ERP correlates of focus accentuation in Dutch
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Abstract

The present ERP study investigated the on-line aoteEm of
prosody and information structure in Dutch. Moredfically,
we looked into how pitch accents, which are eittergruous or
incongruous with respect to the discourse contexte
processed. Our results show that listeners propessodic
information immediately and check it for congruitjthin the
discourse. Inappropriate prosody elicited rightetalized
centro-parietal negativity (N400) and a late pegiti(P600) for
superfluous accents on background elements. Inrasint
missing accents on focused elements triggeredeapasitive
effect (P600). We suggest that although unexpemtednts are
identified faster than unexpected missing accévut) types of
prosodic mismatch are re-interpreted and integratedhe
discourse.

1.

Prosody comprises an impressive and complex irggroif

melody and rhythm in language. Often referred tospsech
melody, prosody carries universal extra-linguistiformation

(i.e., emotions) but may also have language-spebifguistic

functions. For Germanic languages such as Dutdtindtions

in the information structure of utterances (focaskground) as
well as in the information status of discourse nexfiés (given-
new) are expressed by means of prosody [1]. Dupealkers
assign the highest prosodic prominence to the mémtmative

part of the utterance, i.e., the focus constitueess informative
or repeated information that belongs to the badakgtousually
does not receive an accentual marking [2].

The perception of prosodic prominence in Dutchofol the

regularities of pitch accent assignment in spokangliage:
Listeners reject focus elements as unacceptalileeif do not
bear a pitch accent [3]. In contrast, prosodicatiohs such as
superfluous accents on background elements werred ftw be
perceptually more acceptable [3]. These findingseaé that
listeners judge the appropriateness of pitch acptadement
based on the linguistic functions of prosody in @ut namely,
the marking of focus information.

Despite the large number of behavioral studies
prosody, little is known about the neural mechasisinprosody
processing, especially in the absence of an ekplatieptability
judgment. Because prosodic functions interact samaibusly
with multiple levels of linguistic structure (i.ephonology,
semantics, syntax), the investigation of the rdlaaentuation
poses a complex challenge.

Most neuro-imaging studies so far have concentrated
the neural correlates of other grammar levels aglsemantic
and syntactic processes [4]. For instance, semprdimessing is
reflected in a negative fluctuation of the Eventdied
Potentials waveforms (ERPSs), which peak around 48Gfter
stimulus onset. The N400 component reflects wordnimg
integration and violations of semantic expectatians the
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context, among various other non-linguistic proess#\ late
positive component, the P600, has been attributedhé
processing of syntactic structure and to generatgsses of
reanalysis and re-interpretation. As for prosodyrious and
often conflicting ERP components have been suggessed
correlates of prosody processing [5, 6, 7, 8, %le Eurrent
study aims to provide insights in the time coursad a
electrophysiological nature of prosody integratio®utch.

2. Neural correlates of prosody

The preferences for pitch accent placement reparteshrly
behavioral studies [3] have been found to reflebe t
processing of prosody in neuro-imaging experimestsvell.
In an ERP study with question-answer pairs in Gernfah
have shown that focus elements wittrrectly assigned pitch
accents trigger a late positive component arour@lrs§ after
target onset, the Closure Positive Shift (CPS). diyti
reported as a correlate of prosodic phrasing &, €PS in
this study was interpreted as a correlate of ewgeend
appropriately accented focus information. By contréscus
elements without a corresponding pitch accent evotke
N400 component that represents semantic integration
difficulties. Surprisingly, superfluous accents background
elements did not elicit differences in the ERP wakm@t [5].
Yet different correlates of prosody processing héeen
provided by [7]: All types of prosodic violations the context
were found to elicit the CPS, with focus violatiohsing
behaviorally easier to identify than backgroundations.

A different experiment [8] tested whether expeotagi
for upcoming pitch accents are created on-line &rntn.
Instead of using questions, expectations for pgitents were
triggered by a focus particle (i.esogar [even] [8].
Surprisingly, both types of prosodic mismatch (i.e.
unaccented focus and accented background) elitieetN400
component in medial sentence position. The autigse that
the processing of pitch accents might depend orséiméence
position of the corresponding elements rather trathe type
of prosodic violation (missing vs. superfluous pitccents).

Further evidence for the importance of eeo¢ position
of prosodic mismatches comes from [9]. The ERP study
compared the processing of focus accentuation igiahand
final position in French dialogues. The authorsvetm that
pitch accents are processed based on their senpers@ton
(medial vs. final). Missing accents on focus cdnostits as
well as superfluous accents on background infoomatn
medial position elicited positive fluctuations imet ERP,
interpreted as the P300 component. This early serpelated
positivity is argued to represent a reaction to $heprising
accentual pattern in medial position in [9]. In tast,
inappropriate accents in final position were tolevthe N400
component reported in earlier studies [5]. Accogdin the
authors, surprise effects arise only in medial fpmsidue to
mismatched expectations. In sentence-final posititme



Table 1:Experimental conditions. Pitch accents are capitadi. The analysis is performed on targets in mgabaltion (inbold).

Question = Context

Condition Answer

Dutch

1. 0OBJ . . . 1A
?

focus Did the club give a bonus or a fine to the player 1B

2. PP Did the club give a bonus to the player or to the 2A

focus trainer? 2B

Q: Heeft de club een premie (of een boete) aan derspehan de trainer gegever? Ze hebben een premie aan de speler gegeven.

congruous accent They gave 8ONUS to the player.
incongruous lack of accent They gave &onusto the PLAYER.
congruous lack of accent  They gave donusto the PLAYER.
incongruous accent They gave 8ONUS to the player.

negativity may be an instance of the Contingent Nega
Variation (CNV) for the anticipation of upcoming eqted
violations.

In sum, listeners use contextual information or-fior the
prediction of the presence and position of pitcheats in the
upcoming utterance. However, existent studies ptese
conflicting results regarding the role of contextirdormation
for the appropriateness of pitch accents (i.e.,simgs and
superfluous accents are processed differently ih Kot
identically in [8, 9]). In addition, prosodic mistahes appear to
trigger various distinct ERP components and theicessing is
claimed to be determined by sentence position [0].the
present experiment, we tested how Dutch listenersgss pitch
accents which vary in their contextual congruity.

3. The Experiment

The current experiment follows the paradigm introetlin [9].

3.1. Participants

Thirty-four native speakers of Dutch (age 18-29;m@e) were
paid to participate in the ERP study. All particifawere right-
handed and none of them had any neurological, pyich

hearing or language impairment. Informed writtemsEnt was
obtained from all participants. Five participantsrev discarded
from further analysis because data loss exceedéd #0one or
more electrodes in at least one of the experimartaditions.

The analysis was performed on twenty-nine partitigalata.

3.2. Stimuli

Experimental stimuli were short dialogues by a maiel a
female speaker and recorded in an acousticallydgdestudio at
the University of Groningenln order to avoid any unnatural
emphasis during stimulus production, speakers weao¢
instructed about the purpose of the experiment.aAsult,
stimuli were produced with a rather high speeck.r&pecial
care was taken to ensure that experimental stimidi not
contain any disruptions (e.g., hesitations or phitasundaries).
All recorded sentences were normalized in loudness.
Experimental stimuli were 120 dialogue items tharev
recorded as congruous dialogues in two varianth éac240):
Focus on the object and focus on the prepositiphedse (see
Table 1). All dialogues were duplicated (n=480) aali
questions and answers were cut out from the ofligétardings.
Questions and answers were then re-combined i todaeate
a prosodically congruougaccented (1A) and unaccented (2A))
and aprosodically incongruougaccented (1B) and unaccented
(2B)) version of each dialogue. All 480 dialoguegevdivided
in four lists of 120 items using the Latin squaesidn. In each
list, there were 30 items per condition (4 x 3Qgsented in a
pseudo-randomized order. None of the participasteried to
the same question-answer pair more than once anel Were no
more than two successive dialogues of the sameitcumdet
per list.

Pitch (Hz)

For each dialogue, a question introduced a chaoidzet
made between two contrastive elements. In the ansme of
the elements was chosen. In half of the questibrsmch list,
the contrastive focus was on the object (OBJ foeus0, Did
the club give a bonuer a fineto the player?. In the other
half of the list, the contrastive focus was on pinepositional
phrase (PP focus, n=6@id the club give a bonus to the
playeror to the_trainer?. In the answers, the contrastive focus
elements received either a congruous matching mEtaent
(n=30 for OBJ; n=30 for PP) or an incongruous notehiag
pitch accent (n=30 for OBJ; n=30 for PP). All expeental
conditions are presented in Table 1.

All sentences were matched for sentence length
(measured in number of words), sentence plausipilit
sentence structure, and average word frequendgarfget and
non-target words. Word frequency was taken fromQR&EX
corpus [11]. Special attention was paid to the hagical
form of the stimuli: All target words (both OBJ aR&) had a
lexical stress on the first syllable and were tmatched for
association with the pitch accent. In addition, aifline
pretest (96 participants) measured the expectedmiessach
target and non-target element. All these factoneweken into
account when attributing the items to the four dtods. In
this paper, we report only results for focused ctgjén medial
position.

3.3. Acoustic analysis

For all sentences, we measured the acoustic reafizaf
direct objects with respect to the presence orrafesef accent
(see Table 2).

Table 2 Acoustic data for contrastive object targets

means and SD for accented OBJ unaccented OBJ

duration OBJ
sentence length
fO min

fO max

359 ms (SD=63)
1788 ms (SD=170)

165 Hz (SD=27)

253 Hz (SD=20)

273 ms (SD=54)
1719 ms (SD=188)
184 Hz (SD=16)
212 Hz (SD=16)

Accented objects had a longer mean duration (by86
and a higher fundamental frequency (by 41 Hz) than
unaccented ones. Pitch accents had the typical ddtitour
for focus accents in Dutch, whereas backgroundrimétion
was not prosodically prominent (see Figure 1).

Figure 1: Example of pitch contours: (a) focus atcen
object; (b) focus accent on prepositional phrase.
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Figure 2: Accented direct objects. Black line: Congruous
accented focus (1A), grey line: Incongruous unataxn
background (i.e., superfluous accents) (2B).

3.4. Procedure

After applying the electrodes, participants weratsé in an
electrically shielded room in front of a computEnllowing a

trial session, participants completed the actupkgrent which

was divided in two blocks of 60 dialogues with gp@ximate

duration of 15 minutes per block. Stimuli were pmed

auditorily via loudspeakers. To minimize blinkingarticipants
were instructed to fixate a black cross on a goeyputer screen
while listening to the dialogues.

Each trial began with a fixation cross, followed 130 ms
of silence, a question, 500 ms silence, an ansavet,1200 ms
of silence. After the answer, in some trials a wapgeared on
the screen and participants had to judge by kegspwéhether
its’ meaning was related to the preceding dialoglibe
comprehension task was used to guarantee attemiothe
stimulus materials. After the response (or othesvaiier the end
of the answer), a blinking period of 2000 ms wakuced.

3.5. EEG recording and analysis

The EEG was recorded from an elastic cap with 64A4Gl

electrodes according to the International 10-2QesysElectro
Cap International). Electrodes were referenced entim the
average of all electrodes and re-referenced offlinethe
algebraic average of left and right mastoid ele#so Blinks as
well as vertical eye movements were monitored &zteodes
placed below and above the left eye. Horizontalraggements
were recorded from electrodes at the left and rigaritus of
each eye. Impedances were kept belo2.5The EEG was
digitalized online with a sampling frequency of 25 and
filtered offline with a band-pass filter of 0.0130 Hz.

Trials containing movement artifacts, ocular adiaor
electrode drifts were rejected. We conducted arividdal
channel analysis and discarded all participanth wibre than a
40% data loss for one or more of selected electraniat least
one single condition. As a result, five participantere not
included. ERPs were time-locked to the onset otdhget word
in the answer which corresponds to the onset oftdnget's
accented syllable. We performed a baseline cooecélative to
a 200 ms pre-stimulus baseline and conducted sxavages in
a time window ranging from 200 ms prior to 1300 past the
onset of the critical word. Processing costs welways
measured by comparisons of conditions with physicdéntical
stimuli (accented 1A-2B or unaccented 2A-1B).

3.6. Reaults

A visual inspection of the grand averages of allp2®ticipants
revealed two time windows where the EEG signal stbw
differences between the conditions tested. We ifiletht a
negativity between 300-500 ms and a positivity leemv 700-
1000 ms.
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Figure 3: Unaccented direct objects. Black line: Congruous
unaccented background (2A), grey line: Incongruous
unaccented focus (i.e., missing accents) (1B).

We computed repeated measures ANOVAs for both
identified time windows: 300-500 ms and 700-1000 post
stimulus onset. The statistical analysis was peréar
separately for lateral and midline electrodes. Fateral
electrodes, ANOVAs were calculated with the fouthivi-
subject factorsAccent (accented vs. unaccented element),
Congruity (contextually congruous prosody vs. contextually
incongruous prosody)Topography (frontal vs. central vs.
parietal regions), antlateralization (left vs. right sites). For
ANOVAs on midline electrodes, all factors were imbd
except forLateralization All reportedp values are adjusted
with the Huynh-Feldt correction for nonsphericit8ingle
electrodes were grouped in Regions of Interests (Rfdls
midline electrodes: frontal (Fpz, AFz, Fz), central (FCz, Cz
CPz), parietal (Pz, POz, Oz), and fateral electrodes: left
frontal (Fp1, AF3, AF7, F3, F5, F7), right fron{&p2, AF4,
AF8, F4, F6, F8), left central (FC3, FC5, C3, C5, CPZH)CP
right central (FC4, FC6, C4, C6, CP4, CP6), left parigRa,
P5, P7, PO3, PO7, O1), right parietal (P4, P6,AZ34, PO8,
02). All statistical tests are performed on mealtage values.

3.6.1. Results in the 300 — 500 ms time window

For lateral electrodes, we observed a main effethefactor
Accent (F(1,28)=6.207, p<.05) which was qualified by a
significant interaction betweenAccenf Congruity and
Lateralization (F(1,28)=4.416, p<.05). Follow-up analyses
showed a significant interaction ofCongruity and
Lateralization for accentedelements only (F(1,28)=11.807,
p<.001) but no such interaction famaccentedelements
(p=.57). The effect o€ongruitywas significant only over the
right sites foraccentecelements (F(1,28)=4.8, p<.05), but not
over left sites (p=.66). In other words, incongrsigwaccented
elements (i.e., superfluous accents on backgrolements)
elicited more negative fluctuations of the EEG ight sites as
compared to congruously accented elements (i.eenés on
focus elements). The negative effect is presemdeigure 2.
For midline electrodes, there was a main effectAotent
(F(1,28)=9.726, p<.01) that did not reveal any Hart
significant interactions.

3.6.2. Results in the 700 — 1000 ms time window

For lateral electrodes, the factGpngruitywas involved in a
marginal three-way interaction witAccentx Lateralization
(F(1,28)=2.912, p=.09). Follow-up analyses examinad
significant interaction ofCongruity x Lateralization for
accented elements (F(1,28)=5.258, p<.05) but nat fo
unaccented elements (p=.91). Post-hoc tests dicemeal any
differences between left and right sites: Incongslyp
accented elements (superfluous accents) triggemitiye
waveforms while there was no effect for missingests. This



positivity may belong to the P600 family and ispdésyed in
Figure 3. In addition, there was ahccent x Topography
interaction (F(2,56)=9.292, p<.01) which revealednarginal
effect of Accentfor parietal regions (p=.06) but not for frontal o
central regions (all p’s>.1). For midline electredéhere was a
marginal effect ofCongruity (F(1,28)=3.667, p=.06) indicating
that incongruous elements (both accented and unimztenes)
triggered more positive waveforms than congruowsnehts.
This late positivity may be an instance of a P6@0 &ll
incongruous elements. In addition, there was Amtent x
Topographyinteraction (F(2,56)=3.378, p<.05), which failed t
show a significant effect aiccentfor one of the tested ROIs.

4. Discussion

The present study investigated whether Dutch lesteprocess
prosodic information on-line according to its caugr in the
discourse context and irrespective of the perfoosranf a
prosodic task. Furthermore, the study tested whediferent
types of prosodic violations such as missing anpegluous
accents are manifested in distinct neural correlate

Our results provide evidence for the impact of disse
on the processing of pitch accents in Dutch. Altitolisteners
in the current experiment were not involved in a@sody
judgment task, they processed incongruous prosdftrehtly
from congruous prosody. Furthermore, listeners agguk to
process prosodic violations depending on the tyfpprasodic
mismatch. That is, superfluous accents eliciteéedifit neural
correlates as compared to missing accents.

Unlike [9] and similar to [8], a right-lateralizetegativity,
presumably an N400, was found for the processing
background elements which received a contrastitah @iccent.
In addition, incongruously accented elements elitia late
positive component that might be an instance of6a0P We
suggest that the N400 for superfluous accents ctsflehe
processing of contextually unexpected accentuatiora later
time window, the initially unexpected superfluouscent
triggers processes of re-analysis and re-interfwetaof the
focus structure, which in turn is indicated by tR600. Our
results question earlier assumptions [3, 5] thetetiers accept
superfluous accents because they would not attentheir
prosody. Our results show that listeners are seesito
unexpected prosodic realizations of backgroundrinétion.

Moreover, listeners have predictions about the nomgs
accentuation of focus constituents as well. Insiudy, missing
accents on focus elements elicited late positsjtiprobably
belonging to the P600 family for processes of rahgis. Our
results are in line with [7] who report a CPS efféat the
processing of missing (and superfluous) accents&Géamman.
However, we did not find an N400 effect for misseggents on
focus elements as [5, 8] did. The N400 has beenedrgo
reflect semantic integration difficulties triggerbg mismatched
expectations of accented focus. Several inconsigtgnn the
previous experiments such as time-locking at seetemset [5],
uncontrolled plausibility and frequency for targeirds [5,8] as
well as uncontrolled lexical stress position [5, r8present a
challenge for their interpretations of the negataféect. We
suggest that missing accents in our study did niggdr early
expectation negativities because the accent iscootpletely
missing; it is rather the contrastive prominencéhefaccent that
is not present. As indicated by the P600, listehermme aware
of the lack of prosodic prominence in a late timiedow.

In other words, the lack of strong prominence ocufo
elements may initially not be interpreted as a raisim of
prosodic expectations. This assumption is furthgpsrted by
the fact that, in contrast to the majority of poms studies,

listens in the present experiment did not perforpr@sodic
task. As a result, listeners’ attention was nogdtiy driven to
the appropriateness of prosody but rather to thmardc
content of the dialogues as a whole. The natutheofask has
been shown to affect the neural correlates of ghp$b0]: A
P800 indicating the processing of prosodic mismegctvas
only elicited if listeners performed a prosodicktdmit not a
semantic task. We believe that listeners in oudystnay have
paid less attention to the prosodic realizationegpected
structures such as focus elements and may haiedlinitilled
in’ accents where they were expected. By contraserats that
were unexpected by the context may have been fiehti
immediately. Hence, even though unexpected infaomahay
be identified faster than expected information,teliers
process and re-interpret both types of mismatchesder to
create a coherent discourse representation.

5. Conclusions

Listeners of Dutch directly use contextual inforimatduring
spoken language comprehension even if they do eréonmn a
prosodic task. They process prosodic informatiorihenbasis
of contextual expectations. That is, contextualhexpected
prosodic prominence is detected and integrated drately as
revealed by the bipolar N400-P600 pattern for Siypmuns
accents. Contextual expectations for focus elité fgrocesses
of re-analysis of missing accents (P600). Our stoidyides
evidence that listeners process contextually unsrpe
prosodic realizations of focus and background etesnduring
semantic-task oriented spoken language comprehensio
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