under this predictise, could
characterize the relation between visual
prominence cues asumulative where a strong verbal cue
seems to attract an additional visual cue (or vieesa). In
extension, we could predict (cf. [8]) a cumulativeation
between the two visual cues discussed (head anbraaye
beats), implying that we could predict the strengftlacoustic
prominence to correlate with the number of accomipan
visual cues (head/ eyebrows only vs. head and ewsbr
combined). An alternative to thisumulative cueprediction,
however, is &uetrading prediction (cf. our discussion of [21]
in 1.3), according to which we would expeatakeracoustic
prominence cues (e.g., shorter durations, small& F
excursions) for words accompanied by visual cues.

2. Method

In this study, we make a first attempt to pinpoatssible
acoustic effects of accompanying head and eyebreat b
gestures on the realization of focally accenteddaipfocusing
on the two acoustic domains most commonly assatiatth
prominence: segmental durations and fundamentqliémecy
(F0). Our tentative approach is to semi-automdtioaktract
two rather rough measures capturing the two dino@ssi
mean syllable durations (i.e., an estimation ofesperate),
and FO excursion (i.e. range) within a word. Theorele
behind this approach was that these measures \beuddsily
extracted based on existing word annotations, withtbe
need for further manual annotations of the FO ammtd\
caveat is, of course, that we do explicitly meastine FO
range of the focal-accent related FO excursionthas FO
minimum and maximum within a word might also in som
cases relate to the preceding word-accent geshate that
focally accented Accent 2-words are typically deupéaked).
However, the approach should still provide us sittentative
insight into acoustic effects of accompanying logsttures.

2.1. Materials

This study is based on audio and video data ofrief hews
readings from Swedish Television (SVT Rapport), cosipg
1516 words in total, or about 9 % minutes of speé&tdch
news reading typically contains 1-3 sentences Table 1).
The recordings were retrieved on DVD from the Nagio
Library of Sweden (Kungliga Biblioteket).

and verbal

The corpus includes speech from five news anchafrs (
Table 1). The selection of news anchors was ranmmy
meeting the requirement of including both male &ewhale
speakers). The corpus comprises 30 of the 31 neawies
used in [9] and [10] (1 was excluded due to a taain
problem). That corpus contained speech from fowakers
(sp. 1-4 in Table 1), where AN was heavily overesented
(20 of 31 stories). For the present study, 17 amluit stories
were added in order to increase the number of estoir
speakers 2-4 and to include a fifth speaker.

Table 1:Materials: number of news stories included
per speaker (i.e. news anchor); f/m=female/male.

Speaker Materials

no. ID stories words minutes:seconds
1 AN (m) 19 608 3:48.5
2 SL (f) 6 165 1:.05.9
3 PE (m) 8 265 1:52.4
4 KS (f) 6 206 1:23.2
5 FS (m) 8 272 1:28.9
total 47 1516 9:38.9

2.2. Annotations

The material was transcribed, segmented at the \ewel,
and annotated for focal accents (henceforth, FAxdhbeats
(HB) and eyebrow beats (EB) using ELAN [23] [24]; dor
segmentations were adjusted using Praat [25] anmdperted
in ELAN prior to doing the annotations.

The annotation scheme was simple in that only the
presence vs. absence of the three prominence raatkéy,
HB, EB) markers was judged upon. That is, no timgaad
annotations were done and hence, no decisionsohael tnade
upon temporal onsets and offsets of the HB and EB
movements. A word was annotated for bearing a (HEBY
movement in the event that the head or at leasteyabrow
rapidly changed its position, roughly within themigoral
domain of the word.

A focal accent was annotated when a rising FO mevem
corresponding to the focal H- tone in the Lund niodk
Swedish prosody [12] was recognizable in the FGawam(cf.
2.2); note that this FO movement was expectederstressed
syllable for Accent 1 words, while later in the Wpsurfacing
as a second peak, in Accent 2 words. Praat [25]usad for
inspecting the FO contour. Focal accents were ateatwith
access to the audio channel, an FO display, andwtre
segmentations, but without access to the videdaispNote
that our annotations of focal accents represertomgogical
annotation, and not a perceptual assessment oérefiff
prominence levels as carried out in the Swerts krathmer
study [8]. Phonological prominence does, howeveayeh
implicit perceptual relevance in Swedish.

Principles for HB and EB annotations differed slightl
between the older part of the corpus (30 files2ct) and the
new part (additional 17 files), as follows: For tbleler part,
annotations of HB and EB were done with full accesshe
audio- and video channels, as well as a displathefword
segmentations. The rationale behind this decisias that
annotations were made directly with reference todspwhich
was most feasible with both graphic and auditofgrence to
the words involved. For the additional news stgri¢B were
annotated as before, while EB were annotated incanse



step, by another annotator, without access toukd@éahannel
and without prior listening. For EB this was juddedsible as
our previous annotations had revealed rather festaintes of
EB in this kind of data [9].

The first 30 files were annotated (FA, HB, EB) byethr
annotators, independently of each other. Internahability
was tested using Fleisg' [26], and turned out fair to good
(FA: x = 0.77; HB:x = 0.69; EBxx = 0.72). Prior to analyses,
our three-fold annotations were converted to a lsjng
consensus (i.e. majority) rating for each word. alditional
17 stories were labelled by two additional annotatavhere
annotator 1 labelled HB and annotator 2 labelledt fEB
(without access to the audio, see above), and R#erfwith
audio access only).

2.3. Measurements and data analysis

Our previous studies (on a subset of the preseta) deave
revealed that four (of seven possible) combinatiohs=A,
HB, and EB seem to occur particularly frequently dar
corpus: FA, FA+HB, FA+HB+EB, and HB. That is, FA and
HB may occur without any other of the three cueg, this
rarely happens for EB. Also, EB+HB tend to occur thget
with a FA, and FA+EB (without HB), is avoided, totable 2
below displays frequencies of occurrence of the faimary
clusters for the present corpus.

Our analysis focuses on acoustic features of words
annotated as either FA, FA+HB, FA+HB+EB, and HB. This
enables us to test whether acoustic features afljeaccented
words differ depending on accompanying beat gesture
either HB alone or HB+EB. We have in our annotatioas n
distinguished between non-focally accented wordsgd an
completely de-accented words. For that reason, arenat
include a baseline consisting of non-focally acedntvords
without beat gesture. However, the HB-only categooyides
us with an auxiliary baseline of non-focally-acasht(and,
possibly, in some cases, completely de-accented)dsnvo
(although accompanied by a HB).

Word durations and word-level FO ranges (in senait)n
were extracted automatically using the Praat sdriftsody
Pro [27], based on our manual word segmentationsrder to
avoid unnecessary FO analysis errors, FO calculatias
performed in the time-domain based on ‘pulses’ matically
determined by Praat, which we manually correctethgus
ProsodyPro [27]. The script also applies a smogthin
algorithm removing minor spikes from FO curves.

The extracted word durations were used to calcutegan
syllable durations based on a count of canonidcidltsgs for
each word. Raw data (FO range; mean syllable dmsjtwere
analyzed by means of fitting linear mixed modelsgshe
ImerTest package [28] in R [29], with prominenceetygs a
four-level factor (FA, FA+HB, FA+HB+EB, HB), and speak
(i.e. news anchor) as a random factor.

3. Reaults

Our acoustic analysis comprises 501 data pointsrgasure
(mean syllable duration; FO range), as it is basad501
annotated words, i.e. all words annotated as eith&r
FA+HB, FA+HB+EB, or HB in our corpus of 47 news

readings. Table #isplays the absolute frequencies of the four
labels as well as their distribution across speales., the five
new anchors).

Table 2:Distribution of four prominence categories
(=combinations of labels FA, HB, EB) that occurred
particularly frequently in our corpus of 47 readwe
stories (5 speakers, i.e. news anchors; f/m=female/
male). Absolute frequencies.

Speaker Prominence label
no. ID FA FA+HB FA+HB+EB HB total
1 AN (m) 62 71 29 36 198
2 SL (f) 26 23 3 9 61
3 PE (m) 42 24 15 14 95
4 KS (f) 37 19 9 6 71
5 FS (m) 62 8 0 6 76
total 229 145 56 71 501

Mean values of the two acoustic measures extractethe
labelled words are displayed in Table 3 for the rfou
prominence categories, pooled across all five sgrsakEach
of the measures is further illustrated and disalissethe
following subsections.

Table 3:Mean values for mean syllable duration and
FO ranges for the four prominence categories (FA,
FA+HB, FA+HB+EB, HB), pooled across all five

speakers.

Measure Prominence level

FA FA+HB FA+HB+EB HB
mean syll. dur. [ms] 252 250 246 214
FO range [semitones] 9.25 10.64 10.29 7.22

3.1. Speech rate (mean syllable duration)

Our duration measurements reveal a somewhat lopaach
rate (i.e. a longer mean syllable duration) for dgospoken
with a focal pitch accent (all three labels invalyiFA) than
for words associated with a head beat only (lat&). Hhis is
clearly reflected both in the mean syllable durat{dable 3)
as well as in the distribution of values as showmhe boxplot
in Figure 1. Focal accents have been shown to &lezed in
multiple acoustic dimensions, among them the domati
domain [30]. However, these results also suggest the
realization of a focal accent is independent ofoageanying
beat gestures, as there are not any longer medablsyl
durations observed for the multimodal prominencestelrs
FA+HB and FA+HB+EB as compared to the verbal-only FA,;
on the contrary, the (non-significant) trend isheat the
opposite, i.e.: shorter mean syllable durations foe
multimodal clusters, most clearly seen in the mediar
FA+HB+EB (Fig. 1).

These observations are supported by a linear ma@del
fit, showing that only HB differs significantly fronFA
(df=488.200; t=-2.663; p=.008**), while neither FA+HB
(df=454.700;t=-.213; p=.831) nor FA+HB+EB {f=472.400;
t=-.298,p=.766) differ significantly from FA.
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Figure 1: Syllable durations (in milliseconds) for the four
prominence categories (FA, FA+HB, FA+HB+EB, HB),
pooled across all five speakers.

3.2. FOrange

In contrast to the results for speech rate, ouradf@e data do
indeed suggest that a focal accent realizationoimesvhat
affected by an accompanying beat gesture (in pdatic a
head beat), as both Table 3 above and the boxpleigure 2
suggest that a focally-accented word is spoken witarger

FO range when accompanied by a head beat (FA+HB or

FA+HB+EB) than when not (FA). Furthermore, and ineli
with the results for durations, focally accentedrdaeo (FA,
FA+HB, FA+HB+EB) are spoken with a larger FO ranigert
non-focally accented words, marked with a head loedy
(HB).

Accordingly, a linear mixed model fit shows that HB
differs significantly from FA ¢f=496.300; t=-3.155;
p=.0017**). FA+HB also differs significantly from FA
(df=497.000; t=2.346; p=.0194*), supporting the observed
beat-gesture-effect just described. However, FA+HBHBes
not differ from FA ¢f=496.900;t=.711, p=.477). The linear
mixed model fit thus suggests that FA+HB is realizath a
slightly larger FO range than the verbal-only FAhile
FA+HB+EB is not, as if the addition of an eyebrowabe
cancels out or complicates a possible beat-gesfiret on
the realization of a focal accent.

This seemingly contradictory effect of head andbege
beats may to some extent be explained in termgpedker
variation. Figure 3 reveals that our observatioavab(larger
FO excursion for FA+HB, but not for FA+HB+EB) is
particularly valid for two speakers (3 and 4), wehibr speaker
1 (representing a large proportion of the dataTable 1), we
observe a tendency towards even larger FO range
FA+HB+EB.
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Figure 2:FO ranges (in semitones) for the four prominence
categories (FA, FA+HB, FA+HB+EB, HB), pooled acrcslé
five speakers.

4. Discussion

The results have revealed a slightly complicatectupe,
neither clearly supporting thaue trading prediction, nor the
cumulative cuegrediction. One aspect of the complication
lies in the fact that the results for the two admumeasures
studied yield contradictory results: duration date not
suggest any stronger acoustic prominence cues fodsy
accompanied by beat gestures (rather the oppdgitethis
trend is not significant), while FO data do suppsuch a
relation. However, another aspect lies in the fhett the
results for FO range seem to suggest differencesfféor the
two visual cues studied (head vs. eyebrow moverehtg
also speaker-specific behavior: pooled across spsaknly
head beats but not eyebrow beats seem to reflemhgsr
acoustic cues.

The diverging results for duration and FO data migh
some degree be explained in terms of FO beingttbeger (or
primary) acoustic prominence cue, with the effeftgesture-
speech interplay being too small to affect the dadary)
durational domain.

The picture that emerges, based on the FO datdnats
there can be a difference between head beats asiztosy
beats in their relationship to prominence. Headse®ay be a
stronger or more favored signal of prominence dretefore
could comprise a more unified and simple signal mwhe
occurring alone with a focal accent. Here we seeraulative
cue behavior. The addition of eyebrow movementh@cue
complex could serve other functions, this also ¢peipeaker
dependent (cf. [21][22]). This may not be evidermfe a
trading relationship, but rather of a more compdgstem of
cueing other communicative functions.
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speakers (cf. Tab. 1 for speaker IDs).

A differential behavior of eyebrow vs. head beats i

however, generally in line with the conclusionsRxjeto et al.
[21] (cf. 1.3), and also with observations concegnithe
distribution and functionality of head vs. eyebrtsats in
Swedish news broadcasts [9] [10]: Eyebrow beat® i@und
much less frequently than head beats, occurringstiedways
in connection with a head beat, and primarily immection
with semantically loaded words (e.g. denoting atiast, an
emotion, or great value).

Although our results advocate a variant of the dative
cue prediction, which was derived from [8], our clusions
concerning the differential nature of head and eyshbeats
are less in line with Swerts and Krahmer [8], althjio their
study was also based on news speech (Dutch). Témitts
rather
modalities, as each of them alone can mirror a ndiegree of
prominence, while their combination adds up to ghér

degree of prominence. This discrepancy calls forremo

research taking into account language, culture gantte as
potential factors governing the interplay of visgalstures in
prominence cuing.

Another task for future studies is to integratehbatoustic
measures as in the present study and perceptualirproce
ratings as in [8]. Furthermore, additional acousdiibensions
could be included, such as the energy domain @0jvell as
more refined and varied measures of FO.

5. Conclusion

The results of this study point in the direction pdssible
functional differences between eyebrow beats aradl leats
and their interplay with acoustic prominence. Usthnding
these differences will be an exciting avenue fonticmed
research.

suggest equivalent functions of the two alisu
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[grant number MAW

2012.01.03] and the Bank of Sweden Tercentenary dagion
[grant number P12-0634:1].

(1]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(23]

(14]

7. References

D.R. Ladd, Intonational Phonology (2™ ed.) Cambridge:
Cambridge University Press, 2008.

A. Kendon, “Gesticulation and speech: Two aspedtshe
process of utterance,” In M. R. Key (Edl)e relationship of
verbal and nonverbal communicatiopp. 207-227 The Hague:
Mouton, 1980.

D. McNeill, Hand and mind: What gestures reveal about
thought,Chicago: The University of Chicago Press. 1992.

E. McClave, “Linguistic functions of head movemeinsthe
context of speech,Journal of Pragmatics32, pp. 855-878,
2000.

J. Beskow, B. Granstrém, and D. House, "Visual @ates to
prominence in several expressive modes,"Pioceedings of
Interspeech 20Q@Pittsburg, PA. USA, pp. 1272-1275, 2006.
S. Alexanderson, D. House, and J. Beskow, “Aspettso-
occurring syllables and head nods in spontanealsglie,” In
Proc. of 12th International Conference on Audit®figual
Speech Processin@VSP2013). Annecy, France, 2013.

P. Wagner, Z. Malisz, and S. Kopp. “Gesture andeclpen
interaction: An overview,'Speech Communicatidsv, pp. 209-
232, 2014.

M. Swerts and E. Krahmer, “Visual prosody of newsiers:
Effects of information structure, emotional contant intended
audience on facial expressiongg@urnal of Phonetics38, pp.
197-206, 2010.

G. Ambrazaitis, M. Svensson Lundmark, and D. House,
“Multimodal levels of promincence: a preliminary aysis of
head and eyebrow movements in Swedish news brdagicks
M. Lundmark Svensson, G. Ambrazaitis, and J. vaider
(Eds.), Proceedings of Fonetik 2015pp. 11-16, Lund
University, Sweden, 2015.

G. Ambrazaitis and D. House, “Multimodal levels of
prominence - The use of eyebrows and head beaterteey
information structure in Swedish news reading,” Seventh
Conference of the International Society for GestStediesp.
310, Paris, 2016

T. Riad, “Scandinavian accent typology,” In A. Vige(Ed.),
Special issue on  Swedish. Sprachtypologie  und
Universalienforschung (STUP9, pp. 36-55, 2006.

G. Bruce, “Components of a prosodic typology of Biske
intonation,” In T. Riad and C. Gussenhoven (EdBopes and
Tunes — Volume 1: Typological Studies in Word aedt&hce
Prosody,Berlin; New York: Mouton de Gruyter, pp. 113-146,
2007.

C. Lucero, H. Zaharchuk, and D. Casasanto, “Beatuges
facilitate speech production,Proc. of the 36th Annual
Conference of the Cognitive Science Sociélystin, TX, pp.
898-903, 2014.

E. Biau and S. Soto-Faraco, “Beat gestures modualatitory
integration in speech perceptiorBtain & Language,124, pp.
143-152, 2013.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

L. Wang and M. Chu, “The role of beat gesture aibchpaccent
in semantic processing: An ERP studiguropsychologia51,
pp. 2847-2855. 2013.

Y. Yasinnik, M. Renwick and S. Shattuck-Hufnagellhe
timing of speech-accompanied gestures with respiect
prosody,” InProc. of From Sound to Sendd|T, Cambridge,
MA, pp. 97-102. 2004.

D. McNeill, Gesture and thought)niversity of Chicago Press,
Chicago. 2005.

M. L. Flecha-Garcia, “Non-verbal communication iraldgue:
Alignment between eyebrow raises and pitch acceants
English,” In Proceedings of CogSci-200Austin, Texas, USA,
p. 1753, 2007.

T. Leonard and F. Cummins, “The temporal relati@iween
beat gestures and speechdnguage and Cognitive Processes
26, pp. 1457-1471, 2011.

D. Loehr, “Temporal, structural, and pragmatic $yoay
between intonation and gesturel’aboratory Phonology.
Journal of the Association for Laboratory Phonoldypp. 71-
889, 2012.

P. Prieto, C. Puglesi, J. Borras-Comes, E. Arrayad J. Blat,
“Exploring the contribution of prosody and gestu@ the
perception of focus using an animated agerdurnal of
Phonetics49(1), pp. 41-54. 2015.

D. House, J. Beskow, and B. Granstrom, “Timing and
interaction of visual cues for prominence in audioal speech

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

perception,” InProceedings of Eurospeech 2001Denmark:
Aalborg, pp. 387-390, 2001.

H. Sloetjes and P. Wittenburg, “Annotation by caryg- ELAN
and I1ISO DCR,” In: Proceedings of the 6th International
Conference on Language Resources and EvaluatioEQ)R
2008.

ELAN. Max Planck Institute for
Language Archive, Nijmegen,
http://tla.mpi.nl/tools/tla-tools/elan/
P. Boersma and D Weenink, “Praat: doing phonetigs b
computer [Computer program],” version 5.4.01,
http://www.praat.org/, 2014.

J. Fleiss, “Measuring nominal scale agreement amuoagy
raters”,Psychological Bulletin76(5), pp. 378-382, 1971.

Y. Xu, “ProsodyPro — A Tool for Large-scale Systeima
Prosody Analysis,” irProceedings of Tools and Resources for
the Analysis of Speech Prosody (TRASP 2013), ABr@vence,
France,pp. 7-10, 2013.

ImerTest. Tests in Linear Mixed Effects Models.KAiznetsova,

P. Bruun Brockhoff, and R. H. Bojesen Christensen,
https://CRAN.R-project.org/package=ImerTest

R Core Team, “R: A language and environment fotistteal
computing,” R Foundation for Statistical Computingenna,
Austria, http://www.R-project.org/, 2015.

M. Heldner,Focal accent — FO movements and beydpid. D.
thesis, Umea University, 2001.

Psycholinguistics, h&
The Netherlands,



