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0.   Introduction 

The unanimous conclusion of developmental psychological and psycholinguistic 

research is that preterm (PT) birth enhances the risk of atypical language development. In the 

present dissertation, I review studies related to PT infants’ language development before 

school age, and I discuss those sampling issues that impede the thorough exploration of PT 

infants’ language development. Previous studies have indicated that atypical language 

development has precursors in infants’ event-related potential (ERP) correlates of word stress 

processing. Only a few studies to date have examined PT infants’ early auditory processing, 

and these have focused mainly on the neonatal period. By contrast, studies that have 

examined the development of PT infants’ early linguistic processing (at 3–12 months) have 

not considered the possible effect of neonatal risk factors. 

A further unanswered question is related to PT infants’ maturation—that is, whether 

their prosodic processing is delayed or disrupted. Determining whether PT infants’ prosodic 

development is disrupted or delayed would not only contribute to the development of 

intervention programs for neonatal intensive care units (NICUs) but would also draw attention 

to the need to reconsider the method of age correction used in the case of PT infants with 

respect to their language development.  Another unresolved question regarding PT infants’ 

language development is the identification of factors that might explain these infants’ atypical 

prosodic development.  

In this context, our research aimed to investigate word stress processing during the first 

year of life in PT infants belonging to homogeneous groups according to the clinical 

exclusion criteria. Our further goals were to (1) (1) reveal whether the PT infants’ long-term 

native language specific stress representation is as stable as that of FT infants if we examined 

them at the same maturational ages (2) identify the most plausible explanatory factors behind 

PT infants’ specific prosodic development; and (3) to investigate whether PT infants’ word 
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stress processing is disrupted or delayed; and (4) to demonstrate the explanatory power of 

birth weight and gestational age after the neonatal period in terms of language development. 

Besides the clinical aspect of my dissertation, we aimed to examine how the stress cue 

and the emerging lexical status interact in typically developing full-term (FT) infants leaving 

in monolingual Hungarian language environment. In a particular language, prosody (word 

stress) and the phoneme-relevant aspects of speech (phoneme) may serve different functions 

in terms of acquisition (Becker et al. 2018). We expected that languages differ in timing of 

this prosodic-phonemic integration process, depending on the stress pattern of the particular 

language, being variable (e.g. German) or fixed stress (e.g. Hungarian). Our goal was to 

identify the time point of processing changes when infants learning a fixed stress language, 

here Hungarian, can integrate these two types of information. The time point of integration 

could be a sensitive prognostic marker of the typical language development. Therefore, it can 

reliably sign atypical language development in an early period.   

Our recent work suggests that in PT infants, ERP correlates of word stress processing 

are apparently disrupted throughout the first year of life. In the studies we carried out, long-

term stress representation in PT infants was observed to be unstable compared to their FT 

peers. Furthermore, we revealed that the effect of birth weight and gestational age specificities 

is extended after the neonatal period to linguistic processing. In the present dissertation, I 

argue that shortened intrauterine language experience is the most plausible explanation for 

disrupted prosodic development in PT infants, based on both a review of the relevant 

literature and our experimental results.  

In the case of typically developing FT infants, we revealed that the time point at which 

the stress cue and lexical status are integrated depends on the stress rule of the given 

language. Our results suggest that this integration process can be expected at an earlier time 
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point in the case of infants learning a fixed stress language compared to infants acquiring a 

language with variable stress. 

Before presenting the data of our experiments, I review the studies which discuss 

infants’ early sensitivity to prosodic cues and the bootstrapping role of prosody in the 

language acquisition process. The second chapter provides a detailed summary of the ERP 

component called mismatch negativity and its infant counterpart, the mismatch response 

(MMR) as well as the related electrophysiological studies in order to provide a 

methodological context for our results. The third chapter summarizes the experiments carried 

out to study the interplay between emerging lexicality and suprasegmental features. The 

fourth chapter focuses on stress perception and its correlates in language acquisition in typical 

and atypical development. In the fifth chapter, I summarize sampling issues related to studies 

examining PT infants’ language development. I then review the language development of PT 

infants in toddler and preschool years. Furthermore, I will review the perinatal risk factors 

examined in relation to the PT infants’ early auditory processing. In the sixth chapter, by 

means of a review of behavioral, electrophysiological, and brain imaging studies, I introduce 

the potential reasons behind atypical language/prosodic processing in PT infants. The final 

chapter focuses on the intriguing question of whether PT infants’ prosodic development is 

delayed or disrupted. After presenting the thesis statements of my dissertation, I report on the 

three empirical studies and a review article on which these thesis statements are based. The 

results are summarized and evaluated in the General Discussion at the end of the dissertation. 
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1. Early Sensitivity to the Suprasegmental Features of the Native Language 

and its Bootstrapping Role 

During ontogenetic development, there is earlier access to the native prosody than to the 

phoneme-relevant aspects of the maternal language due to the low-pass filtering effect of the 

womb. Infants’ remarkable sensitivity to prosodic patterns during their first 6 months has also 

been widely demonstrated by behavioral  (Herold et al., 2008; Höhle et al., 2009; Sansavini et 

al., 1997) and electrophysiological results (Friederici et al., 2007; Weber et al., 2004).  

In this first chapter, I provide a summary of newborn infants’ innate speech perception 

abilities and sensitivities. Sensitivity to prosodic cues will be emphasized in terms of its 

bootstrapping role in the language acquisition process. At the end of this chapter I will review 

the behavioral studies examining the infants’ word and statistical segmentation strategy 

during the first year of life.    

 

1.1. The Speech Perception Abilities of Newborns 

Infants are born with universal perceptual biases, early sensitivities, and a set of general 

perceptual processing capacities that guide them to process linguistic input. They are born 

with universal phoneme discrimination (Dehaene-Lambertz & Dehaene, 1994) and sound 

categorization abilities (Eimas et al., 1971). By exploiting these sensitivities, they are able to 

detect simple structures in speech (Mehler et al., 2008) and become ready for prosodic 

grouping (Abboub et al., 2016).  

Even sleeping newborns show clear signs of responsiveness to the prosodic features of their 

native language. Sambeth et al. (2008), in their magnetoencephalography (MEG) study, found 

a clear P1m response during the presentation of continuous speech and singing, but when the 
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prosody of the speech was impoverished  the amplitude of the P1 dramatically decreased 

accordingly.  

In line with this result, neonates show a particular preference to infant-directed speech, 

characterized by exaggerated prosodic features, compared to adult-directed speech (Cooper & 

Aslin, 1990). They are also able to discriminate their native language from a foreign language 

that differs in terms of rhythmic properties (May et al., 2011; Mehler et al., 1988). Linguistic 

rhythm also provides an important bootstrapping cue for morphosyntax, as languages that 

differ in rhythmic properties are correlated with different morphosyntactic properties (Gervain 

& Mehler, 2010). Two-day-old Italian infants can discriminate two disyllabic phonetically 

unvaried words and trisyllabic items that vary in phonetic segments and differ in their stress 

patterns, suggesting that stress is a salient prosodic cue that plays an important role in speech 

perception from a very early age (Sansavini et al., 1997).   

Prosody has been proven to be a salient cue for neonates and to play a pivotal role in language 

acquisition. This is the first property of speech that infants are exposed, as the intra uterine 

experience favors processing prosody over the other attributes of speech.  

 

1.2.  The Bootstrapping Role of Prosody in Language Acquisition 

The term bootstrapping was first used in computer science. In that field to bootsrap 

means to load the operating system of a computer by first starting an initial program. This 

term was introduced into the field of language development by Steven Pinker in 1984. This 

served as a methapor for the assumption that a child is genetically equipped with a specific 

program to begin the language acquisition process (Höhle, 2009). Bootstrapping mechanisms 

are consired as heuristic learning mechanisms which utilize the universal relationship that 

exist between perceptually available, surface characteristics of the language and its abstract 
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morphosyntactic fetures (Gervain & Mehler, 2010). Gleitman and Wanner in 1982 were the 

first researchers who claimed that prosodic information help the child to explore the 

underlying grammatical organization of the native language. This theory was underpin by 

several empirical works in language acquisition research. The most of the work within the 

framework of Prosodic Bootstrapping follows the idea that prosodic features might help the 

child identify syntactic and word like units in the speech stream and the word order 

regularities of the native language (Höhle, 2009). The following empirical studies provide 

evidence about the bootstrapping role of prosody in early language acquisition process,   

Behavioral results have provided evidence of the influential role of prosodic information in 

the way that infants encode the speech they hear (Mandela et al., 1994). Even 2-month-old 

infants remember speech information (words) better when it is embedded in a well-formed 

prosodic unit than the same information spoken as a list in which all items have a prosodic 

envelope.  

In later months, the effect of prosodic well-formedness is manifested in the parsing of 

continuous speech (Nazzi et al., 2000). Nazzi and his colleagues found that, at 6 months of 

age, infants familiarized with a prosodically well-formed sentence and a prosodically ill-

formed sentence containing the same words are better able to recognize the well-formed 

clause embedded in a continuous passage of speech than the prosodically ill-formed sentence. 

According to their interpretation, these results also confirm that infants use prosodic cues in 

the online parsing of continuous speech. As it has already been shown in an earlier study of  

Hirsh-Pasek et al. (1987) infants (aged between 7 and 10 months) were sensitive to the 

prosodic markers (longer pauses, a rise or fall in the fundamental frequency, etc.) of syntactic 

units, that is, to clause boundaries. In the Hirsh-Pasek et all study (1987) study, infants were 

exposed to two versions of the stimulus materials: (1) a natural version, which began and 

ended at a sentence boundary and in which a 1 second pause was inserted at all clause 
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boundaries; and (2) an unnatural version, which began and ended in the middle of a clause 

and in which a 1 second pause was inserted between words in the middle of the clause. The 

infants examined exhibited a clear preference for the natural version over the unnatural one. 

The authors concluded that prosodic cues play a prominent role in speech by informing 

infants about the organization of the linguistic input.  

Shi et al. (1999) assumed that infants are sensitive to function and content words, and even 

neonates are able to categorically perceive these two types of words due to the lexical cues 

that distinguish them. For example as opposed to content words, functors do not carry 

prosodic prominence, (Bernard & Gervain, 2012). In the study of Shi et al.(1999) the 

newborns were tested in an infant-controlled habituation paradigm using a high amplitude 

sucking procedure. Verbs and nouns were used in comparison to function words. Changes in 

the sucking rate revealed that the saliency difference of the two categories is higher than 

within one category.                                                                                                       

The position of function and content words is correlated with word order, and infants are able 

to exploit this correlation between phrasal prosody and basic word order, since stress is 

phrase-initial in object–verb (OV) languages and phrase-final in verb–object (VO) languages 

(Bernard, Gervain 2012). Christophe et al. (2003) aimed to measure how sensitive 2-months 

old infants were to the relative prominence in phonological phrases. Here also sucking 

procedure was measured as behavioral parameter and sentences were used as complex stimuli. 

The two languages chosen (French and Turkish) were selected because they differed in head 

direction and had otherwise similar prosodic structures. They could be matched on all factors 

thought to influence language prosody (word stress, syllabic structure and vowel reduction). 

However, while French is head-initial, Turkish is head-final: the phonological phrase 

prominence is thus final in French and initial in Turkish. At 2 months of age, infants have 

been shown to be able to discriminate typical OV (Turkish) and VO (French) prosodies, even 
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where the stimuli has been resynthesized to remove phonemic information. As the authors 

argue the prosodic information may bootstrap the acquisition of word order. However, this is 

a suggestion and not a conclusion based on data.                                                                  

Word stress is one of those most important prosodic cues that have a pivotal role in 

bootstrapping the word segmentation process. This cue have a special role in fixed stress 

languages (Hungarian, Finnish), where word stress is highly regular and in in stress-timed 

languages (German, English) where the stress pattern of two syllable content words have a 

regular prosodic feature, about 90% of these words have stress on the first syllable, indicating 

the trochaic stress pattern (Cutler & Carter, 1987). According to Cutler and Norris (1988), 

word segmentation is triggered by the occurrence of strong syllables. Infants are able to take 

each stressed syllable as a sign of the onset of a new word by applying a metrical 

segmentation strategy. In the next paragraph I summarize the main behavioral results 

regarding metrical segmentation and statistical segmentation strategy. 

 

1.3. Metrical and Statistical Segmentation Strategy in the First Year of Life (Behavioral 

Studies) 

At the beginning of language acquisition, infants face a challenging task—namely, the 

segmentation of the continuous speech stream into meaningful units. This is a prerequisite for 

vocabulary building and the acquisition of syntactic relations (Friedrich et al., 2009). In this 

chapter, I summarize the two most plausible frameworks (metrical and statistical 

segmentation strategy) for prelexical segmentation.  
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1.3.1. The Metrical Segmentation Strategy 

Jusczyk et al. (1993) demonstrated that sensitivity to the predominant stress pattern of the 

native language develops at between 6 and 9 months of age, due to the growing familiarity of 

the native language. Using the head-turn preference procedure, the authors investigated 

whether 9-month-old American infants displayed a listening preference for words presented 

with a strong–weak pattern versus words presented with a weak–strong pattern.Nine-month-

old English-learning infants preferred listening to words with a strong–weak stress pattern, 

although no listening preference was found in 6-month-old infants. The authors concluded 

that these results were due to growing familiarity with the native language stress pattern. The 

series of experiments performed by Jusczyk et al. (1999) suggest that at around 7.5 months 

old, infants become able to segment strong–weak words from fluent speech. However, when 

the infants were familiarized with pairs of weak–strong target words followed by the same 

monosyllabic word (e.g. guitar is; device to), they listened significantly longer to word lists 

containing the strong–weak patterns taris and viceto than to a list containing unfamiliar 

words. They mis-segmented words beginning with weak syllables, as they treated strong 

syllables as indicating word boundaries. These results were also interpreted as a sign of the 

use of distributional cues at this age in word segmentation. 

Besides stress-timed languages, word stress has a pivotal role in fixed stressed languages such 

as Hungarian and Finnish. Here, stress provides a highly salient regular cue marking word 

boundaries, as the majority of words are stressed on their first syllable (with the exception of 

compound words). 

1.3.2. The Statistical Segmentation Strategy 

Already representatives of structural linguistics (Harris, 1955) have long recognized that the 

statistical information embedded in a language provided cues about the syntactic categories, 
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word boundaries, and structural patterns of that language. Statistical learning has been found 

to be a domain-general (Frost et al., 2015), universal, therefore not exclusively human 

mechanism (Toro & Trobalón, 2005). 

Saffran et al. (1996) found that 8-month-old English infants are able to track the transitional 

probabilities of syllable pairs. Here the familiarization-preference procedure was used, 

developed by Jusczyk and Aslin (1995). Later, Teinonen et al. (2009) revealed that 

computational mechanisms for word segmentation are already available at birth. They 

recorded ERPs from 30 sleeping neonates after presenting them with a stream of three-

syllabic pseudowords containing statistical cues to word boundaries (but no other cues to 

word boundaries). A significantly larger negative deflection (310–360 ms relative to stimulus 

onset) was registered in the response to the initial syllable compared to the third syllable.  

Thiessen and Saffran (2003) demonstrated that the age of an infant defines which prelexical 

cue is the most powerful signal of word boundaries. In their study, also the familiarization-

preference procedure was used. The familiarization phase was constituted by two artificial 

languages, one iambic and the other trochaic. Each language comprised the same four 

nonsense bisyllabic words (dapu, dobi, bugo, diti). The iambic words were stressed on the 

second syllable, and the trochaic words were stressed on the first syllable. In the trochaic 

stimuli, both of the cues—transitional probability and stress cues—indicated the same word 

boundaries. In the case of the iambic stimuli, the stress cues and the statistical cues were in 

conflict. Half of the infants were familiarized with the iambic artificial language, and the 

other half with the trochaic artificial language. All the infants heard the same test trials in 

random order. Half of them were part words, the other half were words. The 9-month-old 

infants who were familiarized with the trochaic words produced a familiarity preference for 

words, but a preference for part words was found in the case of the iambic group. The authors 

concluded that if the stress and statistical cues are in conflict, infants at this age rely more 
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heavily on stress cues than statistical cues. After exposure to either the iambic or the trochaic 

pattern, the 7-month-old infants listened longer to the part words, relying on statistical cues 

more heavily than on stress cues.  

In the language acquisition process, statistical learning is most closely associated with word 

segmentation and lexical acquisition. However, linguistic constraints such as the 

morphological complexity of a language restrict the use of transitional probabilities in word 

segmentation (Gervain & Mehler, 2010). Hungarian has a rich and complex morphology, and 

the statistical cues (transitional probabilities, frequency analyses) in the case of words with 

several suffixes do not provide clear indications of word boundaries. Compared to variable 

stress languages, stress information in Hungarian provides a more regular segmentation cue 

for infants. Language-specific cues such as word stress are needed to complete the statistical 

computations (Gervain & Mehler, 2010) in order for efficient word segmentation to emerge in 

Hungarian-learning infants.  

Stress processing in infants is examined extensively using behavioral methods such as the 

familiarization-preference procedure (Jusczyk & Aslin, 1995), head-turn preference procedure 

(Höhle et al., 2009), and nonnutritive sucking paradigms (Sansavini et al., 1997), while the 

use of electrophysiological methods is still rather scarce. As we used ERP and analyzed the 

mismatch negativity (MMN) response as electrophysiological correlate of stress 

discrimination as well as that of the interaction of lexical status and word stress during the 

first year of life, in the next chapter, I will provide a short summary of the MMN as well as 

the MMR component and its relevance for infant studies. Following this summary I review 

the mismatch studies related to stress perception in the case of adults and infants.  
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2. Mismatch Studies  

2.1. Mismatch Negativity and Mismatch Response 

MMN is the electrophysiological correlate of preattentive detection of subtle acoustic or 

visual changes. The auditory ERP component of negative polarity recorded in a passive 

(unattended) oddball paradigm, called MMN shows a broad scalp distribution with fronto-

central maximum of the negative-going response. It can be elicited in a nonattended set up 

meaning that for the elicitation no attention has to be paid to the stimuli by the participant, 

and this makes the MMN a useful tool for investigating infants and clinical populations of all 

age groups (Näätänen et al., 2001a). The MMN can be ideally recorded in a passive oddball 

paradigm where stimulus blocks composed by frequently given stimuli (standards) 

occasionally interspersed by acoustically different stimuli (deviants) are delivered.  The major 

MMN source is located in the auditory cortex, though the exact location of its generators 

seems to depend on which feature of a sound is changed and how complex the sound is. 

Moreover, MMN appears to have generators in other brain structures, like the frontal lobe and 

some further regions such as the thalamus and hippocampus (Alho, 1995). 

The MMN’s frontal generator appears to be triggered by the auditory cortex change detection 

process, and it is associated with the beginning of attention switch to the change (Escera et al., 

2000). According to Wang et al. (2008), the generators of MMN are not only cortical but also 

subcortical.  

Several studies have shown that the MMN is an excellent measure of perceptual 

discrimination accuracy for any type of auditory contrast. Lang et al. (1990) demonstrated that 

the accuracy of the behavioral discrimination of tones differing slightly in their frequencies 

correlated significantly with the MMN amplitude.  

In adults, the MMN typically peaks at 100–200 ms after the change onset. However, the 

MMN in infants does not only change its polarity, therefore called MMR, and also peaks 
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later, in general at around 300 ms or even later. However, several studies have found a 

positive-going MMR (P-MMR) in the range of 200 to 450 ms in infants. It has been suggested 

that P-MMR is related to immaturity (Trainor et al., 2003)—that is, to the difficulty of the 

change discrimination (Cheng et al., 2013)—and is more likely to be found in children with 

language disorders (Ahmmed et al., 2008) and reading disorders (Maurer et al., 2003).   

According to the memory trace interpretation, the elicitation of the MMN depends on the 

sensory trace of the frequently delivered stimuli serving the comparison with the deviant ones. 

Thus,  the MMN results from an automatic process, where the deviant is incongruent with the 

memory trace built by the standard stimulus  (Näätänen et al., 2007). Evidence has been 

provided by Näätänen (2001b) that the MMN is also elicited by reliance on long-term 

representations of regularities and higher-level rules. Furthermore, Pulvermüller et al. (2001) 

found an MMN(m) (the magnetic counterpart of the mismatch negativity) of a higher 

amplitude to syllables placed in a word context as compared to a pseudoword context. 

According to the authors’ interpretation, the MMN(m) reflects the activation of neuronal 

memory traces for words.  

A further development of the theoretical models of MMN led to a new approach and  the  

terms predictive coding (Lee & Mumford, 2003) was introduced in explaining the changes 

found. According to this framework, the MMN generation is based on predictive models 

represented by the brain when encoding the auditory sensory and abstract information within 

the same structure and apply this knowledge to predict the next sounds (events) (Lee & 

Mumford, 2003; Winkler, 2007). If these predictions deviate from the incoming stimuli, it 

results in an MMN (Wacongne et al., 2012).  

The name MMR is used by the developmental studies, where the polarity changes need an 

explanataion. It seems that the MMR is stable over the developmental timeline (Kushnerenko 

et al., 2002) and can also be elicited in newborn infants (Alho et al. 1990). According to Morr 
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et al. (2002), the MMR latency decreases by about 1 ms/month during the first 2 years of life 

and reaches the typical adult timing around the 3rd year of age. The component has been 

widely used in clinical samples of infants for the investigation of auditory processing. 

The MMR has also been commonly used in the literature for the investigation of PT infants’ 

auditory and speech perception abilities (Bisiacchi et al., 2009; Fellman et al., 2004; Jansson-

Verkasalo et al., 2010; Leipälä et al., 2011; Ragó et al., 2014). The amplitude of the MMR 

proved to be suitable for measuring developmental changes, as it was found to be related to 

gestational age (Bisiacchi et al., 2009; Leppänen et al., 2004). The amplitude of the MMR has 

also been shown to be influenced by other perinatal factors, such as intrauterine growth 

restriction (Fellman et al., 2004) and perinatal asphyxia (Leipälä et al., 2011). The predictable 

power of this electrophysiological component predicting the later language development of 

FT infants (Friedrich et al., 2009; Weber et al., 2005) and PT infants (Jansson-Verkasalo et 

al., 2010) has been established by several studies. 

These results suggest that the MMR is a rather stable response during infancy and it has a 

promising  potential for clinical application if its differential sensitivity and replicability get 

further confirmed. Consequently, MMR seems to be a sensitive electrophysiological 

component that reveals PT-related perinatal and maturational factors.  

 

2.2. Mismatch Studies of Stress Perception 

Previous studies have suggested that the elicitation of an MMN depends not only on the 

sensory memory trace, but also on long-term representations of regularities and higher-level 

rules in the auditory cortex. Regarding the segmental level, Näätänen et al. (1997) 

demonstrated that the MMN for native speech sounds is based on the long-term language-

specific representations of phonemic information. According to their interpretation, phoneme 
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traces function as recognition templates that are activated by the acoustic features of the 

phonemes during the processing of speech sounds. Honbolygó & Csépe (2013) hypothesized 

similar long-term representations, referred to as stress templates, which are activated during 

the processing of word stress processing. They supposed these templates to be language 

specific and probably prelexical. In order to reveal whether the processing of stress pattern 

changes is based on short-term or long-term representations, they created two experimental 

conditions using pseudowords, and they varied the legality of the deviants (the legal term here 

refers to the native stress pattern). In the illegal deviant condition, the pseudoword with legal 

stress pattern served as the standard stimulus and the pseudoword with illegal stress pattern 

served as the deviant. In the legal deviant condition, they reversed the role of the stress 

patterns. According to their hypothesis, in adults (1) the illegal stress pattern in the first 

condition would elicit two MMN components; but (2) the legal stimulus as deviant would not 

elicit any MMN. The authors interpreted the MMNs elicited by the illegal stress pattern as a 

sign of violation of the typical stress assignment rule, therefore not only of the short-term 

trace but also of the long-term stress representation. In the legal deviant condition, only a 

short-term trace could be established by the repetitive presentation of the illegal standard and 

this was violated by the legal, .g. a rule based representative of the stress assignment. 

According to this interpretation, the comparison of the illegal (standard) and legal (deviant) 

stress patterns in the second condition would not result in MMNs. In line with their 

expectation, two consecutive MMNs were found in the illegal deviant condition, but no MMN 

was elicited in the legal condition. According to the authors, these ERP patterns suggest that 

the stress pattern perception difference is based on long-term stress representation. Honbolygó 

& Csépe (2013) proposed that the stress template might play a prominent role in speech 

perception, as it helps to categorize syllables as stressed or unstressed. This process is 

considered to be crucial in accessing the mental lexicon.  
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Only a few mismatch studies have provided evidence related to the emergence of this 

language-specific stress template in infancy. In a study using a very similar mismatch 

paradigm (Weber et al., 2004), German-learning 4- and 5-month-old infants’ word stress 

perception was tested using ERPs. In German, bisyllabic content words have a strong–weak 

trochaic stress pattern. The pseudoword baba with two different stress patterns (stress on the 

first or on the second syllable) was presented. At 5 months of age, infants reliably 

discriminated the trochaic stimulus, although the 4 month old infants could discriminate 

neither the trochaic nor the iambic deviants. Honbolygó & Csépe interpreted their own results 

in comparison with the developmental studies suggesting the differences found as potential 

sign of a long-term stress representation still under maturation at the early months of life. Due 

to its instability, the trochaic stress pattern as deviant elicited a significant MMR in 5-month-

old infants. 

The cross-linguistic study performed by Friederici et al. (2007) implied the emergence of 

language-specific stress representation at 4.5 months of age. Native French and German 

monolingual infants were tested in the study using a mismatch paradigm very similar to the 

one used by Weber et al. (2004). In German, the stress is predominantly on the first syllable, 

while in French the dominant pattern is stress on the second syllable. According to their 

results, in the case of the German learners the pseudoword stressed on the second syllable 

elicited an MMR, while among the French learners the pseudoword stressed on the first 

syllable elicited an MMR. Both groups showed an MMR to the stress pattern that differed 

relative to the dominant stress pattern in its native language. The authors suggested that these 

different MMR patterns, obtained between language groups for the different stress patterns, 

implied language-specific stress representations for native and nonnative language stimuli.  

In Hungarian-learning infants the emergence of long-term stress representation has not been 

investigated yet. Despite the emergence of a number of studies related to stress perception in 
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infants, the testing of Hungarian infants is relevant in order to reveal how cross-linguistic 

differences in word stress organization result in differences in word stress processing. Around 

6 months of life infants appear to shift their attention from prosody to the phonemic structure 

of their native language (Becker et al. 2018). Another intriguing question is the interaction of 

lexical status and word stress during the early stages of language acquisition.  

 

3. Effect of Lexical Status on Stress Processing  

In speech processing, prosody and phoneme-relevant aspects serve different functions in 

different languages. In fixed stress languages, stress serves as a reliable cue for speech 

segmentation processes, while phoneme-relevant aspects contribute significantly to word 

recognition (Becker et al., 2018). In variable stress languages (English, Spanish, and 

German), besides phonemic information stress also conveys differences in meaning and 

contributes to the emergence of word segmentation in infancy. Adults and children are able to 

combine stress and phoneme-relevant information for word identification. However, we still 

do not know the time point in development at which infants become able to integrate these 

two types of cues in infancy. To our knowledge, only one study has directly investigated this 

integration process in infants learning a variable stress language (Becker et al., 2018).  

In parallel with the building of the general representational structure for prosodic 

information, the early protolexicon starts to form in the first months of life. Several studies 

have demonstrated that both prosodic and statistical cues contribute to the building of the 

protolexicon (Johnson, 2016). Newborn infants are already able to retain word sounds for 

several minutes (Benavides-Varela et al., 2012). Friedrich and Friederici (2017) demonstrated 

that at 3 months of age, primary learning mechanisms facilitate the formation of associative 

connections between the perceptual representations of objects and words. They suggested that 
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these representations might serve as the neural basis for infants’ first protowords. In the 

second half of the first year, the high-frequency sequences in infants’ native language are 

stored in the protolexicon of candidate words (Ngon et al., 2013; Vihman et al., 2004). At the 

age of 4.5 months, infants show listening preferences for repetitions of their name (Mandel et 

al., 1995). Eye-tracker studies have demonstrated that at 6 months of age, infants look toward 

the image of their social partners when they hear the names of those partners—for example 

“Mommy” or “Daddy” (Tincoff & Jusczyk, 1999). However, infants of this age might not yet 

know the meaning of the stored sound forms of some familiar words (Gervain & Mehler, 

2010; Swingley, 2009): Protowords represent only an association between a sound pattern and 

a specific object due to frequent simultaneous presentation.   

As reviewed in the first chapter above, although phoneme-free prosodic processing is 

dominant in the first 6 months of life, prosody-free phoneme processing becomes dominant at 

around 6 months of age. The data and conclusions drawn by Thiessen and Saffran (2003) 

reinforces this line of argumentation. The authors provided empirical evidence that 6-month-

old infants appear to use the statistical regularity of different phoneme sequences to recognize 

repeatedly presented nonsense words, rather than using the predominant stress pattern of the 

native language.  

The model of Becker et al. (2018) suggests that there are separate trajectories for 

processing the phonemic and prosodic features of spoken utterances. They assumed that from 

9 months of age, German infants are able to integrate prosodic and phoneme-relevant 

information. Some earlier studies are in line with this assumption, showing that infants are 

able to connect extracted prosodic patterns to phoneme strings from the age of 7 months 

onwards (Johnson & Jusczyk, 2001; Thiessen & Saffran, 2003). However, Skoruppa et al. 

(2013) demonstrated that at this age the interplay also depends on the role of stress in the 

given language. They found that 9-month-old Spanish infants were able to discriminate stress 
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patterns even in the presence of segmental variability, unlike their French peers. This means 

that several features of the segmental and suprasegmental structure contribute to an accurate 

processing. Therefore, further studies are needed to explore the specific interaction between 

these two systems, not only in variable stress languages but also in fixed stress languages. 

Moreover, a further question arises on the integration properties, e .g. weather the stress 

assignment rules (e.g. variable stress, fixed stress) of the given language influence the time of 

integration of these two types of cues. 

It has been clearly demonstrated that word accent influences lexical processing in 

children and adults. Ylinen et al. (2009) demonstrated how prosodic cues influence automatic 

word processing in Finnish adults. In their mismatch paradigm, the standard stimuli were 

pseudowords with the word stress on the first syllable (familiar stress pattern). The standards 

were violated by deviant stimuli that differed from the standard stimuli in one of three 

different ways: (1) pseudowords with an unfamiliar stress pattern; (2) familiar words with a 

familiar stress pattern; or (3) familiar words with an unfamiliar stress pattern. The latency of 

the MMN elicited by the familiar words with an unfamiliar stress pattern was significantly 

longer than that elicited by the familiar words with a familiar stress pattern. The authors 

concluded that the unfamiliar stress pattern in familiar Finnish words increased computational 

needs, causing a delay in the preattentive processing of words.  

The same response pattern was observed in 17-month-old infants by Campbell et al. (2019). 

In their experiment, they used a split-screen design, displaying a target object and a distractor 

while the target word was presented with two different stress patterns. During the experiment, 

fixation time was registered using an eye tracker. Infants were faster to fixate on the target 

when hearing the properly stressed label than when hearing the mis-stressed label, indicating 

that word stress influenced the processing of familiar words already at this young age. 

Furthermore, the authors interpreted their results as supporting the claim that infants encode 
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stress in their familiar word representations. Vihman et al. (2004) explored using the head-

turn paradigm the interaction between prosodic and segmental aspects in infancy. It was 

found that 11-month-old infants produce no significant differences in listening times for the 

normally stressed and the misstressed familiar words and phrases, however the time-course 

analyses revealed that the reverse stress pattern delayed the familiar word-form recognition. 

These results suggest the influence of stress on word recognition from a very early age. 

 These studies demonstrated how word stress facilitates the word recognition process; 

however, the effect of emerging lexicality on word stress processing in infancy remains 

unexplored. 

From the perspective of our study, the experiment by Garami et al. (2017) is very 

relevant. The authors investigated how lexicality influences the processing of suprasegmental 

features in Hungarian adults. They used an MMN paradigm described by Honbolygó and 

Csépe (2013), with the difference that here words were used instead of pseudowords—that is, 

two stress variants of the word “baba.” The legal version had stress on the first syllable, while 

the illegal version had stress on the second syllable. The MMNs elicited by the words in this 

study and by the pseudowords in the study by Honbolygó and Csépe (2013) were compared. 

In the case of the words, the legal stress pattern elicited two consecutive MMNs, while in the 

case of the pseudowords no MMN was found for the legally stressed deviant. The illegally 

stressed deviant elicited one MMN, as it did in the case of the pseudowords. Their findings 

showed that lexicality clearly enhanced the comparison of prosodic information, acting as a 

filter and resulting in the enhanced processing of the familiar stress pattern.  

The question remains as to how emerging lexicality influences the processing of 

prosodic features during the language acquisition process. An investigation of this question 

would provide a better understanding of how these processes interact in a fixed stress 

language, and how the stress rule in fixed stress languages influences the beginning of this 
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integration process. By contrasting prosodic and lexical information, it may be possible to 

demonstrate the consequences of the integration process. 

We should emphasize that language-specific characteristics are important factors when 

analyzing the interaction between lexicality and stress processing at the beginning of the 

language acquisition process. A suppressing effect of lexicality can be expected in languages 

in which stress does not convey differences in meaning. However, the intriguing question still 

remains as to how lexicality influences the processing of phoneme-relevant aspects in tonal 

languages.  

As suggested by a model based on adult data (Honbolygó & Csépe, 2013), the 

perception of stress pattern change is based on a long-term stress template that results from 

rule extraction. According to cross-linguistic studies, these long-term stress representations 

are already language specific in the first half of the first year. The question of how word stress 

facilitates lexical access and word recognition in adults and infants has been widely 

investigated, while the effect of lexical status on suprasegmental features during the early 

language acquisition process remains to be explored. 

4. Stress Perception and its Correlates in Language Acquisition in Typical 

and Atypical Development 

Several empirical studies support the relationship between prosody perception in infancy and 

language development. The study by Friedrich et al. (2009) provides evidence for the 

correlation between infants’ ERPs for word stress processing and expressive language 

development at 2.5 years of age. The ERP responses of 5-month-old infants were 

retrospectively categorized according to their verbal performance (determined by the SETK-2 

German language test) at 2.5 years of age. Children who demonstrated age-adequate 

expressive language skills were categorized as normal performers. Children whose verbal 
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production performance was below the mean for their age by more than 1 standard deviation 

were referred to as low performers. The infants were presented with pseudowords with 

trochaic and iambic stress patterns (the pseudowords differed only in their prosodic 

properties) in a passive oddball paradigm. Specific signs of typical and atypical language 

development were identified by analyzing the mismatch responses (MMRs). In the case of 

children whose language skills proved to be age-adequate, the native (trochaic) stress pattern 

as deviant elicited two consecutive negative MMRs. This response pattern was absent in the 

low language performers. A further specific precursor of atypical expressive language 

development was the latency of the MMRs. Compared to the age-adequate language 

performers, the nonnative language deviant elicited a prolonged MMR among the low 

performers. The authors concluded that the memory structures for the typical stress pattern are 

advanced in the case of the age-adequate language performers compared to the low language 

performers. The presence and timing of the MMRs are precursors of normal later language 

development.  

Word stress pattern discrimination and its relation to vocabulary building were also 

investigated in English-learning infants at risk for autism spectrum disorder (ASD) by 

Ference and Curtin (2013). They investigated whether 5-month-old infants with typically 

developing older siblings and infants with an older sibling diagnosed with ASD differentiate 

the iambic and trochaic stress patterns of a word identically. In their study, infants’ word 

stress preference was tested by the infant-controlled sequential looking preference (SLP) 

procedure. Firstly, the infants were familiarized with the trochaic sounds of the word Gaba. 

This was followed by the test trials. Vocabulary growth at 12 months of age was measured 

using the MacArthur-Bates Communicative Development Inventory (MB-CDI). Infants who 

had an older sibling diagnosed with ASD showed no preference for either stress pattern, while 

infants with typically developing older siblings demonstrated trochaic bias. The latter group 
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also tended to produce more words at 12 months of age. These results also indicate that stress 

perception contributes to efficient word segmentation.   

Perception of amplitude-modulated and durational cues related to prosody was investigated in 

children with specific language impairment (SLI) by Corriveau and Goswami (2007). The 

authors compared a sample of 10-year-old English children diagnosed with an SLI and 

samples of typically developing children matched for language development and age. English 

is a stress-timed language, in which stress-timed syllables occur at regular intervals in the 

stream of spoken utterances.  The dinosaur threshold estimation program was used to present 

dinosaurs making a sound, the task being to identify the dinosaur that was producing the 

target sound. In the amplitude envelope onset (rise time) task, the rise times of the stimulus 

varied between 15 and 300 ms. The standard sound was the stimulus with the longest rise time 

(300 ms). In the duration discrimination task, the child had to determine whether the second 

pure tone was longer or shorter in duration than the first tone (1,200 ms). Significantly 

impaired performance was found in the SLI group in the rise time and duration discrimination 

tasks. These difficulties proved to be strong predictors of vocabulary, phonological 

awareness, working memory, reading, and spelling performance in children with an SLI. The 

authors concluded that early insensitivity to rhythm and stress could have a powerful effect on 

word segmentation and the developing language system.  The cross-linguistical study of 

Surányi et al. (2009) emphasize that there are language specific differences between 

Hungarian and English children in processing the amplitude envelope onset relevant to speech 

rhythm. In this study also the Dinosaur programs were used. These results were interpreted as 

differences in the perceptual weighting of stimulus-onset and within stimulus rise time.  

The study by Weber et al. (2005), investigating infants at risk for SLI, revealed that later 

language impairment also has precursors in infants’ ERP correlates of word stress processing. 

In their study, the discrimination of native and nonnative stress patterns was retrospectively 



28 
 
 

evaluated in 5-month-old German infants. Infants demonstrating low word production 

performance at 1 and 2 years of age were considered to be at risk for SLI. Infants whose word 

production was advanced constituted the control group. In the electrophysiology experiment, 

a bisyllabic pseudoword (baba) was presented with two different stress patterns (either iambic 

or trochaic). If the stress was on the first syllable it was referred to as trochaic, and if the 

stress was on the second syllable it was considered as an iambic pattern. Stimuli were 

presented in a passive oddball paradigm in two conditions. In the trochee condition, the 

trochaic pattern was presented as the deviant and the iambic pattern as the standard, while in 

the iambic condition the roles of the stress patterns were reversed. The control group 

produced a significant MMR elicited by the deviant trochaic pattern. In the case of the infants 

at risk for SLI, neither the trochaic nor the iambic deviant stress pattern elicited an MMR. 

Despite the fact that early vocabulary does not necessarily predict a later SLI, this result 

clearly demonstrates the importance of early measurement and the sensitivity of the 

electrophysiological method.   

The above-mentioned clinical studies demonstrated that word stress discrimination in infancy 

is a reliable cue regarding later language development. They serve as a reliable base from 

which to extend the use of word stress discrimination to other clinical populations—for 

instance to PT infants—and to compare their processing characteristics to those of typically 

developing infants.  

Before reviewing the behavior and electrophysiological studies related to the prosodic 

processing of PT infants I provide a summary about how prematurity influence the language 

development in general and the auditory processing. 



29 
 
 

5. The Impact of Preterm Birth on Language Development and Auditory 

Processing 

This chapter offers an overview of the PT-related definitions of the World Health 

Organization (WHO) and a detailed summary of the sampling issues in the case of PT infants. 

I review the language performance of PT infants (during preschool years). The information 

presented was gathered during a review of articles published on this topic between 1999 and 

2018.  At the end of this chapter I will review the perinatal risk factors associated with the 

development of PT infants’ auditory processing. 

 

5.1. Preterm Birth  

According to the WHO definition, PT infants are those who were born alive before the 37th 

week of pregnancy was completed. In Hungary, the prevalence of PT births is 9% (KSH, 

2018). The number of surviving PT infants is rising year by year due to medical advances. 

The WHO classifies PT infants according to their gestational age and birth weight. 

Classification according to gestational age is as follows: extremely PT (less than 28 weeks); 

very PT (28–32 weeks); moderate-to-late PT (32–37 weeks). Classification according to birth 

weight is as follows: extremely low birth weight (<1,000 g); very low birth weight (1,000–

1,500 g); low birth weight (1,500–2,500 g).  

The majority of PT infants in Hungary are born between 32 and 36 weeks of gestation 

(84.6%) and a lower percentage (10.4%) between 28 and 32 weeks of gestation (KSH, 2018). 

In our studies we aimed at recruiting an as homogeneous as possible group of PT infants, to 

be selected from among the largest portion of the PT infant sample (moderate-to-late PT 

infants). As the ratios in developing countries are similar to those in Hungary, we decided to 

examine PT infants from the very PT and moderate-to-late PT groups. Our decision was 
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further supported by the fact that the occurrence of PT-related brain anomalies and 

complications rises with the lowering of the gestational age.  

Before reviewing the studies that summarize language development in PT infants in the 

preschool years, in the next section I summarize the sampling issues that arise in studies 

investigating the population of PT infants.  

5.2. Sampling Issues 

Several sampling issues limit the interpretation of studies on the effects of PT birth on 

children’s language development. One issue is that there are differences in the sample 

selection criteria with respect to birth weight and gestational age. This limits the comparison 

of the findings from different studies. For example, Guarini et al. (2009) studied children born 

between 24 and 33 weeks of gestation with birth weights ranging from 600 g to 1,980 g; 

Ribeiro et al. (2016) studied children born between 31 and 36 weeks of gestation with a birth 

weight of between 1,200 g and 3,080 g; and Stolt et al. (2009) examined children born 

between 23 and 34 weeks of gestation with birth weights ranging from 525 g to 1,500 g. It is 

well established that both of these perinatal factors have consequences regarding language 

development (birth weight: Cusson, 2003; Zerbeto et al., 2015; gestational age: Cusson, 2003; 

Foster-Cohen et al., 2007). In summary, the selection criteria used in these studies did not take 

into consideration the subcategories of PT birth based on gestational age and birth weight, as 

suggested by the WHO.  

A further sampling issue is the absence of clinical selection criteria besides gestational age 

and birth weight. Only a few studies (Guarini et al., 2009; Kilbride et al., 2004; Ribeiro et al., 

2016) take into consideration the brain abnormalities and major neurological symptoms that 

increase with a decrease in gestational age and birth weight, such as periventricular 

leukomalacia (PVL), intraventricular hemorrhage (IVH), hydrocephalus, and cerebral palsy 
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known to be associated with worse developmental outcomes. Other studies (Harvey et al., 

1999; Mansson & Stjernqvist, 2014; Morag et al., 2013; Stolt et al., 2009) investigating 

language outcomes in PT infants have examined heterogeneous samples of PT infants from 

this point of view.  

Besides brain abnormalities, several other complications may be related to immaturity and 

low birth weight, thus the effects of these two factors (gestational age and birth weight) on 

language development is multifactorial. Hearing loss (Dommelen et al., 2015) and 

bronchopulmonary dysplasia (BPD) (Singer et al., 2001) are the most commonly published 

factors that correlate with immaturity and are considered independent risk factors for 

language disorders. BPD is known to increase the risk of hearing loss (Sauve & Singhal, 

1985) and to negatively influence the motor aspects of speech (Perlman & Volpe, 1989). 

These results reinforce the argument that the PT infant population cannot be considered as a 

homogeneous group neither from cognitive nor from clinical point of view.  

The use of different methods to examine language development at the same age can be 

considered as another sampling issue that hinders the comparison of study results. For 

example, several tests were used to measure language performance before 3.5 years of age: 

the language subscales of the Bayley-III test (Mansson & Stjernqvist, 2014); the language 

subscale of the Griffiths Mental Development Scales (Putnick et al., 2017); the Reynell 

Developmental Language Scales (Lierde et al., 2009); the Peabody Picture Vocabulary Test 

(Ribeiro et al., 2016); and the MacArthur-Bates Communicative Development Inventory 

(Foster-Cohen et al., 2007). 

Another sampling issue is the fact that some studies corrected the age of PT infants to the 

expected date of delivery (corrected age) and determined their language development in 

proportion to their corrected age rather than their chronological age. However, other studies 

did not correct the PT infants’ age, making it difficult to compare the results of the studies. 
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Ribeiro et al. (2016) investigated the receptive vocabulary of PT infants at 29–30 months of 

chronological age, while Mansson and Stjernqvist (2014) used the age correction criteria and 

also investigated PT infants’ receptive vocabulary at the corrected age of 29 months. The 

debate about the use of chronological or corrected age in the evaluation of PT infants’ 

development was also the focus of a recently published study (Harel-Gadassi et al., 2018). 

The use of adjusted versus unadjusted ages remains the subject of debate. Siegel (1983) 

argued that the use of age adjustment may screen the difference between PT and FT infants’ 

language development, and that predictions of later development will not necessarily be 

precise. However, unadjusted scores may underestimate the infants’ language developmental 

level. Wilson et al. (2004) pointed out the small number of studies evaluating the predictive 

validity of age-adjusted versus unadjusted scores. According to Bayley (1993), PT infants’ 

age should be corrected until their second year. Several questions and remarks should be 

borne in mind in future research regarding age correction: (1) Is it appropriate for all 

developmental domains? (2) Until what age should age correction be performed? and (3) How 

severe are the prematurity and associated complications (Wilson et al., 2004) ? 

Due to improvements in neonatal medical services, earlier studies are no longer applicable to 

the current population of PT infants. Premature infants may now be qualitatively different 

from PT infants in earlier decades.    

In summary, in order to obtain comparable results for PT infants’ specific language 

development, the published results should apply to homogeneous groups of PT infants, 

selected according to strict inclusion criteria. Besides gestational age and birth weight, other 

clinical criteria should also be considered.  

 



33 
 
 

5.3. Language Development in PT Infants  

Language disorders are among the most commonly reported cognitive deficits in preterm 

children (Barre et al., 2011; Sansavini et al., 2010). The precise numbers are not known, as 

the studies report different percentages. However, all studies agree that the number of PT 

infants who show language disorders is high. Pritchard et al. (2014) performed a longitudinal 

study of language development (Clinical Evaluation of Language Fundamentals) in 4-year-old 

children who were born very PT (N = 105) or FT (N = 107). They found that 31% of the PT 

infants were classified as language delayed at 4 years of age, while the proportion of low 

language performers among children born full-term was just 15%. They reassessed these 

children at 6 and 9 years of age. The rate of language delay in very PT children remained 

consistent at 6 years of age (30%). These children also had higher rates of language delay 

(45%) at 9 years of age. The number of children lost for follow-up was minimal. These rates 

remain persistent, even after taking into account the socioeconomic status of the families.  

In the following section, I summarize the studies examining PT infants’ language 

development until the end of the preschool years. Only those studies were included in the 

review in which the inclusion criteria for PT infants followed the WHO suggestions (based on 

gestational age, as presented above) or those studies in which PT infants can be considered as 

a homogeneous group from a clinical point of view.  

Extremely PT infants: Ribeiro et al. (2016) examined the receptive vocabulary of extremely 

PT infants (mean gestational age: 28 weeks of gestation) at 29 months of chronological age 

using the Peabody Picture Vocabulary Test (PPVT). At this age, the receptive vocabulary of 

the FT infants (at the same chronological age) exceeded that of the PT infants (p < .01). 

Besides their smaller receptive vocabulary, Kilbride et al. (2004) revealed that extremely 

immature PT infants performed below their FT counterparts at 5 years of age on the Test for 

Auditory Comprehension of Language (TACL). The authors suggested that the receptive 



34 
 
 

grammar and syntax of extremely PT infants are affected. No significant differences were 

found between 3- and 5-year-old FT and PT children using the expressive language skills 

subscale of the Preschool Language Scales to examine the use of prepositions, grammatical 

markers, naming, sentence structure, etc.  

Extremely and very PT infants: Foster-Cohen et al. (2007) found evidence of a linear 

relationship between a child’s gestational age at birth and the size of their vocabulary at 2 

years of corrected age. Extremely and very PT infants were tested using the MacArthur-Bates 

Communicative Development Inventory, and the size of their expressive vocabulary was 

compared to that of age-matched FT infants. In this study, decreasing gestational age was 

associated with smaller vocabulary size. The study also compared the syntactic and 

morphological development of the samples. Compared to the FT and very PT infants, the 

extremely PT infants proved to be the most impaired in terms of the use of morphological 

endings (past tense, plurals, progressives, possessives), word combination, and sentence 

length. The paper by Paquette et al. (2015) pointed out that PT infants’ difficulty in the 

discrimination of auditory stimuli is restricted exclusively to speech stimuli. The 

preattentional auditory responses of FT and PT infants (mean gestational age: 29 weeks) were 

examined using an oddball paradigm with speech and nonspeech stimuli. In this cross-

sectional study, the ERP responses were measured at 3, 12, and 36 months of age. The speech 

stimuli were the syllables /Da/ (standard) and /Ba/ (deviant), and the nonspeech stimuli were 

synthesized using the second and third formants of the speech stimuli. PT infants at all ages 

produced a delayed MMR to the speech stimuli compared to their FT peers. No significant 

differences were found between these two groups in terms of either the amplitudes or the 

latencies of the MMRs regarding the discrimination of the nonspeech stimuli.  

Moderate-to-late PT infants: Ribeiro et al. (2016) also demonstrated a poor receptive 

vocabulary in moderate-to-late PT infants (29 months of chronological age) using the 
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Peabody Picture Vocabulary Test. However, the expressive vocabulary of these infants was 

found to be compatible with FT infants at 12 months of corrected age (Morag et al., 2013). 

Furthermore, FT infants outperformed the late PT infants (34–36 weeks of gestation) in the 

production of grammar abilities, examined using parental assessment of grammar abilities. 

In summary, in the language domain PT birth is considered to be a risk factor for deficits in 

the preschool years at different processing levels. At the perceptual level, PT children show 

less advanced auditory discrimination skills regarding language stimuli, have a smaller 

receptive vocabulary, and lag behind in terms of their understanding of grammar and syntax 

compared to matched FT infants. At the productive level, they possess a poor vocabulary and 

produce morphologically less complex words and syntactically less complex sentences.  

 

5.4. Perinatal Risk Factors Associated With the Development of PT Infants’ Auditory 

Processing 

Only a few studies have investigated the effect of perinatal risk factors—gestational 

age, birth weight, intrauterine growth restriction (infants with birth weight below the 10th 

percentile for their gestational age, with a pathological restriction of fetal growth)—on early 

auditory development in PT infants. These studies have focused on the investigation of sound 

frequency discrimination in the neonatal period. However, neither the long-term effect of 

perinatal risk factors (after the neonatal period) nor their influence on early linguistic 

processing has been properly explored. Studies that have focused on the development of 

language processing in PT infants during the first year of life (Peña et al., 2010, 2012; Ragó et 

al., 2014) have not considered the effect of these factors in the long term. Studies of the very 

long term (preschool) effect of perinatal risk factors have been published with respect to 

intellectual functioning and language abilities in general (Cusson, 2003; Foster-Cohen et al., 



36 
 
 

2007; Barre et al., 2011; Marston et al., 2007; Zerbeto et al., 2015; Madigan et al., 2015). 

Despite the determining role of birth weight on cognitive performance in PT infants, as 

revealed by some studies (Halsey et al., 1993; Saigal et al., 1991), consideration of birth 

weight compared to gestational age seems to be lacking in electrophysiological studies 

examining language acquisition in PT infants.  

An examination of this issue in infancy would provide an opportunity for clinicians to 

identify at an earlier point in time (i.e. before their preschool years) PT infants at risk of later 

language disorders among those born between 30 and 36 weeks of gestation. Before 

reviewing the results published to date regarding the determining role of these perinatal 

factors on the auditory development of PT infants, I review an ERP study that examined 

newborn FT infants exclusively. 

Leppänen et al. (2004) found that gestational age explained 19%–21% of the variance in 

the MMRs elicited by the discrimination of acoustic stimuli differing in frequency. 

Gestational age, with another factor—namely heart period—explained 36%–42% of the 

variance in MMRs. The authors concluded that gestational age should be taken into account in 

ERP experiments using MMR paradigms with young FT infants. Despite this, only a few 

studies have been produced to date concerning the explanatory power of gestational age with 

respect to auditory processing in PT infants.  

Gestational age was found to be a determining factor (Bisiacchi et al., 2009) in the 

preattentive acoustic change detection of tones differing in frequency (standards: tones at 

1,000 Hz vs. deviants: tones at 2,000 Hz) in PT neonates. Infants without structural brain 

damage with extremely low (23–29 weeks of gestation) and low (30–34 weeks of gestation) 

gestational ages were assessed in order to show the effect of the degree of prematurity on the 

appearance of MMRs at the same postconceptional age of 35 weeks. The main finding of the 

study by Bisiacchi et al. was that the MMR amplitude of neonates who were born at an earlier 
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age (<30 weeks of gestation) proved to be smaller than that of neonates born at later 

gestational ages. These results demonstrated that, even in the absence of obvious central 

nervous insults, PT birth is considered a risk factor in cortical auditory development. 

Furthermore, the authors found that the PT infants’ MMRs were significantly related to 

gestational age and not to postconceptional age. Mento et al. (2010) recorded ERPs in healthy 

PT newborns from different gestational ages (24–34 weeks of gestation) at the 35th 

postconceptional week. They aimed to explore the emergence of functional hemispheric 

lateralization before term. They applied a frequency change oddball paradigm with standard 

tones at 1,000 Hz and deviant tones at 2,000 Hz. Significant right functional asymmetry was 

found in electrophysiological activity: The right hemisphere showed higher 

electrophysiological activity than the left hemisphere in PT infants who were born after the 

30th week of gestation, but not in PT infants born before the 30th week of gestation. Their 

electrophysiological data suggest that gestational age affects functional hemisphere 

lateralization as registered in the neonatal period. These results suggest that gestational age is 

a determining factor in terms of cortical auditory development in the neonatal period.   

A study by Fellman et al. (2004) investigated the effect of birth weight in relation to 

gestational age on early auditory processing. The authors compared the ERP responses of 

small for gestational age PT infants (gestational week: 28.9; birth weight: 850 g), appropriate 

for gestational age PT infants (gestational week: 26.9; birth weight: 1,014 g), and healthy FT 

infants. Harmonic tones were presented in an oddball paradigm. A harmonic tone of 500 Hz 

frequency served as the standard stimulus, and a harmonic tone of 750 Hz frequency served as 

the deviant stimulus. The PT infants were assessed at the 40th gestational week, and at 6 

months and 12 months of corrected age. The control subjects were studied at birth and at 3, 6, 

9, 12, and 15 months of age. No MMR was elicited at any of the tested ages in the PT infants 
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compared to the FT infants. Based on the results, besides gestational age, intrauterine growth 

restriction can also be considered as a risk factor in terms of auditory development.   

From the perspective of our clinical studies, the behavioral study by Herold et al. (2008) 

is particularly relevant, as the authors aimed to demonstrate the association between clinical 

factors and prosodic preferences (at 4 and 6 months of age)—that is, stress pattern 

discrimination (orientation time to different stress patterns). Compared to the 

electrophysiological studies reviewed above, no clinical characteristics (Apgar score at 5 

minutes, gestational age, and duration of ventilation support and incubator care) were 

associated with the orientation time measurements. This raises two questions: (1) Was the 

result due to methodological differences? and (2) Is the powerful effect of gestational age on 

auditory processing confined to the neonatal period? 

I should emphasize that none of the ERP and behavioral studies summarized above 

examined PT infants born between 30 and 36 weeks of gestation, while only one of them 

(Herold et al., 2008) used language stimuli to reveal which perinatal factors carry a high risk 

for early language processing after the neonatal period. Compared to the presentation of 

harmonic tones differing in frequency, the use of language stimuli could provide more 

accurate information about (1) early language processing; and (2) which infants require early 

linguistic intervention services.  

 

6. Reasons for Atypical Language/Prosodic Development  

The delay/disruption found in PT infants’ prosodic processing can be explained by different 

hypotheses (Gonzalez-Gomez & Nazzi, 2012; Herold et al., 2008): (1) exposure to different 

extrauterine input in terms of quality and amount; (2) white matter structural abnormalities; 
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and (3) absence of prenatal prosodic experience. In the following section, I review, hypothesis 

by hypothesis, studies that either support or contradict these assumptions.  

 

6.1. Extrauterine Language Experience 

The influence of extrauterine language experience, not only on prosodic processing but also 

on language processing, has scarcely been examined to date in PT infants. Neonatological 

research has mainly examined the quality of the extrauterine stimuli in NICUs, although the 

impact of these stimuli on language development in the long term has not been investigated. 

Moreover, neuroscientists have focused on the question of whether earlier and longer 

extrauterine language experience in PT infants (the same length or longer than that of FT 

infants) facilitates the acquisition of the features of the native language. I first summarize the 

neonatological research, then the results obtained by neuroscientists.  

Preterm infants in NICUs have to adapt to the extrauterine environment early in their life. 

Compared to FT infants, they experience greater sensory exposure to noise and voices in this 

environment, compared to the more natural environment of the physiological low-pass 

filtering womb (Vouloumanos & Werker, 2007). According to McMahon et al. (2012), PT 

infants are particularly sensitive to noise, as their auditory system is at a critical period of 

neurodevelopment and the maternal tissues no longer filter out noise from the environment as 

they did in utero. Various concepts have been published regarding the environmental auditory 

experience influencing PT infants’ brain development. However, their empirical 

demonstration is still lacking. Some authors argue that early sensory stimulation is an 

effective source of compensation for the effects of prematurity (Als et al., 1994). According to 

another hypothesis, the low level of functional and structural organization in the brains of PT 
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infants could either result in auditory overstimulation or deprive infants of the necessary 

stimulation (Hüppi et al., 1996).   

The auditory environment in NICUs is interpreted in the literature as language deprivation. To 

be precise, Caskey et al. (2011) revealed that only 2%–5% of the sound environment in 

NICUs consists of language stimuli, suggesting that the majority of the sound environment is 

composed of sounds coming from ventilators, monitors, and alarms. Several neonatological 

studies have already focused on the beneficial effect of the maternal voice on infants’ 

physiological and respiratory stability and early feeding (Filippa et al., 2013; Krueger et al., 

2015; Zimmerman et al., 2013). The direct association between the sound environment in the 

NICU and language outcomes in PT infants has not yet been demonstrated.  

Neuroscientists focus on the question of whether PT infants, compared to FT infants, are able 

to utilize their earlier exposure to the extrauterine language environment. Peña et al. (2010) 

investigated whether earlier/longer extrauterine experience with the native language facilitates 

the discrimination of rhythmically similar and different languages in PT infants compared to 

FT infants. Peña and her colleagues compared the gamma-band responses of infants at FT3, 

FT6, PT6, and PT9 months (chronological age). It was demonstrated that, despite the 9-

month-old PT infants having greater exposure to broadcast speech, their performance was 

comparable to that of the 6-month-old FT infants in measurements revealing within-class 

language discrimination. In line with this, the 6-month-old PT infants’ gamma-band responses 

were more similar to those of the 3-month-old FT infants than to the 6-month-old infants’ 

results. The authors suggested that PT infants mature later in relation to the discrimination of 

rhythmically similar languages.  

In line with these studies, Mento et al. (2010) found evidence that earlier extrauterine 

language experience in younger newborns (PT infants at less than 30 weeks of gestation) 

delays the lateralization process. Earlier exposure did not result in right hemisphere 



41 
 
 

lateralization for pitch processing at 35 postconception weeks in PT infants compared to FT 

infants. It can be concluded from these studies that longer extrauterine language experience is 

able to facilitate language processing in PT infants despite their neural immaturity, but only 

from the second half of the first year. However, the studies provide no clear evidence of the 

facilitation effect of extrauterine language experience on prosodic development. 

Ragó et al. (2014) showed that, despite the fact that PT and FT infants were examined at the 

same chronological ages, PT infants showed less advanced word stress discrimination 

compared to FT infants. The authors concluded that the length of the intrauterine experience 

influences the processing of prosodic features, e. g.  the broad band filtered suprasegmental 

features in the first year of life. We may also ask whether FT infants would still outperform 

the PT infants in terms of stress discrimination if the ages of the PT infants are corrected, and 

whether the PT infants’ longer extrauterine language experience (compared to FT infants) is 

able to compensate for the shortened intrauterine language experience. This result would also 

contradict the neural immaturity assumption.  

The results obtained by Therien et al. (2004) also point in this direction. They revealed that 

healthy PT infants (born at less than 32 weeks of gestation), when assessed at 40 weeks of 

postmenstrual age, were not able to recognize their mother’s voice compared to FT infants (at 

40 weeks of gestation), despite the fact that the PT infants had longer extrauterine language 

exposure to the maternal voice. The authors do not rule out the possibility that their results 

might also be attributable to the shortened intrauterine maternal voice exposure. 

In summary, most of the recently published studies have mainly been restricted to the 

evaluation of the auditory environment in NICUs. Up to now, no studies have empirically 

examined the effect of the sound environment in NICUs or at home on PT infants’ auditory 

development in the long term. Some studies aimed to investigate the effect of longer/earlier 

extrauterine language experience on language (Peña et al., 2012), and in particular on 
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prosodic processing (Ragó et al., 2014; Therien et al., 2004), although these studies have 

published contradictory findings regarding the effect of extrauterine language experience on 

language and prosodic development. Ragó et al. (2014) suggested that if the intrauterine 

prosodic experience is shortened, in spite of the earlier exposition to the extra-uterine 

language stimulation, PT infants will be unable to catch up with their FT peers. 

6.2. Brain Imaging Studies: White Matter Structural Abnormalities 

It has been well demonstrated that prematurity results in disorganized neural connectivity 

(Smyser et al., 2011; White et al., 2014). Kwon et al. (2015), in their resting-state functional 

magnetic resonance imaging (fMRI) study, examined the lateralization of regions subserving 

language (both receptive and expressive language) in very and extremely PT infants (born at 

less than 30 weeks of postmenstrual age) at term-equivalent age. The exclusion criterion for 

the PT infants was any structural brain abnormality (such as PVL, IVH). The authors 

identified the absence of lateralization to regions subserving language skills in the left insula 

BA22–BA21 and left lateral BA45–BA47. Compared to FT infants, a significant decrease 

was found in the interhemispheric connectivity from the left BA22 to the right BA22 and 

from the right BA22 to the left Wernicke’s area. The authors emphasized that the severity of 

prematurity did not influence lateralization in these different regions. Their result suggests 

that, regardless of the degree of prematurity, lateralization is perturbed in preterm neonates.  

Clinical neuroimaging studies using magnetic resonance imaging (MRI) have demonstrated 

that extremely, very, and moderate-to-late PT infants have moderate to severe cerebral white 

matter abnormalities (Kelly et al., 2016; Woodward et al., 2006). The proportion of extremely 

and very PT neonates with moderate to severe cerebral white matter abnormalities is 

estimated at between 17% and 21% (Gano et al., 2015; Woodward et al., 2006). White matter 

abnormalities include the thinning of the corpus callosum, enlarged ventricles, signal 
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abnormalities, loss of volume, delayed myelination, and white matter cysts (Foster-Cohen et 

al., 2010; Maalouf et al., 1999). The studies by Hinojosa-Rodríguez et al. (2017) and 

Woodward et al. (2006) suggest that these abnormal brain alterations on neonatal MRIs 

strongly predict neurodevelopmental outcomes at different ages.  

Only a few studies have directly examined the relationship between white matter 

abnormalities and language outcomes. Counsell et al. (2008) studied the association between 

white matter structural alterations and neurodevelopmental outcome in PT infants who 

showed no evidence of focal abnormality on conventional MRI at term-equivalent age. The 

authors assessed the development outcome of PT infants (born between the 24th and 32nd 

weeks of gestation) using all the subscales of the Griffiths Mental Developmental Scales 

(including the hearing and language subscale) at 2 years of corrected age. Diffusion tensor 

imaging was used to measure fractional anisotropy (FA), and regression analysis was used to 

reveal the relationship between FA and developmental quotient (DQ) and subscale quotient 

scores. In this study, several specific areas of the white matter were found to be associated 

with specific neurodevelopmental outcomes, although no correlation was found between the 

scores for the hearing–language subscale and the FA values.  

A large number of PT infants (N = 105; ≤33 weeks of gestation) were examined by Foster-

Cohen et al. (2010) in order to reveal the biological (white matter abnormalities, neonatal 

illnesses, birth weight, gestational age), socioenvironmental risk (low maternal education, 

etc.), and protective factors (family functioning, etc.) that influence PT infants’ language 

development at the age of 4 years. According to their results, social risk, the presence of 

moderate to severe white matter abnormalities (at term-equivalent age), parental instability, 

and poor intelligence explained 45% of the variance in the language outcome measured using 

the Clinical Evaluation of Language Fundamentals: Preschool (CELF-P). Following these 

results, the power of white matter abnormalities to explain language outcomes in very PT 
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infants is disappearing. Compared to these studies Reidy et al. (2013) found that white matter 

abnormalities registered in the neonatal period were found to be good predictors of language 

performance, including semantics, grammar, discourse, and phonological awareness (at 7 

years of age). 

In summary, the contribution of white matter abnormalities to language development is not 

clear, as its explanatory power with respect to language development is either missing 

(Counsell et al., 2008) or modest (Foster-Cohen et al., 2010). Furthermore, none of the studies 

directly examined the relationship between white matter abnormalities and auditory 

processing (specifically prosodic processing): only the determining role of white matter 

abnormalities was assessed with respect to semantics, phonological awareness, grammar, and 

discourse (Reidy et al., 2013). We also have to emphasize that all of the studies investigating 

the association between white matter abnormalities and language outcomes examined 

extremely and very PT infants and did not focus on the consequences of white matter 

abnormalities for language processing in moderate-to-late PT infants (born between 32 and 36 

weeks of gestation).  

 

6.3. The Influence of Prenatal Language Experience on Language Acquisition 

Fetuses learn more from prenatal experience with their language than was previously 

believed, which may thus play a more important role in language development than 

previously believed (Gervain, 2018). It has been demonstrated that, due to intrauterine 

learning, beyond general preferences (DeCasper & Fifer, 2009; Mehler et al., 1978), infants 

learn about the prosodic features of the native language. Prenatal auditory learning is possible, 

as hearing is operational from about the 20th week of gestation (Eggermont & Moore, 2012). 

Based on the results of animal models (Griffiths et al., 1994) and studies of fetuses (Abrams 
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& Gerhardt, 2000), it is known that the tissues of the womb attenuate the speech signal, acting 

as a low-pass filter. Due to this attenuating feature, the prosody of speech is preserved, but the 

consonants are suppressed.  

The following empirical evidence suggests that acquired prenatal prosodic knowledge enables 

infants to use prosody to bootstrap the acquisition of grammar and lexicon. The prenatally 

acquired prosodic knowledge shapes the newborn infants’ perception abilities, preferences, 

and cry patterns.  

Mehler et al. (1988), by the registration of the sucking rate, investigated whether newborn 

French-learning infants are able to distinguish utterances in their ambient language from those 

of another language. They used the speech samples of a French–Russian bilingual speaker. 

The sentences from the two languages were matched for their overall duration and 

amplitudes. Newborns were not only able to distinguish the two languages, but they also 

preferred to listen to French, as they sucked at significantly higher rates for French. The 

authors concluded that this response pattern was due to familiarity with the French language 

experienced prenatally. They also created low-pass filtered versions (low-pass filtering the 

signal at 400 Hz) of these original Russian and French sentences and presented them to the 

newborns. The infants showed evidence of distinguishing the low-pass filtered versions of the 

utterances in the two languages. These results suggest that prosodic cues are important in 

facilitating the identification of utterances belonging to the native language. Abboub et al. 

(2016) by their near-infrared spectroscopy (NIRS) demonstrated, by means of an 

experimental series investigating French-learning newborns, how prenatal language 

experience modulates the perception of acoustic cues such as pitch, intensity, or duration, 

which carry prosody in the speech signal. It was proposed that the auditory system 

automatically groups sequences of sounds that differ in duration with the longest element in 

the final position (iambic grouping), and sequences of sounds that differ in intensity or pitch 
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with the loudest or highest element in the initial position (trochaic grouping). They used 

different pure tone pairs, within which the elements were contrasted in duration but identical 

in pitch and intensity. The tone pair sequences were presented in three conditions: (1) In the 

consistent condition, short–long tone pairs were presented, consistent with the grouping 

pattern found in French; (2) In the inconsistent condition, long–short tone pairs were 

presented, which were inconsistent with the grouping bias of the French language; and (3) In 

the no-contrast condition, tone pairs with equal duration were presented.  In this study greater 

activation was found in response to the long–short tone pairs, inconsistent with the iambic 

grouping bias for durational contrast found in French. In order to validate their results and 

confirm that they were due to the influence of prenatal language experience with the native 

language, the authors conducted two more experiments. They investigated whether newborns 

were able to discriminate intensity contrasts (second experiment) and pitch contrasts (third 

experiment) presented in the same conditions as in the first experiment. Compared to other 

languages, these cues play a minor role in French prosody. Weaker activation was found to 

these grouping patterns, compared to duration (first experiment). The results confirmed that 

the discrimination of duration contrasts was not the result of a general auditory bias, but was 

due to prenatal experience with the native language.  

According to Gervain (2018), due to prenatal experience prosody becomes a foundational, 

guiding principle in infants’ speech processing. Gervain predicted that in PT infants who miss 

out on prenatal prosodic experience, language development will be delayed or disrupted.  

 

7. Impaired, Delayed, or Disrupted?  

In this chapter, I summarize the relevant literature in which the disrupted or delayed proposal 

of Gervain (2018) regarding the prosodic perception of PT infants is discussed.  
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The development of prosodic processing in PT infants has already been assessed at both the 

behavioral level (Bosch, 2011; Herold et al., 2008) and the electrophysiological level (Peña et 

al., 2010; Ragó et al., 2014). However, these studies leave open the question of whether the 

prosodic perception of PT infants is disrupted, or merely delayed. The results are 

contradictory. Some studies emphasize that, due to their neural immaturity, PT infants simply 

need more time to catch up to their FT peers (delayed hypothesis). However, other studies 

argue that the prosodic processing of PT infants is disrupted, suggesting that PT infants have a 

specific developmental trajectory in terms of the processing of suprasegmental features. As 

proposed by Herold and colleagues, another possibility is that prosodic sensitivity is impaired 

(Herold et al., 2008). 

Gonzalez-Gomez and Nazzi (2012) suggest that, after birth, infants have simultaneous access 

to prosodic and phonetic information. However, compared to typical development, PT infants 

are less attenuated to the prosodic features of the native language due to their shortened 

intrauterine life. This may result in PT infants putting less processing weight on prosody than 

on phonetics, triggering a delay or disruption in prosodic but not phonetic acquisition.  

Several authors (Bosch, 2011; Peña et al., 2010; Peña et al., 2012) suggest that neural 

maturation determines PT infants’ prosodic processing. By indicating that there is a point in 

time at which PT infants catch up with, and show similar results to, FT infants, these results 

favor delayed but not necessarily disrupted processing.  

Peña et al. (2010) pointed out that PT infants mature later in relation to the discrimination of 

rhythmically similar languages. Their developmental trend follows that of FT infants and is 

delayed only according to their brain maturation. Similar results were found at the behavioral 

level in an evaluation of Spanish-learning PT and FT infants performed by Bosch (2011), 

although she assessed PT and FT infants at younger ages (corrected age of 4 and 6 months). 

In a between-class discrimination task, visual orientation latencies were obtained for each of 



48 
 
 

the randomly presented utterances in Spanish or English, without a habituation phase. Bosch 

found no differences between the gestational groups, as shorter latencies were found toward 

the native-language utterances in both groups. The same results were obtained in the within-

class discrimination task (Spanish and Catalan languages) using the familiarization preference 

procedure. Bosch concluded that no evidence of a disorder could be observed (the PT infants’ 

ages were corrected), although she acknowledged that, besides the prosodic cues, other salient 

cues may have helped the infants in the language comparison task—for example, 

distributional cues. In this sense, it is questionable whether these studies (Bosch, 2011; Peña 

et al., 2010) provide clear evidence regarding the delayed versus disrupted debate in relation 

to prosodic processing.  

Future studies must fulfil the following criteria in order to answer the disrupted versus 

delayed question: (1) only the processing of prosodic cues should be examined; and (2) 

infants learning a fixed stressed language should be examined. The acquisition of a regular 

stress pattern is a simpler task than the acquisition of the predominant stress pattern of a 

variable stress language, thus if delay or disruption is identified by the examination of 

Hungarian- or Finnish-learning infants, we can also draw conclusions regarding other 

languages. 

Among the suprasegmental features of language, word stress processing in particular has 

already been assessed by several studies, although only in FT infants. There has been only one 

behavioral experiment focusing on the development of PT infants’ stress discrimination. 

Herold et al. (2008) tested whether very PT German-learning infants (born at 26–29 weeks of 

gestation) at 4 or 6 months of corrected age discriminate trochaic versus iambic patterns 

similarly to their FT peers. Based on the study by Friederici et al. (2007), a processing 

advantage for the native stress pattern could be expected in FT infants at 4 months of age. A 

head-turn preference procedure was used, and the orientation time (OT) was analyzed as the 
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indicator of the infants’ preference and their ability to recognize the difference between the 

presented stimuli. Two consonant–vowel sequences with either a trochaic or iambic stress 

pattern served as stimuli. While the 4-month-old infants were familiarized with the trochaic 

speech file, the 6-month-old infants were not. The latter group showed a spontaneous 

preference for the native trochaic stress pattern. In the FT group, the OT was significantly 

longer for the trochaic stress pattern compared to the iambic stimuli, although neither the 6-

month-old nor the 4-month-old PT infants reliably discriminated these stress patterns. The 

authors attributed their results mainly to the shortened intrauterine language experience of the 

PT infants, and secondarily to the poor language stimuli in NICUs. They posed the question 

as to whether PT infants simply need more time to acquire the prosodic features of the native 

language (delayed hypotheses), or whether their stress sensitivity is impaired. In summary, 

their results favored the disruption hypothesis rather than the delayed hypothesis.  

Using an MMR paradigm, an ERP study by Ragó et al. (2014) showed that the maturation of 

PT infants’ stress processing (weeks 28–36 of gestation) seemed to be involved when PT and 

FT infants were assessed at chronological age (6 and 10 months of age). In their oddball 

paradigm, they used words with stress on the first syllable as standards, and words with stress 

on the second syllable as deviants. The stress on the second syllable elicited a P-MMR, 

although a significant main effect of gestational status was found. In PT infants, the deviants 

elicited significantly smaller MMRs than in FT infants. With respect to the authors’ 

conclusion, the prenatal period must be taken into account when PT infants’ early stress 

discrimination is assessed. Electrophysiological studies have demonstrated that lexical status 

enhances the comparison of prosodic information (Garami et al., 2017; Pulvermüller et al., 

2001), thus for the investigation of prosodic processing, the use of pseudowords rather than 

words is recommended. According to the results obtained by Ragó and her colleagues, PT 

infants’ stress processing seems rather to be disrupted. However, they did not correct the PT 
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infants’ age to the expected date of delivery, thus delayed prosodic processing as the 

consequence of neural immaturity cannot be excluded. 

It has often been observed that, due to the age correction method, the difference between PT 

and FT infants disappears. On the other hand, the results of studies that examined PT infants’ 

long-term language outcome challenge the accuracy of age correction, suggesting that, due to 

this method, PT infants’ language disorders have remained hidden in their first years 

(Pritchard et al., 2014). An examination of the delayed versus disrupted hypothesis would also 

be fruitful for the reconsideration of the method of age correction used for PT infants with 

respect to language development.  

In order to find out whether PT infants’ stress processing is delayed, impaired, or disrupted in 

the first year of life, the following criteria should be considered: (1) the age correction used 

for the PT infants; (2) the presentation of pseudowords rather than words; and (3) the testing 

of PT infants at different time points, since their maturational trajectory in the extrauterine 

environment could provide further information for the precise interpretation of the 

development of their stress processing. 

 

8.  Summary and Aims 

Newborns have innate sensitivities to the suprasegmental features of the native 

language. Prosodic cues and word stress in particular, play an important role in bootstrapping 

the word segmentation process and the syntactical structure of the native language. Cross-

linguistic studies have revealed the emergence of native language–specific stress 

representation at 4 and 6 months of age. It has been demonstrated that there is a shift from 

prosody-guided speech segmentation attempts during the first half of the first year of life to 

phoneme-based word identification at around 6 months of age. As the above review suggests, 
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the facilitation effect of word stress on word recognition has been demonstrated, although 

only a few studies have explored the effect of lexical status on word stress processing in 

infancy. This integration process might depend on the different stress rules in different 

languages (variable stress vs. fixed stress). The first objective of the present dissertation is to 

contribute to this line of research by investigating the interaction between word stress and 

lexical status in Hungarian-learning infants of between 6 and 10 months of age who are 

acquiring a fixed stress language.  

Language disorders are the most common cognitive deficits among PT infants. Due to 

the reviewed sampling issues, the clear interpretation of PT infants’ language development is 

impeded. The majority of studies on PT-related cognitive development are confined to very 

and extremely premature PT infants, despite the high proportion of moderately late and late 

PT infants. These latter infants are also considered to be at risk of atypical language 

development despite the absence of structural brain abnormalities. We aimed to examine a 

homogeneous group of very and moderate-to-late PT infants. Some behavioral and 

electrophysiological studies have pointed out PT infants’ atypical stress processing, which is 

considered to be a risk factor for later language development. As summarized in the 

Introduction, several factors (shortened intrauterine language experience, white matter 

structural abnormalities, insufficient extrauterine language experience and neural immaturity) 

might explain PT infants’ atypical language development. Our second main goal was to 

examine the emergence of the long-term native stress representation of PT infants. By 

applying age correction, our further aim was to reveal which of the explanatory factors (neural 

immaturity, shortened in utero language experience, insufficient extrauterine language 

experience) is the most powerful in terms of atypical word stress processing.  

No exact interpretation of prosodic development in PT infants (i.e. disrupted or delayed) 

has yet been given. As apparent from the studies reviewed above, it is not clear whether PT 
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infants’ prosodic sensitivity is impaired, or whether the development of their prosodic 

processing is delayed or disrupted. Answering this question would have consequences in 

terms of the reconsideration of the age correction method used in the context of linguistic 

development. Our third main aim was therefore to answer the question by recording the ERP 

responses of PT and FT infants elicited by an acoustic odd-ball paradigm at two time points 

during the first year of life. Furthermore, we aimed to reveal the explanatory power of birth 

weight and gestational age in PT infants with respect to early prosodic processing after the 

neonatal period. 
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Figure 1. Hypotheses Structure of the Dissertation 
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Notes PT: Preterm infants; FT: Full-term infants; c: corrected age;  

 

9. Hypotheses, Thesis Statements 

In the studies presented below, three hypotheses were tested. For the hypotheses 

structure of the dissertation see Figure 1.  

First, we hypothesized that lexical status would be found to have a modulation effect on 

stress processing (interpreted as integration) between 6 and 10 months of age (see our results 

related to this hypothesis in Thesis Statements 1 and 2).  

Our second hypothesis was that, despite the application of age correction in PT infants, 

their long-term stress representation would be found to be unstable compared to that of FT 

infants due to the modulating role of the shortened intrauterine prosodic experience (see the 

results related to this hypothesis in Thesis Statements 3 and 4).  

According to our third hypothesis, although PT infants’ stress sensitivity is not 

impaired, their stress processing is disrupted rather than delayed, and besides gestational age, 

birth weight is an important maturational factor with respect to early prosodic processing (see 

the results related to this hypothesis in Thesis Statements 5 and 6). 

Although the focus of the present dissertation is the early language acquisition process, 

and mainly prosodic processing in PT infants, our results make an important contribution to 

both everyday neonatal services and clinical developmental psychological practice. If 

prosodic processing is disrupted in the first year of life in very and moderately late and late 

PT infants who are born without structural brain damage, early intervention programs should 

also be expanded to these “low-risk” PT infants and early targeted prosodic processing 

training programs should be introduced in the NICUs. Identifying the most powerful neonatal 

risk factors with respect to early language processing could contribute to more accurate 
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prognostic work in the NICUs. If disrupted stress processing were observed in PT infants 

despite the use of age correction at two time points during the first year, our results would 

emphasize the need for developmental psychologists to reconsider the method used for age 

correction with respect to early language development. 

 

Thesis Statement 1: Lexical status modulates stress pattern discrimination at 6 and 10 

months of age in Hungarian-learning infants. 

Study I investigated the modulation effect of lexical status on word stress 

discrimination. By comparing the MMRs elicited by the pseudowords and words, we found 

different MMRs as a function of lexicality. Due to the suppression effect of lexicality in the 

illegal deviant condition of the word stimulus, no MMR was obtained in the first time 

window, which is a typical response pattern in the case of pseudowords. In the second time 

window in this condition, we found a P-MMR elicited by stress on the second syllable in the 

words, but not in the pseudowords. In the second time window in the legal deviant condition, 

we found mismatch negativity responses (N-MMRs) in the case of the words, but not the 

pseudowords. We interpreted these latter P-MMRs and N-MMRs as being the result of the 

facilitation effect of lexical status on stress processing as early as 6 months of age. 

 

Publication related to this point:  

Ragó A., Varga Zs., Garami L., Honbolygó F, Csépe V. (2021). Effect of lexical status on prosodic 

processing in infants, learning a fixed stress language. Psychophysiology,00,e13932. 

https://doi.org/10.1111/psyp.13932 
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Thesis Statement 2: Age differences imply the possible time of integration of  lexical and 

stress cues in Hungarian 

In Study I the effect of age was also investigated with respect to the integration 

process. In the legal deviant condition of the word (first time window), where the lexical and 

stress cues conflicted, we found an N-MMR in the 6-month-olds only. Their response was 

similar to that found in the case of the pseudowords. Our interpretation was that, due to the 

integration of the lexical and stress cues, no N-MMR was obtained in the 10-month-old 

infants. According to our interpretation, this age difference is attributable to the time of the 

integration process. 

 

Publication related to this point: 

Ragó A., Varga Zs., Garami L., Honbolygó F, Csépe V. (2021). Effect of lexical status on prosodic 

processing in infants, learning a fixed stress language. Psychophysiology,00,e1-13. 

https://doi.org/10.1111/psyp.13932 

 

Thesis Statement 3: Despite the application of age correction, unstable long-term stress 

representation was found in 6- and 10-month-old PT infants due to the shortened in 

utero prosodic experience. 

In Study II, word-level stress processing in PT and FT infants was examined at 6 and 10 

months of corrected age using pseudowords. Legal stress occurring in different roles elicited a 

specific ERP pattern in PT infants, but not in FT infants. We interpreted this as revealing that 

the memory structures for the native stress pattern are unstable in PT infants at these ages and 

that, due to this instability, the native language deviant is processed at a different level of 

effort compared to the native language standard. Behind this representational instability 

several explanatory factors emerge (white matter structural abnormalities, neural immaturity, 
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insufficient extrauterine language experience, less intrauterine experience). According to the 

results of longitudinal studies, language disorders cannot be attributed exclusively to white 

matter abnormalities registered at term-equivalent age, nor can the results be explained by the 

different maturational level, as the PT infants’ ages were corrected. Age adjustment also 

raises the question of whether longer extrauterine language experience compared to FT 

infants is able to facilitate the acquisition of the prosodic properties of the mother tongue in 

the case of PT infants. The most plausible explanation is that longer extrauterine language 

experience is not able to compensate for the effect of shortened intrauterine prosodic 

experience in PT infants. This line of our argument was further strengthened by testing the 

effect of the severity of prematurity (see Thesis Statement 4). 

 

Publications related to this point: 

Varga, Zs., Garami, L., Ragó, A., Honbolygó, F., Csépe, V. (2019). Does intra-uterine language 

experience modulate word stress processing? An ERP study. Research in Developmental Disabilities, 

90, 59-71. https://doi.org/10.1016/j.ridd.2019.04.011 

 

Varga Zs., Szabó, M. Csépe, V. (2020). Characteristics and risk factors of language development in 

preterm infants. Hungarian Review of Psychology, 75,2/17, 289-314. DOI: 10.1556/0016.2020.00017 

 

Thesis Statement 4: Less severe prematurity is associated with better stress 

discrimination. 

In Study II, the ERP responses elicited by the pseudowords in very and moderate-to- 

late PT infants (at 6 and 10 months of corrected age) were compared. The standards and 

deviants elicited significantly different ERP responses in the group of moderate-to-late PT 

infants. This response pattern was absent in the group of very PT infants, despite the matched 



58 
 
 

age correction in the two groups. These analyses also revealed that neither longer extrauterine 

language experience nor age correction for the neural immaturity of the PT infants eliminated 

the differences compared to the FT infants. The most plausible explanation is that their 

auditory system had not been tuned to the prosodic properties of the native language due to 

the shortened intrauterine prosodic experience. Gestational age proved to be a determining 

perinatal risk factor with respect to prosodic development in the second half of the first year 

of life.  

Publications related to this point: 

Varga, Zs., Garami, L., Ragó, A., Honbolygó, F., Csépe, V. (2019). Does intra-uterine language 

experience modulate word stress processing? An ERP study. Research in Developmental Disabilities, 

90, 59-71. https://doi.org/10.1016/j.ridd.2019.04.011 

 

Varga Zs., Szabó, M. Csépe, V. (2020). Characteristics and risk factors of language development in 

preterm infants. Hungarian Review of Psychology, 75,2/17, 289-314. DOI: 10.1556/0016.2020.00017 

 

Thesis Statement 5: In PT infants, stress sensitivity is not impaired. Word stress 

processing in PT infants seems to be disrupted, not merely delayed. 

In Study III, we used the same pseudoword oddball paradigm as in Study II, but we 

registered the ERP responses at further ages (FT4 vs. PT6; FT10 vs. PT12) in order to 

investigate the developmental course of stress processing. Our results showed that stress 

sensitivity is unimpaired in PT infants, as we also found MMRs in the legal and illegal stress 

pattern discrimination. We also found significant differences between the PT and FT infants 

(at both tested time points in the first year of life) in terms of MMR amplitudes and polarity. 

These results suggest PT infants’ stress processing is not only delayed but is rather disrupted. 
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Publications related to this point: 

Varga, Zs., Ragó, A., Honbolygó, F., Csépe, V. (2021). Disrupted or delayed? Stress discrimination 

among preterm as compared to full-term infants during the first year of life. Infant Behavior and 

Development,62,101520. https://doi.org/10.1016/j.infbeh.2020.101520 

 

Varga Zs., Szabó, M. Csépe, V. (2020). Characteristics and risk factors of language development in 

preterm infants. Hungarian Review of Psychology, 75,2/17, 289-314. DOI: 10.1556/0016.2020.00017 

 

Thesis Statement 6: The explanatory power of birth weight is greater than that of 

gestational age with respect to the MMRs elicited by stress pattern discrimination. 

In Study III, the explanatory power of gestational age and birth weight were compared 

in terms of the amplitude of the MMRs. In Study III, birth weight in the PT6 group explained 

21% of the total variance of the P-MMRs. However, gestational age had no explanatory 

power of its own. According to our results, the higher the birth weight, the greater the MMR 

amplitude will be.  

 

Publications related to this point: 

Varga, Zs., Ragó, A., Honbolygó, F., Csépe, V. (2021). Disrupted or delayed? Stress discrimination 

among preterm as compared to full-term infants during the first year of life. Infant Behavior and 

Development,62,101520. https://doi.org/10.1016/j.infbeh.2020.101520 

 

Varga Zs., Szabó, M. Csépe, V. (2020). Characteristics and risk factors of language development in 

preterm infants. Hungarian Review of Psychology, 75,2/17, 289-314. DOI: 10.1556/0016.2020.00017 
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10. Studies 

10.1. Study I. 

Ragó A., Varga Zs., Garami L., Honbolygó F, Csépe V. (2021). Effect of lexical status on prosodic 

processing in infants, learning a fixed stress language. Psychophysiology,00,e1-13. 

https://doi.org/10.1111/psyp.13932 
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The Effect of Lexical Status on Prosodic Processing in Infants Learning a 

Fixed Stress Language 

                                                                 Introduction 

Infants are born with specific sensitivities to linguistic cues such as prosody (Sambeth et al., 

2008), intonation variation (Floccia et al., 2000), and statistical coherence (Teinonen et al., 

2009). As prosodic features are already processed in utero (Abboub et al., 2016; Gonzalez-

Gomez & Nazzi, 2012; Kisilevsky et al., 2009), it is reasonable to assume the dominance of 

prosody-relevant mechanisms from a very early stage (Jusczyk et al., 1999; Mehler et al., 

1988). After birth, infants are exposed to broadband frequency speech rather than merely the 

low-pass filtered form that reaches them in the womb. In speech processing, in the first year 

of life prosody and phoneme-relevant aspects serve different functions in different languages. 

There is a model and evidence demonstrating their independence at the beginning of 

development (Becker et al., 2018). This model also states that infants integrate (or prioritize) 

the prosody and phoneme related  cues at a specific point in their development—at around 8 

or 9 months of age in the case of German. We might expect that languages differ in the timing 

of this prosodic-phonemic integration process, depending on the stress pattern of the 

particular language, being variable (e.g., German) or fixed stress (e.g., Hungarian). 

         Hungarian and Finnish are fixed stress languages where the word stress is always on the 

first syllable (in contrast to other fixed stress languages like French with a word final stress). 

Here, the presence of a regular initial stress assignment prompts speech segmentation 

processes (Curtin et al., 2005; Johnson & Jusczyk, 2001), while phoneme-relevant elements 

play a pivotal role in word recognition and lexicon building (Swingley, 2009). In languages 

with variable stress, such as German, English, or Spanish, word stress conveys differences in 

meaning, making it harder to demonstrate the independence of the two processes. 
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Consequently, in fixed stress languages we can reliably pinpoint the time at which the 

prosodic-phonemic integration takes place. Moreover, because of early abstract stress 

representation (Friederici et al., 2007), in fixed stress languages it is possible to observe the 

effect of the integration process on existing phoneme or stress preferences.  

To understand the relevance of the prosodic-phonemic integration process, in the 

present paper we discuss early speech segmentation and phoneme-relevant processes from 

birth. Young infants develop a preference for the predominant stress pattern of their native 

language (Gervain, 2018; Mehler et al., 2008), and they use it for word segmentation 

(Houston et al., 2000). This early bias is possible only if infants build a long-term 

representation based on the language-specific stress pattern. Electrophysiological results have 

demonstrated that native language–specific stress representation modulates word stress 

processing in French and German infants at 4 months of age (Friederici et al., 2007); in 

German infants at 5 months of age (Weber et al., 2004); and in Hungarian infants at 6 months 

of age (Garami et al., 2014) and 4 months of age (Varga et al., 2021). Using the head-turn 

preference procedure (HPP), Seidl and Johnson (2006) showed that at the age of 7.5 months, 

infants were able to recognize familiar words previously presented in a longer stream when 

the word boundaries were marked mostly by prosody. 

Concurrently with the building of a general representational structure for prosodic 

information, the early protolexicon starts to form in the first months of life (Johnson, 2016). 

As demonstrated by a near-infrared spectroscopy (NIRS) study, Italian newborns start to 

establish short-term representation for novel word forms (Benavides-Varela et al., 2012). This 

primary learning mechanism enables the formation of protowords (Friedrich & Friederici, 

2017). Other, more general, abilities that also contribute to the acquisition of word 

meanings—such as the ability to detect statistical regularities (Addyman & Mareschal, 2013) 
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and to categorize complex visual patterns (French et al., 2004)—develop in the first few 

months.  

In the second half of the first year, highly frequent phoneme sequences in the native 

language are stored in the protolexicon as candidate words (Ngon et al., 2013; Vihman et al., 

2004). Initially, infants become able to recognize the sound pattern of their own name at 4 

months of age (Mandel et al., 1995). Later, at 6 months of age the sound pattern of the labels 

of important social partners (Daddy, Mommy) (Tincoff & Jusczyk, 1999). However, at this 

age infants might not yet know the meaning of all these stored word forms (Gervain & 

Mehler, 2010; Swingley, 2009) since protowords are not referential by nature but merely 

represent an association between a sound pattern and a specific object due to frequent 

simultaneous presentation (Nazzi & Bertoncini, 2003).  

By contrasting prosodic and lexical information, it may be possible to demonstrate the 

consequences of the prosodic-phonemic integration process. The use of conflicting cues is not 

new in the literature: Gerken and their colleagues (Gerken et al., 1994) tested the prosodic 

bootstrapping hypothesis by contrasting prosodic and syntactic information; and in another 

investigation of conflicting cues, Thiessen and Safran (2003) demonstrated changes in early 

preferences for different segmentation cues (stress vs. statistical) at 2, 7, and 9 months of age. 

Examining the consequences of integration by contrasting lexical and stress information 

makes it possible to determine whether (1) stress information modifies lexical processing, and 

whether (2) emerging lexical knowledge influences the processing of stress information.  

With respect to the former (1), it can be observed that, long after the prosodic-phonemic 

integration (in toddlers and adults), stress information modifies phoneme and syllable 

perception. At 11 months old, English-learning infants prefer properly stressed familiar words 

over mis-stressed words (Vihman et al., 2004). The same observation was recorded in 17-

month-old infants (Campbell et al., 2019), who had difficulty recognizing familiar words that 
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were introduced with the incorrect stress pattern. A correctly stressed word thus facilitates the 

identification of the familiar word, whereas an incorrectly stressed word will hinder 

identification. When contrasting prosodic and phonemic information, the mature system 

behaves in a similar way. In a study involving Finnish adults, Ylinen and their colleagues 

(2009) demonstrated that auditory word recognition is facilitated by the familiarity of the 

word stress pattern and the frequency of the words. An unfamiliar stress pattern in familiar 

Finnish words elicited increased computational needs, causing a delay in their processing. 

However, studies that relied on the contrast between the two types of cues to investigate 

the effect of emerging lexicality on stress processing (2) immediately after the prosodic-

phonemic integration (in the second half of the first year) are scarce. The effect of lexicality 

on word stress processing has been demonstrated in adults. In their event-related potential 

(ERP) studies, Garami and their colleagues (2017) found that lexical familiarity (words) 

enhanced the detection of change in stress patterns. The authors concluded that lexicality 

acted as a filter, resulting in the enhanced processing of the familiar stress pattern with no 

impact on the unfamiliar one. 

The type of stress in the language is crucial in terms of separating the lexical and 

prosodic processes and defining the time of integration (Höhle et al., 2009). In languages in 

which linguistic stress plays a role in modifying meaning, a different developmental line has 

been demonstrated compared to languages in which stress does not convey meaning. 

Skoruppa and their colleagues (2013) demonstrated how Spanish and French infants find it 

difficult to integrate the two types of information at 6 months of age. By the age of 9 months, 

Spanish infants successfully discriminated stress patterns even in the context of segmental 

variability, while French infants did not. In the case of both groups, the infants’ sensitivity 

was adapted to the typical stress pattern of their native language, thus the French infants were 

not sensitive to variable stress in the context of segmental variability (French is a syllable-
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timed language with equal emphasis on each syllable, except for the last syllable, on which 

prosodic stress is placed). Skoruppa and their colleagues used pseudowords to demonstrate 

that the flexibility of stress representation in the context of variable phonemic information is 

dependent on the predictability of the stress representation in the specific language.  

Hungarian is a fixed stress language, the only rule being that stress is always on the 

initial syllable. In addition, it is segmental information only that conveys differences in 

meaning (as opposed to German and Spanish, for example). In the present study, we 

contrasted stress and lexical information before and immediately after the hypothetical time of 

integration (expected at around 9 months of age in German infants by Becker et al. (2018)) 

with the aim of demonstrating how lexical status affects stress processing after integration has 

taken place. This was never investigated before in infants acquiring a fixed stress language.  

Studies investigating the integration of stress and lexical information have shown that 

both types of cues are processed after 6 months of age only if they are congruent. Using an 

artificial grammar paradigm, Bernard and Gervain (2012) found that 8-month-old French 

infants are able to combine word frequency and prosodic information only in a speech stream 

coherent with the natural language. Skoruppa and their colleagues (2009), using an HPP 

paradigm with 8- and 12-month-old English infants, demonstrated that at 8 months the infants 

were able to apply the familiar stress rule in the case of pseudowords, including new syllables. 

In the present study, we contrasted stress cues and lexical status in both congruent and 

incongruent ways. Our counterbalanced procedure (mirroring the standard and deviant roles 

of the legally and illegally stressed forms) made it possible to investigate the ability to apply 

the existing stress rule in a pseudoword, the effect of lexicality on stress processing, and 

integration in the case of conflicting cues. We used precisely the same pseudoword passive 

oddball ERP paradigm developed earlier for testing the stability of stress representation in 

adults (Honbolygó & Csépe, 2013) and infants (Garami et al., 2014; Varga et al., 2019; Varga 
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et al., 2021): We used a pseudoword (bebe) with a language-typical (legal) or language-

atypical (illegal) stress pattern in a between-subjects design. Additionally, in the same 

arrangement we tested a word stimulus—the frequent Hungarian word baba (meaning baby or 

doll). This paradigm had previously been used in Hungarian adults (Garami et al., 2017). The 

pseudoword mimics the word’s syllabic structure (providing an acoustically and 

phonologically well balanced stimulus-set to test how word stress is processed in the absence 

of lexical familiarity) and has the same syllabic timing, phonotactic legality, and duration. 

Any violation of the long-term native stress pattern is known to elicit mismatch negativity 

(MMN) in adults (Garami et al., 2017; Honbolygó & Csépe, 2013; Ylinen et al., 2009) and in 

4- to 5-month-old infants (Friederici et al., 2007; Weber et al., 2004). This is interpreted as the 

correlation with the predominant word-level stress pattern violation. Two typical MMRs have 

been detected in infants: Either a negative or a positive deflection. The presence of a positive 

mismatch response (P-MMR) was found to be consistent even at the age of 6 years for 

phoneme and frequency deviance by a LORETA (low-resolution electromagnetic 

tomography) analyses for source localization (Maurer et al., 2003). In the cae of the infants 

the P-MMR is also seen as an immature response (Trainor et al., 2003). In the present study, 

we calculated MMRs in order to investigate the effect of word familiarity on stress 

processing.  

Our primary hypothesis was related to the pseudoword: As the typical stress pattern has 

a long-term representation in Hungarian, we expected (hypothesis 1) that an MMR would be 

elicited by the absence of stress on the first syllable when the illegal stress pattern was the 

deviant (illegal deviant condition) (Friederici et al., 2007; Varga et al., 2019), and that a 

different MMR would be elicited (hypothesis 2) by the legal stress pattern (where the legally 

stressed form was the deviant) (Friederici et al., 2007; Honbolygó & Csépe, 2013). We did 

not expect differences related to the infants’ stage of development in this case, and we 
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assumed that the same MMRs would be elicited in both age groups (hypothesis 3) (Varga et 

al., 2019). 

We presumed that the familiar word form (baba) would have an early lexical 

representation due to its salient (frequent) configuration of its input in the case of infants 

(Mehler et al., 2008). In our behavioral study by a parental questionnaire (see the results in the 

Supplement) we reinforced that baba is a frequently used word by the parents of the relevant 

age groups. We assume that infants build the same form of memory representations for those 

considered as lexical items. Our next hypotheses were therefore related to the effect of lexical 

status on stress processing in the congruent (illegal deviant) and cue-conflicting (legal 

deviant) conditions. In the case of the word (compared to the pseudo-wprds), we expected the 

absence of an MMR to the unstressed first syllable in the illegal deviant condition (hypothesis 

4). We also hypothesized that lexicality would have a facilitating effect in the legal deviant 

condition (the appearance of an MMR synchronized with the second syllable; hypothesis 5).  

Since, in the case of the word stimulus, the legal deviant condition was characterized by 

a conflict between the (irregular) stress cue and the lexical status (word), we expected to find 

differences in age on the basis of earlier findings regarding the time of integration (9 months). 

However, if the Hungarian infants demonstrated the effect of lexicality as early as 6 months 

of age (meaning the absence of any age effect), the difference might be attributable to the 

effect of the language (e.g. the effect of the more predictable stress assignment in Hungarian). 

Consequently, the age difference might be attributable to the integration process itself. 

Generally speaking, the expected outcome would confirm that lexical information affects 

stress processing in the first year of life (the lexicality effect). 
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Method 

Participants 

Pseudoword group 

A total of 47 infants aged 6 months and 10 months and with average birth weight and 

gestational age participated in the pseudoword group. Twelve infants were excluded from the 

analysis for the following reasons: 3 due to technical reasons, 4 due to fussiness, and 5 due to 

the low number of artifact-free trials. Thus 35 infants (18 of them 6 months old) were 

included in the statistical analyses for the pseudoword. (The participants’ characteristics 

according to the three critical dimensions are shown in Table 1.) All participants were being 

raised in a monolingual environment and had no hearing problems or developmental delays. 

The parents were given detailed information about the objective and nature of the experiment 

and gave their informed consent to their child’s participation. 

 

Word group 

A total of 60 infants were recruited for the experiment, 34 of whom (17 aged 6 months) 

were included in the statistical analyses. Thirteen infants were excluded for the following 

reasons: 6 due to technical reasons and 7 due to the low number of artifact-free trials. Because 

of our strict inclusion criteria with respect to age, we excluded another 13 infants due to high 

deviation from the average age.  

The inclusion process and conditions were the same in both groups.  

No significant differences were observed between the pseudoword and word groups in 

relation to the gestational age, F(1, 65) = 0.052 p = .821; birth weight, F(1, 65) = 0.008 p = 

.929; and age, F(1, 65) = 1.27 p = .264, of the 6- and 10-month-olds. 
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Both experiments in the study were carried out in accordance with the World Medical 

Association’s Declaration of Helsinki and applicable local laws, and were approved by ENKK 

007217/1/2016/OTIG (TUKEB: Medical Research Council, Research Ethics Committee). 

Table 1 

Participants Included in the Statistical Analysis 

 
Pseudoword group   Word group 

  
6-month-

olds 
  

10-month-

olds 
  

6-month-

olds 
  

10-month-

olds 

Number of 

participants (girls) 
18 (7)   17 (8)   17 (8)   17 (12) 

Age (days) 

190.78 

(SD=10.67

) 

  
307.29 

(SD=10.09) 
  

191.12 

(SD=4.58) 
  

312      

(SD=4.39) 

Mean GA (weeks) 
39.44 

(SD=1.38) 
  

39.29 

(SD=1.16) 
  

39.53 

(SD=1.46) 
  

39.53     

(SD=1.46) 

Mean birth weight 

(g) 

3,456.67 

(SD=492.6

) 

  

3,331.76 

(SD=678.0

6) 

  

3,509.41 

(SD=328.6

2) 

  

3,361.18 

(SD=615.2

6) 

 

Stimuli 

Two versions of a frequent Hungarian consonant-vowel-consonant-vowel (CVCV) 

word (baba, meaning both baby and doll) and a matching pseudoword (bebe) were used for 

the experiments (Figure 1). The pseudoword paradigm had already been used successfully in 

studies with both adults (Garami et al., 2017; Honbolygó & Csépe, 2013) and infants (Varga 

et al., 2019); and the word paradigm had already been used in studies with Hungarian adults 

(Garami et al., 2017).  

To ensure that the word would be familiar to the tested infants, we created an online 

questionnaire for parents. The first part of the questionnaire was an open-ended request to 

parents to report the nouns that they regularly used in their spontaneous communication with 

their infants. In the second part, 18 basic nouns were listed (with baba among them) and 

parents were asked to assign a score on a scale of 1 to 5 indicating the frequency with which 



70 
 
 

these words were used in their everyday communication with their infants. The questionnaire 

was completed by 44 parents of infants aged between 3 and 10 months. According to the 

results, baba appeared the most frequently in spontaneous speech and was also given the 

highest score. The detailed results can be found in the supplement. According to the fixed 

stress rule in Hungarian, the naturally stressed variant is produced in adult-directed speech 

with a legal stress pattern—that is, with the stress on the first syllable (Siptár & Törkenczy, 

2007). As Hungarian has no natural versions of words with stress on the second syllable, and 

as both the word and the pseudoword consisted of identical syllables, the illegal stress variant 

(with the stress on the second syllable) was created by reversing the order of the two syllables 

using Praat software (Boersma & Weenink, 2007; Honbolygó & Csépe, 2013). In this way, 

we established that both the same–different word and pseudoword pairs were acoustically the 

same and differed only in their prosodic structure—for example, the syllabic position of the 

stress. In both versions, the two syllables differed in maximum intensity (3.49 dB) and 

maximum f0 (18.51 Hz), but not in duration (see Figure 1). 

 

Figure 1 
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Spectrogram Illustration of the Different Stress Variants of the Pseudoword (bebe) and Word 

(baba) Stimuli 

 

Procedure 

The stimuli were presented in a passive listening oddball paradigm in random order 

(deviant probability: 25%; stimulus onset asynchrony [SOA]: 730–830 ms). We applied a 

cross-design setup to enable two kinds of analysis: 1) the illegal deviant condition, in which 

the legal stimulus was the standard and the illegally stressed word was the deviant stimulus; 

and 2) the legal deviant condition, in which the illegally stressed stimulus was the standard 

and the legally stressed stimulus was the deviant. 

The design of the experiment is shown in Table 2. In the illegal deviant condition, the 

sequence-level predicate matches the linguistic prediction regarding the predominant (legal) 

stress pattern hence the deviant stimulus violates regularity at both hierarchical levels. In the 

legal deviant condition, there is a mismatch between these two representations (long vs. short 

term). 

By using this arrangement, our aim was to: 1) assess the influence of long-term 

representation with respect to word stress; 2) compare the MMRs to identical stimuli in 

different roles—for example, use as the standard or deviant; and 3) demonstrate the effect of 

lexical status on stress processing. The order of the two conditions was counterbalanced 

across subjects. Each condition comprised 100 deviants in two blocks. The recording sessions 

lasted for approximately 12 minutes, in order to avoid fatigue among the infants. The stimuli 

were presented via a loudspeaker (Soundkey MS-310, 70 dB) placed 100 cm from the 

participant. The participants were randomly assigned to the two conditions in order to balance 

the possible effect of the between-subjects design by exposure to either the pseudoword or 

word stimulus set. The experiment was performed using Presentation software (version 12.1, 
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http://www.neurobs.com) for stimulation. The infants sat on their caregiver’s lap and were 

kept calm by an assistant acting as a puppeteer. 

 

Table 2 

Experimental Design 

   Pseudoword   Word 

Stress 

pattern 
Legal stress   Illegal stress   Legal stress   Illegal stress 

Role Standard Deviant   Standard Deviant   Standard Deviant   Standard Deviant 

Illegal 

deviant 

condition 

X       X   X       X 

Legal 

deviant 

condition 

  X   X       X   X 

  

 

Data Collection and Analysis 

The electroencephalography (EEG) was recorded using Ag-AgCl electrodes mounted in 

a cap of the appropriate size and positioned at the F3, Fz, F4, C3, C4, T3, T4, P3, Pz, P4, O1, 

O2, M1, and M2 sites according to the international 10–20 system (500 Hz sampling rate, 

BrainVision Recorder, BrainAmp amplifier, EasyCap, BrainProducts GmbH). An additional 

electrode served as a common ground, placed between the Fz and Fpz electrodes. All 

electrodes were referenced to Cz as one of the most artifact-free electrodes, then re-referenced 

offline to the average of both mastoids using BrainVision Analyzer software (BrainProducts 

GmbH). A bandpass filter was applied to the EEG with a passband of 0.5–20 Hz (12 dB/oct) 

to allow informative frequencies to pass through and to reject other data not connected to the 

stimulus processing. The online filter was between 0.3 Hz and 70 Hz. Recordings were 

segmented into 800 ms epochs, synchronized to the onset of each stimulus, adding a 100 ms 

pre-stimulus interval as baseline. The automatic artifact rejection algorithm was applied using 

±150 μV thresholds within a sliding window of 300 ms in all channels. Participants with 

http://www.neurobs.com/
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recordings below 40 artifact-free epochs per stimulus were excluded from further analysis. 

Data for 12 infants were rejected due to intense artifacts. Responses to the critical prosodic 

segments were measured in two latency windows (an early and a late mismatch response)  

defined on the basis of previous studies in this specific paradigm (Garami et al., 2014; Varga 

et al., 2019): 300–400 ms and 450–550 ms. Epochs were averaged separately per condition, 

electrode, and participant for all deviants and for the preceding standards, balancing the 

number of trials taken into account in all roles (standard and deviant) and maximizing the 

observable difference between the stimuli (100 epochs per stimulus type). 

The mismatch components were calculated as the difference between the responses to 

the deviant and the standard stimulus recorded in the same condition, as calculated in the 

related literature (Friederici et al., 2007; Garami et al., 2017; Honbolygó & Csépe, 2013; 

Ylinen et al., 2016). In terms of the abbreviations used for the mismatch response types, we 

followed the logic introduced in earlier studies to systematically differentiate between positive 

and negative deflections (cf. Cheng & Lee, 2018). The abbreviation MMR is consistently 

used in studies involving infants (cf. Kuhl et al., 2014; Uhler et al., 2018), and the classic 

MMN label exists in parallel, even where apparent polarity differences are present 

(Kostilainen et al., 2018). Throughout the present paper, we use MMR to refer to the change-

related response, with an extension for negative MMR (N-MMR) and positive MMR (P-

MMR), for two reasons. First, an MMR may occur with both negative and positive polarity, 

apparently correlated with developmental changes in stimulus processing. Second, the 

generator of scalp-recorded MMRs is not known, thus the rapid functional and structural 

changes in the infant cortex during the first year of life may contribute to the observed 

differences in response polarity. 
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Statistical Analysis 

To assess the MMRs, we ran eight 2 x 2 mixed analyses of variance (ANOVAs) for the 

Fz EEG channel grand average waves, where the grouping variable was age (6 vs. 10 months) 

and the within-subject variable was the role of the stimulus (standard vs. deviant) separately 

for the two conditions (illegal deviant and legal deviant) and for the two time windows. The 

Greenhouse–Geisser (G-G) correction was applied, where appropriate.  

To reveal the lexicality effect directly, we conducted four 2 x 2 univariate ANOVAs on 

the difference waves (deviant minus standard) on the Fz channel, where the two grouping 

variables were age (6 vs. 10 months) and lexicality (pseudoword vs. word), separately for the 

two conditions (illegal deviant and legal deviant) and the two time windows. 

The Fz channel is often chosen for statistical analyses as it is able to generate the 

biggest MMN response (Näätänen et al., 2004). According to Näätänen (1992), the signal to 

noise ratio for the MMN is the largest at this site. We present the statistical analyses run on 

the Fz channel here in the main text, while the supplement includes the same calculation 

augmented by two within-subject variables: electrode location (frontal, central, or parietal) 

and laterality (left, central, or right). 

 

Results 

Pseudoword 

In the case of the illegal deviant condition, in the first time window (300–400 ms) we 

found a significant main effect of role, as the mean amplitudes for the deviants were more 

positive than those for the standards, F(1, 33) = 5.216 p = .029, 2 = 0.136. Neither the 

interaction nor the between-subjects effects were significant, F(1, 33) = 0.015 p = .904, thus 

there was no difference between the responses of the two age groups. In both groups, we 
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interpreted this effect as a mismatch response (P-MMR) to the missing stress on the first 

syllable (Figure 2). 

In the second time window (450–550 ms), no significant main effect or interaction was 

found: role—F(1, 33) = 3.287, p = .079; age group—F(1, 33) = 0.15, p = .701. 

With respect to the legal deviant condition, in the first time window (300–400 ms) we 

found a significant main effect of role, as the mean amplitudes for the deviants were more 

negative than those for the standards, F(1, 33) = 5.327, p = .027, 2 = 0.139. Neither the 

interaction nor the between-subjects effects were significant, F(1, 33) = 0.001, p = .98, thus 

there was no difference between the responses of the two age groups. We interpreted this 

effect as a mismatch response (N-MMR) to the presence of stress on the first syllable (see 

Figure 2). 

In the second time window (450–550 ms), neither the main effects nor the interaction 

were significant: role—F(1, 33) = 1.955, p = .171; age group—F(1, 33) = 0.082, p = .777. 

 

 

Figure 2 

Grand Average Amplitudes for the Pseudoword in the Two Conditions at the Fz Electrode 

Site 
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Note. As we did not find any age group differences, the responses of the two groups were 

merged. The grand average ERP responses to the standards are shown with a thick line and to 

the deviants with a thin line. The difference waves are shown with a thick line in the illegal 

deviant condition and a dashed line in the legal deviant condition.  

 

Word 

With respect to the illegal deviant condition, in the first time window (300–400 ms) we 

did not find any significant main effects: role—F(1, 32) = 0.336, p = .566; age group—F(1, 

32) = 0.016, p = .901.  

In the second time window (450–550 ms), we found a significant main effect of role, as 

the mean amplitudes for the deviant were more positive than those for the standard, F(1, 32) = 

8.241, p = .007, 2 = 0.205. We interpreted this as a mismatch response (P-MMR) to stress on 

the second syllable (see Figure 3). We did not find any age group differences, F(1, 32) = 

0.182, p = .672. 

With respect to the legal deviant condition, in the first time window (300–400 ms) we 

found a significant main effect of role, as the mean amplitudes for the deviants were more 

negative than those for the standards, F(1, 32) = 4.956, p = .033, 2 = 0.134. We interpreted 

this as a mismatch response (N-MMR) to the presence of stress on the first syllable (see 

Figure 3). We also found significant interaction between role and age group, F(1) = 4.387, p = 

.044, 2 = 0.12. The between-subjects effect was not significant, F(1, 32) = 0.437, p = .514, 

thus to identify the cause of the significant interaction we analyzed the effect of role 

separately within the groups (the mixed ANOVA calculates between-subjects effects using 

aggregated means, thus the differences in the standard–deviant relationship are not revealed). 

The paired sample t-test, which compared the standard and deviant grand average means for 
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the Fz channel, revealed a mismatch negativity component in the 6-month-olds, t(16) = -

2.461, p = .026. In the 10-month-olds, this effect was not significant, t(16) = -0.14, p = .891. 

The mismatch response (N-MMR) was present in the younger group only, thus the interaction 

and significant main effect were caused exclusively by the responses of this group. Figure 3 

illustrates this effect, showing the two age groups’ ERP responses at the Fz channel in the first 

time window. 

In the second time window (450–550 ms), we also found a significant main effect of 

role, as the deviant responses were more negative than the standard responses, F(1, 32) = 

4.967, p = .033, 2 = 0.134. We interpreted this as a mismatch response (N-MMR) caused by 

the absence of stress on the second syllable in the deviant stimulus (see Figure 4). We did not 

find any age group differences, F(1, 32) = 2.895, p = .099. 

 

 

Figure 3 

Grand Average Amplitudes for the Word in the Two Conditions at the Fz Electrode Site 

Note. The grand average ERP responses to the standards are shown with a thick line, 

and to the deviants with a thin line. The grand average difference waves are shown by a thick 

line for the illegal deviant condition and a dashed line for the legal deviant condition. 
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Figure 4 

Difference Waves for the Two Age Groups in the Legal Deviant Condition in Word at the Fz 

Channel in the First Time Window 

Note. The solid line represents the ERP responses of the 6-month-olds, and the dashed line 

those of the 10-month-olds. 

 

Comparison 

A comparison of the difference waves revealed a significant main effect of lexicality in 

the first time window (300–400 ms) in the illegal deviant condition F(1, 65) = 4.658, p = 

0.035, 2 = 0.067. This was caused by the presence of the P-MMR in the case of the 

pseudoword and its absence in the case of the word. The main effect of age was not 

significant, F(1, 65) = 0.124, p = .726. In the second time window (450–550 ms), neither a 

lexicality effect, F(1, 65) = 0.061, p = .806, nor an age effect, F(1, 65) = 0.036, p = .849, was 

found. 

In the legal deviant condition, comparisons of the difference waves were performed in 

the first time window (300–400 ms): neither a significant lexicality effect F(1, 65) = 0.067, p 

= .796, nor an age effect, F(1, 65) = 3.654, p = .06, was found. The age effect was close to the 
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significance level, which could have resulted from the interaction reported above. In the 

second time window, neither a lexicality effect, F(1, 65) = 0.1, p = .753, nor an age effect, 

F(1, 65) = 1.209, p = 0.276, was found. 

Figure 5 presents all the grand average difference calculations for the two conditions by 

lexicality for the two age groups. The graph was computed to show the lexicality effect on 

stress processing. Developmental changes are also clearly visible in the different profiles. 

 

 

Figure 5 

Grand Average Difference Calculations for Legality and Lexicality 

Note. The grand average difference amplitudes proved to be statistically significant for the 

pseudoword and the familiar word form in the two conditions. The error bars represent 

standard error. 

Discussion 

The present study was designed to test the effect of lexical status on stress processing 

before and immediately after the hypothetical time of prosodic-phonemic integration in 

Hungarian, a fixed stress language. The time of integration was hypothesized by Becker and 

colleagues (Becker et al., 2018) at around 8 or 9 months of age in German infants. We argue 

that the consequences of integration can be reliably tested in fixed stress languages because of 
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the independence of prosodic and phoneme-related processes at the beginning of language 

acquisition. As we contrasted the two cues in congruent and incongruent conditions, the time 

of integration could be reliably determined. Moreover, as long-term stress representation 

exists in these languages, even in infants (Garami et al., 2014; Varga et al., 2019; Varga et al., 

2021), the effect of the integration process in terms of the former stress processing 

preferences is also measurable.  

To verify long-term stress representation and its modulation in the presence of lexical 

information, we used a passive acoustic oddball ERP paradigm in 6- and 10-month-old 

infants. We measured the infants’ sensitivity to stress violation in the case of either a 

pseudoword (bebe) or a lexically familiar word form (baba). Concerning the pseudoword, our 

results show that 6-month-olds have a stable preference for the typical native stress pattern. 

We also demonstrated the modulating effect of lexical familiarity on stress processing, 

depending on the direction of the stress. The age difference observed in the case of the word 

reinforces earlier findings with respect to the time of integration (Becker et al., 2018). When 

the stress cue and lexical status were in conflict, the 6-month-old infants applied the existing 

stress rule that they used in the case of the pseudoword. In contrast, in the 10-month-olds a 

modulation effect of lexicality was observed only in the legal deviant condition. These 

findings imply that integration may have begun but is not yet complete at 6 months of age. 

Pseudoword processing was guided by a stable, long-term representation of the typical 

native stress pattern: Infants detected the absence of syllabic stress on the first syllable in the 

illegal deviant condition. We registered significant P-MMRs in the first time window (300–

400 ms) in both age groups, elicited by the absence of stress on the first syllable. We found N-

MMRs in the first time window (300–400 ms), without significant age differences, in the 

legal deviant condition. This response was elicited by the presence of stress on the first 

syllable of the pseudoword as the deviant. Our results demonstrate that at 6 months of age 
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infants already expect the native stress assignment in Hungarian. In their behavioral study, 

Jusczyk and their colleagues (1999) also demonstrated that expectation of the presence of the 

stress pattern was so strong that at the age of 7.5 months, English infants missegmented words 

beginning with unstressed syllable thus transforming iambic items into new words that were 

congruent with their trochaic preference. 

Similar responses in the technically mirrored conditions reflect different background 

mechanisms. We interpreted the polarity dissociation of the MMRs as an important cue 

signaling qualitatively different processes. The mismatch literature supports our assumption, 

suggesting that positivity arises when a special effort is needed to process the rare deviant 

stimuli perceptually (Cheng & Lee, 2018; Weber et al., 2004). One recent study proposed that 

the polarity of MMRs might depend on language experience. The relatively difficult English 

/ta/ versus /pa/ contrast elicited a P-MMR in 11- to 14-month-old infants who had been 

exposed to impoverished language input, but elicited an N-MMR in an age-matched group 

that had been exposed to richer language input (Garcia-Sierra et al., 2016). Other studies have 

reported that P-MMRs tend to be found when it is more difficult to detect a change. For 

example, a smaller pure tone deviant (1,000 Hz vs. 1,200 Hz) elicited a P-MMR in infants 

younger than 12 months, whereas a larger deviant (1,000 Hz vs. 2,000 Hz) elicited adult-like 

N-MMRs in infants from as young as 2 months (Morr et al., 2002). 

Our results reinforce the assumption that in infants the polarity difference of the MMRs 

reflects the different effort elicited by the processing of the deviant stimulus (Friederici et al., 

2007). In the present study, the P-MMR could be connected to the absence of stress (in the 

illegally stressed form), while the N-MMR is related to the presence of the stress cue in the 

case of the deviant (legally stressed form). This reversed polarity MMR pattern seems to recur 

in these time windows in the relevant mismatch literature (Garami et al., 2014; Varga et al., 

2019). Furthermore, in other languages (French and German) in a similar paradigm, the non-
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familiar deviant (non-native stress pattern) also elicited a P-MMR (Friederici et al., 2007). 

The processing of the illegal stress pattern demands greater effort than the processing of the 

legal stress pattern that is familiar (and more salient, cf. Friederici et al., 2002) to the 

processing system, and for which memory structures have already been formed.  

In the case of adults, the study by Honbolygó & Csépe (2013) showed no significant 

MMR in the legal deviant condition, as the deviant nature of the legally stressed form was 

unacceptable. In an adult–infant comparison, this difference is acceptable because infants are 

still learning the language and are therefore still open to modifying their representation if 

necessary. The results of the infant study by Garami and their colleagues (Garami et al., 2014) 

were more comparable to the adults’ MMR patterns, as no MMR was found in the legal 

deviant condition, only in the illegal condition. However, any comparison of the adult and 

infant data needs to be take into account that, the background neurophysiologycal 

mechanisms are different int he two age groups (Maurer et al., 2003). In line with our study, 

no age effect was found in comparable studies in the investigation of the same time windows 

using the same pseudoword paradigm (Garami et al., 2014; Varga et al., 2019). This suggests 

that the specific regularity of the Hungarian lexical stress pattern contributes to the emergence 

of long-term stress representation from 4 months onwards (Varga et al., 2021). The study by 

Varga and their colleagues (2021) found significant maturational differences in the emergence 

of the stress template between 4 and 10 months, but not between 6 and 10 months. The 

polarity reversal during the first year in the discrimination of the legal stress pattern also 

reinforces our maturational argument (P-MMR was found in 4-month-old infants and N-

MMR in 10-month-old infants).  

Direct and indirect comparisons of pseudoword and word mismatch patterns confirmed 

our fourth and fifth hypotheses regarding the lexicality effect, as different MMRs were 

elicited as a function of lexical status. In the case of the word, in the illegal deviant condition 
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infants did not show the first MMR, a typical response pattern in the case of the pseudoword 

explicated above. The lexicality effect is crucial here, as it was caused by the absence of the 

typical response based on long-term stress representation. Here, infants did not show 

sensitivity to the violation done to the legal stress pattern (by the illegal stress pattern). We 

interpret that here, the lexical status suppresses prosody.  

In the case of the word, in the second time window (450–550 ms) of the illegal deviant 

condition we found a significant P-MMR. The P-MMR was detectable only in the case of the 

word. This second MMR is probably related to the discrepancy (stress on the second syllable) 

that the infants detected here. Since intensity and F0 are the only prosody markers in 

Hungarian, the second MMR can be interpreted as a facilitation effect of the lexical 

information. Adults showed a similar response pattern in this condition: an MMR in the late 

time window (Garami et al., 2017).  

In line with our results, already newborn infants show greater activation (NIRS study) to 

prosodic grouping patterns inconsistent with the iambic-trochaic law (ITL) and/or with native 

language experience as compared to consistent prosodic grouping. 

The iambic-trochaic law states that duration contrasts naturally form an iambic (short–

long) grouping, while contrasts in pitch or intensity induce a trochaic (final prominence) 

grouping (Hayes, 1985). Recent studies have emphasized the importance of language 

experience in rhythmic grouping—for example, duration versus the iambic grouping tendency 

(cf. Iversen et al., 2008; Molnar et al., 2014), and pitch versus the trochaic grouping tendency 

(Abboub et al., 2016). In their NIRS study, Abboub et al. (2016) found greater activation 

when the stimulus contradicted the language-related ITL.  

In the legal deviant condition in the case of the word, where the (irregular) stress cue 

and the lexical status conflicted (making the integration process reliably testable), we 

observed the age differences that we had hypothesized. In the first time window (300–400 
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ms), we found an N-MMR exclusively in the 6-month-olds. As the deviant condition was the 

legally stressed form, with a stress on the first syllable, its detection was apparently an 

automatic response. It was detected by the younger age group only, not by the 10-month-old 

infants. The responses elicited in the 6-month-olds were similar to those observed in the case 

of the pseudoword. This age difference is in line with the integration hypothesis (Becker et 

al., 2018), according to which the time of integration is around 9 months of age.  

In the second time window (450–550 ms), we found N-MMRs in both age groups. As 

this response was absent in the case of the pseudoword, we interpreted it as a facilitation 

caused by lexical information—that is, as the result of long-term lexical representation of the 

word, where the lexical information was stored together with a trochaic prosodic pattern. 

According to this interpretation, we refer to the second response as late discriminative 

negativity (LDN) with respect to the processing of words (cf. Dehaene-Lambertz & Dehaene, 

1994; Kushnerenko et al., 2002). 

As the facilitation effect of lexicality (in the second time window in the illegal deviant 

condition) is also present in the younger age group, we argue that in Hungarian, the 

integration of lexical and stress information starts at 6 months of age but continues to mature. 

At 10 months old, the infants did not produce the automatic response (in the first time 

window, in the legal deviant condition, an MMR elicited by the saliency of the stress cue) 

congruent with the legal stress form in their native language. We interpret this as the effect of 

integration. The expression of the existing stress preference changes due to integration, even 

in a highly regularly stressed language. Interestingly, the responses given by the 6-month-olds 

were similar to the adult responses observed by Garami and their colleagues (2014). They 

found two consecutive MMRs in this condition in the case of the word. There is a possibility 

that integration has a short-term effect on stress processing. As the building of the lexicon 
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undergoes a spurt from the first year, it is possible that this effect changes in later years and is 

more balanced in its mature form (cf. Ngon et al., 2013). 

One limitation of the present study is that we investigated infants belonging to two age 

groups only, and measured their MMRs to verbal stimuli exclusively in one language. Further 

studies are needed for a reliable assessment of the developmental changes in word stress 

processing in younger and older infants before the end of their first year. Furthermore, an 

extended experimental design including either bilingual participants or the cross-linguistic 

investigation of languages with other stress types (e.g. Spanish or French) could be applied in 

order to test our integration hypothesis in depth. Further studies are also needed in order to 

examine the extent to which the processing of suprasegmental features can be generalized for 

other languages, and how language specificity facilitates different learning strategies. 

 

Conclusion 

Our results show that lexical status modulates stress information processing at word 

level in a highly regularly stressed language in which general, long-term stress representation 

exists from early infancy. In our examination of the lexicality effect, our most important 

finding was the suppression effect of lexical information on regular stress processing. While 

the long-term representation of stress assignment was apparent in the case of the pseudoword, 

emerging lexicality suppressed this effect in the case of the word. Our results are in line with 

the findings of Skoruppa and her colleagues (2013), who compared stress pattern 

discrimination in Spanish and French infants in the presence of segmental variability. They 

suggested that the difference was caused by the different role of stress in the two languages. 

They argued that in languages with variable stress, such as English and Spanish, the 

modulating effect of lexicality would not be significant, as stress can convey differences in 
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meaning. These results are in line with what is suggested by our data: The different stress 

regularities of specific languages demand flexible stress acquisition strategies. Our study also 

demonstrated that the integration of lexical and stress processes may start earlier in a fixed 

stress language, but is not completed before the age of 10 months. The age differences that we 

observed indicate the consequences of integration on existing stress processing: Up until 10 

months of age, lexical information is dominant in languages in which stress does not modify 

meaning. 
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Supplement 

 

 

Figure 6 

Difference Waves (on the F3, Fz, F4, C3, Cz C4, P3, Pz, and P4 channels) in the Case of the 

Pseudoword, in the Illegal Deviant Condition, in the Two Age Groups, Together.   
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Note. Difference waves were obtained by subtracting the ERPs for the standard (legal) from 

the ERPs for the deviant (illegal) form. Here, we run two 2x3x3x2 mixed ANOVAs where the 

within-subject factors were the role (standard vs. deviant), the electrode location (frontal, 

central, or parietal), and the electrode laterality (left, center, or right), while the between-

subject variable was the age (6 vs. 10 months), separately for the two time windows.  

In the first time window, we found a significant main effect of the role F (1, 33) = 4.309 

p=0.046 μ2=0.115 because of the presence of the P-MMR. No significant electrode location, 

laterality, or age main effect was found. Our analyses reinforce the appearance of the P-MMR 

at every channel in the first time window. 

In the second time window, we did not find any significant main effect, which is in 

congruence with the analysis at the Fz channel. We interpreted this as the lack of MMR here.  
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Figure 7 

Difference Waves (on the F3, Fz, F4, C3, Cz C4, P3, Pz, and P4 channels) in the Case of the 

Pseudoword, in the Legal Deviant Condition, in the Two Age Groups, Together.   
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Note. Difference waves were obtained by subtracting the ERPs for the standard (illegal) from 

the ERPs for the deviant (legal) form. Here, we run two 2x3x3x2 mixed ANOVAs where the 

within-subject factors were the role (standard vs. deviant), the electrode location (frontal, 

central, or parietal), and the electrode laterality (left, center, or right), while the between-

subject variable was the age (6 vs. 10 months), separately for the two time windows.  

In the first time window, we found a significant main effect of the electrode location F (2, 66) 

= 9.312 p<0.001 μ2=0.22 as the N-MMR response was present only at the frontal sites. 

Neither a significant role, side or age main effect was found.  

In the second time window, we found an electrode location main effect F (1.56, 51.69) = 5.21 

p=0.014 μ2=0.136 caused by the difference between total average (standard and deviant 

together) amplitudes recorded at the parietal channels from those of the frontal and central 

sites. The MMR was not significant at any electrode locations. In congruence with the 

analysis at the Fz channel we did not find a MMR here. 
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Figure 8 

Difference Waves (on the F3, Fz, F4, C3, Cz C4, P3, Pz, and P4 channels) in the Case of the 

Word, in the Illegal Deviant Condition, in the Two Age Groups, Together.   
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Note. Difference waves were obtained by subtracting the ERPs for the standard (legal) from 

the ERPs for the deviant (illegal) form. Here, we run two 2x3x3x2 mixed ANOVAs where the 

within-subject factors were the role (standard vs. deviant), the electrode location (frontal, 

central, or parietal), and the electrode laterality (left, center, or right), while the between-

subject variable was the age (6 vs. 10 months), separately for the two time windows.  

In the first time window, we did not find any significant main effect, which is in congruence 

with our finding at the Fz channel. We interpret this as a lack of MMR here. 

In the second time window, we found a significant main effect of the role F (1, 32) = 9.246 

p=0.005 μ2=0.224 and a significant interaction of the electrode location x age F (2) = 3.78 

p=0.028 μ2=0.106. The former result is in congruence with that of what we found at the Fz 

electrode site so we confirm the presence of the P-MMR at every channel. In the 6 month-olds 

the parietal channel differed compared to the frontal and central sites.  
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Figure 9 

Difference Waves (on the F3, Fz, F4, C3, Cz C4, P3, Pz, and P4 channels) in the Case of the 

Word, in the Legal Deviant Condition, in the Two Age Groups, Together.   
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Note. Difference waves were obtained by subtracting the ERPs for the standard (illegal) from 

the ERPs for the deviant (legal) form. Here, we run two 2x3x3x2 mixed ANOVAs where the 

within-subject factors were the role (standard vs. deviant), the electrode location (frontal, 

central, or parietal), and the electrode laterality (left, center, or right), while the between-

subject variable was the age (6 vs. 10 months), separately for the two time windows.  

In the first time window, we found a significant main effect of the electrode location F (2, 64) 

= 4.642 p=0.013 μ2=0.127 as the N-MMR was present only on the frontal sites, which is in 

congruence with our finding at the Fz channel. Neither a significant electrode, side or age 

main effect was found.  

In the second time window we found a significant main effect of the role F (1, 32) = 7.897 

p=0.008 μ2=0.198 and a significant role x electrode location interaction F (1.35, 43.13) 

=3.853 p=0.044 μ2=0.107. These results were caused by the fact that the N-MMR was only 

present at the frontal and central electrode sites.  
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Figure 10 

The Average Frequencies of the Basic-word Occurrences in Everyday Communication with 

infants, Based on a Parent Questionnaire (1-5 scale).  

 

Note.  

Error bars represent standard deviations. 

The questionnaire was completed by 44 parents of infants aged between 3 and 10 

months. The age range of the infants was 3.5-10.5 months (mean = 7.03 months). 

The first part of the questionnaire was an open-ended request to parents to report the 

nouns that they regularly used in their spontaneous communication with their infants. 

According to the results in their free report, 10 parents out of 44 (22%) mentioned 

spontaneously that they use the word baby (in Hungarian, baba) regularly in their 

spontaneous communication with their infants.  

In the second part, 18 basic nouns were listed (with baba among them) and parents were 

asked to assign a score on a scale of 1 to 5 indicating the frequency with which these words 

were used in their everyday communication with their infants. We got the highest rate 

for baby (4.56 SD = 0.88). The average rate was 3.66 (SD = 1.25). 
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10.2. Study II.  

Varga Zs., Garami L., Ragó A., Honbolygó F., Csépe V. (2019). Does the intra-uterine 

language experience modulate word stress processing? An ERP study. Research in 

Developmental Disabilities, 90, 59-71. https://doi.org/10.1016/j.ridd.2019.04.011 
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10.3. Study III.  

Varga Zs., Ragó A., Honbolygó F., Csépe V. (2021). Disrupted or delayed? Stress 

discrimination among preterm as compared to full-term infants during the first year of life. 

Infant Behavior and Development, 62,101520. https://doi.org/10.1016/j.infbeh.2020.101520 
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10.4. Study IV. 

Varga, Zs., Szabó, M., Csépe, V. (2020). Characteristics and risk factors of language 

development in preterm infants. Hungarian Review of Psychology, 75.2/17. 289-314. 
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11. General Discussion  

The present dissertation describes the results of three empirical studies performed to 

investigate the development of stress pattern processing in FT and PT infants. More 

specifically, firstly we aimed to find out how lexical status modulates stress pattern 

discrimination during the second half of the first year of life in typically developing 

Hungarian-learning FT infants. Secondly, with respect to PT infants, our aims were to (1) 

explore the emergence of long-term native stress representation; (2) investigate the effect of 

intrauterine prosodic experience in terms of their prosodic development; (3) reveal whether 

their stress processing seems to be delayed or disrupted in the first year of life; and (4) explore 

the influence of neonatal risk factors (birth weight and gestational age) after the neonatal 

period with respect to the development of their stress processing. To answer all these 

questions, we conducted three ERP experiments with different, partly overlapping groups of 

PT and FT infants between 4 and 12 months of age, in which three main hypotheses were 

tested. Furthermore, in our review article we summarized the relevant literature related to 

these questions. For the summary of the hypotheses and Thesis Statements see Figure 2.  

According to the first hypothesis, lexical status would have a modulation effect on stress 

processing at between 6 and 10 months of age. Study I supported our first hypothesis, as we 

found the expected suppression and facilitation effects of lexical status with respect to word 

stress processing at 6 and 10 months of age. In the legal deviant condition of the word (first 

time window), where the lexical and stress cues conflicted, we found an age effect. Our 

results demonstrated that only the 10-month-old infants were able to integrate the lexical and 

stress cues, while the 6-month-olds were not. 

According to our second hypothesis, despite age correction for the PT infants, their 

long-term native stress representation would be unstable compared to that of the FT infants 

due to their shortened intrauterine prosodic experience. Study II confirmed our second 
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hypothesis by revealing that the legal stress pattern elicited different ERP responses in PT 

infants due to their unstable long-term, language-specific stress representation. More 

importantly, the effect of the severity of prematurity and the application of age adjustment 

demonstrated that shortened intrauterine language experience is a powerful explanatory 

factor for PT infants’ atypical prosodic development.  

Finally, we hypothesized that PT infants’ stress sensitivity is not impaired. Furthermore, 

we assumed that their stress processing is disrupted rather than delayed. We also expected that 

birth weight would need to be considered to the same extent as gestational age as an important 

maturational factor with respect to early prosodic processing. Study III partly supported our 

hypothesis by showing (1) unimpaired stress sensitivity in PT infants; and (2) PT infants’ 

disrupted stress processing in terms of the amplitudes and polarity differences in the MMRs 

compared to those of FT infants throughout the first year of life. Partly counter to our 

expectations, the explanatory power of birth weight proved to be greater than that of 

gestational age in the 6-month-old PT infants with respect to prosodic processing.  

As discussed in the Introduction, the interaction between lexical status and word stress 

during the early language acquisition process has rarely been investigated to date. By 

comparing the MMRs elicited by pseudowords versus words presented with legal or illegal 

stress patterns in two different conditions, we found evidence of how lexical status modulates 

stress processing in terms of both enhancement and suppression. The results suggest that the 

integration of prosodic and lexical cues starts at around 6 months of age and is complete by 

around 10 months of age. The beginning of integration was found to be at an earlier time 

point than the date suggested by Becker et al. (2018) in their investigation of German infants 

(9 months). We attributed this difference to the independent rules of the phoneme-relevant 

aspects and word stress in the Hungarian language compared to lexical stress languages. We 

hypothesize that in variable stress languages the influence of lexicality would not be so 
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robust, as stress can also convey differences in meaning. Further studies are needed to 

confirm our expectations.  

Our studies (Studies II and III) supplement the results for PT infants discussed in the 

Introduction. Our experimental series is partly in line with the behavioral results obtained by 

Herold et al. (2008), who found no evidence regarding preference for the native stress pattern 

in German PT infants compared to FT infants at 4 and 6 months of corrected age. In line with 

their study, despite age correction for the PT infants we also found differences between the 

PT and FT infants’ ERP responses elicited by stress discrimination. This result was attributed 

to the unstable long-term stress representation in the PT infants at 6 and 10 months of age. 

Regardless of the stress rule in variable and fixed stress languages, FT infants’ stress pattern 

discrimination seems to be advanced compared to that of their PT peers. As early sensitivity 

to the native language prosody is assumed to ease infants’ language acquisition by facilitating 

word form acquisition and bootstrapping the syntactical structure of the native language, PT 

infants’ unstable long-term, language-specific stress representation is considered to be a risk 

factor in terms of subsequent language development in the longer term. Although we did not 

examine our PT infants’ subsequent language development, Friedrich et al. (2009), in their 

retrospective study, pointed out that early memory structures for native language word stress 

patterns are advanced in infants with normal subsequent language development.   

Our results (Studies II and III) contradict the assumption of Herold et al. (2008) 

regarding the impaired stress sensitivity of PT infants. The very similar MMRs of FT and PT 

infants (Study II) (at 6 and 10 months of corrected age) elicited by the discrimination of legal 

and illegal stress patterns in the two conditions suggest that PT infants’ stress sensitivity is not 

impaired. This line of argument is supported by the results of Study III, in which we found 

similar MMRs elicited by the legal stress patterns in FT4 and PT6 infants. A comparison of 

the illegal stress patterns also elicited MMRs with similar amplitudes in FT10 and PT12 



160 
 
 

infants. These results contradict to the impaired stress sensitivity assumption expected in PT 

infants (Herold et al. 2008). In contrast to the studies reviewed in the Introduction (Peña et al., 

2010, 2012; Bosch, 2011), our results favor the disruption hypothesis compared to the delay 

assumption. Our argument is the following: If PT infants’ stress processing were determined 

by maturational age (the delay hypothesis), we would not find any differences in stress 

processing when comparing FT and PT infants with the application of age correction. Peña et 

al. (2010) found that the developmental course of PT infants in terms of the discrimination of 

rhythmically similar languages followed that of FT infants and showed a delay only according 

to brain maturation. Thus, the corrected age should compensate for the delay in maturation in 

PT infants. In contrast to their results, we found (Study III) different MMRs when comparing 

the results for the FT4–PT6 (illegals) and FT10–PT12 (legals) infants in terms of MMR 

amplitudes and polarities. We concluded that PT infants’ stress processing at the same 

maturational age (corrected age) seems to be disrupted compared to that of FT infants. Our 

interpretation of the differences between our data and the results obtained by Bosch (2011) 

and Peña et al. (2010) is that the discrimination of within-class and between-class languages 

also depends on distributional cues, not merely on prosodic cues. In Studies II and III, we 

used pseudowords with legal or illegal stress patterns in order to focus clearly on prosodic 

processing.  

As reviewed in the Introduction, the cause of atypical language development in PT 

infants is multifactorial. The most plausible explanatory factor for disrupted prosodic 

processing is shortened intrauterine language experience. Our argument is the following: (1) 

Empirical, longitudinal studies have revealed that the explanatory power of white matter 

structural abnormalities in terms of disrupted language development is either insufficient or 

modest (Counsell et al., 2008; Foster-Cohen et al., 2010). (2) If the prosodic processing 

specificities of PT infants were attributable to neural immaturity, with the application of age 
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correction we would find no differences between the MMRs of PT and FT infants elicited by 

stress discrimination. (3) There is no consensus regarding the influence of earlier and richer 

postnatal language experience on the language development of PT infants. Our studies 

revealed that, despite the longer exposure to extrauterine language experience in the case of 

PT infants, they do not catch up with their FT peers in terms of prosodic development. We 

argue that longer/richer extrauterine language experience cannot compensate for shortened 

intrauterine prosodic experience, during which the infants’ auditory brain areas are tuned to 

the prosodic properties of the native language within a filtered stimulus environment. If this 

filtered prosodic exposure is missing at the very beginning, language development can be 

expected to be disrupted (Gervain, 2018).  

Lacking in utero exposure to filtered prosodic cues, PT infants have direct and 

simultaneous access to prosodic, phonemic, and phonotactic information only after birth. 

Gonzalez-Gomez and Nazzi (2012) argue that simultaneous information, as compared to the 

priority of prosody in typical development, might result in less processing weight being 

placed on prosody than on phonetics, resulting in disrupted stress processing development.  

The investigation of the question of whether PT infants’ prosodic processing is 

disrupted or only delayed also involves looking at the age correction method for PT infants. 

Our experimental series (Studies II and III) showed that, despite the application of age 

correction, the PT infants’ MMRs elicited by the discrimination of the legal and illegal stress 

patterns differed both in amplitude and polarity during the first year of life compared to those 

of the FT infants. The papers reviewed in the Introduction suggest that language disorders in 

PT infants become increasingly apparent from preschool to school years. In line with these 

studies, our results also suggest the need to reconsider the age correction method according to 

the language domain. 
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The question emerges whether the disrupted prosodic processing of the PT infants 

originates from a delay in domain-general cognitive processes or are the specificities of the 

PT infants’ language development. There are only a few results to answer this question. The 

contribution of the delayed domain general cognitive processing to the early language 

acquisition was already demonstrated in PT infants (Rose et al. 2009). Regardless of the 

gestational status of the infants (PT or FT), cognitive processes such as recognition memory, 

object permanence, symbolic play was found to be related to language performance assessed 

at 12 and 36 months of age, measured using the MacArthur-Bates Communicative 

Development Inventory and the Peabody vocabulary tests. We should note that their inclusion 

criteria for PT infants does not guarantee the homogeneity of the PT infant group, as they 

included PT infants whose birth weight was below 1,750 g, while there is no indication of the 

gestational age of the infants and no detailed perinatal factors. One meta-analysis concluded 

that PT birth seems to affect general cognitive outcome after preschool years, as the authors 

found generalized difficulty among PT infants on overall cognitive performance (IQ) (Bhutta 

et al., 2002). Gonzalez-Gomez and Nazzi (2012) proposed that if the PT infants’ language 

disorders originate from these processes, even performance in different language subdomains 

would be expected. On the contrary to this proposal, the difference between the prosodic and 

phonological development has been confirmed by further electrophysiological and brain 

imaging studies investigating PT infants. Ragó et al. (2014), in an assessment of 6- and 10-

month-old infants, found that PT infants’ phoneme processing was intact while the FT infants 

outperformed the PT infants in the stress discrimination task. The authors used MMRs elicited 

by syllabic stress and phonemic contrasts of words in order to test the phoneme and word 

stress discrimination. No differences were found between FT and PT infants regarding the 

phoneme deviant condition. On the contrary, a significant difference was found between the 

two groups in the stress deviant condition. The authors interpreted these results as providing 
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evidence that the intrauterine language experience affects the maturation of phoneme and 

prosodic information processing differently (see also Gonzalez-Gomez & Nazzi, 2012). 

Mahmoudzadeh et al. (2017) drew the same conclusion, that the phonetic capacities described 

in the FT neonates in their study were not the result of exposure to the mother’s voice in 

utero. They demonstrated that PT infants 10 weeks before term, thus at a very immature stage, 

are able to discriminate phonetic contrasts, suggesting that human infants are genetically 

endowed for the processing of specific speech features. An earlier study using hemodynamic 

response measures has already provided evidence of neural sensitivity to phonemes at the 

postnatal months of cortical organization (Mahmoudzadeh et al., 2013).  

The uneven performance found in different language subdomains favors that the disrupted 

prosodic processing is the specificity of the PT infants’ language development in the first year 

of life. Further studies are needed to clarify this question by the consideration of the severity 

of prematurity and the connected medical complications (BPD, IVH, PVL etc.) in this 

neonatological population.  

Compared to the studies summarized in the Introduction, our results provide new 

empirical evidence for the impact of gestational age and birth weight with respect to linguistic 

processing in infancy. Among the electrophysiological studies investigating PT infants’ early 

language processing skills, neither the studies by Peña et al. (2010, 2012) nor those by 

Jansson-Verkasolo et al. (2010) or Ragó et al. (2014) considered the impact of these two 

factors on PT infants’ language processing specificities. An investigation of the impact of 

birth weight on early linguistic processing is missing. This can be attributed to the fact that 

gestational age is considered to be the most sensitive marker of PT infants’ maturational 

status. From the perspective of the neonatal literature, the impact of gestational age on sound 

frequency discrimination in PT infants has already been revealed. However, these studies 

focused exclusively on the neonatal period, while birth weight was not taken into 
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consideration. In line with studies of neonates, Study II revealed that, after the neonatal 

period, gestational age has long-term consequences on the processing of prosodic stimuli 

despite the use of age correction (6 and 10 months of corrected age). We found in Study III 

that the explanatory power of birth weight is greater than that of gestational age with respect 

to the amplitude of the MMRs in 6-month-old PT infants. This result is surprising from the 

perspective of the electrophysiological studies summarized in the Introduction, as these latter 

studies considered only the effect of gestational age on the discrimination of harmonic tones 

differing in frequency in newborn PT infants. We explained our result as indicating that 

during early auditory development, gestational age and birth weight have an influence at 

different time points. Gestational age is the more determining factor in terms of acoustic 

processing in neonates, while the effect of birth weight is more expressed during the first 6 

months. Further explanations for the significant effect of birth weight compared to gestational 

age are the followings (1) Compared to the gestational age birth weight is a more direct 

indicator of the intrauterine supply of oxygen and nutrition, which are essential to brain 

development. This is supported by the results of brain imaging studies (Raznahan et al., 2012) 

which demonstrated that greater birth weight within the normal range result in increase in 

brain volume, as cortical surface area was found to be sensitive to birth weight variation. It is 

also probable that (2) the explanatory power of gestational age is more significant in PT 

infants born before the 30th week of gestation, while in PT infants born between the 30th and 

36th week of gestation, birth weight is a more determining factor in terms of auditory 

development in the first 6 months of life. We suggest that, besides gestational age, future PT 

studies should also take birth weight into account when analyzing the MMR component 

elicited by acoustic stimuli.  

It is important to highlight that we excluded from our PT sample infants with restricted 

intrauterine growth, which likewise reinforces the significant effect of birth weight on 
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maturation contributing to differences in early linguistic processing. The results indicated that 

PT infants born after 30 weeks of gestation and with a lower birth weight (within the normal 

range) should also be included in early intervention programs. In line with our result the study 

of Raznahan et al. (2012) also emphasize that the normative differences in birth weight has 

consequences regarding the cognitive development. Our results also demonstrated that ERP is 

a more sensitive method than behavioral studies (Herold et al., 2008) for exploring the 

association between neonatal risk factors and early language processing. 
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Figure 2. Summary of the Hypotheses and Thesis Statements 
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Future research should investigate whether the development of stress processing in PT 

infants is still disrupted at later ages, or whether PT infants catch up with FT infants in the 

long term. Further longitudinal studies would be needed to examine the relationship between 

PT infants’ stress processing specificities and later language development.  

From a clinical point of view, the longitudinal behavioral and electrophysiological 

testing of homogeneous groups of PT infants from birth onwards would also be a promising 

method of revealing the predictive validity of age correction with respect to language 

development. It would also be crucial to test prosodic intervention programs for NICUs that 

provide the analogue of intrauterine sound exposure and that are aimed at facilitating the 

acquisition of native language prosody by PT neonates.  

From my point of view, the studies described in the present dissertation have important 

contributions to international neonatal and developmental psychological research targeting 

early language acquisition and PT infants’ language processing skills.  

12. Conclusion  

Our main finding is that the integration of prosodic cues and lexical information starts 

earlier in a fixed stress language than in variable stress languages where word stress also plays 

a role in the segmentation process and modifies meaning. In order to test the integration 

process thoroughly, cross-linguistic studies are needed to reveal how these two cues interact 

during the language acquisition process in infants learning a variable stress language. 

The second main finding of the studies described in the present dissertation is that, 

compared to FT infants, the development of word stress processing in very and moderate-to-

late PT infants seems still to be disrupted in the first year of life. We found that PT infants’ 

long-term language-specific stress representation is unstable. According to our interpretation, 

this can be considered a risk factor for subsequent language development in the longer term. It 
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is important to highlight that (1) these PT infants were born without structural brain 

abnormalities; and (2) their age was adjusted to the expected date of delivery. Our results also 

indicate that infants who miss out on intrauterine prosodic experience (deaf infants, PT 

infants) are at risk of atypical language processing. Our results are in line with studies that 

emphasize the importance of reconsidering the method of age correction with a focus on the 

language domain.  

Based on our results, it is important to emphasize to neonatologists and developmental 

psychologists that PT infants born after 30 weeks of gestation are also at risk of disrupted 

prosodic processing, which may have consequences in terms of the language acquisition 

process. This sample of PT infants can be considered as slightly at risk of atypical cognitive 

development in clinical practice. Our results may affect the prognostic work of clinicians, in 

the sense that we have revealed that, besides gestational age, birth weight should also be taken 

into consideration with respect to the development of auditory skills in PT infants. This is also 

the case in the sample of PT infants whose gestational age was above 30 weeks of gestation, 

and whose birth weight was appropriate for their gestational age.  
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