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The speech signal consists of two types of acoustical information: segmental information, being 
the property of speech sounds, and suprasegmental or prosodic information, being the property of 
several successive speech sounds. During speech perception, both of these are extracted from the 
speech input simultaneously and are encoded in separate memory representations. Thus, when 
listeners recognize speech, they are processing a prosodically determined variant [1]. We can 
identify several different types of prosodic information, the most important ones being length, 
rhythm, intonation and stress [2]. In the present talk, I focus on the processing of stress.  
Stress, similarly to other prosodic features, is a multidimensional information, comprising several 
different acoustic changes, such as intensity and fundamental frequency (f0). Stress is a relative 
emphasis given to certain syllables within words or to certain words in sentences [3]. Word stress 
plays either a culminative or demarcative role, that is emphasizing or separating certain parts of the 
speech stream, thus potentially contributing to the segmentation of continuous speech into words 
[4]. Languages differ considerably in the use of word stress: in the position of the stressed syllable 
within multisyllabic words (initial, final, penultimate, etc.); in the variability of the stressed 
syllable’s position (free or fixed); and whether stress can distinguish lexical meaning (contrastive 
or non-contrastive). Fixed-stress languages (like Hungarian) mandatorily assign syllable stress to 
a specific position within a word, and stress is non-contrastive. Therefore, it can be assumed that 
stress processing demonstrates language specificity. 
In this talk, I will present event-related brain potential (ERP) results related to the processing of 
word stress patterns from three different studies, using meaningless pseudowords [5], meaningful 
words [6] and pseudowords spoken by foreign speakers. The basic premise of the studies was that 
words stress is processed in relation to long-term representation, which are pre-lexical and language 
specific. Consequently, we can assume that both words and pseudowords are processed similarly, 
and foreign words are processed differently from native words. In order to study these assumptions, 
we applied the passive oddball paradigm to elicit the Mismatch Negativity (MMN) ERP component, 
a fronto-centrally negative waveform appearing to the pre-attentive detection of violation of simple 
or complex regularities [7]. 
In the experiments, Hungarian participants heard disyllabic words (bɑˈbɑ, meaning ‘baby’), 
pseudowords (bɛˈbɛ) and pseudowords pronounced either by a Hungarian or a German speaker 
(beːˈbeː). Stress could be either on the first (legal stress) or on the second (illegal stress) syllable. 
The experimental design in all three experiments was similar. We used two conditions: in the first, 
stimuli with the legal stress were standards and stimuli with illegal stress were deviants; in the 
second condition, the standards and the deviants were reversed. This allowed us to calculate the 
MMN component by subtracting ERPs to the standard from the ERPs to the deviant using 
physically identical stimuli.  
Results showed that the pseudoword deviant having an illegal stress pattern elicited two 
consecutive ERP components that were considered as MMN, whereas the deviant having a legal 
stress pattern did not elicit MMN. Moreover, pseudowords with a legal stress pattern elicited very 
similar ERP responses irrespective of their role in the oddball sequence, i.e., if they were standards 
or deviants, demonstrating that their processing relied on long-term instead of short-term (stimulus 
sequence related) memory traces (see Fig.1.). Meaningful words elicited similar ERP deflections, 
but the lexical status slightly modulated the processing of stress patterns. This modulation was 
different for the legal and illegal stress patterns (see Fig.2.). Finally, the comparison of 
pseudowords with native and non-native pronunciation showed that all pseudowords in the deviant 
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position elicited an Early Differentiating Negativity (EDN) and a Mismatch Negativity (MMN) 
component, except for the Hungarian pseudowords stressed on the first syllable. This suggests that 
Hungarian listeners did not process the native legal stress pattern as deviant, but the same stress 
pattern with a non-native accent was processed as deviant. 
In conclusion, our data show that word stress pattern change is processed preattentively by the 
human brain, and this is slightly modulated by the lexical status of the word. Words and 
pseudowords with legal stress pattern do not initiate an error detection mechanism, as indicated by 
the lack of MMN component, but only if they are native sounding. We suggest that this is an 
evidence that word stress is processed based on prelexical language specific stress representations. 
 

  
Fig.1. ERPs elicited by the pseudoword with legal 
and illegal stress pattern in the standard and deviant 
positions. The figures depict ERPs to the same 
stimulus in two different positions, and the difference 
wave obtained by subtracting the ERPs to the same 
pseudoword in the deviant and standard positions. 

Fig.2. Difference wave ERPs for words and pseudowords. 

 

 

Fig.3. Difference wave ERPs cross-linguistic study. The results of the TANOVA analysis are depicted below the 
ERPs. Colored intervals show the significant Language x Stress position interaction. S1: stimuli with stress on the 
first syllable; S2: stimuli with stress on the second syllable; HU: Hungarian stimuli; GE: German stimuli. EDN: 
Early Differentiating Negativity; LDN: Late Discriminative Negativity. 
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suggested template-based processing for prosody for meaningless
phonotactically legal stimuli. The main objective of our recent study
was to shed light on the effect of prosodic information in the presence
of lexical access in a fixed-stress language.

Hungarian adults responded with one genuine MMN to illegally
stressed words in the same third latency window (520–620 ms) as it
was obtained for pseudo-words (Honbolygó and Csépe, 2013) synchro-
nized to the second syllable. It could reflect the additional stress on this
syllable or the reversed stress pattern as a whole. For pseudo-word
standards, both Honbolygó and Csépe (2013) and Ylinen et al. (2009)
found an earlier MMN for the lack of stress on the first syllable in the
first latencywindow. This effect was significant only on the F4 electrode
forwords (320–420ms), so this component of discriminationwasmiss-
ing or masked.

When words of illegal stress pattern were interspersed with legal
ones, the familiar patterned deviant word elicited two consecutive
MMN responses. For pseudo-words no MMN was found for the legally
stressed deviant. The MMNs were synchronized to the syllables with
additional stress (320–420) and lack of stress (420–520ms). In this con-
dition lexicality clearly enhanced the comparison of prosodic informa-
tion between standard and deviant stimuli, contrary to the other
condition (see Fig. 6.).

According to these results, lexicality acts as a filter: in the absence of
lexical familiarity unfamiliar stress patterns are discriminated better. In
the presence of lexical familiarity other cues indicating the perfect
match with lexically rich representations are exploited. To conclude,
even though stress is fully predictable in Hungarian, it is taken into ac-
count during pre-attentive processing of linguistic input.

Regarding linguistic representations introducing the concept of fil-
ters is not a new idea. Studying phrasal prosody and transitional proba-
bility Shukla and his colleagues concluded that phrasal prosodic
information acts as a filter to transitional probabilities in their behavior-
al paradigm (Shukla et al., 2007).When phrasal prosody and transition-
al probability indicated different boundaries, unfamiliar transitional
cues are suppressed. Such as unfamiliar stress pattern had less effect
on amplitudes when presenting words instead of pseudo-words (Fig.
6.).

Based on our results it is evident that the reversed stress pattern
contributes to different processes seen in changes of the MMN re-
sponses. However, a traditional comparison, e.g. the analysis of the dif-
ference waves, did not answer the question whether the ERP responses
were related to stress violation of a specific syllable or to detected
changes of the whole word's stress pattern. We resolved it by compar-
ing the physically identical stimuli. The strongest evidence, confirming
different patterns are not processed in the sameway, is that the familiar
pattern (legal stress pattern) elicits ERPs regardless of its actual role in
conditions. Conversely, the processing of the unfamiliar pattern is ad-
justed to roles. This is in line with the results of pseudo-words. We
can conclude that legal words' stress pattern is processed based on

long-term, pre-lexical, language-specific representations. Moreover,
the early ERP, N2 showed an expressed sensitivity both to frequency
and to familiarity. It was larger for the illegal deviant than for the legal
deviant words, similar to those observed in the two pseudo-word stud-
ies discussed above.

The main advantage of the stimulus chosen for our study was the
balanced acoustic structure (same syllables of different stress assign-
ment). Moreover, the words used allowed us to investigate a crucial
component of speech processing that is the lexical access where the au-
ditory input is matched onto lexical representation (MacGregor et al.,
2012). We used familiar (legal) and unfamiliar (illegal) stress patterns
with a frequent word, and this allowed us to compare our data with
those for pseudo-words of same syllabic characteristics investigated in
our earlier study (Honbolygó and Csépe, 2013). Although the role of lex-
ical stress information in word recognition received considerable atten-
tion (see Cutler, 2005, 2012 for review), less is known about the impact
of stress information on this process in languages not using lexical
stress. Several psycholinguistic models aimed at explaining the audito-
ry-lexical matching process, such as the Cohort, Trace and Shortlist
models (Cutler, 2012; Luce and Mclennan, 2005; Weber and
Scharenborg, 2012). Although these models are different in several as-
pects, all commonly assume that recognition is an incremental process.
The observed responsesmore resistant to violated stress assignment for
words as compared to pseudo-words (see Figs. 6.) are in agreement
with this prediction. Moreover, our finding is in agreement with the
TRACE model as an elaborate processing of the familiar standards is
seen and this is predicted by the model. This could be well seen in the
1st and2ndMMNwindow (320–420ms; 420–520ms), where the stan-
dards of legal stress assignment elicited higher amplitudes than those of
illegal stress pattern. This may also support the notion of template-
based word stress processing, but to gain confidence results should be
replicated in one session for both words and pseudo-words. This, how-
ever, is not surprising as to our best knowledge neither of the spoken
word models were successful in incorporating the suprasegmental
structure information as argued by Cutler (2012).

Regarding the redundancy of word level prosody in fixed-stress lan-
guages, our results can be well explained as the consequence of contin-
uous monitoring (Jacobsen et al., 2004) enabling the interplay of
different aspects of a linguistic stimulus. However, the neurocognitive
models of speech processing do not provide a well applicable frame
for explaining the lexical-prosodic processing. Our results support
strongly the interaction of different representations including those as-
sociated with prosodic processing activated by single words without
context. Ourfindings indicate that the processes recruited forwords dif-
fer from those for pseudo-words and the neural response elicited is cor-
related with the lexical specification. Using the terms of Strelnikov, the
MMNmodulations can be seen as the result of two different predictions,
one served by an inductive (parallel/top-down) and one by a deductive
(sequential/bottom-up) process (Strelnikov, 2008). As opposed to

Fig. 6. Difference waves (deviant minus standard) ERPs recorded for words in this exepriment and pseudo-words in adults recorded by Honbolygó and Csépe (2013).
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