Focus particles and prosody processing in Dutch: Evidence from ERPs

Diana V. Dimitrova'?, Laurie A. Stowe’, Gisela RedekérJohn C.J. HoeR¢g

! Center for Language and Cognition, University ob@ngen, The Netherlands
Neurolmaging Center Groningen, University Medicah@r Groningen, The Netherlands

d.dimtrova@ug.nl, |.a.stowe@ ug.nl,

Abstract

The present ERP study investigated the effect audo
particles on Dutch sentence processing. Focuscletsuch
asonly are claimed to indicate focus constituents andticas
affect the interpretation of pitch accents duringeech
comprehension [1]. Our results show that contraspitch
accents are unexpected in sentensgtiout a focus particle
and triggered a fronto-central positivity, mostelik a P300.
For sentencesvith a focus particle, however, there was no
processing difference between accented and unacktent
elements at the object noun phrase (NP) right adjao the
focus particle. However, in a later position in gentence, a
contrastive pitch accent on the preposition NP geigd
positivities resembling either P300- or P600-efectWe
interpret the results as evidence that focus pestigenerate
strong expectations for an accented focus constitwehich
then 'neutralizes' the processing of an upcomitchpaccent
that would normally be unexpected. The late pasjtithat is
present at the preposition NP presumably indicates
interpretation of the focus structure and the scopehe
particle needed for the accommodation of the paimtent.

1. Introduction

In Germanic languages, prosody is assumed to fmats a
marker of information structure. That is, the miogbrmative
elements (i.e., focus) in an utterance are prosfigienost
prominent whereas less informative elements areoulically
unmarked. Generally, the information structure miigerance
is determined by the preceding discourse context &n
reflected in prosody. The expectation of such femcment
correspondence is well established in speech cdrapston
in Dutch [2]. Moreover, recent production studies Butch
have examined that the acoustic characteristigstcti accents
differ with respect to the focus domain they deri8ie While
broad focus accents have the most neutral shapehith
prosodic prominence of contrastive pitch accentacisieved
phonetically by a hyperarticulation of the falliggsture of the
H*L accent (i.e., a deeper valley) [3]. Dutch listes have also
been shown to be sensitive to the special statesmtfastive
pitch accents: They are perceived as prosodicallystm
prominent and allow a reconstruction of the preocgdi
discourse [4].

In some cases, however, there
information that can indicate the information sture of an
utterance. Such out-of-the-blue sentences haveitaahéocus
structure in which each element is equally infoimeat
Theoretically, the final element has been assumedgresent
the default focus that ‘projects’ over the wholentsace.
However, empirical studies have questioned theuttefacus
and shown that there is no final-focus bias forufoc
identification in isolated sentences [5]. Listenb@ve been
found to rely on phonetic cues for focus identifica.
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The difficulties with focus structure assignmentsalated
sentences may arise due to the lack of contextqmatations
(but see [5] for general focus identification diffities in the
context). Hence, if isolated sentences contain Squarticles
such asonly, focus expectations may be elicited even if a
context is lacking. The position and distance o focus
particle and the focus element can vary (cf. 1&As)a result,
it is unclear how listeners’ expectations about foeus
particle’s scope are shaped. Note that for the IDyiarticle
only, various combinations are possible [6] such aadjacent
(1c) as well as an extrapolated focus element (1d).

(1a) Only the WINNER received a bonus.
(1b) The WINNER only received a bonus.
(1c) The winner only RECEIVED a bonus.
(1d) The winner only received a BONUS.

Very little is known about the processing of foqasticles in
spoken language. The current study addresses tbstigu
whether focus particles modify the processing aflaied
sentences by creating narrow focus expectations.

2. Processing focus particles and prosody

Recent behavioral experiments have shown that iseggevith
focus particles such asnly demand a higher semantic
processing demands than sentences without foctislesf7].
The interpretation difficulties of sentences wititidis particles
have been attributed to the additional costs nacgder the
establishment of sets of alternatives that is &igd by the
contrastive semantics obnly [7]. Moreover, it has been
suggested that adult English speakers activate taoke
alternatives in the case ofily whereas children do not [7].

Neuro-imaging studies on the processing of focus
particles are scarce. In an ERP experiment on Geihp
focus particles have been shown to elicit an exiect for a
pitch accent on a directly adjacent element. Incoogs
prosodic realization in sentences with a focusiglararises
when both elements, right- and left-adjacent to oau$
particle, receive an identical prosodic marking.(iboth are
accented or both are unaccented,Rgter PROMISED only
ANNA vs. Peter promised only anja Such incongruous
accents were shown to trigger positive fluctuationthe ERP.
However, it remains unclear whether the processihghe
prosodic mismatches tested in that study can becttir
related to the processing of the focus particlds Ipossible
that the accentual over- and underspecification tle
experimental stimuli is incongruous even in theealte of a
focus particle.

Yet another ERP experiment on German [8] provides
insights into the processing of contrastive pitaiteats in
isolated sentences as compared to contrastive adchnts in
a discourse context. The behavioral results ofsthdy show
that listeners (by 92%) consider a contrastive @icée an
isolated sentence inappropriate. Furthermore, ththoss



suggest that the processing of contrastive acdanisolated
sentences does not resemble the processing ofgutents in
context. Pitch accents in isolated sentences deligit early
negative components related to the processing péaed
(congruous) pitch accents in the context. In otherds,
listeners expect a neutral prosody in isolated esems.
However, no specific ERP effect has been found azi@late
of inappropriate contrastive accents in isolatedtesges. In
our current experiment, we investigate the neuraletates of
contrastive prosody processing in isolated sentendth and
without the focus particlenly.

3. The Experiment

3.1. Participants

Thirty-five right-handed Dutch participants (9 mabge 18-
29, mean 20.5) were paid to participate in the EE@eriment
after signing an informed written consent. None tlém
reported any neurological, psychiatric, hearinglamguage
impairment. Five participants were excluded due &o
significant data loss (more than 40% on any giVectsde).
We report results from the remaining thirty papants.

3.2. Stimuli

Experimental materials were 120 items that werended in
all four conditions (480 sentences in total, sebldd). Each
participant received a list of 120 items with 3Gtances of
each condition. None of the participants listereednbre than
one version of each sentence, and every particijaaned to
all experimental stimuli in a pseudo-randomizedeord

Stimuli were recorded by a female speaker in an

acoustically shielded studio at the University afo@ngen.

Sentenceswvithouta focus particle were recorded as an answer

to a wh-question in lieu of the stimulus’ naturaseand cut
out of the dialogue. Sentencesth a focus particle were
recorded in isolation. Experimental sentences
pronounced as a single intonational phrase withaoy
disruptions such as hesitations. Stimuli were nézed in
loudness and were presented as single isolateensest

Table 1:Experimental conditions. Contrastive pitch accents
are displayed in capitals.

Focus Particle (1/ 2)
1. nofocusparticle
la Object NP They gave a BONUS to the player.
1b Preposition NP They gave a bonus to the PLAYER.
2. with afocus particle
2a Object NP They gavenly a BONUS to the player.
2b Preposition NP They gawly a bonus to the PLAYER

Accent on (a/ b)

In each list, half of the sentences (n=60) didcuottain a
focus particle (1) while the other half of the ssntes had the

focus particleonly (2). For each of these subgroups, either the

object noun phrase (NP) (i.&aonus n=30) or the preposition
NP (i.e., player, n=30) was pronounced with a contrastive
pitch accent. The position ainly was always prior to the
direct object (see Table 1), which is grammatica{2a) and
acceptable in (2b).

All sentences were matched for length,
plausibility, sentence structure and average wagiuency for
target NPs (CELEX corpus [9]). All target NPs hatksical
stress on the first syllable. This allowed us toetlock the
ERP waveforms to the target word’s onset. Note $katences

with a focus particle were always one word longer. (by the
particle only) than the corresponding sentences without a
focus particle.

3.3. Acoustic analysis

We measured the duration and maximum and minimum
fundamental frequency (f0) for accented and ungecen
object NPs and foonly. We compared the acoustic data for
sentences with and without focus particles.

Table 2 Acoustic data for direct objects

duration (ms)  fOmin (Hz) fO max (Hz)
1. Object NP in sentenceswithout a focus particle
(1a) accented 359 165 253
(1b) unaccented 272 184 212
2. Object NP in sentenceswith a focus particle
(2a) accented 399 186 273
(2b) unaccented 314 191 223
Focus particle only
(2a) accented 218 215 247
(2b) unaccented 213 201 220

were

sentence

As Table 2 shows, accented object NPs have a longer
mean duration and a higher fundamental frequen@n th
unaccented ones. Contrastive pitch accents had 4n H
contour, which is typical for Dutch focus accer8k [

3.4. Procedure

Once the electrodes were applied, participants tieg a
trial session and then performed the actual exmrim
(divided in two blocks with 60 sentences each).nfiaimize
the awareness with the experimental conditionstigiaants
first listened to a block of sentences without ®qarticles
(1a-b). In the second block, all sentences witlugoparticles
(2a-b) were presented. During the auditory stimulus
presentation (via loudspeakers), participants westucted to
fixate a cross on the screen in order to minimizeking and
movement. The fixation cross was displayed at &agirtning
of each trial and lasted until the end of the trisiter a delay
of 100 ms, a single sentence was presented focéhde on
average and followed by 1500 ms silence. Thenomesof
the trials a word was displayed on the screen amticpants
were asked to judge its semantic relatedness t@rieented
sentence. Correct and incorrect trials were cobatanced.
After a response given by a button press, a blmkieriod of
2000 ms was initiated. The purpose of this comprsioa task
was to guarantee participants’ attention to thenimegpof the
stimuli.

3.5. EEG recording and analysis

The EEG was recorded from an elastic cap with 64A§G!
electrodes according to the International 10-2@esygElectro
Cap International). Electrodes were referencednentd the
average of all electrodes and re-referenced offtoethe
algebraic average of left and right mastoid eleds
Impedances were kept below(h The EEG was digitalized
online with a sampling frequency of 250 Hz andefiftd
offline with a band-pass filter of 0.01 — 30 Hz.t&f data
inspection, trials containing movement artifactscular
artifacts or electrode drifts were rejected. |fad@aiss for one or
more analyzed electrodes in at least one condiuneeded
40%, the data from this participant were discarded. the
basis of the exclusion criteria, five participawere discarded.



We time-locked ERP waveforms to the onset of theatb
and preposition NP in each sentence. Word onsetdeasical
to the onset of the lexically stressed and accesydidble.
Sentences witbnly differed from sentences withoahly even
before the onset of the direct object (e.g., a $quarticle was
present vs. absent). In order to account for diffees
emerging prior to the onset of the target word psgormed a
baseline correction relative to a 0 to 100 ms dtisibaseline
within the target word. We computed average voltages ffom
to 1300 ms post-stimulus onset.

3.6. Results

The determination of time-windows for statisticablysis was
achieved by visual inspection of the data and ahais of 26
subsequent 50-ms-bins performed for each segméunitation
(ranging from 0 to 1300 ms). The analyses show#drdnces
between the conditions in an early (200-350 ms) arldte
(500-700 ms) time window. All further analyses were
performed for both time windows and for object NBenug
and preposition NPplayer).

We computed repeated measures ANOVAs for both
identified time windows and separately for latexatl midline
electrodes. For lateral electrodes, ANOVAs weredated
with four within-subject factors Accent (accented vs.
unaccented elementl;ocus Particle(with focus particle vs.
without focus particle),Topography(frontal vs. central vs.
parietal regions), antateralization (left vs. right sites). For
ANOVAs on midline electrodes, all factors were imtéd
except forLateralization All reportedp values are adjusted
with the Huynh-Feldt correction for nonsphericitgingle
electrodes were grouped in Regions of Interests ISRO
frontal, central, and parietal, which were alsoidid in left
and right for the lateral electrodes. All statiatitests were
performed on mean voltage values.

3.6.1. Results in the 200 =350 ms time window

Object NP. We found a main effect of focus (F(1,29)=13.744,
p=.001) which showed that sentences with a focuticie
were more positive than sentences without a foarsicte.
Moreover, there was a three-way interaction betweecus
Particle, Accent and Lateralization for lateral electrodes
(F(1,29)=4.996, p<.05). Follow-up analyses showed a
interaction betweeAccentandLateralizationonly for the no-
particle condition (F(1,29)=19.411, p<.001) but rot the
particle condition (p=.193). Post-hoc tests rewtdleat the
effect ofAccentwas significant on right sites (F(1,29)=13.740,
p=.001) but not on left sites (p=.365). Hence, ated object
NPs elicited positive ERP waveforms on right sities
sentences without a focus particle. By contragiretwas no
effect of Accentfor sentences with a focus particle: Accented
objects were not processed differently than unaecennes.
For midline electrodes, in addition to the abovetioered
main effect ofFocus Particle(p<.01), there was a main effect
of Accent (F(1,29)=5.162, p<.05), indicating that accented
elements elicit more positive waveforms than unatamtones.

Preposition NP. There was only a marginal main effect of
Focus Particle (p=.073) and no interactions where both
factorsFocus ParticleandAccentwere involved. We observed
an interaction betweer\ccent x Lateralization for lateral
electrodes (F(1,29)=14.529, p=.001). Post-hoc tstsved a
significant effect ofAccentfor both left sites (F(1,29)=11.850,
p<.01) and right sites (F(1,29)=26.358, p<.001).

Object NP
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Figure 1: Effect of Accent for object NPs in sectwithout
‘only’ (left) and with ‘only’ (right). Accented (g¥ line)
versus unaccented object NPs (black line).

Accented preposition NPs triggered more positiveef@ms
than unaccented preposition NPs on both left agiut regions
and irrespective of the presence of a focus particl the
sentence. Moreover, an interaction betweg&ocent and
Topography(F(2,58)=13.866, p<.001) indicated that the effect
of Accentwas significant only on frontal (F(1,29)=31.153,
p<.001) and central regions (F(1,29)=25.106, p<.00dt not

on parietal regions (F(1,29)=2.766, p=.107). Fordlme
electrodes, there was an interactifecent x Topography
(F(2,58)=15.538, p<.001) which revealed that acment
prepositional objects were more positive than ueat=d ones
on frontal (F(1,29)=36.634, p<.001) and centralessit
(F(1,29)=27.828, p<.001) and marginally significaon
parietal sites (p=.066). The interaction betwEenus Particle

x Topography(F(2,58)=5.702, p<.05) revealed that sentences
with focus particles triggered more negative wawesrontal
sites (p<.01) while no effect was found for centratl parietal
regions (p>.05). The effects are displayed in Fégur and 2.
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Figure 2: Effect of Accent for preposition NPs @ntences
without ‘only’ (left) and with ‘only’ (right). Acagted (grey
line) vs. unaccented object NPs (black line).

3.6.2. Results in the 500 — 700 ms time window

Object NP. We found a main effect ofFocus
(F(1.29)=11.946, p<.01) indicating that sentencib & focus
particle were more positive than sentences withdbcus
particle. There were no interactions betw&atus Particlex
Accent We observed only a two-way interaction between
Focus Particlex Topography(F(2,58)=3.928, p<.05) which
revealed that sentences with a focus particle érigdy more
positive ERP fluctuations on frontal (F(1,29)=6.76%<.05)
and central sites (F(1,29)=19.159, p<.001), butaroparietal
sites (p=.148). The analysis of midline electrodmsaled the
same results.
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Figure 3: Effect of Focus for accented prepositié®s in

sentences with focus particles (grey line) as caeghéo
sentences without particles (black line).

Preposition NP. We found a four-way interaction between
Focus Particle Accent Topography and Lateralization
(F(2,58)=3.855, p<.05) which was caused by an actesn of
Focus Particle Topography and Lateralization only for
accented preposition NPs (F(2,58)=4.555, p<.05)rmitfor
unaccented preposition NPs (p=.412). Follow-up yseal
showed a marginal interaction ofocus Particle x
Lateralizationfor frontal regions (p=.076) and no interaction
for central (p=.434) or parietal (p=.358) regioRsst-hoc tests
performed on frontal ROIs in the accented conditievealed
that there was a trend for left lateralization (22) for the
observed effect. Thus, only in case of accenteghgsiéon
NPs, sentences with focus particles gave rise tmtdt
positivities as compared to sentences without fquarsicles
(Figure 3). No effects were significant for midliakectrodes.

4, Discussion

The current experiment investigated whether focadiqges
such anly generate expectations of upcoming pitch accents
in isolated sentences. Moreover, we tested whdiskeners
process sentences without focus particles basedhein
expectations of default accentuation in neutralifogentences.

Our results show that, in sentences without a focus
particle, listeners do not accept contrastive p#éclents on
either object NPs or preposition NPs. That is,athtpositions
a fronto-central P300 is elicited (200-350 ms) fiire
processing of accented elements relative to unéedemmes.
Previous studies [10] have suggested that proseldyed
P300 effects arise as a surprise due to the incongr
accentuation in the context. We relate the fromotal
topography of the P300 to the processing of (prizsdigl)
unexpected events: Contrastive accents are notcedgen
isolated sentences because no context is availabdepport
the interpretation of their strong prominence whigtay
involve the computation of a contrastive set cralatives.

Importantly, in sentences with a focus particle, such
difference between accented and unaccented dibgatte was
found. Such a result supports the assumption thairastive
focus particles trigger on-line expectations of aping
contrastive pitch accents. Thus, afterly, a contrastive pitch
accent on the object NP is expected and no P3@lcised.
However, one would have predicted a surprise effacthe
lack of a contrastive accent aftenly, but we did not observe
any difference for the processing of the missingeat We
will address this issue after considering the pséjmm NP.

In sentenceswith focus particles, accented preposition
NPs triggered P300 effects similar to prepositioRsNin
sentences without focus particles. Moreover, aetent
preposition NPs elicited a late frontal positivis00-700 ms)
in sentences witlonly as compared to unaccented preposition

NPs. This late positivity may belong to the P60fifa that

indicates processes of re-interpretation or reysisl As

mentioned earlier, an accent on the preposition riN&y/

require additional processing due to the re-amalysi the

preferred focus structure (adjacent particle ardigpto a less
preferred one (extrapolated particle and focus).

There may, however, exist an alternative explanatoy
finding this rather unexpected late positivity. &rthere is no
effect for the missing accent on direct objecterathly (They
gave only aonus to the PLAYER we suggest that listeners
may ‘fill in’ a prosodic prominence after the focparticle
(i.e., on bonud even though they do not perceive any.
Alternatively, the focus markesnly may be sufficient for the
appropriate contrastive interpretation of the upiogrobject
regardless of the presence of a contrastive pitclerd on it.
Later in the sentence, the prosodic mismatch (ngsaccent
on object NP) might become obvious to the listeeie they
perceive the high prosodic prominence on the pigpoNP.

In this case, a re-analysis of the ‘filled-in’ pookc
prominence and focus particle’s scope is elicited.

In sum, the current experiment provided evideneg tie
presence of contrastive pitch accents in isolatentences
violates listeners’ expectations for neutral aceation
(eliciting a fronto-central P300). However, if acies particle
is present, it immediately generates expectatiomsl a
interpretations of upcoming elements as contragticeP300
for adjacent accented and unaccented objects)lyiegen in
sentences witlonly, contrastive pitch accents on prepositional
objects remain infelicitous and elicit additiona-analysis
processes (P600), presumably reflecting re-intéafiom of
the particle’s scope and the focus structure okdrgence.

5. References

S. Heim and K. Alter, “Focus on focus: The brain’'s
electrophysiological response to focus particled aocents in
German,” ininterface and Interface ConditionA. Spath, Ed.,.
Berlin: Walter de Gruyter, pp. 277-298, 2007.

S.G. Nooteboom, and J.G. Kruyt, “Accents, focudritistion,
and the perceived distribution of given and newiimfation: An
experiment,"Journal of the Acoustic Society of Amenicd. 82,
pp. 1512-1524, 1987.

J. Hanssen, J. Peters, and C. Gussenhoven, “Pcdsffdcts of
Focus in Dutch DeclarativesProceedings of Speech Prospdy
pp. 609-612, Campifias, Brazil, 2008.

E. J. Krahmer and M. Swerts, “On the alleged eRristeof
contrastive accents,Speech Communicatip34, pp.391-405,
2001.

A. Botinis, M. Fourakis, and B. Gawronska, “Focus
identification in English, Greek and SwedistProceedings of
the XIV th International Congress of Phonetic Scémn
pp.1557-1560, San Francisco, USA, 1999.

A. Foolen, R.van Gerrevink, L. Hogeweg, and P. @aw
Atmodjo, “The placement of focus particles in Ddtch
Linguistics in the Netherlands 200®p. 51-63, 2009.

K.B. Peterson, S.P. Liversedge, C. Rowland, R.kFili
“Children’s comprehension of sentences with focastiples,”
Cognitionvol. 89, pp. 263-294, 2003.

C. Hruska, and K. Alter, “Prosody in dialogues asidgle
sentences: How prosody can influence sentence gierog in
Information structure: Theoretical and empirical egis A.
Steube, Ed., Berlin: Walter de Gruyter, pp. 211;22004.

H.R. Baayen, R. Piepenbrock, and H. van Rifhe CELEX
lexical databaseCD-ROM. Philadelphia, PA, 1993.

C. Magne, C. Astesano, A. Lacheret-Dujour, M. Mprigl,
Alter, and M. Besson, “On-line procesing of 'pog-awords in
spoken French dialoguesjburnal of Cognitive Neuroscience
vol. 17, pp. 740-756, 2005.

(1]

(2]

(3]

(4

(5]

(6]

(7]

(10]



