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ABSTRACT 

The present paper reports results from three ERP 
studies showing components which reflect the 
processing of different word stress violations 
dependent on distinctive task properties (explicit 
vs. implicit processing). 

The main findings were that the presentation of 
an incorrect stress pattern led to an N400-like 
component indicating increased costs in lexical 
retrieval. Such a component is not dependent on 
the task during the processing of stress violations. 
Furthermore, an enhanced positivity effect (P300) 
reflects a stress mismatch detection only if stress 
judgment was explicitly required in the task.  

Keywords: word prosody, stress perception, ERPs, 
N400, P300  

1. INTRODUCTION  

The present paper deals with the questions how far 
the language processor makes use of information 
from word stress, and in which way the usage of 
such information is influenced by different tasks.  

To test this, we conducted three ERP studies in 
which the position of main stress in German tri-
syllabic words was manipulated. Between experi-
ments, the processing tasks varied from explicit 
judgments on stress violation in different modal-
ities to the implicit processing of stress errors. 
These tasks offer the possibility to examine pro-
cesses as different as the lexical integration of 
stress information, matching of internally gener-
ated and externally presented patterns, and the 
evaluation of stress patterns. 

2. EXPERIMENT 1  

In order to find out how incorrectly stressed words 
are processed, we performed an ERP experiment in 
which participants were presented with correctly 
and incorrectly stressed words which should be 
judged explicitly. Previous ERP experiments using 
a stress discrimination task with bisyllabic words 

([1], [4]) revealed inconsistent results with respect 
to stress effects on word processing. 

2.1. Method 

¥ Naturally spoken trisyllabic German words 
with penultimate stress containing either 
correct (e.g. Bik’ni) or incorrect (initial: *B’kini 
or final: *Bikin’) stress patterns were recorded. 
Sampling rate was 44 KHz, 16 bit (mono) 
using CoolEditPro (version 1.2; Syntrillium 
Software Corporation) and an electret micro-
phone (Sennheiser K6, ME 66). 

¥ The syllabic structure of the stimuli was either 
XV.XV.XV or XV.XVC.XV and did not 
contain reduced syllables (mean length of 
stimuli 1063 ms).  

¥ Stimulus set of critical items consisted of 30 
stimuli per condition.  

¥ Each stimulus was spliced into an invariant 
carrier sentence (Er soll nun Bikini  sagen ÔHe 
is supposed to say BikiniÕ). 

¥ Filler items were included to balance the 
number of correctly and incorrectly stressed 
words. Each stress pattern occurred in correct 
and incorrect conditions. 

¥ Participants (18 German monolinguals, 13 
fem.) had to judge the correctness of the 
presented stimuli. 

¥ EEG measurement was by means of 22 
AgAgCl electrodes via a Brainvision amplifier 
(C2 electrode served as ground electrode, 
reference electrode placed at left mastoid), 
impedances kept below 5 k! , EEG and EOG 
recorded with a digitisation rate of 250 Hz, 
filtered offline with a bandpass filter from 0.3 
to 20 Hz. 

¥ Averages were calculated from the onset of the 
critical items up to 1500 ms post onset with a 
baseline of 200 ms before stimulus onset. 

¥ For comparison of mean voltage differences 
between conditions, three time-windows were 
selected (from 700 to 1200 ms, from 1100 to 
1300 ms, and from 1300 to 1500 ms).  
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¥ ANOVAs were calculated for the factor 
STRESSPOSITION (correct vs. initial or final) 
over midline electrodes (Fz, Cz, Pz).  

2.2. Results 

Behavioral Data:  
Error rates were below 4 per cent for each 
condition. Analysis of accuracy scores revealed no 
differences between correct and incorrect condi-
tions (F(2,34)<1). Reaction time data were not 
analyzable, since reactions were only required after 
the offset of the carrier sentence to avoid 
movement artifacts. 
ERP Data:  
Negativity effects between 700 to 1200 ms: An 
overall comparison between conditions revealed a 
main effect for the factor STRESSPOSITION 
(F(2,34)=29.01, p<.001). Furthermore, a separate 
analysis of contrasts between the correct condition 
and each of the incorrect ones revealed that both 
types of incorrect stress evoked a negativity effect 
(Bik’ni vs. *B’kini: F(1,17)=64.72, p<.001; Bik’ni 
vs. *Bikin’: F(1,17)=5.98; p<.037). 
Positivity effects between 1100 to 1300 ms / 1300 
to 1500 ms: Stress violations with final stress 
induced a positivity effect between 1100 to 1300 
ms (F(1,17)=7.68, p<.014) and with initial stress 
between 1300 to 1500 ms (F(1,17)=4.491, p<.05). 
The positivity effect for initially stressed words is 
shifted in latency due to the preceding strong 
negativity in comparison to incorrect words with 
final stress (see Fig. 1).  

Figure 1: Grand average curves of correctly (solid 
line) stressed words, words with incorrect antepen-
ultimate stress (dotted line) and with incorrect final 
stress (dashed line).  

 

2.3. Discussion 

As shown in Fig. 1, the processing of incorrect 
words led to a biphasic ERP pattern: a fronto-
central negativity effect between 700 and 1200 ms 
and a positivity effect between 1100 to 1300 ms or 
1300 to 1500 ms, respectively.  

With respect to the negativity, such a com-
ponent can be interpreted as an instance of an 
N400 effect implying that a stress shift increases 
costs in lexical retrieval. Higher costs in lexical 
retrieval have also been found in behavioral studies 
(e.g. [3]). The late occurrence of the N400 effect 
can be ascribed to the presentation modality and 
the length of the auditory stimuli. 

The subsequent positivity effect for incorrect 
conditions indicates the evaluation process related 
to the task requirements. Due to the prior negativ-
ity effect, the actual latency and strength of the 
evaluation effect is hidden. In the second experi-
ment, we will investigate how a mismatch detect-
ion is processed when higher costs in lexical 
retrieval are excluded.  

3. EXPERIMENT  2 

If the negativity effect in the first experiment 
indicates an increase of activation load during the 
process of lexical access, we expect that such an 
effect would be excluded by the visual presentation 
of each critical stimulus prior to auditory presenta-
tion. 

We hypothesized that the detection of a stress 
violation should produce stronger effects if 
participants compared an internally activated stress 
pattern with the presented one (additional results of 
experiment 2 relating to prosodic structure and 
other patterns of word stress are reported in [5]). 

3.1. Method 

Material, method and EEG measurement were 
mostly identical to those outlined for experiment 1, 
with a task modification only for the stimulus 
presentation: 24 participants (12 females) were first 
presented with each critical item visually (for 500 
ms) before they heard the item with either correct 
or incorrect stress pattern. 

For comparison of mean voltage differences 
between conditions, two time-windows were 
selected by means of visual inspection (from 500 to 
800 ms and from 900 to 1400 ms). 
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3.2. Results 

Behavioral Data:  
No decrease in accuracy was detected. Analysis of 
accuracy scores revealed no differences between 
correct and incorrect conditions (F(2,46)=1.716, 
p>.20). 
ERP Data:  
Positivity effects between 500 to 800 ms / 900 to 
1400 ms: A separate analysis of contrasts between 
the correct condition and each of the incorrect ones 
revealed that both types of incorrect stress evoked 
an enhanced positivity effect (Bik’ni vs. B’kini: 
F(1,23)=33.304, p<.001; Bik’ni vs. Bikin’: 
F(1,23)=13.913; p<.002) (see Fig. 2). 
Negativity effect for words with final stress 
occurred between 500 to 900 ms (F(1,23)=31.98, 
p<.001); see Fig 2. 

Figure 2: Grand average curves of correctly (solid 
line) stressed words, words with incorrect antepen-
ultimate stress (dotted line) and with incorrect final 
stress (dashed line).  

 

3.3. Discussion 

In contrast to experiment 1, we did not obtain a 
biphasic ERP pattern, but mainly pronounced posi-
tive deflections. Positivity effects for the different 
stress violations occur in distinctive latencies: in-
correct initial stress yielded positivity between 500 
to 800 ms, and incorrect final stress between 900 to 
1400 ms. Thus, ERPs seemed to be time-locked to 
the perception of an incorrect strong syllable. 

We interpret the ERP findings to indicate that 
the perception of deviant stress patterns did not 
produce an N400 effect (the negativity effects 
observed for the two types of violations are deflect-
ions caused by the pronounced positivity), but only 

effects which seem to be task-related, i.e. related to 
a stress mismatch detection. Note that the particip-
antsÕ lexical access to the words was provided by 
the visual presentation of the items. In the litera-
ture, such effects have been labeled P300 effects 
(e.g. [6]). Interestingly, the latency of this type of 
effect seems to depend on the position of an ill-
stressed syllable. This finding is compatible with 
the Metrical Segmentation Strategy account (e.g. 
[2]) which assumes that the relevant prosodic 
information for a wordÕs segmentation is given by 
the position of main stress. 

4. Experiment 3 

In a voice discrimination task, the goal was to 
investigate the processing of stress deviations when 
the task itself does not require attending to pro-
sodic information. In particular, it was to test the 
task dependency of the effects found so far, namely 
the N400 and P300.  

4.1. Method 

¥ Recording of naturally spoken trisyllabic 
words produced by two female speakers  
(parameters identical to Exp. 1). 

¥ Test material was identical to Experiment 1. 
¥ Each stimulus was presented in isolation and 

immediately repeated (inter-stimulus interval 
of 900 ms), by either the same or other 
speaker.  

¥ Participants (20 German monolinguals, 9 fem.) 
had to judge whether the second word was 
produced by the same or a different speaker. 

¥ EEG recording was identical to previous 
experiments. EEG was filtered offline with a 
bandpass filter from 0.5 to 20 Hz. 

¥ Averages were calculated from the onset of the 
first word up to 1500 ms with a baseline of  
200 ms before stimulus onset. 

¥ Time window for mean voltage comparisons 
between correct vs. incorrect stress were 
chosen from 920 to 1420 ms. 

4.2. Results 

Behavioral data:  
Error rates were appr. 1% for each condition. 
Analysis of accuracy scores revealed no significant 
difference between correct and incorrect conditions 
(F(2,38)=2.01, ns). 
ERP Data: 
Negativity effects between 920 to 1420 ms for 
incorrect conditions in comparison to the correct 
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condition: An overall comparison between condi-
tions revealed a significant interaction of the 
factors STRESSPOSITION and REGION (Fz, Cz, Pz) 
(F(2, 38)=6.179, p<.002). Post hoc analyses 
showed a significant difference between correctly 
stressed words and words with antepenultimate 
stress in frontal region (F(1, 19)=6.272, p<.023) 
and a global difference between correctly stressed 
words and words with final stress (F(2,38)=10.24, 
p<.006). 

Figure 3: Grand average curves of correctly (solid 
line) stressed words, words with incorrect antepen-
ultimate stress (dotted line) and with incorrect final 
stress (dashed line).  

 

4.3. Discussion 

In the third experiment in which participants had to 
discriminate voice, and not stress differences, we 
observed an enhanced fronto-central negativity for 
both types of incorrectly stressed words. As in 
experiment 1 we interpret such a negativity as an 
instance of an N400 effect. In contrast to the previ-
ous findings, no positivity effect occurred due to 
the task difference. Participants focused on voice 
instead of stress distinctions.  

These findings demonstrate that even in implicit 
stress processing deviant prosodic patterns produce 
a mismatch during lexical retrieval. 

5. GENERAL DISCUSSION 

The findings of the present paper contribute to the 
question how the speech perception system deals 
with metrical information. In this respect, errors of 
word stress led to two different electrophysio-
logical responses reflecting diverse cognitive pro-
cesses. 

First, a negativity effect occurred in experi-
ments 1 and 3 where incorrectly stressed words led 
to an inhibition during the lexical retrieval process. 
This N400 effect, however, is not related to whe-
ther the task requires attention to stress violations.  

As a second result, ERP measurements revealed 
a positivity effect in both Exp. 1 and 2, yet 
differing in strength and latency. We interpret such 
a component (P300) to be reflecting the explicit 
judgment of correct and incorrect stress as required 
by the evaluation task. In Exp. 1 the P300 is less 
pronounced and shifted in latency, as the evalu-
ation task could be performed only after lexical 
retrieval was accomplished. Thus, the P300 inter-
fered with the preceding N400 effect diminishing 
the amplitude in the positive deflections. In Exp. 2 
this interference was avoided by presenting the 
critical stimuli visually prior to their auditory 
presentation. Therefore the task allowed a focus on 
stress judgment. Latency differences of P300 
effects between Exp. 1 and Exp. 2 are due to 
distinct strengths of the N400. The absence of the 
positivity effect in Exp. 3 confirms that this effect 
is due to task-relevant match-mismatch processing 
rather than being due to perception of stress 
violations per se. 

To summarize, the observed effects have two 
important implications for prosodic processing: i) 
violations of stress patterns evoke an N400 effect 
reflecting lexical inhibition which is an automatic 
process observable in both conscious and un-
conscious perception, ii) the explicit evaluation of 
stress patterns surfaces in P300 effects whose 
latencies are correlated with the perception of a 
strong syllable.  
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Abstract

In the present paper a constraint-based description of German word prosody is suggested in which the constraint ranking is in
crucial parts supported empirically by experimental Þndings from a pseudoword production task and from studies using
electrophysiological measurements. It is shown how stress patterns of existing German words as well as experimental results
on diverse prosodic structures can be expressed by minimal violations of prosodic constraints. In this way, our analysis aims to gain
more insights into the question, which metrical structures are least marked in German. Furthermore, an aspect of minimality in
metrical systems is considered, which regards the structure of metrical feet in German. Can we establish strict binarity of feet or do
we Þnd evidence for ternary structures?
# 2008 Elsevier B.V. All rights reserved.

Keywords: German; Word prosody; Optimality Theory; Foot type; Quantity sensitivity; Syllable parsing; Event-related potentials

1. Introduction

In the literature on Metrical Theory, a wide range of work is dedicated to the question of how prosodic systems can
be described best. In this respect, the metrical account proposed byHayes (1981, 1995)was most inßuential, according
to which prosodic systems are deÞned along a set of prosodic parameters. The most important ones are foot type
(trochee or iamb), direction (syllable parsing from left to right or vice versa), quantity sensitivity (yes or no), and end
rule (right- or leftmost foot is strong;Prince, 1983). From a typological as well as from a single-language perspective
such parameters are useful to capture language speciÞc peculiarities and to generalize over a variety of languages in
order to deÞne universals on prosodic structure. However, in some languages it is difÞcult to determine a speciÞc
parameter setting. In German for instance, it is not quite clear how crucial some of the parameters are and how they are
set. More speciÞcally, many German words follow a quantity-sensitivity parsing (e.g.Dirige«nt ÔconductorÕ orAge«nda
ÔagendaÕ), but there also exists a considerable amount of counter-examples, in which stress is rather assigned to a
certain position than to a heavy syllable (e.g.Fa«zit ÔconclusionÕ). In more recent accounts on metrical phonology, the
prosodic parameters proposed by Hayes are expressed in terms of optimality-theoretic constraints which allow for a
non-categorical parameter setting. In this respect some degree of variation can be explained by the ranking and
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interaction of wellformedness constraints (e.g.Alber, 1997; Fe«ry, 1998; Pater, 2000). Optimality Theory (Prince and
Smolensky, 1993/2004) has been proven to be a useful framework to capture prosodic systems with the fundamentals
established byMcCarthy and Prince (1993)andKager (1999)among others.

With respect to the analysis of German word prosody, there are still unsolved questions. Are feet strictly binary or
do we have to assume ternary structures? Are spare syllables parsed into degenerate feet or left unparsed? Does
syllable weight inßuence the parsing of syllables into feet? The major goal of this paper is to Þnd answers to these
questions by discussing experimental Þndings in the light of theoretical conßicts.

Another aspect of the present paper is concerned with the economy of representing prosodic structures. In
phonology, the notion of minimality surfaces mainly in accounts on markedness or underspeciÞcation (see also
Buchwald, 2008; Scharinger, 2008for a detailed discussion). Regarding prosodic systems, minimality has also been
discussed by means of the minimal shape of prosodic entities.McCarthy and Prince (1998)observed that in a variety of
morphophonological processes like prosodically restricted reduplications in Diyari or shortenings of proper names in
English output forms must satisfy the minimal word condition. A short name or a reduplicant must consist of at most a
foot, which is either bimoraic or disyllabic and thus corresponds to the minimal word. With reference to such
requirements our goal is to demonstrate theoretically and empirically that the foot inventory of German is restricted to
binary feet only, speaking against the assumption that ternary feet (e.g. dactyls) are possible prosodic entities (as is
proposed for instance byBurzio, 1994; Halle and Vergnaud, 1987). Furthermore, we will establish an account of
unmarked prosodic structure focussing on the most controversial principles of Metrical Theory in German word
prosody: foot type, metrical parsing of stray syllables, and quantity sensitivity.

Our theoretical considerations will be supported by experimental Þndings from production tasks and from the Þeld
of electrophysiological investigations. Analyses of different violations of prosodic structure can show us under which
circumstances our brain detects severe metrical structure violations. Violations are induced by a shift in stress
positions, leading to a changed prominence relation between syllables and possibly to a reorganization within prosodic
hierarchies. Different brain responses for different violations can tell us more about preferences for certain prosodic
structures within the language system.

In general the empirical results will evaluate the role of certain prosodic constraints proposed in the OT literature
and the importance of these constraints within a constraint hierarchy.

Regarding German word prosody the following properties are commonly assumed: German monomorphemic
words allow for three different stress positions: Þnal stress (Vitamõ«n ÔvitaminÕ), penultimate stress (Kasõ«no ÔcasinoÕ),
and antepenultimate stress (Le«xikon ÔlexiconÕ). In words longer than three syllables the Three-Syllable Law
(Vennemann, 1991b) restricts the landing site for main stress to the three Þnal syllables showing that in Modern
Standard German stress is assigned from the right edge of the word. Regarding the parameters holding for prosodic
systems suggested byHayes (1981, 1995), the German system can be further deÞned as follows. The rhythm of
German words is unequivocally characterized as a trochaic rhythm. It is however under debate whether syllable weight
plays a role in the parsing of syllables and in the assignment of stress. Thus, some phonologists argue that penultimate
stress is the only regular stress pattern irrespective of the weight of the Þnal and penultimate syllable (e.g.Eisenberg,
1991; Kaltenbacher, 1994; Wiese, 1996/2000) and stress on other positions has to be lexically speciÞed. The
underlying prosodic structure, from which the penultimate pattern results, is a word Þnal trochee (e.g.Ve(ra«n.da)F

ÔporchÕ). In contrast,Giegerich (1985), Fe«ry (1998), andRamers (1992)assume that Þnal heavy syllables attract word
stress and Þnal light syllables lead to penultimate or antepenultimate stress depending on the structure of the penult. In
section4 we will present a more detailed discussion on quantity sensitivity in German.

2. An OT-analysis of German word stress

In this section, we will present an OT-analysis for German word prosody using OT constraints already proposed in
the literature. In certain aspects we will follow previous optimality-theoretic analyses of word stress in German (Alber,
1997; Fe«ry, 1998). But in contrast to the OT-analysis proposed byAlber (1997), our model will concentrate on
monomorphematic words of German containing up to three syllables.

Before we present our OT-analysis, we will Þrst introduce some constraints that have been proposed in the OT
literature and which have been proven to be highly relevant for the description of prosodic systems. In the second part
of this section, we present an OTaccount on the description of monomorphemic trisyllabic words of German. The aim
of our analysis is to capture each type of main stress pattern that is attested in German words. Although most German
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words are mono- or disyllabic, a better understanding about the German stress system is achieved by investigating
trisyllabic words with all possibilities of stressing. Furthermore, to represent only the core metrical structure, our
analysis will be oriented along counts of stress distributions in German words and pseudowords with varying syllable
structures (Jan§en, 2003a). Such analyses of correspondences between syllable structures and certain stress patterns
provide us with information on most frequent prosodic structures. Thus, leaving aside exceptional cases, the presented
OT-analysis is designed to explain the most frequent stress patterns observed for different types of words varying in
syllable structure.

In particular, we will concentrate on Jan§enÕs study on trisyllabic pseudowords, as these reßect regular processes of
stress assignment rather than irregular ones (cf.Jan§en, 2003a). Jan§en found the following distributions of stress
patterns: The clearest preferences for a certain stress position were found for trisyllabic words containing the
sequences of light (L) and heavy (H) syllables L.L.L, L.H.L and H.H.L. These words were predominantly stressed on
the penultimate syllable (L.L.L in 71.5%, L.H.L in 89.6%, and H.H.L in 85.3% of cases). For other structures stress
preferences were not distributed so clearly. Words of the sequence L.L.H elicited nearly equal occurrences of
antepenultimate stress (42.3%) and ultimate stress (38%). The same holds for H.L.H words (47.8% antepenultimate
stress, 34.6% ultimate stress). The most balanced distribution of different stress patterns was found for words of the
structure L.H.H (24.8% antepenultimate, 35.3% penultimate and 40% ultimate stress). In the following, the observed
preferences for certain stress patterns in words with different syllable sequences will be the starting point for our OT-
analysis, whose ranking should capture also the empirical data.

2.1. Prosodic constraints relevant for the description of German word stress

In accordance with the major part of the literature on word stress, we claim that stress assignment depends
on underlying foot structures. Only footed syllables can be stressed. Therefore, foot structure obligatorily has to
be built up. The optimality-theoretic constraint that triggers the formation of feet by grouping syllables together
is PARSE-s .

(1) PARSE-s
ÔÔSyllables are parsed by feet.ÕÕ (Prince and Smolensky, 1993/2004)

Besides PARSE-s as constraint calling for structure building further constraints demand speciÞc types of foot structures.
The OT literature has adoptedHayesÕ (1981, 1995)view of a strictly binary foot template and has reformulated this
template as a violable constraint called FOOTBINARITY.

(2) FOOTBIN

ÔÔFeet are binary at some level of analysis (m, s)ÕÕ (Prince and Smolensky, 1993/2004)

This markedness constraint requires that feet must contain either two moras or two syllables. If this constraint is
undominated in a language Ð as we propose in our analysis for German Ð it also prevents the occurrence of degenerate
feet, which consist only of one light (i.e. monomoraic) syllable. The minimal foot should be bimoraic.

The rhythmic requirement described by FOOTBINARITY implies that Ð from a processing perspective Ð feet should be
constructed either out of one or two syllables. In contrast, ternary feet containing three syllables or three moras ought
to occur Ð if at all Ð only in rare circumstances. If FOOTBINARITY plays a role in prosodic processing, we should Þnd
some experimental reßection of the parser constructing binary structure (see section3 below).

German is regarded as a language with trochaic rhythm. This foot-internal rhythmic alternation of a strong followed
by a weak syllable is expressed by the constraint RHYTHMTYPE=TROCHEE, which is undominated in German (cf.Alber,
1997; Fe«ry, 1998).

(3) RHTYPE=T
ÔÔFeet have initial prominence.ÕÕ (Prince and Smolensky, 1993/2004; Kager, 1999; and others)

The overall majority of penultimate stress in German disyllabic words with only light syllables (cf.Fe«ry, 1998) can be
interpreted as an indication for the high ranking of RHYTHMTYPE=TROCHEE.
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In many languages adjacent stressed syllables are avoided (cf.Liberman and Prince, 1977). This well known
dispreference is formulated in the constraint *CLASH.

(4) *CLASH

ÔÔNo stressed syllables are adjacent.ÕÕ (Kager, 1994, 1999; Alber, 1997)

*Clash is violated if two stressed syllables occur next to each other. This is the case when the heads of two feet
are adjacent, i.e. (Ôs)(Ôss ), (Ôs)(Ôs)s, s(Ôs)(Ôs) or (Ôs)(Ôs)(Ôs). *Clash is satisÞed, e.g. by (Ôss )(Ôs), s(Ôss ) or
(Ôs)s(Ôs).

With respect to the direction of syllable parsing, we assume that stress assignment (including secondary stress) in
German proceeds from the left edge of the word to the right (cf.Alber, 1998). Correspondingly, feet are constructed
starting at the left word edge. This directionality parameter is expressed in OT terms by the constraint ALLFEET-LEFT.
To ensure exhaustive parsing of syllables into feet and left-to-right directionality this constraint must be ranked below
PARSE-s . Due to this low ranking ALLFEET-LEFT does not play an active role in the stress assignment of trisyllabic
words. Nevertheless, the consequences of ALLFEET-LEFT violations become visible when secondary stress is assigned,
but this is only visible in words longer than three syllables (seeAlber, 1997, 1998).

(5) ALLFT-LEFT (ALIGN (FT, L, PRWD, L))
ÔÔEvery foot stands in initial position in the prosodic word.ÕÕ
(McCarthy and Prince, 1993)

A further crucial property of German main stress is that main stress assignment obeys the three-syllable window
restriction (Vennemann, 1991b). Accordingly, one of the three last syllables carries primary stress. In OT, this right
edge preference is expressed by the constraint RIGHTMOST.

(6) RIGHTMOST (ALIGN HEAD-FT, R, PRWD, R)
ÔÔThe right edge of the head foot coincides with the right edge of the prosodic word.ÕÕ
(Prince and Smolensky, 1993)

Considering this basic set of constraints, we can cover the most relevant properties of German word stress, and the
ranking of these will be the starting point for our analysis.

2.2. Rankings

In the following tableaux we will show how the constraints (1)Ð(6) are interacting in a ranking for German word
stress. Evaluations of candidates in which groupings of syllables into feet and main stress positions differ will be
exempliÞed by trisyllabic words varying in syllable structure (LLL, LLH, LHL, LHH, HLL, HHL, HLH, and HHH).
In the candidates, the parsing of syllables and the stress positions are kept constant acrossTableaux 1Ð8, the tableaux
differ only with respect to the word types in the input, in which heavy and light syllables are combined differently. The
complete constraint ranking is presented in each tableau, although not all ranking arguments are deducible from every
single tableau.

The Þrst word type to be discussed is the group of words consisting of three light syllables likeBi.kõ«.ni, Ka.sõ«.no
(ÔcasinoÕ),Mi.ka«.do(Ôpick-a-stickÕ). InTableau 1, the optimally stressed candidate is determined by the evaluation of
12 possible candidates varying in syllable parsing and stress position.

The high-ranked constraint RHYTHMTYPE=TROCHEE is violated by feet with non-initial prominence (i.e. iambs, see
candidate (j)). PARSE-s ranked above ALLFEET-LEFT requires exhaustive parsing of syllables into feet. Exhaustivity is
blocked here by FOOTBINARITY: In words with exclusively light (i.e. monomoraic) syllables, the required trochees can
only be parsed in a disyllabic manner: Both monosyllabic (in candidates (c)Ð(i) and (l)) and even trisyllabic feet
(candidate (k)), which satisfy PARSE-s and ALLFEET-LEFT, can never surface as optimal forms as they violate the
undominated constraint FOOTBINARITY.

The ranking of FOOTBINARITY over PARSE-s ensures that feet have the smallest possible shape. In words with three
light syllables a foot can never be larger or smaller than two syllables. As three light syllables can never be parsed
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exhaustively without violating FOOTBINARITY the optimal form must have an unparsed syllable, which is necessarily a
violation of PARSE-s . There is no alternative to leaving one of the syllables unparsed, as building up a monomoraic foot
would violate FOOTBINARITY (see candidates (c)Ð(i) and (l)).

RIGHTMOST ranked above PARSE-s and ALLFEET-LEFT has the effect that out of the two remaining candidates (a) and
(b), (b) is chosen as the winner. Since the foot carrying main stress should be rightmost in a word, the best position for
an unparsed syllable is the left word edge. This ranking ensures that in words consisting of only three light syllables,
i.e. without any inßuence of syllable weight, penultimate stress is the optimal pattern.

The candidates (c), (d), (g) additionally show violations of *CLASH as they can have secondary stress adjacent to
main stress. In words with three light syllables this does not produce any ranking differences: A stress clash in such
words implies that a single light syllable has been footed, therefore a violation of *CLASH leads necessarily also to a
violation of the equally high ranked constraint FOOTBIN.

A different picture arises inTableau 2for words likeSchimpa«nse(ÔchimpanzeeÕ),Emba«rgo, etc. which have two
heavy syllables followed by a Þnal light one. Single heavy syllables can form a foot on their own (in the candidates (c),
(d), (g), (h), (i)) and satisfy FOOTBIN through their bimoraic structure (the candidates (g), (i) violate FOOTBIN because
they additionally have a footed single light syllable). However, these candidates cannot emerge as optimal. If the Þrst
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syllable of words of the structure H.H.L is parsed into a monosyllabic foot, parsing the following syllable into another
foot always results in a *CLASH violation (candidates (c), (d), (g)).

As iambic structures (candidate (j)) are ruled out by RHTYPE=T and ternary structures violate FOOTBIN (candidate
(k)), the optimal outcome is selected from the candidates (a), (b) and (h). Candidate (b) is evaluated as the optimal
outcome as it satisÞes RIGHTMOST. Its head foot is perfectly aligned with the right word edge, while the head foot of (a)
stands one syllable and that of candidate (h) even two syllables away from the right word edge.

In Tableau 3candidates of the structure L.H.L are evaluated (e.g.Ala«ska, Deme«nti ÔdenialÕ,Dile«mma, Flamõ«ngo).
Again, RIGHTMOST plays a crucial role in selecting the optimal outcome. Like inTableau 2candidate (b) wins over the
candidates (a) and (m) because it satisÞes RIGHTMOST, while (a) and (m) violate RIGHTMOST as their head foot is one
syllable away from the right word edge.

Parsing a word of the weight structure L.H.L into a ternary foot (candidates (k) and (l)) is blocked by the high
ranked constraints RHTYPE=T and FOOTBIN. Amphibrachs, dactyls and anapests can only surface in languages where
FOOTBIN- and RHTYPE-constraints are low ranked.
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Interestingly,Tableaux 2 and 3show that the weight of the Þrst syllable is irrelevant for the assignment of word
stress. This is in line with the experimental Þndings ofJan§en (2003a). Both H.H.L and L.H.L structures exhibit a clear
preference for penultimate stress (85.3% and 89.6%, respectively, see above).

This Þnding is conÞrmed by the evaluation of trisyllabic words starting with a heavy syllable followed by two light
syllables (H.L.L) inTableau 4. The optimal candidate (b) has the same foot structure as the winners inTableaux 1Ð3.
The initial heavy syllable is left unparsed and the two light syllables form a word Þnal trochee. High ranking
RIGHTMOSTensures that the head foot is at the end of the word (e.g. candidate (b) vs. (a) or (h)). Exhaustive parsing is
blocked by *CLASH (candidates (c), (d) and (g)) and FOOTBINARITY (candidates (eÐg)).

From the tableaux presented so far we can infer that thecandidate with only one right-aligned foot leading to
penultimate stress is the optimal one. Now, in the following tableaux with the evaluation of trisyllabic words of the
structure L.L.H, L.H.H, H.L.H and H.H.H the situation changes substantially. In contrast to the words analyzed so
far, these word structures form two feet without violating high-ranked constraints. If L.L.H is parsed into the foot
structure (ss )(s ), both feet are bimoraic. The same holds for words of the structure L.H.H, H.L.H and H.H.H that
can also be parsed into two feet whose weight structure forms an equallyperfect landing site for main stress.

In Tableau 5words of the structure L.L.H are evaluated. In contrast toTableaux 1Ð4, the candidate (b) with an initial
unparsed syllable cannot be the optimal outcome as PARSE-s is not blocked by any higher ranked constraints here and is
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ranked above ALLFEET-LEFT. Thus, a non-canonical trochee of the form (ÔLH) (cf.Hayes, 1995) is avoided here1 (this is
different in L.H.H words, see below).

Candidate (l) satisÞes all high ranked constraints, but violates PARSE-s through its two unparsed light syllables. Out
of the candidates that exhibit exhaustive parsing, candidate (f) is evaluated as optimal. Candidate (f) wins in
comparison to candidate (e) as it has main stress on the ultimate syllable and therefore satisÞes RIGHTMOST.

This implies that words likeReside«nz (ÔresidenceÕ),Vagabu«nd (ÔtrampÕ) andAbitu«r (Ôhigher education entrance
qualiÞcationÕ) represent the regular stress pattern of L.L.H-forms in German, whileA«nanas(ÔpineappleÕ) orLe«xikon
have an exceptional stress pattern, which may be lexically prespeciÞed.2 A constraint like HEAD-MATCH (McCarthy,
2000), requiring faithfulness to prosodic heads speciÞed in the input, could accomplish such forms to surface as
optimal outputs.
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Tableau 8

Tableau 7

1 One might argue here that words likeMuse«umare of the type L(ÔLH). FollowingGiegerich (1985)it is suggested that such forms consist of a
Latin ending that cannot bear stress (see also argumentation in section 5.1).

2 Evidence for a lexical speciÞcation of antepenultimate stress may be found in stress violations produced by patients with surface dyslexia (see
Jan§en, 2003a, 2003b; Jan§en and Domahs, in press). Being unable to retrieve lexical information about stress positions, the patients H.T. and R.W.
avoided antepenultimate stress in a production task with existing German words. Instead, words with canonical antepenultimate stress were realized
with penultimate or Þnal stress.



An alternative explanation along the lines ofPaterÕs (2000)analysis of English stress would be to assume lexically
indexed versions of the NONFINALITY constraint (cf.Prince and Smolensky, 1993/2004). This constraint requires that
the head of a prosodic word must not be Þnal in a prosodic word. It bans a wordÕs main stress and head foot from Þnal
position (cf.Prince and Smolensky, 1993/2004:68). The general version of this constraint is ranked below RIGHTMOST

and thus does not alter the optimal outcome of our ranking so far. A lexically indexed NONFINALITY constraint is valid
only for some part of the lexicon, i.e. a restricted set of words (cf.Pater, 2000).3 Ranked above RIGHTMOST, it could
generate exceptional main stress on the antepenultimate. Candidate (e) would win over its competitors (b) and (f) as
these violate NONFINALITY LexId because of the word Þnal position of their head foot.

In this context, it is insightful thatJan§enÕs (2003a)study of pseudowords does not report a clear preference for any
of the competing stress patterns. Out of 358 pseudowords with the structure H.L.H, 47.8% were produced with
antepenultimate and 34.6% with ultimate stress, out of 234 pseudowords with the structure L.L.H, 42.3% were
produced with antepenultimate and 38% with ultimate stress, H.H.H-structures were not taken into account.
Furthermore, her analogous analysis of existing words from the CELEX corpus (Baayen et al., 1995; out of 72 H.L.H
types: 40.3% with antepenultimate stress (APU), 44.4% with ultimate stress (U); 86 L.L.H types: 68.6% APU, 15.1% U)
suggest that many words of these prosodic structures are lexically prespeciÞed for a certain stress pattern.

As exempliÞed for L.L.H words above, lexically indexed NONFINALITY could explain the variations between
ultimate and antepenultimate stress observed byJan§en (2003a).

Tableau 6for H.L.H words again shows the crucial role of PARSE-s , which impedes candidate (b) from surfacing as
optimal form. RIGHTMOSTevaluates candidate (f) with ultimate stress as the optimal form instead of candidate (e) that
violates this constraint. Adopting such a ranking, words likeArchite«kt, Expone«nt or Garnitu«r (ÔsuiteÕ) are regular
patterns, whileHa«rlekin (ÔharlequinÕ) orK«a¬nguruh(ÔkangarooÕ) are exceptional ones.

Furthermore, words with three heavy syllables (e.g.Exempla«r ÔspecimenÕ) remain to be analyzed (Tableau 7).
Though words of this structure are rare in German, they do not cause problems to the ranking established so far.
Candidate (b) with an unparsed initial syllable cannot surface as optimal form, as this incomplete parsing is a crucial
violation of PARSE-s . Among the candidates with all syllables footed, those with a Þnal disyllabic trochee and the
candidate with each syllable parsed in a monosyllabic foot exhibit violations of high-ranked *CLASH. Hence we Þnd the
same picture as inTableaux 5 and 6with two candidates ((e) and (f)) that have an initial disyllabic trochee and a Þnal
monosyllabic one, but differ in the position of main stress. Again RIGHTMOSTevaluates (H.H)(ÔH) as the optimal output.

Finally, trisyllabic words of the structure L.H.H (e.g.Redunda«nz ÔredundancyÕ) are examined inTableau 8.
Comparable to the previous tableaux, candidate (b) is ruled out by its violation of PARSE-s . The two candidates (e) and
(f) crucially differ in their evaluation through RIGHTMOST, while satisfying all other high ranked constraints. Both
satisfy PARSE-s , as all their syllables are parsed into feet, but violate ALLFT-L: They consist of two feet, and only the
Þnal monosyllabic foot is perfectly aligned with the left edge of the word.

RIGHTMOST ensures that candidate (f) is evaluated as the optimal form and that words with the weight structure
L.H.H receive Þnal stress.

The optimal output with ultimate stress in words of the structure L.H.H implies that a light and a heavy syllable are
parsed into an initial trochee (see candidate (f)). Due to its ÔÔreverseÕÕ weight structure Ð a heavy syllable is parsed in
weak position of a trochee Ð a (L.H) trochee is a highly marked form.

Notably,Jan§en (2003a)reports that the preferences for a certain stress position in L.H.H words are not as clear as
in other structures. 22.8% of pseudowords out of 215 were produced with antepenultimate stress, 30.2% with ultimate,
and 47% with penultimate stress. Thus, the optimal candidate (f) is not completely in accordance with Jan§enÕs
Þndings. The preference for penultimate stress may be due to an avoidance of the marked trochee (L.H). However,
penultimate stress is signiÞcantly less frequent than in those words that are analyzed as having penultimate stress in
the optimal output (L.L.L, H.H.L, L.H.L and H.L.L) Moreover, considering existing words, it is not surprising that
L.H.H-forms are quite rare in German (Jan§en reports 27 L.H.H types: 4 with antepenultimate stress, 18 with
penultimate stress and 5 with ultimate stress).

Taken together we get the (preliminary) constraint hierarchy illustrated under (8).

(8) RHTYPE=T, *CLASH, FOOTBIN, RIGHTMOST ! PARSE-s ! ALLFT-L
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3 Whether this alternative analysis is possible here depends on how number and size of such sets can be established in a grammar of German. This
is still an open issue.



In comparison to earlier OT-analyses of German word stress, this ranking is very close to the one proposed byAlber
(1997). For monomorphemic words that are central in the present analysis, however, a constraint like IAMBICTROCHAICLAW

proposed byAlber (1997, 1998)to restrict the occurrence of non-canonical trochees like (ÔL.H) and (ÔH.L) is not needed.
Here, the ranking itself assures that (ÔL.H) occurs only when exhaustive parsing is possible (seeTableau 8), and (ÔH.L) is
restricted to words of the shapes H.L.H, L.H.L, and H.H.L. Similarly, the effects of some constraints suggested byFe«ry
(1998; e.g. NONHEAD(SCHWA)) can be expressed directly via the ranking of a smaller set of constraints.

3. Experimental evidence for the ranking of FOOTBIN and PARSE-s

As outlined in the previous section, constraints calling for a certain type of structure building are essential for the
description of prosodic systems. From an empirical perspective, such structures can be identiÞed by means of stressed
syllables within prosodic words. However, this method allows to detect only heads of feet, while one can only
speculate on the weak part of a foot. The detection of a strong syllable itself is not enough to postulate foot structures,
since a stress position must not result necessarily from an underlying foot structure, but a syllable can be lexically
speciÞed for main stress as proposed for instance in a psycholinguistic model on word production (Levelt et al., 1999).

The experiment on prosodic processing presented in the following section will show the importance of the
constraints FOOTBIN, PARSE-s and RHTYPE=T.

3.1. ERP data

In the following, we discuss results from event-related potentials (ERPs) reported inDomahs et al. (2008), which
show that only binary foot structures are built up in the German prosodic system. In studies using event-related
potentials, electrophysiological brain responses (small changes in mean voltage) are measured time-locked with a
certain type of stimulus via electrodes Þxed on the scalp. By means of several averaging procedures, different types of
event-related potentials can be detected. These so called components are negative or positive deßections, which are
associated with certain types of sensory or cognitive processes.

ERPs allow for a very high temporal resolution and are qualitatively distinctive for different types of cognitive
processes (e.g. language processes). ERP components are classiÞed according to their polarity, to their latency time-
locked with the stimulus onset, and to their topography, i.e. where they are measured on the scalp. In general, not the
absolute values of voltage changes induced by a critical condition are interpreted, but voltage differences between two
critical conditions (for a detailed description of the methodology see appendix provided byBornkessel-Schlesewsky
and Schlesewsky, 2008; Kutas et al., 2006).

In the ERP study byDomahs et al. (2008), participants were confronted with correctly and incorrectly stressed
trisyllabic words, the latter ones leading to a change in prosodic structure. The aim was to investigate whether different
types of stress violations/prosodic changes would produce different ERP effects, which might indicate qualitatively
distinct processes in the parsing of diverse stress patterns. In this respect, 90 trisyllabic German words were chosen, 30
per stress pattern (e.g. stressed on the antepenultimate syllable:Le«xikonÔlexiconÕ, stressed on the penultimate syllable:
Kasõ«noÔcasinoÕ, and stressed on the Þnal syllable:Vitamõ«n ÔvitaminÕ). The prerequisite for the selection of these words
was that they differed in prosodic structure according to metrical analyses (Hayes, 1995): (Le.xi)Fs(kon)Fw, Ka(si.no)Fs

and (Vi.ta)Fw(min)Fs. Each group of words was controlled for the structure of the Þnal and preÞnal syllable, the initial
syllable was open in 70% of words.4 Each word was recorded naturally spoken three times with stress on each syllable,
i.e. once correctly and twice incorrectly. It was assured that stress on a certain position within a word was realized by
identical phonetic parameters irrespective of the correctness or incorrectness of the resulting stress pattern (for
statistical analyses on phonetic realization seeDomahs et al., 2008). A comparison between correct and incorrect
conditions revealed that different types of foot structure violations produced different ERP effects (for more details
about the experimental setup and the statistical analyses seeDomahs et al., 2008andKnaus et al., 2007).
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4 Due to structural and lexical restrictions like word frequency we had to include a few items per condition with a closed antepenult. One could
argue that such items are parsed differently, building an initial monosyllabic foot. Such a parsing, however, would lead either to unparsed penults in
words with antepenultimate and Þnal stress or to a clash situation in words with penultimate stress. Since ERP effects for violations with initial stress
in words with penultimate syllable do not speak in favor of the acceptability of initial stress, we assume that the weight of antepenults does not play a
role in the parsing of our stimuli.



In this experiment, 24 native speakers of German were presented with each correctly and incorrectly stressed word,
however, prior to auditory presentation each word was also presented visually. The participantsÕ task was to decide for
each word whether it was stressed correctly or not. The visual presentation of each stimulus was conducted in order to
facilitate the decision by excluding lexical search effects (see alsoKnaus et al., 2007). Participants expected to hear a
stress pattern, which would match the stress pattern of the visually presented word. Whether the actually heard stress
pattern met this expectation was judged by pressing a yes- or no-response button.

3.2. Evidence for FOOTBIN, RHTYPE=T, and PARSE-s

In data analyses, we focussed on contrasts between a correct condition (e.g.Le«xikon) and each of two incorrect
conditions (e.g. *Lexõ«kon or *Lexiko«n). By means of comparisons between the critical conditions we obtained the
following results.

As can be seen inFig. 1, comparisons between correct and incorrect conditions led to an enhanced positive
deßection in each stress context. However, in words with antepenultimate (Le«xikon) and ultimate stress (Vitamõ«n) the
positivity effect occurs only in violations induced by penultimate stress (*Lexõ«konand *Vita«min), whereas in words
with penultimate stress (Kasõ«no) each violation evoked a positivity effect.5 In Domahs et al. (2008)andKnaus et al.
(2007), it was argued that such a positivity reßected a task-related evaluation process, which is sensitive to the
signiÞcance of a stress violation. It is suggested that only those stress violations requiring a restructuring of syllables
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Fig. 1. Grand averages are grouped according to stress conditions. Grand averages are measured from word onset up to 1500 ms thereafter, due to
space limits only midline electrodes (Fz, Cz, and Pz) are depicted. In the graphs, thex-axis indicates the course of voltage changes over time (in ms)
and they-axis the amplitude of voltage changes (inmV) with positive voltages being plotted downwards. On the left hand side the correct condition
with initial stress is compared to the two incorrect conditions *Lexõ«kon and *Lexiko«n. Only the violation with penultimate stress revealed a
pronounced positivity effect. The mediate panel shows the conditions for words with penultimate stress, both comparisons between the correct and
incorrect conditions yielded enhanced positivity effects. The right hand panel illustrates grand averages for words with Þnal stress, again only
violations with penultimate stress produced a violation-of-expectation effect (seeDomahs et al., 2008for statistical analyses).

5 Note that for violations like *Võ«tamin a positivity effect was obtained, but this effect was reduced in comparison to violations such as *Vita«min
(see statistical analyses provided inDomahs et al., 2008).



into feet lead to a pronounced positivity effect. We conclude this from the fact that such positivity effects could not
be observed for violations like *Lexiko«n or *Võ«tamin, in which Ð assuming that both phonological words consist of
two feet Ð the stress position shifts from one foot to the other without changing the structure, i.e. turning a weak
syllable into a strong one and vice versa (for a more detailed discussion of the data seeDomahs et al., 2008). Thus,
the lack of positivity effects Ð especially for words with initial stress Ð can be taken as evidence that these words
consist of binary feet only ((Le«.xi)F(kon)F), structures that were suggested inAlber (1997, 1998)and in our account
(see section2.2).

With respect to foot type, the data further show that the positivity effects cannot possibly be explained by
assuming ternary foot structures: a switching between dactyls (Ôsss ), amphibrachs (sÕss ) and anapests (ss Õs)
would require a total restructuring in each violation condition by turning a head syllable into a weak syllable and
vice versa. Thus, in words with canonical antepenultimate stress we should Þnd an effect also in violations with
Þnal stress (Ôsss ! ss Õs) and vice versa in words with canonical Þnal stress with incorrect initial stress
(ss Õs ! Ôsss ). This, however, is not attested. The data therefore are capable to distinguish between a weak
syllable of a ternary foot and a strong syllable of a trochee, most probably carrying secondary stress. Note that such
a difference would hardly be detectable by means of phonetic analysis (see for instanceKleber and Klipphahn
(2006) for a phonetic manifestation of secondary stress inGerman). The fact that we did not obtain positivity
effects in such circumstances speaks in favor of strictly binary feet, as has been suggested by the undominated
constraint FOOTBIN in section2.2.

Referring to the undominated constraint RHYTHMTYPE=TROCHEE, the data might give an answer to the question
whether prosodic words consist solely of trochaic feet or of both trochaic and iambic feet. In the latter case, a
trisyllabic word with penultimate stress could alternatively be parsed as (L.ÕL)L or (L.ÕH)L and a word with Þnal stress
as L(L.ÕH), only for words with antepenultimate stress we have to assume necessarily a trochaic parsing (ÕL.L)(H). If
these parsings were real, we should have found other results for words with canonical Þnal stress (for canonical
penultimate and antepenultimate stress the predictions for trochaic and iambic parsings are the same): a parsing of
Þnally stressed words as L(L.ÕH) would require a restructuring of feet in violations with antepenultimate stress
(*(ÔL.L)(H) and a shift in prominence in violations with penultimate stress *L(ÔL.H)). Although it is not clear yet what
kind of ERP-effect surfaces for shifts in prominence relations, at least violations with antepenultimate stress would
lead to an enhanced positivity effect, which is not attested. Thus, it seems that the data can decide between trochaic and
iambic structures, at least for foot types of Þnally stressed words. For more test conditions to evaluate
RHYTHMTYPE=TROCHEE, further investigations of longer words with an odd number of syllables would be decisive.

Regarding the constraint PARSE-s , the data suggest that words with antepenultimate stress do not consist of an
extrametrical, unparsed Þnal syllable (see candidate (a) inTableaux 5 and 6) as is suggested inFe«ryÕs analysis (1998). If
this were the case, we should have found a pronounced positivity effect for words with canonical antepenultimate stress
incorrectly stressed on the Þnal syllable. According to these tableaux the output with Þnal stress (candidate (f), (L.L)(ÔH))
constitutes even the optimal surface form as it satisÞes RIGHTMOST. Violations of such a form did not produce any
positivity effect.

In words with canonical Þnal stress that are incorrectly stressed on the initial syllable, a violation of RIGHTMOSTas
shown in candidate (e) ofTableaux 5 and 6, however, did not surface as a pronounced positivity effect. The lack of an
ERP response can be taken as support for a possible lexical speciÞcation of this stress pattern by means of HEADMATCH

or lexically indexed NONFINALITY (see section2.2 above).
In sum, the Þndings of the Þrst experiment reported inDomahs et al. (2008)corroborate the conception of a parser

building up binary structure, which is reßected inPrince and SmolenskyÕs (1993/2004)constraint FOOTBIN. This is not
that surprising, since traditional OT-analyses of German word prosody generally assume binary trochees (Alber, 1997,
1998; Fe«ry, 1998). However, our results are the Þrst to show empirically what happens when prominence relations are
restructured. Up to now, analyses could only consider prominent positions of words, but our data go beyond that and refer
to prominent and non-prominent parts of the prosodic structure of a word. Furthermore, in the case of words with
antepenultimate stress, we could show that a form with a parsed Þnal syllable is to be preferred over a form with an
extrametrical syllable providing evidence for the importance of PARSE-s at the right edge of a word. However, in words
with penultimate stress likeBikõ«ni, for which we proposed an optimal parsing like L(ÔL.L), we cannot reach a decision
based on experimental evidence between an unparsed initial syllable and an initial defective foot, since both potential
forms violate constraints important for foot structure formation making the initial syllable an impossible landing site for
stress.
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4. Does weight matter?

It is a long-standing debate whether German is a quantity-sensitive language. Some phonologists argue that the stress
position in German words is calculated on the basis of the syllableweight of the Þnal and preÞnal syllable (e.g.Giegerich,
1985; Vennemann, 1990; Fe«ry, 1998; Jessen, 1999). A heavy Þnal syllable attracts stress, otherwise stress is realized on
the preÞnal syllable. With the deÞnition of heaviness Ð however Ð difÞculties have arisen. It seems that the traditional
notion of weight in terms of a mora-counting system does not hold for German. Thus, words ending in a (bimoraic) long
vowel do not necessarily attract word stress (e.g. [Ôk&nto:]< Konto> , ÔaccountÕ), whereas words ending in a VC-, VVC-,
or VCC-sequence often do (e.g. [potoÕk&l] < Protokoll> , ÔminutesÕ; [vitaÕmi:n]< Vitamin> , ÔvitaminÕ; [dii"gent]
< Dirigent> , ÔconductorÕ). According toWiese (1996/2000), the stress position is not predictable even for the latter group
of words. This is demonstrated by means of varying stress patterns in words ending in identical Þnal syllables (e.g.Ba«lkan
Ôthe BalkansÕ ÐOrga«n; Ja«panÐKumpa«n ÔcompanionÕ;Wiese, 1996/2000:279).

With respect to the relation of vowel length and syllable weight, a proposal to explain word stress in Dutch might be
insightful for an analysis of German as well. The observation that long and short vowels are distributed
complementarily Ð i.e. long (tensed) vowels occur in open syllables and short (lax) vowels in closed syllables Ð led to
the proposal that vowel length does not contribute to syllable weight at all in Dutch (Kager, 1989; Lahiri and Koreman,
1988). Instead, it is assumed that only closed syllables are heavy. FollowingKager (1989)and Trommelen and
Zonneveldt (1999)only a closed (= heavy) Þnal syllable is parsed as a monosyllabic foot, open Þnal syllables are
parsed as weak syllables of trochees. We will suggest here that in German the same deÞnition of syllable weight should
be adopted, since vowel length seems to be an uncertain predictor for the parsing of syllables into feet according to
their weight. In German, open syllables contain tensed vowels (except for /a/ and /e/), which are longer than lax vowels
in closed syllables. Since vowel length is not an independent factor, but is crucially determined by the syllabic make-
up, one can argue that vowel length does not contribute to syllable weight. Similarly,Vennemann (1990, 1991a)argues
for a distinction between open and closed syllables by means of syllable cut properties. One caveat should be
mentioned here, namely that a minimal German word might consist of an open syllable with a long vowel likenie
ÔneverÕ orwieÔhowÕ. From such forms we can conclude that open syllables at least have the potential to be heavy, but Ð
as argued above Ð are not as good as predictor for heaviness as closed syllables are.

In a pseudoword-reading task,Jan§en (2003a)observed that most words ending in a syllable with one or two coda
consonants were stressed either on the Þnal or antepenultimate syllable (77%), whereas words ending in an open Þnal
syllable were predominantly stressed on the penult (82%). This Þnding conÞrms that at least the weight of the Þnal
syllable determines the prosodic structure of a word.

Taken together, there are some considerations speaking in favor of a quantity-sensitive system. However, asWiese
(1996/2000)points out, the German stress system is by no means quantity-sensitive in the traditional sense (Hayes,
1995). In the following section, we will discuss experimental Þndings on the inßuence of syllable weight and illustrate
the role of quantity in relation to other relevant prosodic constraint.

4.1. ERP data

In order to elucidate the role of quantity sensitivity in German we present Þndings from another ERP study reported
in Domahs et al. (2008), in which the word material allows to differentiate between effects induced by either violations
of stress position and syllable weight or by stress violations alone. For this purpose, we selected words with
antepenultimate stress that differed with respect to the structure of the Þnal syllable: Half of the words contained a
closed Þnal syllable (CVC-structure; e.g.Le«xikon) and half an open Þnal syllable (CV-structure; e.g.Rõ«siko). The idea
was that stress violations of such words caused by penultimate stress (e.g. *Lexõ«kon, *Risõ«ko ÔriskÕ) might produce
different effects in ERPs because correct words with penultimate stress contain predominantly an open Þnal syllable
and rather rarely a closed one (see discussion above).6 If this asymmetry is meaningful in German, more pronounced
violation effects for incorrect words like *Lexõ«kon should be observed than for words like *Risõ«ko.
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6 In a corpus analysis of 1017 trisyllabic words selected from Celex lexical database of German (Baayen et al., 1995), Jan§en (2003a, 2003b)
observed that words with penultimate stress ending in a syllable with full vowel are open in 64.2% and closed in only 33.8%. Note further that words
with closed Þnal syllable mainly consist of a Latin or Greek ending which cannot bear stress (e.g.MuseumÔmuseumÕ,Bazillus ÔbacillusÕ, or
FranziskusÔmale nameÕ).



4.2. Evidence for the processing of syllable weight

To test this hypothesis, an ERP experiment was conducted (Domahs et al., 2008) in which 15 words with
antepenultimate stress contained a closed Þnal syllable and 15 words an open Þnal syllable. Each word was presented
twice in both correct and incorrect (penultimate) condition; Þller items with incorrect antepenultimate stress and correct
penultimate stress were added to exclude confounding strategies (for a detailed description of the experimental method
and the statistics seeDomahs et al., 2008). The participantsÕ task was identical to the one outlined in section3.1.

Fig. 2 depicts that there are indeed differences between the two presented stress violations: The violation-to-
expectation effect is stronger for words with a closed Þnal syllable than for words with an open Þnal syllable. This
Þnding suggests Þrst of all that the language processing system is sensitive to the frequency of occurrences of
particular structures, since penultimate stress occurs more frequently in words with an open than in words with a
closed Þnal syllable. With reference to the results we obtained for the criterion ÔÔfoot typeÕÕ in section3.2, the
asymmetry of ERP effects seems to reßect that a structure like *Risõ«ko is more wellformed than a structure like
*Lexõ«kon. Note that in the latter case a heavy Þnal syllable is parsed as a weak syllable of a trochee (Le(xõ«.kon)F),
whereas in the Þrst case two open syllables form an optimal trochee (Ri(sõ«.ko)F). Therefore, our Þndings support the
assumption as reported in section2.2that closed syllables are heavy and build feet on their own. However, this can be
observed mainly for Þnal heavy syllables.

The Þndings of the ERP study show that syllable weight inßuences the processing of prosodic word forms (and even
of those not lexically stored). Despite the fact that both forms (*Lexõ«konand *Risõ«ko) are violations that can be judged
as incorrect with comparative accuracy (97% and 93%, ns), we can conclude that German speakersÕ perceptional
system is sensitive to syllable weight. Note that we do not have any empirical results suggesting that the vowel length
of syllables contributes essentially to the weight of a syllable. Therefore, our results support the assumption outlined in
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Fig. 2. Grand averages are grouped according to stress conditions. Grand averages are measured from word onset up to 1500 ms thereafter, due to
space limits only midline electrodes (Fz, Cz, and Pz) are depicted. On the left hand side, the correct condition with a heavy Þnal syllable is compared
with the incorrect conditionLexõ«kon. As a result, such a violation with penultimate stress produces a pronounced posterior positivity effect. On the
right hand side, contrasts between brain responses for correct words with open Þnal syllables and incorrectly stressed words (Risõ«ko) are illustrated.
Interestingly, for this type of words the violation effect is moderate and statistically not signiÞcant (seeDomahs et al., 2008for statistical analyses).



section3.1 (Jan§en, 2003a; Kager, 1989; Trommelen and Zonneveld, 1999) according to which only the presence or
absence of coda consonants distinguishes between heavy and light syllables.

However, this sensitivity in the perception of weight differences is not deducible from our OT-analysis. If we
compare the candidates (b) fromTableaux 1 and 5Ð L.(ÔL.L)-structures like *Risõ«ko and L.(ÔL.H)-structures like
*Lexõ«kon Ð the differences in syllable weight are not reßected by any violations in the ranking. In both tableaux
candidate (b) violates PARSE-s and ALLFEET-LEFT. The present ranking takes only the positional properties of stress into
account, but not syllable weight properties per se.

From an OT-perspective the described ERP effects of the alternating stress positions inLe«xikon, *Lexõ«kon and
Rõ«siko, *Risõ«kowould be described best by the constraint WEIGHT-TO-STRESS-PRINCIPLE (WSP,Prince and Smolensky,
1993/2004). WSP requires heavy syllables to be stressed.

The correct formLe«xikonhas the prosodic structure (ÔL.L)(H) with an assumed exceptional antepenultimate main
stress (stress is possibly lexically prespeciÞed, since RIGHTMOST would opt for Þnal stress here, see discussion of
Tableau 5). When main stress is shifted to the penultimate syllable (*Lexõ«kon) the foot structure changes. According to
our analysis (seeTableaux 5Ð7, candidate (b)) word forms with penultimate stress always exhibit a Þnal disyllabic
trochee and an unparsed initial syllable, hence the prosodic structure of this form should be L(ÔL.H). Thus, induced by
a restructuring of feet, WSP is violated as the Þnal heavy syllable occurs in the weak position of the Þnal foot. This
violation of wellformedness of weight structure is visible in the observed ERP effects.

In contrast, main stress alternations of words likeRisikoshow a different picture. Here, we assume that the correct
form Rõ«sikoagain has a lexically prespeciÞed main stress. According to our OT-analysis, stress would normally occur
on the penultimate syllable if we assume the weight structure L.L.L.7 L.L.L-forms would normally exhibit penultimate
stress (i.e. a Þnal disyllabic trochee and an unparsed initial syllable). As proposed inTableau 1, antepenultimate stress
is exceptional, since RIGHTMOST must be dominated by a constraint like HEADMATCH that ensures a faithful realization
of stress already present in the input or by an indexed version of NONFINALITY (see above, discussion ofTableau 5). This
would result in the parsing (ÔL.L)L or (ÔL)(L.L). However, shifting main stress to the penultimate syllable (Risõ«ko)
requires restructuring of feet. But although the potentially optimal form L(ÔL.L) has a completely different foot
structure compared to the correct condition (ÔL.L)L or (ÔL)(L.L),*Risõ«ko forms do not produce positive deßections.
The lack of a positivity effect could be interpreted to be the result of the fact that in contrast to *Lexõ«kon no WSP
violation occurs. Therefore, the ERP method is sensitive to the markedness of structures, accepting incorrect forms if
they constitute unmarked prosodic structures.

If we incorporated WSP into the ranking proposed so far, it would be ranked below *CLASH as German is only a
partially quantity-sensitive language (cf.Alber, 1997). This is expressed by the irrelevance of the weight of the Þrst
syllable in trisyllabic words for stress assignment (compare e.g.Tableau 2with Tableau 3).

However, the occurrence of WSP would never change the optimal outcomes ofTableaux 1Ð8. Accordingly, this
constraint does not seem to be relevant for the analysis of stress assignment in trisyllabic words. It should be noted
further that with *Risõ«koand *Lexõ«kontwo non-optimal forms are compared here. OT normally was not designed to be
able to account for differences between losers in a ranking.

Nevertheless, the peculiarity remains that we have an experimental prove that German speakers are sensitive to
syllable weight during processing, but this sensitivity is not needed to derive wellformed stress patterns of trisyllabic
words. Possibly, WSP is needed in an analysis of longer words which is beyond the scope of this paper and will be left
for future research.

5. Summary

We have presented an OT-analysis for German word stress that can explain the distribution of stress patterns
attested for German trisyllabic monomorphemic words (in particular those reported inJan§en, 2003a). Main stress on
the penultimate syllable is the most frequent pattern in German, which is basically assured by the ranking FOOTBIN,
RIGHTMOST ! PARSE-s . This entails that ternary feet are generally excluded and that in trisyllabic words in most cases
only one Þnal disyllabic trochee is built up. Thus, construction of feet goes on in a minimal fashion. Maximally
disyllabic feet can occur word Þnally and word initially, while monosyllabic feet are restricted to certain conditions: A

J. Knaus, U. Domahs / Lingua 119 (2009) 1396Ð14131410

7 Note that a form likeRõ«sikocould also be analyzed as H.L.L structure due to a stressed and therefore long initial vowel without changing the
optimal output. But see discussion on syllable weight in section4.



heavy syllable can constitute a bimoraic trochee on its own only in word Þnal position and when stress clash is avoided
(e.g. (L.L)(H)). Only if these wellformedness restrictions are fulÞlled, more than one foot is built up. Note that initial
heavy syllables never form a foot alone, their weight does not contribute to the assignment of word stress.

Foot structures are generally limited to trochees of the form (ÔL.L), (ÔH.L) and (ÔH). Non-canonical trochees of the
form (ÔL.H) can only surface in L.H.H-words where the low ranked PARSE-s is not blocked by higher ranked
constraints and exhaustive parsing is possible. (L.H)-feet also never occur word Þnally (see below).

All in all, the prosodic structure of words is determined by multiple restrictions requiring that the shape and the size
of feet be as minimal and as least marked as possible.

In comparison to earlier analyses (Alber, 1997; Fe«ry, 1998) the set of constraints used here is kept as small as
possible. The phenomena that are described by constraints like for instance IAMBICTROCHAICLAW (Alber, 1997) or
NONHEAD(3) (Fe«ry, 1998) are expressed through ranking interactions of other, more basic constraints. Nevertheless, in
large parts AlberÕs analysis is congruent to the one presented here. Our OT-analysis is further conÞrmed by the results
of the presented ERP-studies. The ranking of FOOTBIN over PARSE-s can be empirically grounded through the observed
occurrence or non-occurrence of the enhanced positive deßection in the ERP-data (see section3). Furthermore, our
experimental Þndings strongly suggest that even in clearly non-lexicalized forms like *Lexõ«konand *Risõ«ko quantity
plays a role in prosodic processing (see section4). German clearly is a partially quantity-sensitive language, as
violations of the quantity-wellformedness restriction (which may be expressed by WSP, but see discussion above)
show up as signiÞcant deviations in ERP curves.

To summarize the main Þndings of our OT-analysis, we suggest that:

- Stress on the penultimate is the most common pattern in German. The majority of the tableaux shows that candidates
with penultimate stress are preferred at the cost of underparsing the Þrst syllable. Only in cases where a trisyllabic
word form can be parsed into two wellformed trochees, the penultimate pattern is abandoned. This is the case in
words ending in an LH sequence, in which penultimate stress would result from a highly marked trochee. In such
cases the parsing into the foot sequence (XL)(H) is unmarked, which is a challenge to prosodic accounts that
postulate penultimate stress to be the only unmarked stress pattern (e.g.Kaltenbacher, 1994; Wiese, 1996/2000).

- The formation of foot structures always proceeds in a minimal way (FT-BIN ! PARSE-s ). As binarity is ranked above
exhaustive parsing, a syllable is left unparsed whenever possible (i.e. if no other high ranked constraints interfere).

- The weight of the Þrst syllable does not play any role in the assignment of word stress (Tableaux 2 and 3). In some
circumstances the Þrst syllable is incorporated into a foot, but crucially this does not depend on the weight of the Þrst
syllable and happens only when the Þnal syllable forms a foot on its own. This becomes obvious in the comparison
between forms like (L.L)(ÔH) and (H.L)(ÔH) (Tableaux 5 and 6).

- Trochees of the form (ÔL.H) are marked in German. They occur only if exhaustive parsing cannot be accomplished
otherwise.

While the experimental results provide evidence for most of the constraints used in our analysis, there is no
experimental support for the constraints expressing directionality and *CLASH yet. Whether effects of stress clash are
mirrored by deviations of ERP data can be checked in a future experiment with a critical condition in which the
presented stimuli contain stress clashes. In contrast, it seems to be more complicated to provide violations of
directionality constraints for main stress by using a comparable experimental design, but the constraint RIGHTMOST is
afÞrmed by the uncontroversial three-syllable law.

Further, it is an open question how primary and secondary stress interact and whether the word rule is differently set
for the two types of prosodic prominence. If we followAlber (1997, 1998), primary stress is aligned with the right edge
of words and secondary stress with the left edge. However, this generalization allows for some exceptions that might
be related to stress preservations in derived words and to syllable weight effects. In order to get deeper insight into this
problem, further examinations of polymorphemic words are necessary.

6. Conclusion

In the present paper, the relevance of constraints on prosodic structure in German was investigated by virtue of
experimental Þndings from pseudoword production and from studies using event-related potentials. Overall, the data
conÞrmed that feet are maximally binary in German, excluding ternary structures clearly. Constraints militating
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against violations of binarity and trochaic foot type are undominated in the constraint hierarchy at the cost of
exhaustive syllable parsing. Thus, on the one side, a prosodic word of German does not consist of a maximal number of
feet, but rather foot construction takes place only as far as allowed by binarity and foot type. On the other side, the
number of feet must be maximal as the number of unparsed syllables is restricted to one. Finally, a crucial result is that
syllable weight has an impact on foot structure, since heavy syllables may constitute feet on their own.
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µV CZ
Legend:

grand grand mean
antepen. (shift to 1st syll.)
antepen. (shift to 2nd syll.)
antepen. (correct)
antepen. (shift to penult)
antepen. (shift to final syll.)
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µV CZ
Legend:

grand grand mean
penult (shift to 1st syll.)
penult (shift to 2nd syll.)
penult (shift to antepen.)
penult (correct)
penult (shift to final syll.)
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µV CZ
Legend:

grand grand mean
final syll. (shift to 1st syll.)
final syll. (shift to 2nd syll.)
final syll. (shift to antepen.)
final syll. (shift to penult)
final syll. (correct)
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�U�I�F�M�F�T�T�
 �I�J�H�I�F�S �M�F�W�F�M �Q�S�P�T�P�E�Z �D�B�O �I�B�W�F �B�O �J�O�÷�V�F�O�D�F �P�O �X�P�S�E �T�U�S�F�T�T �Q�F�S�D�F�Q�U�J�P�O

�B�O�E �Q�S�P�D�F�T�T�J�O�H�
 �J�O �Q�B�S�U�J�D�V�M�B�S �X�I�F�O �C�P�U�I �N�B�L�F �V�T�F �P�G �U�I�F �T�B�N�F �Q�I�P�O�F�U�J�D �Q�B�S�B��

�N�F�U�F�S�T��
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ABSTRACT 

The present paper report results of an ERP-study 
on German noun-noun compounds in which the 
influence of stress clash on stress positions within 
compounds is tested. In particular, it is examined 
whether secondary stress within a second constitu-
ent is affected by the stress pattern of a first con-
stituent as well as by the main stress position of the 
second constituent. Stimuli used were polysyllabic 
compounds which allowed manipulating the stress 
positions such that alternative hypotheses about 
foot structure and its constraints could be tested.  

The main result is that the preferred position for 
secondary stress in German is the initial syllable. 
Furthermore, the distribution of secondary stresses 
is computed within words, not within larger con-
texts: Stress clashes caused by these contexts do 
not influence the distribution of stresses. 

Keywords: German, word stress, secondary stress, 
compounds, ERP 

1. INTRODUCTION 

The present paper deals with the questions how 
word stress and stress on higher levels of the 
prosodic hierarchy are related, and what the pre-
ferred positions of secondary stress in German are. 

Within the relevant literature, there are conflict-
ing assumptions on the relation of word stress and 
higher level stress. Some accounts (e.g. [8, 9]) 
claim that secondary stress is variable and depends 
on the rhythmical structure of the sentence in 
which they occur. Which syllable receives stress 
then is determined by the interplay of primary and 
secondary stresses of words in a sentence context. 
Accordingly, interactions of word stress patterns 
and rhythmical preferences should have a strong 
influence on stress placement. A second approach 
(e.g. [4, 7]) argues that stresses are determined by 
the internal structure of a word, i.e. its feet and 
syllables. This internal structure is built up 
independent of higher-level prosodic structures. 
Empirical data on the distribution of secondary 
stresses is sparse and contradictory [3]. What are 

possible positions of secondary stress, and which 
are the preferred ones? Alternatively, one could 
doubt the existence of secondary stress at all in 
German loanwords [6]?  

Generally, the paper addresses the following 
questions: is secondary stress derived from within 
the structure of the word, from the context of this 
word (here, a compound), or from both?  

2. AN EEG STUDY ON GERMAN 
COMPOUND STRESS 

To shed light on these questions we conducted a 
neurolinguistic experiment on stress in complex 
German words. Previous EEG-studies on the 
processing of word stress in German [2, 5] have 
shown the sensitivity of this experimental method 
to manipulations of word stress: stress violations 
leading to illformed or dispreferred structures (e.g. 
*Vi( ��ta.min) instead of (Vi.ta)(��min): (LL)(��H) 
becomes L(��LH)) produce significantly stronger 
electrophysiological effects (P3b) than violations 
maintaining the foot structure (*( ��Vi.ta)(min): 
(LL)( ��H) becomes (��LL)(H)). Thus, the studies 
show the grouping of syllables into feet, and the 
potential stress positions in German words 
irrespective of main or secondary stress positions. 
Manipulations of main stress can therefore be used 
as a diagnostic tool to identify secondary stress 
positions. It is noteworthy that to date no explicit 
phonetic correlate of secondary stress has been 
found. 

In the current experiment, participants (22 
German monolinguals, 12 women) were presented 
with correctly and incorrectly stressed compounds 
embedded in a carrier sentence (Er soll nun  
(Eu ��ropa)�Z(enthusi��asmus)�Z sagen 'He is supposed 
�W�R�� �V�D�\�� �«�
������ �7�K�H�� �W�D�V�N�� �Z�D�V�� �W�R�� �M�X�G�J�H�� �Z�K�H�W�K�H�U�� �W�K�H��
critical word was stressed correctly or not (by 
pressing a button). The material was selected such 
that it allowed for the evaluation of metrical 
structure and their conditioning factors. 
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2.1. Method 

�x Stimuli were naturally spoken German noun-
noun compounds, comprising a trisyllabic first 
part and a pentasyllabic second part, recorded at 
44 kHz sampling rate, 16 bit (mono) using 
Amadeus Pro (HairerSoft) and a Beyerdynamic 
MC 930 electret microphone. 

�x The design of the stimuli is illustrated in Figure 
1. The trisyllabic first constituent of the critical 
items was stressed either on the penult or the 
final syllable. These first parts were always 
stressed correctly. In the pentasyllabic second 
constituent, correct main stress appeared on the 
penult or the final syllable. These constituents 
were derived words, all comprising main and 
(supposed) secondary stresses. Following the 
rationale explicated in [2], possible secondary 
stress positions should be identifiable via main 
stress shifts. Therefore, manipulations are 
applied only to the second constituent in which 
main stress was shifted from the correct position 
to the initial or the second syllable. Compound 
main stress lies on the first part and our manipu-
lations do not affect compound stress but word 
stress of the second constituent. The use of 
morphologically complex noun stimuli could not 
be avoided because of a lack of suitably long 
monomorphemic nouns. 

Figure 1: Overview of the stimulus design and the 12 
experimental conditions (2x2x3). 

 
�x This experimental design (Fig. 1) allowed us to 

investigate whether the stress shifts within the 
second part of the compound indicate possible 
secondary stress positions (i.e. heads of feet) and 
whether the position of main stress in the first 
part of the compound (stress context) has an 
influence on the processing of these stress shifts 
(i.e. clash avoidance effects, cf. [10]). For an 
example of each of the cases, see Figure 2. 

�x The set of stimuli consisted of 15 stimuli per 
condition, presented twice. Each pentasyllabic 
constituent appeared in each of the experimental 
conditions (i.e. once with stress in the correct 
position, and twice with stress in incorrect 
positions). 

�x In order to balance the number of correctly and 
incorrectly stressed words the stimulus set in-
cluded also 30 filler items with stress on the first 
and second syllable each. 

�x EEGs were measured via 22 AgAgCl electrodes 
(C2 as ground, reference placed at left mastoid) 
and a Brainvision amplifier. Impedances were 
�N�H�S�W���E�H�O�R�Z�������N�
�����(�(�*���(�2�*���Z�H�U�H���U�H�F�R�U�Ged with 
a sampling rate of 250 Hz, filtered offline with a 
0.3-20 Hz bandpass filter.  

�x Averages were calculated from the onset of the 
second part of the compounds up to 1900 ms 
post onset. 

�x For comparison of mean voltage differences 
between correct and incorrect conditions, two 
time windows were selected by means of visual 
inspection (from 330 to 580 ms for shift to the 
first syllable and from 500 to 900 ms for shift to 
the second syllable). 

�x ANOVAs were calculated for STRESSPOSITION 
(correct vs. initial or second syllable) over three 
BRAINREGIONS (frontal: F3, Fz, F4; central: C3, 
Cz, C4; parietal: P3, Pz, P4). 

2.2. Results 

2.2.1. Behavioral data 

Reaction times are not analyzed here, as partici-
pants had to react with a delay after the offset of 
the carrier sentence to avoid movement artifacts. 
Error rates were below 9% for most conditions, 
whereas the error rates for stress shifts to the first 
syllable ranged from 41% to 50%. Crucially, there 
were no differences between the stress contexts 
provided by the differently stressed first parts of 
the compounds.  

2.2.2. ERP data 

A comparison of the averaged EEG data of the 
correct conditions with the two conditions contain-
ing stress violations in the second part of the com-
pounds revealed positivity effects (see Figure 2). 
In the following, it is outlined how stress context 
and main stress position of the second constituent 
modulate the positivity effects. 
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Figure 2: Grand average plots (midline electrodes) of correctly stressed pentasyllabic words (solid lines) and the same words 
with incorrect stress on the first syllable (dotted lines) and incorrect stress on the second syllable (dashed lines). 

 

  Eu��ropa-Enthusi��asmus  Parla��ments-Enthusi��asmus  A��roma-Sensibili��tät  Aggres��sions-Sensibili��tät 
 * Eu��ropa-��Enthusiasmus * Parla��ments-��Enthusiasmus * A��roma-��Sensibilität * Aggres��sions-��Sensibilität 
 * Eu��ropa-En��thusiasmus * Parla��ments-En��thusiasmus * A��roma-Sen��sibilität * Aggres��sions-Sen��sibilität 
  "enthusiasm for Europe"  "enthusiasm for the parliament"  "sensitivity to flavours"  "sensitivity to aggression" 

 
Shifts within the second constituent with pen-

ultimate stress: Shifts from the penultimate 
syllable to the initial syllable evoked, irrespective  
of stress contexts (e.g. *Eu��ropa-��Enthusiasmus 
and *Parlaments-��Enthusiasmus), a positivity 
effect between 330 to 580 ms post stimulus onset 
(F(1,21)=16.98, p<.001 and F(1,21)=7.52, p<.012). 
Stress shifts to the second syllable (En��thusiamus) 
revealed an even larger positivity effects in both 
stress contexts (*Eu��ropa-En��thusiasmus and *Par-
la��ments-En��thusiasmus) between 500 and 900 ms 
post onset (F(1,21)=27.76, p<.000 and F(1,21)= 
41.31, p<.000). 

Shifts within the second constituent with final 
stress: Violations evoke asymmetrical effects. 
Stress shifts to the initial syllable evoke no positiv-
ity effect in neither stress context (e.g.*A��roma-
��Sensibilität and *Aggres��sions-��Sensibili tät) meas-
ured again within 330 to 580 ms (F(1,21)= 3.07, 
p=.094 and F(1,21)>1). In contrast, stress shifts to 
the second syllable produce enhanced positivity 
effects in both contexts (*A��roma-Sen��sibilität and 
*Aggres��sions-Sen��sibili tät), again between 500 
and 900 ms (F(1,21)=35.46, p<.000 and 
F(1,21)=36.15, p<.000). 

2.3. Discussion 

The present study aimed at finding evidence for 
potential secondary stress positions in derived 
German loanwords and, in addition, the factors 
which influence secondary stress positions. It is 
suggested that words bear initial secondary stress 
in multisyllabic words whose main stress allow for 
further prominent syllables (e.g. [1]). 
Alternatively, it has been suggested that secondary 
stresses of words are influenced by rhythmical 
alternations at the sentence level (e.g. [8]). 

The present study replicates findings from 
earlier experiments on stress perception using a 
stress evaluation paradigm, as the electrophysio-
logical effects obtained are again positivity effects, 
interpreted as instances of a P3b reflecting a task-
specific process in [2, 4]. Again the occurrence and 
non-occurrence of the P3b tells us how stress pos-
itions are rhythmically distributed by means of feet 
within the domain of prosodic words. The first 
crucial result is that for neither analysis the stress 
context played a role. We did not find a greater 
acceptance of stress shifts to the second syllable in 
words with finally stressed first constituent than in 
stress contexts with penultimate stress. 

The evaluation of stress shifts and the obtained 
ERP-results strongly suggest that the initial syl-



ICPhS XVII Regular Session Hong Kong, 17-21 August 2011 
 

1117 
 

lable is the preferred secondary stress position in 
German. In this respect, it is noteworthy that shifts 
to the initial syllable produce no positivity at all in 
pentasyllabic words with final canonical stress. 
This shows a high acceptance of initial stress irre-
spective of the stress context. Clash contexts have 
no influence on the processing of the initial syl-
lable. Thus, clash avoidance in words like 
*Aggres��sions-��Sensibilität does not play a major 
role in the prosodic processing of the critical items. 
The suggestion is not that clash avoidance does not 
play a role in prosodic processing at all, but that 
the level of secondary stress is not affected by the 
level of compound stress. Feet are constructed 
within words independently of the phrasal context. 
This finding is corroborated by the analysis of the 
behavioural data. Shifts to the second syllable had 
significantly lower error rates, i.e., they were easier 
to detect, while shifts to the first syllable produced 
up to 50% error rates, i.e., participants were un-
certain about the correctness of this stress position. 

As regards stress shifts to initial syllables we 
find asymmetrical results for pentasyllabic words 
with final and penultimate stress. Whereas in the 
former case no P3b was obtained, the latter case 
produced a significant effect though not as pro-
nounced as in shifts to second syllables. Our 
interpretation of the differentiated results is that a 
possible realization of secondary stress in finally 
stressed pentasyllabic words is expected more than 
in words with penultimate stress. This might be 
due to the distance between main stress and the left 
word boundary ((��Sen.si)(bi.li)(��tät) vs. (��En.thu)-
si(��as.mus)), or due to the better parsing conditions 
in finally stressed words opposed to words with 
penultimate stress. 

Finally, our data provide evidence for the 
parsing routine underlying assignment of second-
ary stress. In linguistic theory, it is under debate 
whether main and secondary stresses result from 
the same parsing procedure or whether main stress 
is aligned to the right word edge and secondary 
stress to the left edge. For the alternative foot 
analyses see the following examples. 

�x ??En.(thu.si).(as.mus) 
�x (En.thu).si.(as.mus) 

The less pronounced violation effect for words 
with stress shift to the first syllable as well as the 
high acceptance of initial stress in the judgements 
speak in favour of the second option with an ini-
tially parsed syllable; secondary stresses are 
aligned with the left edge of words [1]. Whether 

the parsing is quantity-sensitive or not is unsolved 
so far and has to be addressed in future studies. 
Rhythmical preferences within larger domains, for 
example within a compound, do not override this 
foot placement. 

3. CONCLUSIONS 

The preferred position for secondary stress in 
(pentasyllabic) German words is demonstrated to 
be the word-initial syllable. Stress clashes resulting 
from immediate context do not influence this 
overall preference. Within the constituents of a 
compound prosodic structures are built up in-
dependently of each other. This supports the idea 
that compounds are a special case of prosodic 
phrases rather than prosodic words [11]. 

In both clash and non-clash contexts, a stress 
shift to the initial syllable is tolerated, while shifts 
to the second syllable always are detected as in-
correct. The lack of clash avoidance effects across 
word boundaries argues for the view that word 
prosody and prosody above the word are separate 
levels of prosodic structure and processing. 
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Abstract

In the present paper, the online processing of stress manipulations in German words embed-

ded in either focus or non-focus position within a sentence was investigated utilising event-

related potentials. In particular, the aim was to find out how word and sentence prosody are 

related and whether the word level constitutes an autonomous structural domain. 

As a major result, it was shown that evaluations of different stress violations produced 

comparable electrophysiological effects for words embedded in focus and non-focus position. 

However, some effects observable in focus position failed to be present in a non-focus posi-

tion in which the critical words were preceded by a pitch rise. Especially elements immedi-

ately following high tone elements as parts of pitch accents seem to be prone to being misin-

terpreted according to their prosodic status as either stressed or unstressed. The reason for the 

impact of pitch accents on initial syllables seems to be that values of phonetic parameters as 

cues for word stress vary  across word positions: initial stress are mainly realised by pitch, 

medial stress by pitch and length, and final stress mainly by  length. Thus, initial syllables are 

prone to being misinterpreted as stressed or unstressed in cases where they follow a pitch rise 

in intonation as the stress information here relies mainly on pitch information. However, other 

aspects of words prosody seemed to be processed independently from higher prosodic levels, 

namely length distinctions in stressed and unstressed syllables.

Keywords: sentence prosody, word stress, ERPs, processing of rhythm, P300

to appear in Vogel and van de Vijver (eds.) Rhythm in phonetics, grammar and cognition

2



1. Introduction

Rhythm is described in terms of differences in prominence between phonological units on 

various levels of the prosodic hierarchy, e.g. word or phrasal stress. While word stress is de-

termined by the internal structure of a word, i.e., by the grouping of syllables into feet (e.g. 

Liberman & Prince 1977; Hayes 1995), sentence prosody results from the structuring of ele-

ments higher up in the prosodic hierarchy. In contrast to the position of word stress, the posi-

tion of sentence stress is influenced by syntactic, semantic, and pragmatic factors, and is 

therefore displays more flexible variation.

Yet it  is still an open question, how word stress and rhythm above the word are related. 

Opinions about the status of word stress differ on the question whether it is dependent of sen-

tence rhythm (e.g. Vennemann 1995; Noel Aziz Hanna 2003) or not (e.g. Nespor & Vogel 

1986; Knaus & Domahs 2009). In the former account, word stress assignment (at least for 

secondary  stress) is supposed to be variable and to result from the distribution of stresses 

within a phrase or sentence. In this respect, default metrical patterns and the avoidance of 

stress clashes might be responsible for the variation in prosodic structures of words. In the 

latter account, phonological words are assumed to display a prosodic structure of their own, 

i.e, they consist of feet, which are derived by constraints applied to word phonology. Hence, 

prosodic word structures are built up prior to structures of higher level prosody and are there-

fore autonomous entities.

In the following introductory  sections, we give a short overview over theoretical ap-

proaches to the prosodic structure of words and sentences and review previous neurolinguistic 

findings on word and sentence prosody. 

1.1 Prosodic hierarchy

Since the seminal paper on linguistic rhythm by Liberman and Prince (1977), it is assumed in 

generative grammar that rhythmic properties derive from prominence relations between sylla-

bles, feet, prosodic words or prosodic phrases which are seen to be organised into hierarchical 

layers of prosodic constituents. In this respect, the most influential model on the prosodic hi-

erarchy has been proposed by Nespor and Vogel (1986), in which seven prosodic levels are 

postulated (see figure 1 below). In Nespor & VogelÕs terms, the phonological word is defined 

to appear in Vogel and van de Vijver (eds.) Rhythm in phonetics, grammar and cognition
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to include the prosodic entities of syllable and foot and is part of the higher levels clitic group, 

phonological phrase, intonational phrase and phonological utterance. According to the Strict 

Layer Hypothesis (Selkirk 1984), each foot must be parsed into the next higher category pho-

nological word (! ) and each syllable of a foot must belong to the same phonological word. 

Figure 1: The prosodic hierarchy (with constituents according to Nespor & Vogel 1986)

On the word level, it is rather uncontroversial that trochaic feet are constructed from the right 

word edge to the left (e.g. Giegerich 1985; FŽry 1998; Jan§en 2003; Jessen 1999; Wiese 

2000). However, it  is less clear whether syllable weight plays a role for foot parsing. There is 

some evidence that heavy (i.e., closed) final syllables build monosyllabic feet (Jan§en 2003; 

Alber 2005; Domahs et al. 2008; Jan§en & Domahs 2008; Knaus & Domahs 2009), and that 

the rightmost foot within a word receives main stress (Alber 2005; FŽry 1998; Giegerich 

1985; Knaus & Domahs 2009; Wiese 2000). With respect to secondary stress in German 

words, it has been proposed that syllables of words are fully parsed into feet and that the posi-

tions of main and secondary stress depend on this foot structure (Alber 2005; Knaus & 

Domahs 2009). However, alternative approaches assume that secondary stress rather depends 

to appear in Vogel and van de Vijver (eds.) Rhythm in phonetics, grammar and cognition
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on the rhythmical distribution of strong syllables within a two-step system involving main 

stress assignment followed by rhythmically-based assignment of secondary stresses (see the 

Primary-Accent-First Theory; van der Hulst 1996, 1997, 2009) or on rhythmical properties of 

higher-level prosody (see Noel Aziz Hanna 2003). According to Noel Aziz Hanna (2003), 

secondary  stress positions in German complex words depend mainly on the rhythmical con-

text of the sentence in which they occur, i.e., words following a strong syllable tend to be 

stressed on the second syllable (e.g. !mein Oph"thalmo!loge, Ômy ophthalmologistÕ) whereas 

words following one or two weak syllable(s) on the first  syllable (e.g. ein !junger/!jŸngerer 

"Ophthalmo!loge, Ôa young/younger ophthalmologistÕ).

Sentence prosody largely consists of intonational patterns that indicate sense units, which 

have been described as melody contours over sentences or parts of them. One further charac-

teristic of intonational phrases is a high or low boundary tone indicating the end of an intona-

tion contour. A neutral intonational pattern of declaratives has nuclear stress realised in focus 

position, i.e., the new information within a sense unit, and often show a declination towards 

the end of the intonational phrase. The nuclear syllable is the most accented syllable that can 

be phonetically implemented by different accent types. In (1), some pitch accent types occur-

ring in German declaratives are depicted (according the convention of the German Tones and 

Break Indices (GToBI, Grice et al. 1996; Reyelt et al. 1996).

(1) a)   H*+     L-% 

  Mein ZAHN tut WEH.   (Grice & Baumann 2002:19)

  (My TOOTH hurts.)

 b)         L*+H     L-%

  Das WEISS ich SCHON!   (Grice & Baumann 2002:19)

  (I KNOW that already.)

So far, word level and sentence level prosody have mainly been investigated separately from 

each other. The main objective of the present study is to examine how word level prosody  is 

affected by higher level prosody. To this end, ERPs (event-related potentials) evoked by ma-

nipulations of word stress will be investigated in focus and non-focus position. 
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1.2 EEG studies on prosodic processing

In the ERP1 literature, some work has been devoted to the prosodic structure of words (e.g. 

Friedrich, Kotz, Friederici, & Alter, 2004; Magne et al., 2007; Domahs et al., 2008; Marie, 

Magne, & Besson 2011; Domahs et al., to appear) and to the processing of prosodic phrases 

and intonation (e.g. Steinhauer, Alter, & Friederici, 1999; Schmidt-Kassow & Kotz, 2009a/

2009b; Rothermich, Schmidt-Kassow, Schwartze, & Kotz, 2010). However, the interplay of 

word and sentence prosody  has to our knowledge not been investigated yet. In the following, 

we will discuss some ERP-components correlated with prosodic processing at different levels. 

In an experiment investigating metrical violations presented in jabberwocky sentences 

(e.g. !Schlopfzu !hŠtte !Fligme !peile !dšgent na!PEN !sollen, the metrical violation given in 

bold letters), Rothermich, Schmidt-Kassow, Schwartze, and Kotz (2010) observed a frontal 

negativity between 200 and 350 ms which was interpreted as an instance of a general error 

detection mechanism. In other domains of cognitive processing, such a component has also 

been labelled RAN (right anterior negativity) and was found for instance for rhythmical viola-

tions during the processing of music (e.g. Koelsch, Gunter, Friederici, & Schršger, 2000).

In studies investigating the lexical status of word stress information, an N400-like compo-

nent was found for the processing of ill-stressed words (Knaus, Wiese, & Janssen, 2007). Fur-

thermore, priming experiments using pitch contours as primes revealed a reduced P350 for 

targets that were primed by a matching pitch contour (Friedrich, Kotz, Friederici. & Alter, 

2004). 

Another component associated with stimulus related attention is the P300b. This positivity 

was modulated by the violation of predicted stress patterns (Knaus, Wiese, & Domahs, 2007; 
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Domahs et al., 2008), by the presentation of duration deviations of syllables (Magne et al., 

2007; Marie et al., 2010), and by the temporal predictability  of tones (Schmidt-Kassow, 

Schubotz, and Kotz, 2009). In the ERP study by Domahs et al. (2008), participants were con-

fronted with correctly and incorrectly stressed trisyllabic words, the latter ones leading to a 

change in prosodic structure. The aim was to investigate whether different types of stress 

violations/prosodic changes would produce different ERP effects, which might indicate quali-

tatively distinct processes in the parsing of diverse stress patterns. A comparison between cor-

rect and incorrect conditions revealed that different types of foot structure violations produced 

different ERP effects (for more details about the experimental setup and the analyses see 

Domahs et al. (2008) and Knaus et al. (2007)). Similarly, Magne et al. (2007) and Marie et al. 

(2010) manipulated the length of initial syllables in trisyllabic French words and found com-

parable positivity effects that were interpreted to reflect the processing of unexpected pho-

netic parameters.

In studies investigating the processing of phrasal or sentence prosody, Steinhauer, Alter, & 

Friederici (1999), Friederici et  al. (2004), as well as Pannekamp, Toepel, Alter, Hahne, & 

Friederici (2005) observed a late positivity effect at intonational phrase boundaries (Closure 

Positive Shift, henceforth called CPS) indicating a Òspecific on-line brain response to pro-

sodic processingÓ (Steinhauer, Alter, & Friederici 1999:191). In a series of ERP experiments 

with either natural sentences, jabberwocky sentences, delexicalised sentences, or hummed 

intonation contours, the authors observed a positive deflection of EEG signals time-locked 

with the processing of a prosodic boundary, irrespective of the syntactic structure of the 

phrase. Intonational phrase boundaries which were not indicated by a pause further suggested 

that the CPS rather reflects the processing of prosodic contour patterns (rising or falling of the 

pitch contour within a phrase) than an acoustic marking of the boundary.

All these components were obtained in studies on linguistic processing of prosodic infor-

mation, but the findings are confounded by general cognitive processes influenced by phras-

ing, temporal predictability and error detection mechanisms. However, though these compo-

nents are not likely to reflect linguistic processing directly, they are measures to investigate 

which metrical properties play a role in language processing. 
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The aim of the present paper is to identify ERP effects that can be traced back to the inter-

action between nuclear and word stress. For this purpose, the experimental design used by 

Domahs et al. (2008) was modified. We performed an experiment in which words in focus 

and non-focus position were manipulated with respect to main stress positions. The modula-

tion of the P300 component was predicted to tell us how the perception of word stress can be 

influenced by prosodic entities higher up in the prosodic hierarchy.

2. ERP-study on the relation between word prosody and sentence rhythm

Measuring electrophysiological responses to correctly and incorrectly stressed words, 

Domahs et al. (2008) identified a late positive component (also reported in Bšcker, 

Bastiaansen, Vroomen, Brunia, & De Gelder (1999) in a stress matching task) which the 

authors functionally classified as an instance of a P300 component (Picton 1992; Verleger 

1988), and which indicates the degree of mismatch between an expected stress position and 

its deviation. The major result of this work was to show that the processing of main stress in 

German words is strongly related to the processing of the prosodic structure of the phonologi-

cal word. More specifically, it could be shown that stress shifts produced enhanced P300 ef-

fects only in those cases where the shift led to a change in foot structure. So far, these results 

have been taken as evidence for the internal structure of words, i.e., for the hierarchical order-

ing of syllables into feet and of feet into prosodic words. However, the critical words ap-

peared in prominent  (= focus) position of the carrier sentence. Therefore the experimental 

manipulation was not only restricted to the domain of word prosody, but rather affected word 

and sentence prosody alike. The question will be addressed whether the earlier results are in-

deed capable to identify  the foot level of phonological words, or whether they merely  offer a 

window into the rhythmical structure of intonational phrases. 

2.1 Method

2.1.1 Material

In the present study, we adopted the methodological procedure reported in Domahs et al. 

(2008), see section 1.2 above: the experimental manipulation as well as the stimulus material 

were identical. Stimuli were trisyllabic, monomorphemic nouns of German with stress either 
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on the antepenultimate, penultimate or final syllable, accented both on the correct syllable 

(e.g.  Ka!sino, ÔcasinoÕ) and on the two syllables leading to stress violations  (e.g. *!Kasino 

and *Kasi!no; for more details on the word properties see Domahs et al., 2008). All items 

were controlled for syllable structure, segmental properties and word frequency.

The experiment differed from the earlier study in that each word was embedded in two differ-

ent sentences: i) a sentence in which the position of manipulated word stress coincided with 

the position of the nuclear stress of a sentence, i.e., the most prominent syllable of this sen-

tence, and ii) a sentence in which both stresses were realised on different and non-adjacent 

positions within the sentence. The examples in (2a) and (2b) illustrate examples of the critical 

conditions.

(2a)        H*     nuclear stress of the sentence

         x     word stress

          Er soll nun  Bi.k’.ni  sagen.  ÔHe is supposed to say BikiniÕ

(2b)         L*H     nuclear stress of the sentence

         x   word stress

          Er hat   nur noch  Bik’ni  gesagt.  ÔHe said nothing but BikiniÕ

Ninety  words embedded in each sentence type were recorded with each stress pattern (90 "  2 

"  3), and also 180 additional filler words to keep the number of correctly and incorrectly 

stressed words balanced. In total, 720 stimuli (critical and filler) were recorded.

For data analysis, only the electrophysiological responses to the trisyllabic critical words were 

considered. Note that the slightly different lexical contents of the two sentences had no impact 

on the semantics of the critical words, because both sentences consisted of a pronoun (er 

ÔheÕ), a modal/an auxiliary  verb (soll ÔshouldÕ, hat Ôhave3.sg.Õ), one or two particles (nun 

ÔnowÕ, nur noch Ôjust onlyÕ), and as the only content word the infinitive or past participle of 

the verb sagen (Ôto sayÕ). Moreover, the critical words appear in a citation-like context in both 

sentences, indicated by a sentence internal prosodic pause without pitch fall (see Figure 2a 

and 2b).
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A post hoc analysis of the phonetic parameters realised in the two types of sentences re-

vealed that the phonetic parameters of syllables varied with respect to stress position only, but 

not in correlation with the correctness of stress position (see statistics in Table 1). The analy-

sis of the phonetic parameters fundamental frequency, duration, and intensity was performed 

by using Praat (version 5.1.45, Boersma & Weenink 2010).

As can be seen from the phonetic values presented in Table 1, incorrect stress patterns 

were not spoken with exaggerated or atypical phonetic values, but each ill-stressed word was 

produced with similar phonetic values comparable to the correct realisation of the same stress 

pattern (e.g. *#Bikini comparable to #Alibi). 

Table 1 Ð Mean values of phonetic parameters for each stress pattern:

Overview over mean values (SD) of the parameters duration, fundamental frequency, and intensity for 

the stressed syllables of each word condition. The parameters of unstressed syllables are not listed due 

to place limitations but have been considered in the statistical analyses. (Correct conditions are 

shaded)

sentence 1: critical items in focus position

target starget stress conts context
phonetic 
parameter antepenult penult final statistics

realised 

antepenultimate
length (ms)
pitch (Hz)
intensity (dB)

201.5
250.44
42.75

227.6
244.62
44.33

213.2
243.65
42.72

F (2,58) = 8.487, p = .001
F (2,58) = 12.626, p = .000
F (2,58) = 1.525, p = .226

p = .001
p = .000
p = .226

realised 
stress 
pattern

penultimate
length (ms)
pitch (Hz)
intensity (dB)

235.5
244.07
43.56

242.6
242.45
42.94

236.6
244.53
43.30

F (2,58) = 35.188, p = .000
F (2,58) < 1
F (2,58) = 1.196, p = .310

p = .000

p = .310

final
length (ms)
pitch (Hz)
intensity (dB)

337.0
225.94
40.84

289.1
227.22
42.91

390.3
227.30
39.52

F (2,58) = 8.044, p = .001
F (2,58) < 1
F (2,58) = 3.259, p = .051

p = .001

p = .051
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sentence 2: critical items in non-focus position

target starget stress conts context
phonetic 
parameter antepenult penult final statistics

antepenultimate
length (ms)
pitch (Hz)
intensity (dB)

188.3
274.05
43.21

203.0
261.39
45.12

193.5
259.42
44.07

F (2,58) = 14.314, p = .000
F (2,58) = 5.245, p = .009
F (2,58) = 1.503, p = .231

p = .000
p = .009
p = .231

realised 
stress 
pattern

penultimate
length (ms)
pitch (Hz)
intensity (dB)

216.0
252.29
44.64

218.8
249.96
44.58

219.9
247.69
44.66

F (2,58) = 18.191, p = .000
F (2,58) < 1
F (2,58) = 2.495, p = .099

p = .000

p = .099

final
length (ms)
pitch (Hz)
intensity (dB)

334.5
244.72
42.94

298.0
240.54
44.97

386.2
239.79
41.72

F (2,58) = 8.791, p = .000
F (2,58) = 3.696, p = .031 
F (2,58) = 2.722, p = .077

p = .000
p = .031 
p = .077

2.1.2 Participants

Eighteen out of 24 right-handed native speakers of German (10 women) with normal or 

corrected-to-normal vision and without hearing deficits were included in the data analysis. Six 

participants had to be excluded due to high drop out rates caused by movement artefacts re-

ducing the number of analysable events per condition to less than 20. The mean age of the 

analysable group was 25 years (ranging from 19 to 30 years). Each participant was paid for 

participation.

2.1.3 Procedure

Participants were comfortably seated in front of a computer screen in a dimly illuminated 

room. The experimental stimuli were presented auditorily via loudspeakers and the partici-

pantsÕ task was to decide as accurately as possible whether the critical word within each sen-

tence was stressed correctly or not. To exclude effects of lexical retrieval, the critical items 

were given visually on a computer screen prior to auditory presentation.

Each trial started with a fixation cross that appeared for 500 ms. Then, a critical item was 

presented visually for 500 ms followed by a blank screen of 250 ms before the auditory pres-

entation of the stimulus embedded in one of the two carrier sentences started (see Figure 3). 

The mean duration was 2349 ms for sentence 1 and 2497 ms for sentence 2. After the offset of 

each sentence, a question mark appeared and remained on the screen for 2000 ms. Participants 

were instructed to press a yes- or no-button with their thumbs as soon as the question mark 
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appeared. All responses were given with a delay after offset of the critical items to avoid 

movement artefacts. The assignment of thumbs to the yes- and no-buttons was counterbal-

anced across participants. The appearance of the question mark further indicated that partici-

pants were allowed to blink and rest their eyes. After an inter-trial-interval of 2000 ms the 

next trial started.

Figure 3: Procedure 

The 720 stimuli were presented in 10 experimental blocks preceded by  a short practice phase. 

Experimental and filler items were presented in a pseudo-randomised order, each word ap-

pearing only once within each block. In order to avoid sequence effects, the order of the 

blocks was varied for each participant. The entire duration of an experimental session was 

approximately 90 minutes.

2.1.4 ERP measurements

The EEG (electroencephalogram) was recorded by  means of 22 Ag/AgCl electrodes via a 

Brainvision amplifier with the C2 electrode serving as ground electrode. The reference elec-

trode during recording was placed at the left  mastoid. EEGs were re-referenced off-line to 
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both mastoids. To control for eye-movement artefacts, vertical eye movements were recorded 

by electrodes above and below the participantÕs left eye, and horizontal eye movements by 

two electrodes fixed to the outer canthus of both eyes (electrooculogram, EOG). Electrode 

impedances were kept below 5 k$ . EEGs and EOGs were recorded continuously with a dig-

itisation rate of 250 Hz, and filtered offline with a bandpass filter from 0.3 to 20 Hz.

ERPs were computed for each participant, condition and electrode. Trials with eye move-

ment artefacts and incorrect responses were removed from the data (approximately  6.1 % of 

trials). Averages were calculated starting at the onset of the critical word up to 1500 ms there-

after. We compared each incorrect condition with the respective correct condition. 

In a repeated measurements design, the factor STRESSPOSITION (antepenultimate, penulti-

mate, ultimate) was considered for each SENTENCETYPE (focus, non-focus) and WORDTYPE 

(words with canonical antepenultimate, penultimate, final stress) separately. The time-

windows were chosen on the basis of visual inspection. Since the latency of effects strongly 

depends on the word stress position (see Domahs et al. 2008), different time windows were 

identified for different stress violations (see Table 3 for an overview over time-windows and 

statistical results). The ANOVA was calculated for electrodes of particular regions (REGION) 

defined as frontal (electrodes F3, FZ, F4), central (electrodes C3, CZ, C4), and parietal (elec-

trodes P3, PZ, P4).

2.2 Results

2.2.1 Behavioural Data

Reaction times are not meaningful and are therefore not reported here, as they were measured 

from the offset of sentence presentation and not from the beginning of the critical words. 

Error rates, however, were analysed in order to control for the accuracy of stress percep-

tion. An overview of the error rates is depicted in Tables 2a and 2b. 
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Table 2a: Mean accuracy scores (in %) and standard deviations (in parentheses) for critical conditi-

ons Ð words in focus position

targetarget stress conte context

antepenult penult  final syllable

realised stress 

antepenultimate stress 93.5%
sd 5.0

95.8%
sd 8.4

87.3%
sd 11.7

realised stress 
pattern

penultimate stress 94.3%
sd 4.8

98.3%
sd 2.4

98.5%
sd 2.6pattern

final stress 87.2%
sd 12.1

99.6%
sd 1.1

97.3%
sd 2.5

Table 2b: Mean accuracy scores (in %) and standard deviations (in parentheses) for critical conditi-

ons Ð words in non-focus position

targetarget stress conte context

antepenult penult  final syllable

realised stress 

antepenultimate stress 97.3%
sd 2.6

92.6%
sd 10.0

83.6%
sd 16.0

realised stress 
pattern

penultimate stress 91.2%
sd 8.5

99.1%
sd 1.6

90.9%
sd 7.7pattern

final stress 84.7%
sd 18.9

99.6%
sd 1.1

98.5%
sd 2.4

A generalised ANOVA over the factors SENTENCETYPE (stress manipulation in focus and non-

focus context), WORDTYPE (words with canonical antepenultimate, penultimate, and final 

stress), as well as STRESSPOSITION (antepenult, penult, final) revealed a main effect for each 

factor and each possible interaction (see Table 2c).  

Table 2c: Generalised Anova on accuracy scores calculated on the factors SENTENCETYPE, 

WORDTYPE, and STRESSPOSITION.

Factors Contrasts spanned by subjects Contrasts spanned by items

SENTENCETYPE F(1, 17) =  5.69,  *p = .029 F(1, 29) =  4.79,  *p = .037

WORDTYPE F(2, 34) =  25.36,  *** p = .000 F(2, 58) = 11.09,  *** p = .000

STRESSPOSITION F(2, 34) =  8.45,  ** p = .002 F(2, 58) = 4.98,  *p = .010

SENTENCETYPE vs. WORDTYPE F(2, 34) =  4.54,  *p = .023 F(2, 58) = 1.64,  p = .206

SENTENCETYPE 
vs. STRESSPOSITION

F(2, 34) =  4.73,  *p = .019 F(2, 58) = 2.15,  p = .125

WORDTYPE vs. STRESSPOSITION F(4, 68) =  8.01,  ** p = .004 F(4, 116) =  13.47,  *** p = .000

SENTENCETYPE vs. WORDTYPE 
vs. STRESSPOSITION

F(4, 68) =  7.36,  *** p = .000 F(4, 116) =  5.45,  *** p = .001
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Table 2d: Pairwise comparisons of error-rates (t-tests) for each condition within the two SENTENCE-

TYPES. p-values are Bonferroni corrected (corrected p < .0056).

Conditions Contrasts spanned by subjects Contrasts spanned by items

APU corr. T (17) = -3.69; p = .003 T (29) = -2.22; p = .033

PU incorr. in APU T (17) = 2.0; p = .061 T (29) = 1.55; p = .133

U incorr. in APU T (17) = 1.05; p = .307 T (29) = 1.15; p = .260

APU incorr. in PU T (17) = 2.96; p = .008 T (29) = 1.78; p = .084

PU corr. T (17) = -1.72; p = .103 T (29) = -.89; p = .382

U incorr. in PU T (17) = .00; p = 1.00 T (29) = .00, p = 1.00

APU incorr. in U T (17) = 1.91; p = .072 T (29) = 1.63; p = .114

PU incorr. in U T (17) = 4.15; p = .002 T (29) = 2.55; p = .015

U corr. T (17) = .1.43; p = .171 T (29) = -1.20; p = .238

Table 2e: Pairwise comparisons of error-rates (t-tests) between each correct and corresponding in-

correct stress pattern (e.g. !Lexikon vs. *Le!xikon). p-values are Bonferroni corrected (corrected p < 

.008)

Factors Contrasts spanned bned by subjects Contrasts spanned by ied by items

Words in focus 
position

Words in non-focus 
position

Words in focus 
position

Words in non-focus 
position

APU corr. vs. 
PU incorr.

T(17) = -.43; 
p = .670

T(17) = 2.77, 
*p = .014

T(29) = -.37,
p = .714

T(29) = 3.2, 
** p = .003

APU corr. vs. 
U incorr.

T(17) = 1.79, 
p = .092

T(17) = 2.65, 
p = .017

T(29) = 1.8, 
p = .082

T(29) = 5.1, 
*** p = .001

PU corr. vs. 
APU incorr.

T(17) = -1.17, 
p = .258

T(17) = -2.68, 
p = .016

T(29) = -2.26, 
p = .031

T(29) = -2.88, 
** p = .007

PU corr. vs. 
U incorr.

T(17) = -2.10, 
p = .051

T(17) = -1.12, 
p = .279

T(29) = -1.87, 
p = .072

T(29) = -1.03, 
p = .313

U corr. vs. 
APU incorr.

T(17) = -3.59, 
** p = .002 

T(17) = -4.08, 
*** p = .001

T(29) = -4.04, 
*** p = .001

T(29) = -5.0, 
*** p = .001

U corr. vs. 
PU incorr.

T(17) = 1.19, 
p = .251

T(17) = -3.97, 
*** p = .001

T(29) = 1.18, 
p = .247

T(29) = -2.62, 
p = .014

A post hoc analysis using pairwise comparisons of correct and incorrect conditions in both 

SENTENCETYPES (see Table 2d) showed in particular that the evaluation of correct antepenul-

timate stress, of stress violations with antepenultimate stress in words with canonical penulti-

mate stress, and of stress violations with penultimate stress in words with canonical final 

stress are more error-prone when presented in non-focus than in focus position (in the sub-
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jectsÕ analyses). In contrast, words with final stress (either correct or incorrect) yielded com-

parable correctness scores in both contexts. Furthermore, the pairwise comparisons of each 

correct and corresponding incorrect condition per SENTENCETYPE (see Table 2e) show that 

incorrect antepenultimate stress in words with final stress led in subjectsÕ analyses to a mean-

ingful increase in error rates in both sentence contexts, while in non-focus context this was 

only the case for incorrect penultimate stress in words with final stress. The itemsÕ analyses 

revealed an increase of error-rates for penultimate and final stress in antepenultimate words, 

and for antepenultimate stress in penultimate words, all in non-focus position. The behav-

ioural data suggest that to some extent the evaluation of stress manipulations depends on the 

embedding of a word within the intonation contour. The asymmetrical results for violations 

with antepenultimate and penultimate stress in comparison to violations with final stress will 

be examined in more detail in the discussion section 3.1.

2.2.2 ERP Data

In Figure 4, ERP plots for midline electrodes of words in focus position are depicted. For the 

analysis of the mean voltage changes, comparisons between correctly and incorrectly stressed 

words were calculated for each word position and word type separately. Furthermore, for each 

word type two time-windows were chosen to identify violation effects. 
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asymmetrical results are obtained for the two violation conditions; only incorrect penultimate 

stress evoked a positivity.

Table 3: Results of statistical analyses of mean voltage changes with the accounted factors STRESSPO-

SITION (antepenult, penult and final) and REGION (frontal: F3, Fz, F4; central: C3, Cz, C4; parietal: 

P3, Pz, P4). P-values are Huynh-Feldt-corrected.

Comparisons for words iords in focus positionosition

Compared conditions Time window Factor Statistics
antepenult corr. 
vs. 

450 Ð 1000 ms
Positivity

STRESSPOSITION F(1, 17) =  4.38, p = .052
vs. 
penult incorr.

Positivity
REGION F(2, 34) =  134.08,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  7.48,  ** p = .009

 frontal F(1, 17) < 1

 central F(1, 17) =  4.67,  *p = .045

 parietal F(1, 17) =  8.53,  ** p = .010

antepenult corr. 
vs. 

630 Ð 1200 ms
Positivity

STRESSPOSITION F(1, 17) =  11.40,  ** p = .004
vs. 
final syllable incorr.

Positivity
REGION F(2, 34) =  45.96,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  4.97,  *p = .034

 frontal F(1, 17) =  4.30,  p = .054

 central F(1, 17) =  9.99,  ** p = .006

 parietal F(1, 17) =  14.31,  ** p = .002

penult corr.
vs. 

300 Ð 540 ms
Positivity

STRESSPOSITION F(1, 17) < 1
vs. 
antepenult incorr.

Positivity
REGION F(2, 34) =  50.41,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  7.29,  ** p = .009

 frontal F(1, 17) < 1

 central F(1, 17) < 1

 parietal F(1, 17) =  3.09,  p = .097

penult corr.
vs. 

640 Ð 1130 ms
Positivity

STRESSPOSITION F(1, 17) =  7.68,  *p = .013
vs. 
final syllable incorr.

Positivity
REGION F(2, 34) =  105.71,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  30.10,  *** p = .000

 frontal F(1, 17) < 1

 central F(1, 17) =  10.09,  ** p = .006

 parietal F(1, 17) =  33.96,  *** p = .000

final syllable corr.
vs. 

160 Ð 520 ms
Positivity

STRESSPOSITION F(1, 17) < 1
vs. 
antepenult incorr.

Positivity
REGION F(2, 34) =  27.01,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  2.93,  p = .090
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final syllable corr.
vs. 

470 Ð 710 ms
Positivity

STRESSPOSITION F(1, 17) =  1.25,  p = .279
vs. 
penult incorr.

Positivity
REGION F(2, 34) =  89.43,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  17.66,  *** p = .000

 frontal F(1, 17) < 1

 central F(1, 17) =  1.62,  p = .220

 parietal F(1, 17) =  6.63,  *p = .020

Comparisons for words iords in non-focus posus position

Compared conditions Time window Factor Statistics
antepenult corr. 
vs. 

360 Ð 590 ms
Positivity

STRESSPOSITION F(1, 17) < 1
vs. 
penult incorr.

Positivity
REGION F(2, 34) =  79.79,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  2.29,  p = .137

antepenult corr. 
vs. 

870 Ð 1180 ms
Positivity

STRESSPOSITION F(1, 17) =  10.43,  ** p = .005
vs. 
final syllable incorr.

Positivity
REGION F(2, 34) =  18.11,  *** p = .000 

STRESSPOSITION !  REGION F(2, 34) < 1

penult corr. 
vs. 

550 Ð 800 ms
Positivity

STRESSPOSITION F(1, 17) < 1
vs. 
antepenult incorr.

Positivity
REGION F(2, 34) =  172.60,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  2.30,  p = .142

 frontal F(1, 17) =  1.78,  p = .200

 central F(1, 17) < 1

 parietal F(1, 17) < 1

penult corr. 
vs. 

590 Ð 1180 ms
Positivity

STRESSPOSITION F(1, 17) =  30.32,  *** p = .000
vs. 
final syllable incorr.

Positivity
REGION F(2, 34) =  112.23,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  8.53,  ** p = .008

 frontal F(1, 17) =  5.04,  *p = .038

 central F(1, 17) =  30.53,  *** p = .000

 parietal F(1, 17) =  63.57,  *** p = .000

final syllable corr. 
vs. 

740 Ð 1020 ms
Positivity

STRESSPOSITION F(1, 17) < 1
vs. 
antepenult incorr.

Positivity
REGION F(2, 34) =  30.26,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) < 1

final syllable corr.
vs. 

500 Ð 750 ms
Positivity

STRESSPOSITION F(1, 17) =  2.53,  p = .130
vs. 
penult incorr.

Positivity
REGION F(2, 34) =  62.81,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) < 1

 frontal F(1, 17) =  1.47,  p = .242

 central F(1, 17) =  2.12,  p = .164

 parietal F(1, 17) =  2.49,  p = .133
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580 Ð 980 ms
Positivity

STRESSPOSITION F(1, 17) < 1
Positivity

REGION F(2, 34) =  94.88,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  11.93,  ** p = .002

 frontal F(1, 17) < 1

 central F(1, 17) < 1

 parietal F(1, 17) =  4.88,  *p = .041

700 Ð 1100 ms
Positivity

STRESSPOSITION F(1, 17) < 1
Positivity

REGION F(2, 34) =  54.81,  *** p = .000

STRESSPOSITION !  REGION F(2, 34) =  11.84,  ** p = .002

 frontal F(1, 17) =  1.74,  p = .206

 central F(1, 17) < 1

 parietal F(1, 17) =  2.84,  p = .110

As for words in non-focus position, the midline electrodes presented in Figure 5 demonstrate 

that the effect size is generally  smaller in comparison to effects evoked by violations of words 

in focus position. Besides the overall decrease of mean voltage changes, violation effects do 

not necessarily occur for all conditions that produced effects when presented in focus posi-

tion. For words with canonical antepenultimate stress (panel A), again only incorrect final 

stress produced a positivity effect. The same is observed for words with canonical penultimate 

stress (panel B). In words with canonical final stress (panel C), a moderate parietal effect is 

found for penultimate stress between 580 to 980 ms. 

Although the violation-to-expectation effects are less pronounced for words in non-focus 

position, the effect patterns observed in both sentence types are generally comparable. How-

ever, the fact that participants had to cope with two different intonation patterns seems to have 

distracted their attention from the actual task to judge word stress patterns. Given the error 

rates and the brain responses to different stress violations, the data indicate that some errors 

were more salient to the participants than others. Words incorrectly stressed on the antepenult 

or penult were more error-prone and produced fewer and only moderate effects in comparison 

to words with incorrect final stress. This holds in particular for violations involving antepe-

nultimate and penultimate stress in non-focus position. An analysis of intonation contours and 

phonetic parameters suggest that tonal patterns and the different phonetic realisations of the 

three tested stress patterns might be responsible for the observed effects. 
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Marie et al., 2010), we found positivity effects for stress violations that were related to the 

evaluation of stress patterns. In Domahs et al. (2008), such a positive component was inter-

preted to reflect an evaluation process, indicating to what extent a specific expectation was 

violated, and how easily participants could reject an incorrect stress pattern. The evaluation 

process produces enhanced positivity effects in conditions with a clear stress violation. This is 

the case in violations involving the reorganisation of syllables into feet (e.g. bi(ki.ni)F 

changed to *(bi.ki)Fw(ni)Fs) However, in the present study some of the effects patterned differ-

ently. In the following two sections the role of the intonation contours in the evaluation of 

word stress manipulations will be examined in detail. This will provide answers to the ques-

tion why some of the results found are different from the ones reported in Domahs et al. 

(2008).

3.1. Comparison of stress shifts in focus and non-focus positions

Word stress manipulations yield violation effects in focus and non-focus position: for final 

stress in words with antepenultimate stress (e.g. *Lexi!kon), for final stress in words with pe-

nultimate stress (e.g. *Biki!ni), and for penultimate stress in words with final stress (e.g.    

*Vi!tamin). Furthermore, violations presented in focus position yield an additional P300 effect 

in the condition in which stress was shifted from antepenultimate position to penultimate po-

sition (e.g. #Lexikon changed to *Le!xikon). The strong overlap of effect patterns and the simi-

lar effect sizes and effect distributions between both sentence types suggest that the identifica-

tion of stress violations is mostly independent from the intonational patterns the critical words 

are embedded in. In this respect word prosodic aspects of speech processing are largely 

autonomous from higher prosodic properties. However, the stress shift from antepenult to pe-

nult evoked a positivity  in focus position only. Thus, in this case intonational properties influ-

ence the word processing. Why does this happen in this specific context? 

A comparison of the mean phonetic values for duration, F0, and intensity  for the antepe-

nultimate and penultimate syllables in both intonational contexts reveals that the differences 

(%) in duration are less pronounced in the second sentence compared to the first one. Figure 6 

shows these differences grouped according to the relevant stress conditions. A paired t-test on 

the durational difference of antepenultimate and penultimate syllable in focus and non-focus 
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context confirms the visual impression. In most conditions with antepenultimate and penulti-

mate stress, the length differences between first and second syllable are significantly larger 

when presented in focus position in comparison to non-focus position (apu corr.: t(29) = 3.11, 

p < .004; pu corr.: t(29) = 2.67, p < .012; pu incorr.: t(29) = 1.93, p = .064). 

Figure 6: Differences of antepenultimate and penultimate syllables for experimental conditions with 

correct antepenultimate stress (apu corr.), incorrect penultimate stress shifted from the antepenult (apu 

incorr.), correct penultimate stress (pu corr.), and incorrect antepenultimate stress shifted from the 

penult (pu incorr.). Light bars indicate sentence 1 (focus), dark bars sentence 2 (non-focus).

Since such differences in the phonetic parameter duration are smaller in the second intona-

tional context compared to the first, participants may have difficulties to reject the incorrect 

pattern. This is confirmed by the error rates for incorrectly stressed words on the antepenult in 

words with canonical penultimate stress: such words led to increased error-rates in the second 

sentence type compared with the first one (see Table 2a and b). 

Note further that in non-focus context (see Figure 2b), the critical word is preceded by an 

L*H accent (realised over Ònur nochÓ) whereby the high pitch level might be perceptually 

aligned with the onset of the critical word. In conditions with a stress shift from the antepe-
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nultimate syllable to the penultimate syllable, the destressing of the first syllable may there-

fore be less perceivable due to the fact that a high tone precedes. The analysis of the phonetic 

parameters summarised in Table 1 shows that the three different stress patterns in the critical 

words are realised by different phonetic parameters. For instance, antepenultimate stress is 

mainly expressed by a relatively high pitch value in comparison to the two other syllables, 

penultimate stress by pitch rise and increased duration, and final stress mainly by  an increase 

of duration. Taken these phonetic properties of stress in certain positions, words with an ill-

formed destressed antepenultimate in non-focus position, which are preceded by the pitch rise 

of the L*H nuclear stress (see intonation contour of the second sentence in Figure 2b), could 

be perceived as stressed initially, i.e., correctly.

The present example shows that the serialisation of pitch accent and word stress can lead 

to interferences of phonetic properties within different prosodic domains. In particular, the 

pitch rise of an L*H accent appears to extend its pitch value to the following element and 

makes the destressing of the initial syllable of the following word less perceivable than in 

other pitch contexts. Thus, rhythm beyond the word level has the capacity to override actual 

prominence relations measured at the word level.

3.2 How do the present results relate to previous findings?

The stress manipulations presented in focus position are analogous to manipulations studied 

in previous experiments (Domahs et al. 2008) and yield similar components. However, com-

paring the effect patterns for words in focus position, the question arises why some violation 

effects for manipulations that produced enhanced positivity effects in the previous study 

(Domahs et al., 2008) were not found in the present study. In particular, this is the case for 

incorrect antepenultimate stress in words with canonical penultimate stress (e.g. *#Bikini). 

The previous experiment suggested that the enhanced P300 reflects a severe structural viola-

tion because both stress patterns call for different internal foot parsing (e.g. bi(#ki.ni) vs. 

*(#bi.ki)(ni:) and *(bi.ki)(#ni:)). However, in the present experiment we find only  a marginal 

parietal positivity effect for violations with antepenultimate stress (F(1, 17), p = .097). In ad-

dition, for a manipulation that did not evoke a positivity in the previous experiment, an effect 

occurs presently. This is the case for violations with final stress in words with canonical ante-
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penultimate stress. The absence of this effect in the previous experiment was interpreted as a 

consequence of an identical foot parsing underlying both stress patterns (e.g. (#le.xi)(kon) vs. 

*(le.xi)(#kon)). Does the failure to replicate the previous result mean that the previous inter-

pretation was premature and not appropriate? 

In the present study a very general effect pattern occurs: violations with antepenultimate 

stress produce less pronounced effects and violations with final stress produce stronger effects 

than in the experiment reported by Domahs et al (2008). A comparison of phonetic stress re-

alisations (see Table 1) with those in Domahs et al. (2008) reveals that the speaker of the pre-

sent experimental stimuli produced generally  shorter syllables than the speaker of the previ-

ous experiment. Especially the length contrast between first and second syllables in words 

with incorrect antepenultimate stress is less pronounced in the present experiment compared 

to the previous one (APU in mean 7 ms shorter than PU (236 ms vs. 243 ms) in the present 

experiment and APU in mean 35 ms longer than PU (289 ms vs. 254 ms) in the previous ex-

periment; see also the reduced length contrast for incorrect APU in words with target penulti-

mate stress in Figure 6), whereas final syllables are longer. Previous phonetic analyses of 

German word stress showed duration to be the crucial phonetic parameter of word stress (Do-

gil & Williams 1999). It is likely that the positivity  effect for incorrect antepenultimate stress 

failed to occur in the present experiment due to the lack of the duration cue.

The pronounced P300 effect for final stress, in contrast, indicates that this pattern can be 

identified as incorrect more easily than the other patterns. Note that the P300 component does 

not directly reflect the acceptability of a certain stress pattern but rather how easy it is to 

judge a perceived pattern as correct or incorrect. In the present experiment, the P300 effect 

seems to be most pronounced for words with clear stress patterns, i.e., with final stress.

3.3 Interplay between word and sentence prosody

Domahs et al. (2008) report separate ERP effects for distinct stress violations, namely pro-

nounced P300 effects for violations involving restructuring of feet and no or reduced P300 

effects for violations maintaining the foot structure. In this respect, the parsing of syllables 

into feet determines which syllables of a word are stressable and which are not. The current 

findings support this interpretation and add that the perceptual saliency of violations is fur-
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thermore modulated by  the position of words within higher prosodic structure.  Following the 

present findings, the placement of manipulated words into focus position seems to be the most 

promising prerequisite for the investigation of word prosodic structures. A further important 

observation is that individual phonetic realisations of prominence relations may lead to differ-

ent results in stress perception.

Coming back to the question raised in the introduction whether words are simply part of 

the overall rhythmical pattern of sentences (e.g. van der Hulst 1996, 1997, 2009; Noel Aziz 

Hanna 2003) or have their own prosodic structure determining primary and secondary stress 

positions (Liberman & Prince 1977; Nespor & Vogel 1986; Hayes 1995; Alber 2005; Knaus 

& Domahs 2009), we come to the following conclusion. 

The overlap of effect patterns in focus and non-focus position supports the assumption that 

words have their own structure irrespective of their contextual embedding. However, as the 

asymmetrical effects between focus and non-focus position show, pitch accents of higher pro-

sodic units can interfere with the prominence relations within prosodic words. In particular, 

word onsets are prone to be misinterpreted both as unstressed (in the stress shift  from penul-

timate to antepenultimate syllable: Bi!kini to * !Bikini) or stressed (in the stress shift from an-

tepenultimate to penultimate syllable: #Lexikon to *Le!xikon). In such cases the local promi-

nence relations Ð which have been shown to produce enhanced P300 effects if violated in pre-

vious experiments Ð are levelled in perception. Hence, the basic process of stress assignment 

proceeds bottom-up starting with foot construction, but can be influenced by higher-level pro-

sodic cues. 

4. Conclusion

Taken together, our findings suggest that rhythm above the word level can have an impact on 

the perception of prominence relations between elements at word level. This is especially the 

case when the word-internal prosodic structure on the one hand and higher prosodic structure 

on the other hand are not congruent or even conflicting, as for example in weak syllables of 

words immediately following high tone elements at the intonational level. Since phonetic pa-

rameters as cues for word stress vary across the word (initial stress by pitch, medial stress by 
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pitch and length, and final stress by length mainly), initial syllables are prone for being misin-

terpreted as stressed in cases where they follow a pitch rise in intonation. 

The present findings are important for psycho- and neurolinguistic research on word pros-

ody in showing that word-prosodic aspects have to be carefully  controlled for their intona-

tional embedding.
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