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Abstract 

  

 Phoneme substitutions, as they typically occur in foreign-accented speech, are the 

topic of investigation in this study. In particular, th-substitutions by Dutch L2 learners of 

English are studied to find out whether the frequency with which a particular substitute occurs 

in Dutch-accented English influences the perception of phoneme substitutions for Dutch L2 

listeners. The present study is a follow-up experiment of an eye-tracking study that has shown 

such experience-based processing of foreign-accented speech for lexical activation. 

Hanulikova and Weber (in prep.) demonstrated that Dutch and German participants, who 

differ in their preference for substitutes of the English voiceless [!], recognised L2 words 

more easily when they were pronounced with the preferred substitute of the L2 listener. 

 The present study is the first part of a neurophysiological investigation of whether 

early processing of the preferred substitute [t] over [s] for Dutch listeners can be made visible 

in a mismatch negativity-paradigm (MMN). The English pseudowords [!ond], [tond] and 

[sond] were presented to the listener; simultaneously, event-related potential (ERP) data were 

collected. If experience indeed influences the MMN, larger amplitudes are expected for [s] 

over [t]. On the other hand, if only acoustic similarity influences the MMN, larger amplitudes 

for [s] over [t] are expected.    

 The analyses revealed significant deviance interaction for the oddball block, with [t] 

eliciting larger MMN amplitudes and shorter latencies than [s]. Surprisingly, the same results 

were found for the control block. Results so far favour an acoustic-similarity based account; 

however, upcoming results from the German listener group may reveal whether acoustic 

similarity provides the most probable interpretation.  
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1 Introduction 

 

 Processing spoken language is done fast, accurately, and seemingly effortless by 

humans. This impressive ability is both rapid and routine in listeners, notwithstanding the 

complexities that the recognition of spoken words poses. Spoken-language input is habitually 

ambiguous, variable, and continuous, creating a challenging environment for the mapping of 

speech input to stored linguistic representations which are considered for spoken-word 

recognition. Firstly, the variability of speech can be a direct consequence of its qualitative 

characteristics, such as speaker attributes. Voice characteristics, which depend on, for 

example, gender, age, and emotional state, are properties that influence the speech signal (e.g. 

Lu & Dang 2008). A large body of research has shown that listeners have an outstanding 

ability to adapt to speaker-specific pronunciations (e.g. Norris, McQueen & Cutler 2003; 

Eisner & McQueen 2005; Dahan, Drucker & Scarborough 2008). Secondly, variation in 

speech can follow from phonological processes that alter aspects of spoken language, such as 

neutralisation, assimilation, reduction, or the insertion of phonemes (Coenen, Zwitserlood & 

Bölte 2001; Gaskell 2001). Coarticulation, the articulatory adaptation of speech sounds to 

adjacent elements, is another source of phonological variation in speech. In addition, a cause 

for variability lies in pronouncing variants that occur within a given language. Among these 

‘identity properties’ of language are dialects, the variations of a language in a given 

geographical area, and foreign accents, which occur when the phonological structure of the 

native language affects the production of a non-native language. The latter is the type of 

speech investigated in this thesis. In particular, phoneme substitutions, which occur frequently 

in foreign-accented speech, will be examined. An instance of a phoneme substitution as it 

occurs in foreign-accented speech is, for example, pronouncing ‘think’ as ‘tink’ as Dutch 

speakers of English often do, thereby substituting [t] for [!].  

 In section 1.1, phonological variation will be discussed in greater detail. Foreign 

accents, in particular Dutch-accented English, will be discussed in section 1.2. Section 1.3 

will deal with the phoneme substitution of interest in this study, namely th-substitutions. 

These sections will provide the theoretical background of the present study, which tries to 

answer the question of whether experience with phoneme substitutions leads to a different 

processing of frequently versus infrequently perceived and produced substitutions. 

Neurophysiological measures, in particular the mismatch negativity (MMN) paradigm, an 

early event-related potential (ERP) component, will be discussed in section 1.4, as these 
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constitute the experimental paradigm that has been employed in the present experiment. In 

addition, the section includes a discussion of the relevant literature on language-specific 

effects in MMN research. The aim of this study is to investigate whether neurophysiological 

evidence can be found for a difference in processing of preferred and disfavoured th-

substitutions by Dutch learners of English.  

 

1.1 Phonological Variation 

 Phonological variation in speech is known to affect processing for native listeners. 

There are some intriguing questions concerning phonological variation and how it relates to 

the mapping process from sound to meaning. A crucial issue is how the mapping process can 

succeed given all the variability that can be found in natural speech. A number of factors have 

been found to influence the process. For example, it has been shown that word-initial 

variations interfere more strongly with spoken-word recognition than do word-final variations 

(Zwitserlood 1989; Marslen-Wilson & Zwitserlood 1989). Van Der Lugt (1990) showed that 

word-initial phonetic mismatches led to a rather high intolerance in spoken-word recognition. 

In addition, whereas word-internal mismatches of one feature were still tolerated, mismatches 

of several features were not. Phonetic mismatches of a single feature, the minimal mismatch 

condition, were contrasted with mismatches on several features, the maximal mismatch 

condition. The mismatches were applied to a two-syllable string of Dutch coming from the 

onset of a real word, with the second syllable forming a Dutch word, such as 'choles' [ko:l"s] 

from 'cholesterol', whereby the second syllable 'les' is Dutch for 'lesson'. A minimal mismatch 

is 'foles' [fo:l"s], a maximal mismatch 'boles' [bo:l"s]. It was found that spotting the Dutch 

word 'les' in the second syllable is easier when the mismatch with a real word onset in the first 

syllable is smaller. When the mismatch occurred later in the word, the interfering effects were 

much smaller, indicated by a slower recognition of the Dutch embedded word.   

 This is in line with findings that in lexical access onsets seem to be more important for 

the activation of lexical candidates, and that they are crucial for word recognition (Marslen-

Wilson & Zwitserlood, 1989). It has also been shown that deviating consonants interfere more 

with word recognition than deviating vowels. Both Van Ooijen (1996) and Cutler et al. (2000) 

found that participants preferred to change vowels rather than consonants when asked to 

change one phoneme in a nonword to create a real word form, indicating that for lexical 

selection consonants may be more significant than vowels.  
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 Interferences from arbitrary deviations seem to be less pronounced when these 

deviations are perceptually closer to the standard form, as was demonstrated by Connine, 

Blasko and Titone (1993). In a series of experiments, they investigated the activation of words 

by similar-sounding nonwords. The experiments consisted of lexical decision tasks in which 

participants were asked to decide whether a visually presented stimulus (e.g. ‘manner’) was a 

word or a nonword, while auditory stimuli were simultaneously presented. These auditory 

stimuli varied in the extent to which they mapped with a base word. Significant priming 

effects were obtained for nonwords that deviated from the target word by only one or two 

features (e.g. ‘nanner’) in a phoneme. Nonwords that deviated from the base word (‘manner’) 

by more than two features, however, (e.g. ‘zanner’), showed no priming effect. The 

phonological priming effects were shown only for onsets of two-, three- and four-syllable-

long nonwords. The tolerance of the mapping system to mismatches in the signal was further 

elaborated by Connine, Titone, Deelman and Blasko (1997). The lack of priming effects for 

maximal nonwords, i.e. those that have a phoneme that differs maximally from the original 

initial phoneme, was taken as a starting point. These nonwords failed to activate a semantic 

representation, demonstrated by the absence of priming effects (see also Marslen-Wilson & 

Zwitserlood 1989). Connine and colleagues found that as the mismatch to the target word 

became gradually greater detecting a word-final phoneme became gradually harder. This 

study supports a feature-based account for word recognition. 

 Phonological variation, as it occurs in natural speech, interestingly enough does not 

necessarily interfere with the mapping of spoken language to internal representations. Several 

studies (e.g. Coenen, Zwitserlood & Bölte 2001; Connine 2004) have shown that mismatches 

are a widely occurring phenomenon, resulting from a variety of phonological processes, and 

that they do not necessarily obstruct word recognition. Coenen and colleagues (2001), for 

example, demonstrated the acceptability of frequently occurring phonological changes in 

German, such as regressive place assimilation, for word recognition. When a phonological 

change is the result of legal place assimilation (e.g. ‘green book’ that becomes ‘greem book’, 

in which /n/ surfaces as /m/), the activation of the lexical representation of the word is not 

disrupted, as shown by Gaskell and Marslen-Wilson (1996). However, the same phonological 

change in an unviable context was found to strongly disrupt lexical access. Phonologically 

regular variation can be accepted by the lexical system owing to frequency of occurrence or 

familiarity with either the deviations or the source of the variation, as in knowing a particular 

rule.  
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 The acceptability of phonologically regular variation can have an experience-based 

explanation. As discussed, in Coenen and colleagues (2001), experience with language-

specific phonological deviations lead to different processing. Of particular interest in this 

context is recent research on the comprehension of reduced speech. Mitterer and Ernestus 

(2006), for example, looked at how reduced forms in Dutch are recognised. In a series of 

corpus studies and experiments, they investigated word-final /t/-deletion and -lenition in 

Dutch and tried to determine whether listeners deal with this phenomenon on a lexical or a 

prelexical level. Important findings were, firstly, that listeners use both phonetic and 

phonological context cues, which became clear from an experiment in which listeners had to 

indicate whether they heard a final /t/ in Dutch nonwords. The likely contexts for hearing /t/, 

such as preceding /s/, led the listeners to perceive /t/ more often, even though it was not 

present in the auditorily presented stimuli. Secondly, they found that lexical context played a 

role, as perceiving a word-final /t/ was reported more often when it would complete a real 

word. This is the case with a stimulus like ‘orkes’, which will form ‘orkest’ (‘orchestra’) 

when completed with a /t/, opposed to when perceiving /t/ would result in a nonword, such as 

when it would complete ‘moeras’ (‘swamp’). This compensatory effect was even greater 

when the phonetic context (preceding /s/) also favoured t-deletion. Therefore, both lexical and 

pre-lexical experience-based processes influence perception. Additional research (Janse, 

Nooteboom and Quené 2007) has shown that the compensatory effect of perceiving deleted /t/ 

was absent in the presence of a lexical competitor that matched the reduced form. For 

example, given the pair ‘kus/kust’ (‘kiss/coast’), a priming effect was only found for the first 

word, showing interference from a surface-matching competitor. 

 Experience-based processing is further investigated for word-internal variation in 

American English by Ranbom and Connine (2007). Their focus is on production frequency in 

spoken word recognition, as they suggest that ‘production frequency is a controlling variable 

in the determination of lexical representation of a given form or forms’ (2007: 275). The 

American English flap, [!] (e.g. as in pronouncing ‘gentle’ similarly to ‘gennle’), is taken as a 

starting-point for the investigation into whether phonological variation can be captured by a 

frequency-based account. Their experimental results indeed support a frequency-based 

account more than they do other hypotheses; experience with producing and perceiving the 

nasal flap seems to strengthen the lexical representation. This is shown by, for example, a 

lexical decision task in which words with a nasal flap were recognised faster when they were 

typically produced with a nasal flap. An American-English pronounced word such as ‘center’ 

was recognised faster when it was presented with a nasal flap than with an nt-cluster, as 
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opposed to words that are less often produced with a nasal flap, such as ‘phantom’. The 

representation of a phoneme becomes stronger and more easily accessible when it is produced 

and perceived more often. 

 Pitt (2009) investigated whether the recognition of pronunciation variants of spoken 

words can be accounted for by systematic phonological inference. Such generalizations were 

evoked in a learning paradigm whereby participants were auditorily presented with new 

words. These words were word-internally altered by a phonological process, such as t-

deletion. Pitt firstly confirms that phonological generalisation mechanisms influence variant 

recognition; for example, words with internal t-deletion were only classified as such when the 

deletion occurred frequently in production. The strength of the inference mechanism was 

thereafter tested in the learning condition, from which it became clear that generalisation was 

not enough to permit inferences about the learned nonwords. The inference rule, t-deletion, 

was not applied to a variant of the newly-learned words, such as the pair ‘shonent - shonen’. 

The data showed that inference alone is not enough to recognise phonological variants. This 

study provides support for an experience-based account, whereby meaningful exposure leads 

to the correct lexical representation.  

 Listener experience effects have also been shown in studies on foreign accents, 

whereby, for example, native speakers of English became better at recognising Chinese-

accented English (Bradlow & Bent 2008). Similarly, Clarke and Garrett (2004) found that 

perceptual adaptation led to a better recognition of accents. A frequency-based account of 

produced mismatches in a second language (L2) suggests that, as the lexical representation of 

a word is influenced by exposure to productions of that word, a preferred mismatch in 

foreign-accented speech will be processed differently from a less established, disfavoured 

mismatch.  

   

1.2 Foreign Accents 

 The knowledge that native speakers have of the sound system of their language is 

complex. It entails, most importantly, knowledge about which sounds are part of the sound 

inventory of their native language (L1, first language), knowledge about the possibility of 

sound combinations, and knowledge about phonological rules that can alter sound sequences, 

as discussed in the previous section. This knowledge is used both when producing and 

comprehending spoken language. Whereas producing and comprehending the native language 

in optimal listening conditions is an effortless virtue for a native speaker, it may prove very 
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complicated, time-consuming and stressful for a second language learner, given the 

complexity of the knowledge that must be acquired in addition to interference from the L1. In 

production, late learners generally struggle to achieve a native-like performance and 

commonly maintain a foreign accent. Concerning perception, even after years of exposure, 

late learners typically have difficulty with perceiving the L2 sound inventory in a native-like 

fashion. The difficulty with perceiving non-native sounds has been suggested as a possible 

explanation for production difficulties. The production of L2 speech may be influenced by 

native language perceptual strategies in such a way that perception can precede production. 

Perception may therefore influence foreign-accented speech (for an overview, see Strange 

1995). For example, in a series of experiments on English vowel durations, Flege (1993) 

showed that production accuracy was predicted by perception accuracy in late and early 

Mandarin and Taiwanese learners of English. Other studies indicate, however, that a 

straightforward interrelation between perceptive and productive learning remains 

questionable. For example, both Flege and Eefting (1987) and Altenberg (2005) showed that 

L2 production can be much better than perception.   

 The correspondences that language learners make between the sounds of their L1 and 

the L2 result in foreign-accented speech. L2 speakers will ‘as much as they can […] equate 

new sounds with known sounds, as long as the sounds are somewhat similar’ (Fromkin 2000: 

514). The ensuing mismatches in production therefore have a systematic nature. 

Pronunciation is the most obvious sign of a non-native speaker, and becomes noticeable not 

only in long stretches of speech, but also at the level of single words, which is the focus here. 

Mismatches can comprise, for example, the use of phonemes that are illegal in the L2. Using 

the Dutch [#] and ["] instead of [w] and [æ] in an English word like ‘wax’, resulting in [#"ks] 

instead of [wæks], is an example of illegal phoneme use. In addition, difficulties can arise 

with producing phonemes that are absent in the L1. In such cases, learners will produce the 

closest fit of a phoneme that is familiar in their language.  For example, Dutch speakers, who 

lack the English voiceless fricative [!], will often use [t] as a substitute, thus pronouncing 

[!ı$k] as [tı$k]. (see Wester, Gilbers & Lowie 2007). Furthermore, foreign-accented speech 

can be off-target on the level of allophones, which happens when L2 learners produce an 

allophone of a phoneme in a position that is illegal in the target language or when learners 

demonstrate a lack of allophonic variation. An example of the first error is, for example, the 

English ‘leave’ [liv], that is produced with a word-initial clear [l], which certain Dutch 

learners will pronounce as [#iv], with the velarised variant. A lack of allophonic variation 
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owing to an absence in the L1 becomes noticeable, for example, in words that are produced 

without aspiration by Dutch learners of English, such as [pın] for [p
h
ın] (Collins & Mees 

2003). Lastly, phonemes that are present in both the L1 and L2 may be restricted to certain 

positions in either the L1 or L2, and this can lead to mismatches. For example, both English 

and Dutch have voiced and voiceless obstruents in their sound inventory, but at word-final 

position only voiceless obstruents are allowed in Dutch (e.g. Broersma 2005). This can lead 

Dutch L2 learners of English to pronounce ‘rod’ as ‘rot’.  

 The rather systematic nature of phonetic and phonological mismatches in L2 speech 

by language learners, such as described above, allows for a rather detailed description of a 

particular foreign accent. When we focus again on English as produced by Dutch learners, 

several characteristics become noticeable. An error analysis of Dutch speakers of English has 

been provided by Collins and Mees (2003). The general difficulties that are listed (2003: 285) 

concerning the production of English consonants are confusion of the fortis/lenis contrast, an 

over-shortening of vowels preceding lenis consonants, a lack of glottalisation with final fortis 

consonants, employment of Dutch assimilation patterns and problems with the setting of the 

alveolar consonants. In addition to these, a well-known example of a Dutch error is devoicing 

of word-final obstruents (e.g. Broersma 2005). The more specific errors constituting a Dutch 

accent of English are shown in Table 1, which depicts all English consonants and the main 

errors made by Dutch learners.  

 

 
 

Table 1. English consonants: specific errors by Dutch L2 learners. Adapted from Collins and Mees (2003: 285-

287).  
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General difficulties that Dutch learners of English encounter with the English vowels are 

problems with variation in length, and the pronunciation of [r] whenever it is present in 

spelling. The more specific errors in the English vowel inventory are noted in Table 2.  

 

 

Table 2: English vowels: specific errors by Dutch L2 learners. Adapted from Collins and Mees (2003: 288-289). 

 

Thus, certain characteristics of the native language, in this case Dutch, carry over to the L2, 

resulting in a typical accent, which of course can manifest itself in different gradations.

 Foreign-accent characteristics are thus abundant, and can be classified on all levels of 

spoken language. Apart from the described errors on the level of phonetics and phonology, 

deviations from standard forms occur, for example, on the levels of prosody or intonation, and 

may include rhythm patterns, loudness, and tonal variation, when accentuation in the L2 is 

inappropriate owing to a transfer of L1 prosodic patterns (Jilka 2005). Taken together, 

perceptual and articulation difficulties lead to deviations from the standard form of an L2, and 

can be constituted on a phonetic, phonemic, or prosodic level, which may collectively 

combine into a specific manifestation of a foreign accent. 

 The issue at hand is whether experience in producing and perceiving accented L2 

speech leads to a distinction in perceiving those accents. The present study takes the 

production of a foreign accent as the starting-point for research into the perception of L2 

mispronunciations. An answer is sought to the question whether preferred substitutions of 

Dutch L2 learners lead to different neurophysiological responses than disfavoured 

substitutions do.    
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1.3 Th-Substitutions 

 Standard English has two dental fricatives in its sound inventory, namely voiced [%] 

and voiceless [!]. Word-initial [%] can be found only in a small number of grammatical words, 

i.e. ‘the’, ‘this’, ‘that’, ‘these’, ‘those’, ‘then’, ‘than’, ‘thus’, ‘there’, ‘they’, ‘their’ and ‘them’ 

(Collins & Mees 2003). Thus, almost all word-initial dental fricatives are [!].  Although the 

voiceless dental fricative is present in general British and American English, it is absent in a 

number of dialects or non-standard English (Wells, 1982). In these dialects, the [!] can, for 

instance, be replaced by labio-dental voiceless [f], termed th-fronting. This occurs in Cockney 

English, where, for example, ‘thin’ is pronounced as ‘fin’. Other th-substitutions are th-

debuccalisation as it occurs in Scottish English, whereby [!] is replaced by the glottal fricative 

[h], resulting in ‘hin’ for ‘thin’. Finally, the English voiceless dental fricative may be replaced 

by voiceless dental or alveolar plosive [t  ] or [t], which is called th-stopping. Th-stopping 

can be found in Hiberno-English (Irish), where ‘thin’ is pronounced as ‘tin’. Substitution by 

the dental plosive [t  ] however, seems to be more widely used than the alveolar plosive [t] 

(see Wells 1982). The English voiceless dental fricative [!] often poses difficulties for L2 

learners of English, as it is absent in many languages; for example, in the ten commonest 

languages in the world the dental fricative is only present in the sound inventory of English, 

the second most spoken language in the list (e.g. Ladefoged & Maddieson 1996).  

 The difficulties with [!], which L2 learners encounter are also elaborated by Jenkins 

(2000, 2002). Her starting-point is the importance of English as an international language, 

which leads to her appeal for a pronunciation model for English as an International Language 

(EIL). She argues that the [!] is so problematic for L2 learners that it should altogether be 

removed from the inventory of EIL (2000: 138-139, 147). She finds this phoneme a 

universally difficult feature of English and points out that it is not relevant to the 

comprehensibility of EIL. This observation is based on her findings that replacement of [!] in 

L2 learner speech is ‘not at all problematic’ (2002: 88) for L1 listeners. Arguing against this 

view is Van den Doel (2006) in his dissertation on native-speaker judgements of foreign-

accented British and American English. In his study, a list of common pronunciation mistakes 

of Dutch L2 learners of English was evaluated by native speakers of English. Van den Doel 

questions Jenkins’s view that English native variability is compatible with non-native 

variation. In his view, dialectal variations such as the inventory of th-substitutions by Wells 

(1982) are not analogous with the substitution of [!] in a foreign accent. Van den Doel 

investigated, among other frequent errors, how the perception of [!]-substitutions by Dutch 
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speakers is perceived by native speakers. In his ensuing ‘error hierarchy’, Van den Doel 

shows that replacement of [!] by [t] is considered to be the most severe phonemic error as 

indicated by the judgements of British and American English, out of a list of thirteen common 

phonemic errors made by Dutch L2 learners of English. This indeed argues against Jenkins 

(2000, 2002) and seems more in line with the findings of Collins and Mees (2003) on their 

proposed error hierarchy.    

 Dutch, the language under investigation in this study, also lacks dental fricatives, as 

pointed out in 1.2. This absence causes ‘major problems of recognition and articulation for the 

[Dutch] learner’ (Collins & Mees 2003: 142). Collins and Mees state that as [!] and [%] are 

both represented by ‘th’ in reading, ‘many students are unaware of the fact that two different 

sounds exist in English’ (142). The main articulatory difficulty for Dutch speakers, as pointed 

out, is that they are used to a blunter tongue-tip setting than the tapered tongue-tip used in 

English. For word-initial voiceless [!], Collins and Mees note that [s] and [t] are the 

commonest substitutions for Dutch speakers living in The Netherlands, whereas [t] and [f] are 

considered the commonest substitutions for Belgian speakers of Dutch. In their ‘hierarchy of 

error in pronunciation’ (290), the substitution of [!] by [s], [t] or [f] is classified as a ‘most 

significant non-persistent error’, which means that it is an error that can or will lead to a 

‘breakdown in intelligibility’ (291), and that very advanced students of English tend to get rid 

of it. Van den Doel (2006) notes that replacement of [!] by [t] is more common than 

replacement by [s] (2006:40).  

 Similarly, this finding is present in the study “Substitution of dental fricatives in 

English by Dutch L2 speakers” by Wester and colleagues (2007). In their production study on 

the realisations of dental fricatives, Dutch learners with an average exposure to English were 

tested. In a ten-minute sample of semi-spontaneous speech, they found that for word-initial 

[!] Dutch speakers use [t], [s] and [f] for respectively 64, 21 and 13% of the time (1% 

constitutes the use of [d]) when trying to produce the target phoneme. As Wester and 

colleagues point out, phonetically the most similar sound to [!] is [f]. When looking at 

acoustic properties of these sounds, Wester and colleagues note that [!] and [f] only differ in 

‘the transitions preceding and following the consonant’ (2007: 480). The sibilant [s], on the 

other hand, shows a sharp low frequency cut off and energy at high frequencies that are 

missing in the spectra of [!] and [f]. As [f] is the least common substitution for Dutch 

learners, however, Wester and colleagues argue that the preferred substitute for Dutch 

speakers of English is not based on acoustic similarity. 
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 Hanulikova and Weber (in prep.) found further evidence for the preference of Dutch 

speakers of English to use [t] as a substitution for [!]. In addition, they confirmed that 

German speakers often use a different substitution for [!]. German, similarly to Dutch, lacks 

the voiceless dental fricative [!]. Instead of the Dutch preference for [t], it has been shown 

(Abresch 2007) that native speakers of German prefer [s] as a substitution of [!]. This is 

confirmed in a production experiment on Dutch and German speakers of English by 

Hanulikova and Weber. They found that Dutch speakers would often mispronounce, for 

example, ‘thief’ [!if] as ‘tief’ [tif], whereas German speakers preferred the substitution ‘sief’ 

[sif]. The participants were instructed to read aloud an English text containing many instances 

of word-initial [!]. These recordings were labelled by three independent labellers and 

discrepancies were checked by a trained phonetician. The production data of the Dutch 

participants confirm the favoured variants, showing a 73% preference for the use of [t] as 

opposed to 19% for [s] and 8% for the use of [f] as a substitute in word-initial position. The 

German data show the reversed distribution of [t] and [s], the latter being the favourable 

substitute, consistent with the findings of Abresch (2007): a 71% preference for the use of [s], 

16 % for [t] and 12% for [f] (percentages rounded up).  

 There is no straightforward answer as to why [t] and [s] for Dutch and German 

speakers of English respectively are the preferred substitutions, since these cannot be 

explained by perceptual similarity. The likely candidate for an account based on perceptual 

similarity is the labiodental fricative [f], as it only slightly differs in place of articulation. This 

close similarity has furthermore been confirmed by a perception-experiment on Australian 

English fricatives by Tabain (1998), who found that the pair [!]-[f] is the most difficult to 

keep apart. Neither Dutch nor German speakers, however, use [f] very often as a substitution, 

therefore acoustic similarity alone cannot provide a satisfactory explanation. An alternative 

explanation for the Dutch preferred substitution has been sought by Wester and colleagues. 

They suggest that segmental markedness could be an explanation of the Dutch substitution. In 

the predictions on [!]-substitution, [f] is predicted to be a candidate based on its phonetic 

similarity to [!], [s] based on its phonological rather than phonetic similarity, and [t] based on 

its segmental markedness, as it is one of the most frequently occurring and less marked 

sounds that exist. As [t] is shown to be the preferred candidate, Wester and colleagues provide 

an explanation for the preferred Dutch substitution in an OT-framework, showing that the 

substitution of dental fricatives demonstrates ‘an intricate co-operation between phonetically 

and phonologically based constraints’ (2007: 489). The preferred substitution [s] for the 

German speakers, however, contradicts this explanation.  
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 In addition, Cutler, Weber, Smits and Cooper (2004) have investigated the perception 

of English phonemes by Dutch L2 learners of English. Dutch listeners had to classify English 

consonants at word-initial or word-final position by clicking a word on a computer screen 

containing the appropriate match. Coarticulatory influences were considered by creating 

stimuli from all possible CV and VC combinations of American English. The stimuli were 

embedded in 1000 ms of ‘multispeaker babble noise’. For word-initial English consonants, 

the Dutch listeners responded as depicted in Table 3a (left panel). Responses are given in 

percentages, which were averaged over all possible CV-syllables. As can be seen, [!] is most 

often misclassified as [f] (13.3%), which is probably because of its perceptual similarity to 

[!]. It is hardly ever categorised as [s], and as [t] for only 6.3%. Strikingly, [s] is misclassified 

as [!] for a proportion of 24.6 %, approaching the correct identification as [s] of 30.4%. The 

phoneme [t] is classified as [!] for a proportion of 7.9%. Although the numbers are somewhat 

different, the same pattern arises from the confusion matrix of the native listeners, depicted in 

Table 3b (right panel). This indicates that, in line with the acoustic similarities as described by 

Tabain (1998) and Wester and colleagues (2007), [!] is most often confused with [f]. 

Although [!] is acoustically slightly closer to [s] than [t], however, it is hardly ever 

misclassified as such. The most striking difference between the Dutch and the native listeners 

is the categorisation of [s], which shows a different pattern for the native listeners and is not 

as often categorised as [f] or [!].  

 

 

Table 3a and 3b. Confusion matrix adapted from Cutler et al. (2004) showing English initial consonant 

confusions of Dutch listeners (left) and American English listeners (right).    

 

 

   The difficulty that the [!] poses for Dutch speakers of English forms the basic 

assumption for the present study. It will investigate foreign-accented mismatches of [!] as 

processed by Dutch L2 learners of English, and is a follow-up study of an eye-tracking study 

by Hanulikova and Weber (in prep.). In that study, participants were auditorily presented with 

German- or Dutch-accented nonwords. These started with [t], [s] or [f] and were 

mispronunciations of English th-words, for instance, ‘theft’ would result in the stimuli ‘teft’, 



 

 

 

17 

‘seft’ and ‘feft’. The auditorily presented nonwords were always either Dutch- or German- 

accented. While hearing the auditory probe, the subjects looked at a computer screen which 

showed four printed words: a target word starting with [!], for instance ‘theft’, a competitor, 

for example ‘left’, and two unrelated distracters. The looking times for the words on the 

screen were analysed. It was found for both the Dutch and the German listeners that when the 

auditory nonword started with the substitute that is favoured by a listener group, participants 

fixated on the target word, for example ‘theft’, most often. As discussed above, for Dutch 

speakers the favoured substitute is [t] (Van den Doel 2006; Wester et al. 2007; Hanulikova 

and Weber in prep.), whereas German speakers prefer an [s] as a substitute for the word-initial 

English voiceless [!] (Abresch 2007; Hanulikova and Weber in prep.). Thus, Dutch 

participants that heard ‘teft’ would thereafter look more at the target ‘theft’ than with the 

other auditory probe, whereas German participants would look more at the same target word 

‘theft’ after they heard ‘seft’. 

 Some preliminary results of Hanulikova and Weber’s study can be found in Graphs 1a 

and 1b. These show the proportion of looks at the target over time for the three different 

conditions. The dotted line indicates the looking proportion when [t]-initial nonwords such as 

‘teft’ were presented, the dashed line indicates the looking proportion for nonwords starting 

with [s] such as ‘seft’, and the straight line indicates the looking proportion for the third 

condition, nonwords starting with [f], such as ‘feft’. The graphs show the looking proportions 

for Dutch participants on the left and those of German participants on the right. The left panel 

shows that Dutch listeners look more at the printed word ‘theft’ on the screen when they hear 

‘teft’. Contrastively, the right panel shows that the German listeners look longer at a printed 

word ‘theft’ on the screen when they hear ‘seft’. The materials being presented in the study 

were spoken by a Dutch native speaker in one experiment and a German native speaker in a 

second experiment. The speaker identity did not have an effect on the looking proportions, as 

the graphs for the German-accented materials showed comparable patterns for both speakers. 
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Graph 1a and 1b: The proportion of looks at the target when English nonwords with a Dutch accent starting with 

[t] (solid line), [s] (dashed line), and [f] (dotted line) are presented auditorily. The y-axis presents the proportion 

of time spent looking at the target, and on the x-axis are the time intervals in ms. Looking proportions of Dutch 

participants are depicted on the left, those of German participants on the right.  

 

 

 The above evidence convincingly suggests that lexical activation of English th-words 

is stronger when listeners are presented with the preferred th-substitution of their own accent. 

This is clear evidence that not only perceptual similarity, but also language-specific 

experience with mispronunciations influences processing. Thus, listeners recognise L2 words 

more easily when they are pronounced in the way that listeners are familiar with from their 

own accent, which is in line with frequency-based accounts of phonological variation 

(Coenen et al. 2001; Clarke & Garrett 2004; Connine 2004; Mitterer & Ernestus 2006; 

Ranbom & Connine 2007; Bradlow & Bent 2008; Pitt 2009). 

 

1.4 Neurophysiological Measures 

Mismatch Negativity 

 The present study seeks to find neurophysiological evidence for the question as to 

whether familiarity with mispronunciations influences the processing of spoken language. A 

well-established method for the study of experience-based auditory memory traces is the 

Mismatch Negativity (MMN) paradigm, which is an Event-Related Potential (ERP) 

component discovered by Näätänen, Gaillard and Mantysalo (1978). The MMN has been used 

in a wide range of studies as an indicator of automatically detected change in a stream of 

input, be it visual (e.g. Kimura et al. 2009) or auditory (for an overview, see Shtyrov and 
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Pulvermüller 2007). As such, an MMN design can create the optimal circumstances for 

obtaining the time course of change detection, as well as the expected differences in the 

MMN amplitude between the preferred and the disfavoured variant of a mispronunciation. 

The MMN is a very early, automatic brain response that becomes visible as a negative 

component of an ERP very shortly after the detection of a deviant feature in a stimulus. In 

addition, MMNs have also been found in fMRI, MEG, and PET studies. A typical MMN 

experiment consists of the presentation of a standard form of a stimulus item for 80 to 90% of 

the time, alternated with deviant forms that are presented for the remaining 10 to 20%, with 

some variation in the ratio of standard and deviant presentation between studies. A typical 

speech-oriented MMN study will present a string of sounds, for example, ba-ba-ba-da-ba (the 

intermixed deviant is marked in italic). The automatic comparisons of incoming sounds are 

typically determined by subtracting the ERPs of standards from those of deviants. These 

automatic comparisons are thought to function as a detector, making it possible to react 

effectively to potentially important information outside the centre of attention of the listener. 

 For phonological deviants, an MMN can be detected between 150 and 350 ms after 

the onset of a divergent feature. An MMN design would be ideal for studying the 

neurophysiological correlates of mispronunciations for a number of reasons. The passive 

auditory processing that is a hallmark of the experimental design, as well as the possibility of 

recording early and automatic brain responses to standards and deviants, creates a unique 

opportunity to find evidence for memory traces in native speakers that are attributable to 

lexical activation. Differences have been found between change detection in sounds that are 

familiar and those that are unfamiliar in a language (e.g. Winkler et al. 1999; Jacobsen et al. 

2004; Kirmse et al. 2008). Furthermore, an MMN design allows us to study the serial order of 

brain processes in spoken-language analyses. It can detect changes in early basic acoustic 

features to higher levels of processing, such as semantic processes, and thereby elucidate the 

way this information is incorporated in models of linguistic processing (Shtyrov et al. 2007). 

The MMN is also ideal for the detection of a single deviant feature and it can be effectively 

obtained when stimuli are unattended to (Alho, 1995). It furthermore provides a particularly 

good method for detecting word-initial deviations (e.g. Kraus et al. 1992; Sussman et al. 

2004; Kirmse et al. 2008).  

 Up to now, neurophysiological research on language-specific features has 

concentrated mainly on differences in neural representations for within- and across-category 

stimuli in L1 speech. Very little is known about neurophysiological responses to accented L2 

speech and whether experience with producing accents results in different neural 
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representations from those in perceiving accents. Consequently, the present study is one of the 

first to look at MMN effects based on accent production and perception. In the following 

sections, the relevant literature on language-specific MMNs will be discussed.  

 

Language-Specific Effects 

 In the proposed study, the MMN design is chosen as a means of detecting experience-

based processing of phoneme substitutions in English speech by Dutch native listeners. These 

phoneme substitutions will consist of the preferred and disfavoured variants of the Dutch 

speakers for the English phoneme [!]. As discussed before, relating sounds to meaning 

involves mapping sounds to phonological categories and this process is strongly influenced by 

experience-based phonetic representations. Thus, language-specific experience affects the 

processing of speech sounds, which has also been shown in EEG research. Previous work has 

demonstrated the effects of phonological mismatches from native versus non-native speech on 

MMN amplitudes. The following section will consist of a discussion of the relevant literature 

on experience-based MMN findings, starting with studies that look at effects of inexperienced 

L2 learners versus native speakers and continuing with a number of studies that investigate 

the effect of L2-experienced versus native speakers. 

 Näätänen and colleagues (1997) studied language-specific phoneme representations 

with both EEG and MEG measurements. Their study is one of the first to raise the question 

whether memory traces in the human brain are language-dependent. Interestingly, Näätänen 

and colleagues confirm that these language-dependent memory traces can indeed be found. In 

their study on Finnish and Estonian native speakers they present the standard /e/, that is part 

of the inventory of both languages (or ‘prototypical’), and the deviants /ö/, /o/ and /õ/, of 

which the former two are prototypical in both languages and the latter is prototypical in 

Estonian only. The language-specific effect that is observed is an enlarged MMN amplitude 

for Finnish listeners to the prototypical deviant /ö/ as opposed to the amplitude elicited by the 

non-prototypical /õ/. The Estonian listeners, for which both deviants are prototypical, do not 

show a difference in MMN amplitudes. These findings were confirmed by MEG recordings. 

The larger MMN for vowels prototypical to the participant’s native language was not driven 

by acoustic features, shown by the fact that the larger MMN occurred only when the deviant 

stimulus was prototypical, and not when the deviant was equally complex but non-

prototypical. Thus, the authors conclude that memory traces of speech sounds are responsible 

for the observed amplitude differences in MMNs, with the prototypical deviant eliciting a 
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larger amplitude than the non-prototypical deviant in Finnish speakers. This finding was 

replicated with twelve-month-old infants, but not with infants of six months, suggesting that 

the memory traces are being developed between six and twelve months of age (Cheour et al. 

1998). 

 In the same line of research, Winkler and colleagues (1999) investigated MMN effects 

of across-category vowel contrasts in Finnish and Hungarian, presented to native listeners of 

both languages. Both Hungarian and Finnish have two different ‘e’ sounds. The Finnish ‘e’ 

sounds are /e/ and /æ/, the Hungarian ‘e’s are /é/ and /"/. The Finnish /e/ overlaps with both 

Hungarian ‘e’s (in the four-dimensional F1-F4 formant space), while the Hungarian /"/ 

overlaps with the two Finnish ‘e’s. From these vowels, sounds were synthesised that were 

categorised as two vowels by listeners of the native language (across-category), whereas they 

were perceived as one vowel (within-category) by L2 listeners. The results showed an 

elicitation of MMNs for both across- and within-category vowel contrasts. MMNs were found 

to be larger for the across-category contrasts in both listener groups, indicating a language-

specific effect attributable to native listener experience.  

 In addition to finding phonetic and phonological MMNs, Pulvermüller and colleagues 

(2001) created a paradigm to investigate the existence of memory traces not only for 

phonemes but also for whole words of the native language. In this study, words and 

pseudowords that each consisted of two syllables were presented to native and non-native 

speakers of Finnish. The stimuli had a long, paused double consonant in between (a feature of 

the Finnish language), thereby enabling the recording of separate brain responses for the first 

and second syllable. The second syllable was chosen to complete a word or a nonword as a 

deviant stimulus. The analysis of the brain responses showed a significantly larger MMN for 

deviant words as opposed to deviant pseudowords, which points towards the existence of 

language-specific memory traces for words. The non-native speakers of Finnish showed no 

significant difference in MMN amplitudes evoked by words or pseudowords.  

 Jacobsen and Schröger (2003) combined the findings of language-specific traces for 

words in a cross-linguistic paradigm. In their study, Hungarian and German participants were 

presented with two conditions: one in which language-familiar, lexical and meaningful words 

were used and the second in which language-unfamiliar, meaningless words were used. The 

presented standards and deviants were crossed as well, resulting in a fully crossed design with 

word and nonword deviants and word and nonword standards, further divided over both 

language-familiar and language-unfamiliar conditions. Because of the crossed design, 

confounding factors stemming from acoustical variance in the stimuli could be excluded. The 
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main aim of the design was to find out whether lexicality effects could be observed in the 

ignored stream of stimuli, and this was indeed found.  For both German and Hungarian 

listeners, the MMN response had higher amplitudes in the context of language-familiar 

standards than language-unfamiliar standards, irrespective of the lexicality of the deviant. 

Therefore, it seems that the default memory-based process of change detection is sensitive to 

factors of lexicality in the presented material. The processing of the deviant stimulus in itself, 

however, does not seem to depend on lexicality factors, as in both language groups this 

interaction was not significant. 

  In addition to looking at language-specific processes that are either present or absent 

in groups of speakers of different languages, it is interesting to investigate whether advanced 

L2 learners show neurophysiological sensitivity to phenomena that are specific for the L2. 

Nenonenet al. (2003) chose this line of approach in a study on phoneme duration, which is a 

phonologically distinct feature in Finnish, being a quantity language. Their study examined 

whether familiarity with this feature leads native speakers of Finnish to develop improved 

discriminative abilities for duration in both speech and non-speech. In particular, they studied 

whether this ability is present in advanced L2 learners of Finnish, a group of 10- to 14-year-

old children who spoke Finnish fluently and had lived in Finland for a number of years 

(average residence 5.2 years). The children had arrived at a young age (average age 7;6) and 

their native language was Russian. Conditions consisted of speech-sound and non-speech-

sound stimuli, with the standard being 50 ms longer than the deviant in both conditions. The 

speech and non-speech stimuli elicited MMNs in the L1 and in the L2 language groups. The 

crucial finding here, however, was that the MMN elicited in the speech duration condition 

elicited an enlarged amplitude in native Finnish speakers. The non-speech duration contrast 

did not show differences between the two language groups, indicating that the L1 group was 

more sensitive to duration change detection for speech. Thus, even after years of exposure, 

the L2 learners did not obtain the discriminative abilities of native speakers. This finding was 

confirmed by Ylinen and colleagues (2006). 

 The influences of quantity as opposed to non-quantity languages on the processing of 

unattended stimuli are further elaborated by Kirmse and colleagues (2008), as their study 

demonstrates that native listeners of German and Finnish show different effects of linguistic 

experience on vowel duration contrasts. In their study, the syllables of the pseudoword ‘sasa’ 

were manipulated for vowel length, with either two short vowels, or a long vowel at the first 

or second position functioning as deviants. Although all contrasts led to MMNs in both 

language groups, the contrasts resulted in shorter MMN latencies for the Finnish speakers, for 
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whom vowel duration is phonemically highly relevant. In addition, differences in 

lateralisation of the MMNs were noted, with the Finnish speakers showing a more left-

lateralised pattern than the German speakers. No differences in amplitudes were observed, in 

contrast with the findings of Nenonen and colleagues (2003) and Ylinen and colleagues 

(2006). 

 Frequency-specific effects occurring within a given language have also been 

investigated. Tavabi and colleagues (2009), for example, have studied the appropriateness of 

German nasal assimilations in an MMNm design, the magnetic (MEG) counterpart of the 

electrical MMN. Phonological variations caused by nasal regressive assimilation from /n/ to 

/m/ or vice versa were presented in an oddball block and in a reversed control condition. The 

crucial environments for the assimilations were manipulated, resulting in an appropriate (e.g. 

‘ondo’ to ‘ombo’) or inappropriate (e.g. ‘onbo’ to ‘ombo’) pseudoword context for the nasal 

assimilation to take place. Furthermore, frequency was taken into account, with assimilations 

from /n/ to /m/ being frequent and those from /m/ to /n/ infrequent. Thus, these manipulations 

resulted in four conditions with reversed standards and deviants. All conditions elicited 

MMNms from the German listeners. Their results showed effects of both frequency and 

contextual appropriateness of the assimilations, with significant interactions found only 

between frequent and infrequent contextually appropriate conditions.  

 Another study looking at the perception of language-specific contrasts is that by Díaz 

and colleagues (2008). They studied the mastery of the Catalan phonetic contrast of the 

midfront vowels /e-"/ for individual effects, the main question being whether individual 

variability in perceiving L2 phonetic contrasts could be ascribed to general psychoacoustic 

abilities or whether speech-specific abilities were the underlying factor. In Spain, both 

Spanish and Catalan are official languages, leading to a large percentage of bilingual 

inhabitants. The Catalan /e-"/-contrast is very hard to perceive for Spanish natives. In the 

study, two groups of bilinguals were tested, who were either good or poor at perceiving the 

contrast. To test which factors could possibly account for the difference in perception abilities 

of the two groups, discrimination accuracy was tested in three acoustical conditions: duration, 

frequency and pattern. In this way, the auditory perception system could be tested on three 

factors that are crucial to phoneme perception. In addition, the participants’ discrimination 

abilities for the vowel contrast were assessed. Crucially, the MMNs for the tested acoustic 

properties frequency, duration and pattern were not significantly different for the good and 

poor perceivers, indicating that perception differences cannot be accounted for by general 

psychoacoustic abilities. On the other hand, a strong group effect of speech sounds was found, 
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with the group that could distinguish the phonetic contrast well eliciting much larger MMNs 

than other phonetic contrasts. In this case, experience with a phonetic contrast clearly results 

in different perceptual abilities based on speech-specific abilities. 

 The discussed studies on language-specific effects are based upon the theory that 

specific memory traces react to different language phenomena. Next to neuronal populations 

that may react specifically to frequency, tone duration, pitch, etc. (see section on Control 

Block), there may be language-specific traces that have been formed because of experience 

with the language. Näätänen (2002) suggests a framework that captures these phoneme traces. 

Table 4 shows the properties of these traces. 

  

 

Table 4. The properties of phoneme traces (from Näätänen, 2002). 

 

 The discussed literature on phoneme boundaries, lexicality and other language-

specific effects emphasises that linguistic information is capable of triggering additional 

comparison processes. The neural representations that evoke the brain responses seem to be 

probed by phonetic rather than acoustic memory traces. The comparison mechanisms at work 

may be specifically tuned-in to deviating information in the native language of the listener 

through a process of language experience. Next to categorical perception of phonemes, it has 

been shown that lexicality of the stimuli also evokes enlarged responses in the MMN design. 

In the present study, a passive auditory oddball experiment will investigate whether 

established variants of English voiceless [!] will influence the processing of the favoured 

substitute [t] and the less preferred substitute [s] for native speakers of Dutch that are late L2 



 

 

 

25 

learners of English. Effects of experience are expected to influence the processing of the 

language-favoured [t] over [s] as a preferred mismatch of [!]. Next to language-specific 

experience, however, an effect could arise from acoustical similarity. This applies, for 

example, to property (5) of Table 4. If, in a categorisation process, traces are activated by 

sounds that form a good match with the target, this may provide a ground on which [t] will 

evoke different MMN amplitudes from [s] as a match for [!], the latter providing the better 

match in acoustical terms. 

Phonological P2 Effects 

 Apart from the anticipation of an MMN, it could be that earlier effects will be found. 

Previous studies on categorical phoneme perception have found such additional P2 effects. 

Dehaene-Lambertz (1997) for instance tested categorical phoneme perception on adults and 

found P2 and P3 effects in addition to an MMN for across-category phonemic deviants. In her 

study, French-speaking adults were presented with trials consisting of blocks of four syllables. 

The last syllable was either the same as the previous three, constituting the control condition, 

a variant within the same phonetic category, creating a within-category condition, or it 

belonged to a different phonetic category, creating an across-category condition. The 

acoustical difference from the control syllable was the same for the within- and across-

category deviants. These three conditions were then presented in native (French) and non-

native (Hindi) materials. Thus, the critical questions are whether language-specific phonemic 

boundaries influence the electrophysiological measures, and whether change detection is 

influenced more by general acoustic or by specific linguistic processes. The participants had 

to decide consciously whether the fourth syllable was different from the first three by making 

bimanual yes-no responses. At the same time, 128-electrode recordings were made. These 

recordings showed a much larger MMN for the native across-category condition than for the 

other three conditions. In addition, P2 and P3 effects were visible only for this condition. No 

effects of acoustic contrast were found. For the non-native condition, which consisted of the 

Hindi contrast between dental /d/ and retroflex /D/ that are both perceived as alveolar /d/ by 

the French listeners, no MMNs were found. The only significant effect was a P3, which 

turned out to be an effect of the acoustic contrast. Because the acoustic distance was the same 

in all conditions, Dehaene-Lambertz (1997) assumes that ‘phonemic characteristics are coded 

and stored in sensory memory and contribute to the mismatch process’. An important point to 

keep in mind, however, is that the attention-specific nature of this study may have increased 

the evoked responses to the phonemic change.  
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 Dehaene-Lambertz poses two possible explanations for the loss of categorical 

perception in adults. The first assumes that neural representations of sounds within the same 

native phonemic category become more alike, obtaining ‘shrinkage’ of perceptual distance as 

a result. The second possibility is that adults keep the early phonetic perception in 

combination with a ‘late attention filter’. The results from the present study seem to favour 

the first hypothesis over the second, as no MMNs were derived from the non-native materials.    

 Brunellière, et al. (2009) recently investigated the role of phoneme perception in an 

MMN study on vowel mergers. The main issue they were interested in is whether exposure to 

a merged vowel has an influence on the actual perception of the unmerged native vowels. 

Brunellière and colleagues looked at the /e/-/"/ contrast that is absent in Southern French-

speaking regions and which is in the process of merging in Northern French-speaking regions, 

and compared it with the stable /ø/-/y/ contrast. In the experiment, French-speaking 

participants from Switzerland were presented with a same-different task comparable to the 

decision task of Dehaene-Lambertz. Trials consisted of a sequence of five syllables with the 

last syllable being the same (control condition) or phonemically deviant. The phonemically 

deviant final syllable could be either the stable or the unstable, merged contrast. Note that the 

participants still had the unmerged vowels in their native variety, although they were familiar 

with the merged vowels. The results showed interesting processing differences for both 

contrasts. The /e/-/"/ contrast, which constitutes a regional within-category contrast, only 

elicits an MMN, whereas the across-category /ø/-/y/ contrast also shows a significant 

difference in the P2. The latter contrast is thus detected earlier, which means that the contrast 

is more salient than the /e/-/"/ contrast, even though both contrast pairs have the same acoustic 

difference as each other. The P2 effect therefore must be phonemic instead of acoustic in 

nature. Again, attention-specific effects cannot be completely excluded, although the authors 

suggest that conscious effects would probably become visible at a later stage, together with 

motor preparation and response execution. The difference in change detection between the 

stable and unstable contrasts is accounted for by the suggestion of a ‘phonemotopic map’ in 

the Perisylvian region. According to this view, memory traces exist of each vowel separately. 

If the representations of the merging vowels /e/ and /"/ lie close together, discriminating them 

may be more difficult. The existence of a phoneme-specific neural population was also 

suggested by Dehaene-Lambertz (1997).   
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Control Block 

 In many studies, a control condition is added to the MMN-oddball block. The main 

reason for the inclusion of a control block is that a straightforward standard-minus-deviant 

wave may not give the complete picture. It could well be that the observed MMN in such a 

paradigm is confounded by characteristics that are unique to the stimuli that are being 

compared. Especially when using speech stimuli, it would be safer to compare the deviant 

with a physically identical stimulus from a control condition. The comparison can provide a 

clean interpretation of observed MMN results, without the influence of stimuli-specific 

interactions. In studies investigating properties of natural speech, which is in itself variable, it 

is particularly useful and recommended to employ a control condition. There are several ways 

to include such a condition. In a number of studies, the standard-deviant design is fully 

crossed, meaning that the deviant of a first block is the standard in a second block and vice 

versa (e.g. Colin et al. 2004; Tavabi et al. 2009). Alternatively, one can opt for the inclusion 

of an equiprobable block. In such a condition, stimuli that functioned as either standard or 

deviant in an oddball block will be each presented for an equal amount of the time.

 Such an equiprobable block, in which every stimulus is presented for an equal 

proportion of the total number of stimuli, has been used to exclude potential refractoriness 

effects of neural populations (e.g. Jacobsen & Schröger 2003), to eliminate interfering N1 

effects (e.g. Horváth et al. 2008), or simply to compare stimuli that function as a deviant or as 

a standard (e.g. Li-Jun et al. 2008). The literature on equiprobable blocks seems to include 

this paradigm mostly as a condition to enable to make judgements on the nature of the elicited 

MMNs: whether these originate from memory-based cognitive mechanisms or whether they 

stem from a sensory-based mechanism. The latter, a sensory-based view, would account for 

MMNs as a result of simple comparison mechanisms between activated neural populations. 

The sensorial mechanism results straightforwardly from differential states of refractoriness of 

specific neuronal populations. Memory-based cognitive mechanisms, on the other hand, 

would result in MMNs because of cortical models of feature-specific neural populations. The 

cognitive comparator mechanism leads to a comparison between the neuronal model of a 

frequently presented sound and a memory representation of the deviant sound. It is assumed 

that different neural populations could be activated because of changes in frequency, duration, 

within-category phonemes (see previous section), pitch, intensity, tone reversals, and so on.  

 Jacobsen and Schröger (2003) performed a study on temporal features of sound 

identification in order to find out if the duration MMN was truly owed to memory-based 

mismatch detection. To rule out the possibility that the MMN originated from differential 
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states of refractoriness, which is the amount of neural excitation, they tested control 

conditions in the experiment. In addition to an oddball block with a standard and a deviant, 

they tested a reversed deviant-standard block as well as two blocks in which the standard and 

deviant from the oddball block had an equal probability. Since the standard and deviant 

functioned in control conditions, in which they were reversed or equally often presented, 

potential refractoriness effects could be excluded. It was demonstrated that the elicited 

duration MMNs were memory-based as opposed to sensory-based. 

 In a study that used functional magnetic resonance imaging (fMRI) to investigate the 

attribution of sensory- versus cognitive-based explanations for MMNs, Opitz, Schröger and 

Yves von Cramon (2005) sought to identify the neural regions that play a role in either of 

these mechanisms. The magnetic MMN (MMNm) is evoked by presenting deviants with a 

pitch change. By the addition of a control condition comprised of ten equiprobable tones 

differing in frequency, an evaluation was made of the contributions of the sensory and 

cognitive mechanisms. The contribution of the memory-based mechanism was revealed by 

comparison of the deviant of the oddball block with exactly the same stimulus in the control 

condition, whereas the contribution of the sensory-based mechanism could be demonstrated 

by comparison of the ERPs of the standard of the oddball block with the same stimulus in the 

control block. Stimuli consisted of ten different sinusoidal tones with frequencies between 

300 and 700 Hz. All stimuli functioned as a deviant in an oddball block and as a control in an 

equiprobable block. Interestingly, by isolation of the sensory and cognitive mechanisms, 

different brain regions were identified, with the sensory mechanism leading to increased 

activity in the lateral aspect of the posterior rim of Heschl’s gyrus bilaterally. The cognitive 

mechanism involved a non-primary auditory area within the anterior part of Heschl’s gyrus. 

The found locations are in agreement with previous source-detecting studies on the instigation 

of an MMN. The study thus confirms that both mechanisms contribute to MMNs. Owing, 

however, to the qualities of fMRI study, the MMN could not be disentangled by Opitz and 

colleagues.  

 Further evidence for the simultaneous contributions of the two modalities comes from 

Maess et al. (2007), who also attempted to disentangle the sensorial and cognitive 

mechanisms and to locate the neural origins of both contributions. For this, they used whole-

head MEG to elicit MMNms, in order to look at the specific time course of the activation. 

They looked at mismatches evoked by differences in frequency, as in the previously described 

study (Opitz et al. 2005). The stimuli consisted of ten sinusoidal tones with a 10% increase in 

frequency starting at 500 Hz. The control condition added next to the oddball condition 
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consisted of an equal probability of standards and deviants that were used in the oddball 

blocks. That is, each stimulus in the control study occurred with equal probability as the 

deviant in the oddball condition. Their source location analyses revealed evidence for both the 

sensory and cognitive mechanisms. 

 Studies that opt for an equiprobable paradigm usually include it to be able to make 

comparisons between different change-detecting mechanisms in the brain, but also to make 

straightforward standard-deviant comparisons.  

   

2 Research Question and Hypothesis 

 

 The general research question of this study is whether experience with accent-specific 

th-mispronunciations in English influences the activation of memory traces in an MMN 

design. More precisely, the research question is: Does the presentation of the preferred th-

substitution of the listeners result in smaller MMNs or longer MMN latencies than does the 

presentation of a less common mispronunciation? In other words, compared with the standard 

[!], does the presentation of the preferred deviant [t] result in smaller MMN amplitudes 

and/or longer MMN latencies than the presentation of the deviant [s] for Dutch listeners?  

 An MMN study will be implemented containing a standard English pseudoword 

beginning with [!]. As deviants, two pseudowords starting with either [t] or [s] will be 

presented in distinct conditions. Although both variants are expected to elicit an MMN, the 

expectation is that the presentation of the less preferred mispronunciation for Dutch native 

speakers, the variant containing [s] at word onset, will result in a larger MMN amplitude 

and/or shorter MMN latencies, compared with the standard, than will the variant containing 

[t] at word onset.  

 It is important to note that, alternatively, differences in MMN amplitude and latency 

between the deviants [t] and [s] could be expected merely owing to their relative acoustic 

distance from [!]. That is, as discussed before (see section 1.3), [t] and [s] are not ‘equally 

different’ from [!] in acoustic terms. The phoneme [t] differs from [!] in place and manner of 

articulation, whereas [s] differs only in place of articulation. To draw definite conclusions on 

the processing of these deviants by Dutch listeners and on the nature of any observable 

variations, additional studies on German listeners will be conducted in the near future. An 

interaction between the language groups is anticipated, resembling those found by the eye-

tracking study of Hanulikova and Weber. The differences in acoustic terms are expected to be 
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subservient to the experience-based effects of Dutch listeners, as it was the case in 

Hanulokova and Weber, such that any observable variations in the MMNs for [t] and [s] are 

because of their relative familiarity as a substitution for [!]. It is also worth noting that, should 

a difference in MMN amplitude and/or latency between the deviants [t] and [s] be purely 

based on acoustic features, the expected result for Dutch listeners is a higher amplitude and 

shorter latency for [t], as it is phonetically less similar to [!] than is [s] (see also Wester et al. 

2007). Furthermore, if the interactions between the deviants are completely language-

independent, the results for both language groups should be the same. The expectation of the 

present study, however, is that it will expose a language-specific effect, such that the deviant 

[s] will lead to higher MMN amplitudes and/or shorter latencies, and that this language-

specific interaction is based on experience-related memory traces of the Dutch listeners.  

 

3 Research Design and Materials 

3.1 Participants 

 In this study, eighteen native listeners of Dutch participated. They were aged between 

18 and 32. Two participants (both male) were excluded on the basis of insufficient results in a 

subsequent ABX discrimination task. The sixteen participants that were included had a mean 

age of 23 (SD 3.3, nine females). Most of them were students of the University of Nijmegen.  

Participants were right-handers according to the Edinburgh Handedness Inventory, and they 

had good hearing and reported no speech or language problems. Furthermore, they had a good 

command of English and were not early bi- or multilinguals. They had an average of 7.6 years 

(SD 0.7) of English education in Dutch schools. Participants were paid for taking part in the 

experiment. 

  

3.2 Stimuli 

 The stimuli consisted of the single monosyllabic pseudoword ‘thond’ [!ond]. The 

deviants, or mispronunciations, were ‘tond’ [tond] and ‘sond’ [sond], respectively. The 

stimuli were recorded by a native speaker of American English. A native American speaker 

instead of a Dutch accented speaker was chosen in order to ensure a good comparison for both 

the Dutch listener group in the present experiment and the German listener group in the 

follow-up experiment. The stimuli were cross- and identity-spliced by editing in the Praat 
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software package (Boersma & Weenink 2002) to avoid the elicitation of MMNs owing to 

irregularities contained in features other than the beginning phoneme in the recorded 

materials. Splicing was done by first recording several instances of the pseudowords. From 

these, fluent and clear tokens of ‘thond’, ‘tond’ and ‘sond’ that were as similar as possible 

with respect to pitch, quality, duration and overall amplitude were chosen. Splicing points 

were set at amplitude zero-crossings to avoid clicks or an unnatural sounding transition. 

Identity splicing of [!ond] was the first step in the manipulation of the stimuli. The beginning 

of the vowel of the word ending [ond] was freed of coarticulatory information of the [!] by 

replacement of the first four vowel periods with four vowel periods from the steady state of 

the vowel. A Praat script was run over the vowel to create a natural sounding fade-in and 

fade-out of the word ending, by ramping the amplitudes on and off to get rid of an excessively 

sudden onset. The same word ending, [ond], was pasted together with the beginning 

phonemes [!] from a second recording, as well as with [t] and [s], taken from recordings of 

[tond] and [sond] respectively, and stimuli were normalised for sound intensity. Variation in 

the stimuli was added by the creation of pitch changes of +6, +12, -6 and -12 Hz. These pitch 

variations made it possible to abstract away from the specific acoustic properties of one token 

(see also Bien, Lagemann, Dobel & Zwitserlood 2009). Application of the pitch variations 

resulted in five tokens per pseudoword, thereby creating fifteen different tokens. The tokens 

were labelled a and b for respectively the + 6 and +12 variations, and c and d for the -6 and -

12 variations, respectively. The length of the stimuli was 593 ms for [!ond], 499 ms for [tond] 

and 609 ms for [sond] (see Figure 1a-c). 

 

 

Figure 1a-c. Sound duration of [!ond], [tond] and [sond].   

3.3 EEG Recording 

 The EEG recordings were made with the actiCAP system (Brain Products GmbH, 

Munich, Germany). This system makes use of active Ag/AgCl electrodes, which means that 

each electrode has an internal preamplifier, keeping the impedances very low. Another 
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advantage is that no extensive skin preparation is needed, as the sensors make contact with the 

skin with the use of electrolytic gel. The gel is applied through a small hole in the electrodes 

with a hollow needle. Impedances were kept below 20 k& throughout the recordings. 

A total of 38 electrodes were placed on standard electrode sites. The electrodes were 

referenced to the electrode that was placed at the right mastoid, M2. In addition, one electrode 

was placed underneath the left eye to monitor the vertical oculogram. The horizontal 

oculograms were monitored by electrodes F9 and F10. EEG signals were amplified with 

BrainAmp DC amplifiers. 

  

3.4 Procedure 

EEG Recordings 

 Participants were equipped with a 38-electrode cap on a common connector and were 

placed in front of a computer screen in a soundproof, electrically shielded EEG-booth. The 

auditory stimuli were presented over speakers at approximately 60 dB. To limit possible 

effects of attention and specific task effects, participants were instructed to watch a self-

selected silent film while the stimuli were being presented, with a choice of two types, 

cartoons or nature documentaries, both without subtitles. Participants were instructed to 

ignore the auditory stimuli that were presented to them. The scripts for this experiment were 

created with Presentation
®

 software. Tests for the correct sending of marker timing and type 

were carried out with an oscilloscope prior to the running of the experiment. Stimuli were 

presented in two different blocks. The first block was the multideviant block, wherein the 

standard [!ond] was presented for 80% and the deviants [tond] and [sond] both for 10% of the 

time (see Table 5). The stimuli were presented in a random order, with the criteria that every 

block started with at least eight standards, and that deviants were always presented with at 

least two standards in between. Stimuli were presented at 1000 ms inter-stimulus intervals 

(ISIs; for a discussion on appropriate ISIs see Sams et al 1993, who showed elicitation of 

significant MMNs for ISIs ranging from 750 to 3000 ms). The multideviant block consisted 

of 1000 stimuli and lasted for 26 minutes.  

 After the multideviant block, participants were allowed a short break. The second 

block consisted of an equiprobable paradigm, the control condition, in which [!ond], [tond] 

and [sond] were each presented for 33.3 % of the time. It will be interesting to see whether, in 

the present study, sensory-based mechanisms that detect mere acoustic changes can be 
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disentangled from cognitive-based mechanisms that compare differential states of neural 

refractoriness. Therefore, the comparison with the equiprobable block will be crucial, as this 

will result in the so-called ‘identity MMN’ based upon language experience. This 

‘multistandard’ block functioned as a control condition, creating a baseline for comparison of 

the standard and deviants from the first block. Its control function furthermore was applied to 

the alignment of [t]. As the onset of this plosive is variable, a control condition safeguarded 

possible alignment effects resulting in divergent MMN amplitudes. The equiprobable block 

consisted of 600 stimuli, with each stimulus randomly presented 200 times, and lasted for 

nineteen minutes.   

 Participants were instructed to start each new block when they were ready. Table 5 

shows the distribution of standards and deviants for the different blocks.  

     

 

Table 5. Conditions of MMN study.  

 

ABX-Task 

 After the EEG recordings, participants were 

instructed to stay in the booth while they completed a 

discrimination ABX-task. The ABX-task is a simple 

psychophysical task that can be used for a large variety of 

stimuli (see Hautus & Meng 2002). The principal purpose 

of this task is to test whether participants can distinguish 

between two stimuli. These are presented in a random order 

at the A and B positions and they are followed by a third 

stimulus at the X position that matches the first or the 

second stimulus, hence, ‘ABX-task’. The stimuli that are 

presented at A and B are termed standards; the X-stimulus 

is referred to as the focus.                                          Table 6. ABX-trials.  
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 In this study, a straightforward ABX-task was added as a control condition to test 

whether participants had any difficulty in consciously discriminating the three stimuli [!ond], 

[tond] and [sond]. It is expected that participants will have little difficulty in perceiving the 

different phonemes, but it would be interesting to find out whether Dutch participants have 

more trouble keeping [!] and [t] apart, and whether Germans experience any difficulty 

keeping [!] and [s] apart. In the ABX-task, the stimuli [!ond], [tond] and [sond] were 

presented in random order at the A and B positions, with the focus matching either the A or B 

stimulus on each trial. This created a total of twelve trials (see Table 6). The participant 

needed to match the focus to the preceding standards by making a simple binary decision, 

namely pressing the left shift button when the focus matched the first stimulus, and pressing 

the right shift button when the focus matched the second stimulus. Stimuli were presented at 

ISIs of 800 ms. 

Production Task 

 To check whether the analysed participants actually produced the expected phoneme 

substitutions for Dutch speakers, the participants were asked to read an English text aloud. 

This was done to make sure the participants did not behave differently with regard to the 

production of the preferred th-substitution. The text can be found in the appendix (‘Three 

Siblings’), with the crucial words marked. In the previously mentioned eye-tracking study by 

Hanulikova and Weber, participants were asked to complete the same task. This production 

task consisted of a short story containing a large number of th-words. The stories were 

recorded and all relevant word-initial th-pronunciations labelled, providing an overview of the 

th-substitutions of the participants. This enabled the comparison of the outcomes of the 

present processing study and the actual production data of th-words and their likely 

substitutions.  

Debriefing 

 After the production task, participants were asked to complete questionnaires (see 

appendix) containing the Edinburgh Handedness Inventory, language proficiency questions 

and some questions regarding the perceived words in the experience. Participants were asked 

to tick the words they heard from a multiple choice of: thond, tond, sond, fond, lond, zond and 

dond. They were also asked to write down the word that they thought they heard most often in 

the experiment.  
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4 Results  

4.1 EEG Recordings 

 Since the ultimate goal of this study was to compare the results of the Dutch speakers 

with those of the German speakers, it was decided to carry out the analyses with the software 

that is used at the University of Münster, where the second part of the experiment will take 

place. The analyses were carried out with Advanced Source Analyses (ASA) software 

(Advanced Neuro Technology, Enschede, The Netherlands). Firstly, the raw data were 

rereferenced to the right mastoid (M2). Then, to monitor the vertical and horizontal 

oculograms (VEOG and HEOG), bipolar channels were added by subtracting Fp1 from V1 

for VEOG monitoring and by subtracting F10 from F9 for HEOG monitoring. The data were 

then 35 Hz low pass filtered with a slope of 12 dB/oct. Artefacts were excluded for the -75 to 

75 µV range. For all epochs, a baseline correction of -250 ms was employed. Segmentation 

took place for all epochs of interest, for a time window of -250 to 550 ms. This was done for 

both blocks. The averages of the two blocks and three conditions were first computed for each 

participant. The signal of each participant was visually inspected to detect possible bad 

electrodes or other abnormalities. The grand averages (GAs) of all conditions were computed 

and, for the analysis of the first block, the GA elicited by the standard [!ond] was subtracted 

from those of the deviants [tond] and [sond]. For the second block, the procedure was the 

same, but since [!ond], [tond] and [sond] were presented with an equal distribution, they are 

all considered as standard here.  

 Topographic maps can be found in Figure 2a-c. Figure 2a, block 1, shows the time 

course of the topography of the difference in brain responses from 31 until 415 ms after onset, 

with each frame corresponding to a time window of 32 ms. The top row shows the  

topography of deviant [sond] minus standard [!ond], the bottom rows depict deviant [tond] 

minus standard [!ond]. The same topography for the equiprobable block 2 can be found in 

Figure 2b. These maps show very similar results for block 1 and 2. Both deviants [tond] and 

[sond] show a very early negativity, followed by a strong positivity, which goes over into a 

stronger negativity again. This resembles the transition from N1 - P2 - MMN, as also 

becomes visible in Figures 3 to 6. In both blocks, the effects elicited by [tond] and [sond] are 

very similar in their pattern. The only difference that becomes clear in Figures 2a and 2b is a 

latency difference: the responses for [tond] always happen around one or two frames earlier 

than those for [sond], indicating a difference of at least .032 ms. The maps in Figure 2c show 

the cleaned-up difference waves of [sond] in block 1 minus [sond] in block 2 in the top row, 
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and the difference of [tond] in block 1 minus [tond] in block 2 in the bottom row. Time 

windows are chosen from 102 to 486 ms, with an interval of 32 ms. Here, a similar pattern 

arises to that in Figures 2a and 2b, with again a latency difference as the main effect visible.  

 For all conditions, peak scores were extracted according to the relevant MMN time 

windows. These were determined by visual inspection and by calculation of the point of 

maximum amplitude for the separate conditions. For [tond], the relevant time windows were 

set at 200 to 300 ms after stimulus onset, and for [sond] time windows between 250 to 350 

after stimulus onset were chosen. Electrodes that were included in the repeated measures 

analysis of variance (ANOVA) were visually selected on the basis of their relevance to MMN 

analysis. Of the 38 electrodes used for recording, nineteen were selected: Fp1, Fp2, F3, F4, 

C3, C4, F7, F8, T7, Fz, Cz, FC1, FC2, CP1, CP2, FC5, FC6, CP5 and CP6, see Figure 3.  
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Figure 3. Block 1: The selected electrodes for statistical analyses. Time window from -250 before to 448 ms 

after stimulus onset. Negative is plotted upward. Difference waves for [tond] minus [!ond] are shown in black, 

those for [sond] minus [!ond] in blue.  

 

The repeated measures ANOVA for block 1 showed significant effects for the MMNs of both 

[tond] and [sond]. The MMN of [tond] minus [!ond] vs. the MMN of [sond] minus [!ond] 

was significant for maximum amplitude (F(1, 15) = 7.9, p<0.02), maximum latency (F(1,15) 

= 63.4, p<0.01), and area measured in µV per ms (F(1,15) = 6.5, p<0.05). Figure 4 shows the 

difference waves of [tond] and [sond] minus [!ond] for single electrode Fz, with N1, P2 and 

MMN marked. For block 2 (see Figure 5) these difference waves were also significantly 

different regarding maximum amplitude (F(1,15) = 11.2, p<.005), maximum latency (F(1,15) 

= 53.4, p<.001) and area (F(1,15) = 12.5, p<.004).  

 

       

 Figure 4. Block 1: difference waves for Fz.        Figure 5. Block 2: difference waves for Fz.   
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Analysis of the difference waves of [tond] and [sond] as deviant versus their occurrence in the 

equiprobable block, i.e. [tond] in block 1 minus [tond] in block 2 and the same for [sond] (see 

Figure 6) revealed no significant interactions between the two for maximum amplitude (F(1, 

15) = .4, p>.5) or area (F(1,15) = .120, p>.7). There was, however, a significant interaction 

for maximum latency (F(1,15) = 44.4, p<.001).  

 

 

Figure 6. Deviants minus equiprobable stimuli.  

 

 Since the observed P2 seemed rather large, and P2-effects have been found before in 

studies that look at language-specific effects (Dehaene-Lambertz 1997; Brunellière et al. 

2009) it was analysed here as well. The time window of the P2 for [tond] in block 1 minus 

[tond] in block 2 was set at 100 to 200 ms, and it was compared with the P2 of [sond] in block 

1 minus [sond] in block 2, that had a time window of 110 to 210 ms. The interactions for 

maximum amplitude, maximum latency and area were all not significant.  

 

4.2 ABX-Task 

 The results of the ABX-task with errors per item can be found in the appendix. 

Because of their rather large number of errors, participants 12 and 13 were excluded from all 

analyses. The number of errors per condition can be found in Table 7. The three conditions 

contain the pseudoword pairs that had to be discriminated, with [!ond] versus [tond] in 

condition 1, [!ond] versus [sond] in condition 2 and [tond] versus [sond] in condition 3. 

Taken altogether, the participants made 2, 10 and 0 errors out of 72 in conditions 1, 2 and 3 

respectively. 



 

 

 

40 

 

Table 7. ABX-results: Errors per person can be found in the bottom row. Errors per condition are shown in the 

rightmost column.  

 

In a repeated measures analyses of variance (ANOVA), significant effects were found for 

error (F(2, 30) = 5.3, p<0.05), but not for reaction times. Pairwise comparisons for the main 

effect of error indicated that the effect is driven by an interaction between conditions 2 and 3 

(F(1,15) = 6.8, p<0.05). The results of the ABX-task show a significant interaction between 

condition and error rate. It was harder to distinguish [!ond] from [sond] than from [tond]. 

These findings can be explained in terms of the acoustic properties of the stimuli. [!] is closer 

to [s] than to [t], making it harder to distinguish between the two. The error rate thus argues 

against conscious experience-based perception effects, by which Dutch speakers would have 

perceived [t] a closer match to [!] than [s]. This is in line with the results of Cutler and 

colleagues (2004) as discussed in section 1.3 on English phoneme confusions by Dutch 

listeners. As they found that Dutch listeners classify [s] as [!] for a proportion of 24.6% and 

[!] as [s] for only 0.4%, it is likely that the discrimination difficulties arose from mistakenly 

classifying [s] as [!].      

 

4.3 Production Task 

 The recordings of the stories with a number of !-initial words were labelled to give an 

impression of the production of the mismatches. This task was included to check whether the 

included participants indeed preferred the production of [t] as a substitute for [!], which was 

confirmed by the labelling. The labelling can be found in the appendix. The total number of 

crucial words starting with [!] for all participants together was 288. Of these word-initial [!]s, 

122 were produced off-target, with a mean number of 7.6 mismatches for each participant 

(SD 5.0). The substitution errors were grouped in [t], [s], [f] or ‘other’, the latter condition 

consisting of all mismatches that were not [t], [s], or [f]. The distribution in percentages can 
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be seen in Table 8a below. When the ‘other’ category is ignored, the distribution over the 

likely mismatch categories for Dutch speakers is depicted in Table 8b.  

 

 
Table 8a (left): Distribution of mismatches 

Table 8b (right): Distribution of mismatches over [t], [s], and [f] 

 

 Most participants seemed to have their preferred substitutes for [!]. It is worth noting 

that the numbers in this sample differ a little from those found in the production study by 

Hanulikova and Weber. The participants in their sample produced a [t] for 73%, an [s] for 

19% and an [f] for 8% of the substitutions, similarly to the production study by Wester and 

colleagues (2007), who found a proportion of 64% [t], 21% [s] and 13% [f]. Thus, the 

preference for [s] and [f] seems to be reversed. This can be explained by a number of factors. 

Firstly, the number of participants differs greatly in their study from the small number of 

sixteen in the present study. The small sample described here is thus more sensitive to effects 

driven by a small number of participants. This could indeed be the case, since there were two 

participants who produced a very large number of [f]s. Secondly, the labelling in this study is 

carried out by just one researcher, whereas the labelling in the Hanulikova study was 

performed by three labellers, in addition to a check for inconsistent labelling by a trained 

phonetician.  

 

4.4 Debriefing 

 In the debriefing part of the experiment, all participants were given a few 

questionnaires to complete. These questionnaires can be found in the appendix. The 

Edinburgh Handedness Inventory indicated that all participants were right-handed with a 

mean score of 81.9. A score of more than 40 indicates right-handedness (Oldfield 1971). In 

the debriefing, participants were also asked which word they thought was presented most 

often. Recall that, in the first block, ‘thond’ was presented 80% of the time and ‘tond’ and 
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‘sond’ 10% of the time. Surprisingly, four participants reported hearing ‘tond’, four 

participants reported ‘thond’, seven participants reported ‘fond’ and one reported ‘sond’. A 

possible explanation for this effect will be provided in the Discussion. 

 

5 Discussion and Further Research 

5.1 General Discussion 

 The possibility of experience-based MMNs elicited by highly preferred and less 

preferred L2 phoneme substitutions was investigated in this study; in particular, th-

substitutions in English were tested on Dutch listeners. The design consisted of a multideviant 

block and a control condition, in the latter of which the stimuli were presented with equal 

probability. The elicitation of MMNs was clearly shown in block 1, the multideviant 

condition, in which [!ond] was the standard and [tond] and [sond] functioned as deviants. The 

hypothesis was that the presentation of the less preferred mispronunciation for Dutch native 

speakers, the variant containing [s] at word onset, would result in a larger MMN amplitude 

and possibly shorter MMN latencies as compared with the standard, than would the variant 

containing [t] at word onset. The results showed the opposite pattern to what was expected 

based upon language-experience interactions: [tond] elicited a larger MMN and had a shorter 

latency than [sond]. Although experience-based processing has been shown to interact with 

the recognition of phonemes (e.g. Ranbom & Connine 2007) and the activation of words 

(Hanulikova & Weber), such an effect did not become apparent in the present study. The 

earlier described MMN effects described earlier that are influenced by language-specific 

interactions (e.g. Näätänen 1997; Winkler et al. 1999; Pulvermüller et al 2001; Jacobsen 

2003; Nenonen et al. 2003; Ylinen et al. 2006; Kirmse et al 2008; Díaz et al 2008; Dehaene-

Lambertz 1997; Brunellière et al. 2009) were not found to interact in the predicted way. This 

could be because the discussed literature all looked at effects in an L1 versus an L2. Contrasts 

investigated were usually chosen based on a within-category versus an across-category effect. 

Conversely, in the present study the contrast was a th-substitution that was often perceived 

and produced by Dutch speakers of English, namely [t], versus a less frequent substitution, 

[s]. Such an effect of preferences in foreign-accented speech has not been investigated before. 

It is possible that the experience-based memory representations for the preferred phoneme 

substitutions are not as well established as native language-specific memory representations.  
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 When we look at the set-up of the eye-tracking study by Hanulikova and Weber, the 

study most closely related, a few differences should be noted. Firstly, in the present study, 

pseudowords were used as opposed to the real words in Hanulikova and Weber’s study. It 

could well be that this has led to differences in processing, as in the eye-tracking study effects 

could have been lexically driven. With the pseudowords that were used in the present study, 

no processing at the lexical level is expected. A further difference is that the materials in the 

eye-tracking study were spoken by a Dutch and a German speaker. As the present study used 

American English spoken stimuli, this may have created an English-language context for the 

listeners. There is a possibility that speaker identity prohibited the activation of information 

on the Dutch-accented substitutions.  

 As the prediction about experience-based processing of favoured phoneme 

substitutions is not borne out here, it is worth looking at an alternative explanation of the 

results, which is based on acoustic properties. The acoustic similarity hypothesis does seem to 

provide a better clarification. As discussed in section 2, an explanation based upon acoustic 

properties gives an alternative account of the observed interactions. In terms of acoustic 

similarity, [t] has a greater acoustic distance from [!] than [s] (e.g. Wester et al. 2007). Since 

[tond] elicited a larger MMN than [sond], the results suggest that in the featural distance, by 

which [s] is closer to [!] than [t] is, played the most important role in the present findings. 

This is consistent with other findings showing that the MMN is correlated with acoustic 

distance (e.g. Shtyrov et al. 2007) and that MMN latencies decrease as a function of increased 

auditory discrimination performance (e.g. Näätänen et al. 1993; Tiitinen et al. 1994). 

 Surprisingly though, the equiprobable block also showed significant interactions 

between the difference waves of [tond]-[!ond] versus [sond]-[!ond]. This was unexpected, 

because this well-attested control condition was added to function as a comparison with the 

oddball block. Presenting the three stimuli an equal amount of the time was expected to result 

in three ‘standard’ waveforms - hence, no MMNs were expected. One explanation for the 

elicitation of MMNs in the second block is that the order of the blocks, which was never 

reversed, was responsible for the elicitation of MMNs in the second block as well. It could be 

that the exposure to 800 standard stimuli in the first block created a very solid neural 

representation of the standard. The second block, in which a further 200 occurrences of the 

standard were presented, may have strengthened this standard-representation. The deviants, 

which were both presented only 100 times in the first block, may not have enough instances 

to function as a standard as well. Another possible explanation for the results of the second 

block in this study may be that the stimuli presented were not matched to the frequency of the 
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deviant in the oddball block. This does seem to be the standard procedure (see e.g. Li-jun et 

al. 2008; Maess et al 2007), although others do report the procedure that was adopted here 

(e.g. Horváth et al. 2008).   

 The durational differences of the stimuli (as depicted in Figure 1, section 3.2) should 

also be considered for their influence on the MMN-amplitudes. As noted, the durations of 

[!ond], [tond] and [sond] were 593, 499 and 609 ms, respectively. Research on durational 

differences in an MMN paradigm, however, usually focuses on vowel length (Nenonen et al. 

2003; Sussman et al. 2004; Ylinen et al. 2006; Kirmse et al. 2008; Diáz et al. 2008), whereas 

in the present study the durational differences followed from the first consonant. In addition, 

in studies on vowel duration, stimuli are kept constant, except for the change in length. 

Therefore, it is not likely that durational differences alone could have accounted for the 

amplitude and latency differences found in this study. A manipulation on the effects due to 

stimuli length is furthermore unexpected because of the relative small durational differences; 

effects are generally found when stimuli are at least 40% different in length (e.g. Jacobsen et 

al. 2003; Sussman et al. 2004; Ylinen et al. 2006; Kirmse et al. 2008). Diáz et al. found 

significant MMNs only for a deviant stimuli that was 80% shorter than the standard. In 

comparison, [tond] was 15% shorter than [!ond], making a duration-based account of MMN 

elicitation unlikely.     

 

5.2 Implications and Suggestions for Further Research 

 As the two conditions in the experiment, block 1 and block 2, currently show an 

almost identical pattern, it seems a worthwhile undertaking to rerun the experiment with a 

balanced order of the blocks. This should shed more light on the issue why the second block 

is currently so similar to the first block, contrary to what is reported in the literature on 

equiprobable blocks (see section 1.4). Another option would be to have a design in which the 

blocks are shorter, but have the reversed order for standards and deviants. Thus, the standard-

deviant conditions would be [!ond]-[tond], [!ond]-[sond], [tond]-[!ond] and [sond]-[!ond]. It 

is worth noting that this was the original design for the experiment. Although the results from 

these conditions would rule out unwanted interfering factors, however, the design is also a bit 

more time-consuming, given that a large number of stimuli are needed to get a good amount 

of data. Some studies have included both the reversed and the equiprobable blocks next to the 

oddball block, and found better results for the reversed condition (e.g. Jacobsen 2003; Opitz 

et al. 2005; Laufer, Negishi & Constable 2009). Results obtained in a reversed condition seem 
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easier to interpret due to the straightforward comparisons that can be made with an oddball 

block. In an equiprobable block, additional effects on the interaction of the presented stimuli 

may interfere with the comparisons.    

 A disadvantage of the result obtained by the interaction of the control block is that it is 

hard to interpret the results of the difference waves of [tond] and [sond] in the first block 

minus respectively [tond] and [sond] in the second block. Without the data of the German 

participants, it is hard to say whether the minimal (but insignificant) difference that was found 

when comparing the difference waveforms follows from the design, i.e. the order of the 

blocks, or whether the minimal interaction that is visible can in fact be owed to language-

specific experience effects. There are a few possible outcomes for the results of the German 

experiment. Here, some options will be discussed in terms of their effect on the present study. 

If, for example, it turns out from the German data that the responses are reversed for [tond] in 

comparison with [sond], it might be that the base assumptions the hypothesis rests on could be 

interpreted differently. It might be that, contrary to anticipated less preferred substitute for [!] 

to elicit the larger MMN, it is the most familiar substitute that elicits the enhanced response in 

terms of amplitude and latency. Although this argues against most speech- and language-

specific effects, there is some evidence that larger MMNs can be expected for the more 

familiar stimulus (see for example Näätänen 1997). 

 If, on the other hand, the German data reveal a significant enlarged effect for [tond] 

over [sond] as compared to the Dutch listeners, it could still be that the hypothesis put 

forward in this thesis holds. In that case, the fact that the MMNs for [t]-initial substitutes are 

significantly larger for German listeners in comparison with those elicited in Dutch listeners 

could be ascribed to language-specific experience effects. The modularity effects of acoustic 

similarity should then be subservient to the experience-based interactions. Such a result would 

provide new insights into the early processing of perceiving accent-specific attributes.  

 The final option for the German data would be to show the same effects as the Dutch 

data. An explanation based upon acoustic properties alone would then still be the most logical 

option. It would, however, be well worth trying to exclude a possible effect that stems from 

the order of the blocks by balancing the order, or to add the other control condition, by 

reversing the order of standards and deviants. Rerunning the experiment is currently the only 

way to get more and possible new insights into the results - whether they are truly 

independent of the listener group - and to see whether the results are replicated with a 

different design. 
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5.3 Verbal Transformation Effect 

 It is interesting that a substantial number of the participants, 7 out of 16, seem to have 

perceived ‘thond’ as ‘fond’ consciously, as they reported in the debriefing. This issue arose 

earlier for the researcher and colleagues during recording and creating the stimuli. ‘Thond’ 

was considered the best option, as MMN studies are usually run with monosyllabic words, 

and as this candidate was one of the only words that was phonotactically legal in English and 

that would not lead to the formation of real words for the derived pseudowords ‘tond’ and 

‘sond’ in Dutch or German. It seems that hearing many instances of ‘thond’ changes the 

perception of Dutch listeners in a way that is compatible with studies on verbal transformation 

theory (for an early overview, see Warren 1986). The verbal transformation (VT) effect is a 

perceptual effect that occurs when many instances of the same stimulus, nonword or string are 

presented in a loop. In a standard VT design, a syllable, word, nonword or string is presented 

for a few minutes with very short inter-stimulus intervals. The participant is asked to respond 

if any illusory percept is observed, usually by saying it out loud in a microphone. The effect is 

stronger in young adults (ages 18 to 25) than in aged adults (ages 62 to 86) and is first 

noticeable in 6- and 7-year-olds. The transformation effect has also been shown for non-

speech stimuli like music or everyday sounds (Kaminska & Mayer, 2002).  

 Ditzinger, Tuller and Kelso (1997) show that most verbal transformations are in pairs, 

with each participant having one favourite alternative next to the syllable that is presented. 

This ‘pairwise coupling’ of verbal transforms into perceptual pairs could be applied to the 

participants that reported hearing ‘fond’, although a difference in Ditzinger and colleagues’ 

study is that the participants did not differ in their favourite verbal transformations, that is, all 

deviating responses were the same. Also, it is unclear whether the participants still perceived 

‘thond’ after they heard ‘fond’ for the first time, or whether they kept hearing ‘fond’ after this 

VT was established.  It is furthermore uncertain whether the participants perceived any other 

transformations, as they only had to report the pseudoword they heard most often. The finding 

that pseudowords elicit more VTs than words (Natsoulas 1965) makes it plausible that 

participants reported a transformation here. Further studies have confirmed that pseudowords 

not only elicit more VTs, but that it is also harder to perceive a stimulus as it was originally 

presented for pseudowords than for words (Pitt and Shoaf, 2001).  

 Semantic and phonemic links and explanations have been suggested to account for 

verbal transformations. The present case seems most likely to have been established by the 

absence of the initial consonant [!] in the repertoire of the speaker, which is then perceived as 
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the phonetically closest phoneme [f]. On the other hand, it is possible that because the speaker 

was a native English person, the perception of ‘fond’ was lexically driven and the perceptual 

system tried to assign meaning to the stimulus. Of course, the present design does not 

constitute a proper VT design in any way, but the impression is that the overall effect is 

certainly comparable. It is premature to draw conclusions about the consequences for 

participants of consciously perceiving ‘fond’ instead of ‘thond’ as the standard word in the 

experiment, because it cannot be deduced from the debriefing responses that this exactly 

resembles how the internal representations for the word are formed. If it is the case that 

‘thond’ is mapped onto ‘fond’ internally, however, this could have consequences for changing 

the design. When a reversed standard-deviant block is added, with [!ond] as deviant, it could 

be that it leads to enlarged MMNs compared with [sond] and [tond] as deviants, if [!ond] is 

the only deviant that is perceived as a real word. Previous studies have shown a ‘word 

advantage effect’ (Pulvermüller et al. 2001; Shtyrov et al. 2002; Jacobsen et al. 2003; Laufer 

et al. 2009), which results in enlarged MMNs for words as opposed to pseudowords.   

 

5.4 Conclusion 

  This thesis investigates the origins of the processing of accented speech in an 

MMN-paradigm. As a substitute for English voiceless word-initial [!], Dutch speakers often 

use [t]. This was confirmed by the production data in this experiment. The main goal of the 

study was to find out whether the deviant stimulus [tond] is processed differently from the 

deviant [sond] when they are presented together with the standard [!ond]. The results clearly 

show that word initial [t] and [s] lead to different brain responses in terms of latency when 

they are compared with word-initial [!]. However, the comparison of word-initial [t] and [s] 

as compared to their equiprobably presented counterparts is much less clear. As a comparison 

with data from German listeners cannot be made at this point, no final conclusions regarding 

the effect of experience with substitutes can be made on the processing of these substitutes. 

The German data apart, it is safe to say that the results from the Dutch listeners do not provide 

evidence for assuming very early experience-based processing differences. The results are 

more in favour of explanation in terms of acoustic similarity. For final conclusions, however, 

the results of the German language group are necessary.   



 

 

 

48 

6 Acknowledgements 

 

 I would like to thank several people for their help and guidance during the months 

this project was carried out. Firstly, Petra van Alphen, for her help in familiarising me with 

the ins and outs of the EEG set-up and for the time she spent going through the first analyses, 

and Frank Eisner, for providing a crash course in Praat. Great thanks go to the research group 

of Prof. Dr P. Zwitserlood in Münster, who were all of great assistance in interpreting the 

results and the extensive follow-up analyses. Thanks to Esther Janse for her time and helpful 

suggestions. Last but certainly not least, I would like to thank Andrea Weber and Adriana 

Hanulikova, whose doors were always open - in both the literal and figurative senses - and 

whom I could ask for advice or help at any time.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

49 

7 References 

 

Abresch, J. (2007). Englisches in Gesprochenem Deutsch. Eine Empirisch Analyse der Aussprache und 

 Beurteilung Englischer Laute im Deutschen. PhD Thesis, Reinischen-Friedrich-Wilhelms-Universität, 

 Bonn. 

Advanced Source Analysis Software, ANT Software, Enschede, The Netherlands. [Computer Program] 

Alho, K. (1995). Cerebral Generators of Mismatch Negativity (MMN) and Its Magnetic Counterpart (MMNm) 

 Elicited by Sound Changes. Ear and Hearing, 16, 38-51. 

Altenberg, E.P. (2005). The Judgment, Perception, and Production of Consonant Clusters in a Second Language. 

 International Review of Applied Linguistics in Language Teaching, 43, 53-80. 

Bien, H., Lagemann, L., Dobel, C. and Zwitserlood, P. (In prep.). Early Automatic Categorization of Speech 

 Sounds is not Misled by Changes in the Surface Form - A Dissociation of Behavioural and 

 Neurophysiological Data.  

Boersma, P. and Weenink, D. (2002). Praat 5.0: A System for Doing Phonetics with the Computer (Version 5.0) 

 [Computer Programme] 

Bradlow, A.R. and Bent, T. (2008). Perceptual Adaptation to Non-Native Speech. Cognition, 106, 707-729. 

Broersma, M. (2005). Perception of Familiar Contrasts in Unfamiliar Positions. Journal of the Acoustical Society 

 of America, 117, 3890-3901.   

Brunellière, A., Dufour, S., Nguyen, N. and Frauenfelder, U. H. (2009). Behavioral and Electrophysiological 

 Evidence for the Impact of Regional Variation on Phoneme Perception. Cognition, 111, 390-396. 

Cheour, M., Ceponiene, R., Lehtokoski, A., Luuk, J., Allik, K., Alho, R. and Näätänen, R. (1998). Development 

 of Language-Specific Phoneme Representations Revealed by Electric and Magnetic Brain Responses. 

 Nature, 1, 351-353. 

Clarke, C.M. and Garrett, M.F. (2004). Rapid Adaptation to Foreign-Accented English. Journal of the Acoustical 

 Society of America, 116, 3647-3658. 

Coenen, E., Zwitserlood, P. and Bölte, J. (2001). Variation and Assimilation in German: Consequences for 

 Lexical Access and Representation. Language and Cognitive Processes, 16, 535-564. 

Colin, C., Radeau, M., Soquet, A. and Deltenre, P. (2004). Generalization of the Generation of an MMN by 

 Illusory McGurk Percepts : Voiceless Consonants. Clinical Neurophysiology, 115, 1989-2000. 

Collins, B. and Mees, I.M. (2003). The Phonetics of English and Dutch. 5th Revised Ed. Leiden: Brill.  

Connine, C.M. (2004). It’s Not What You Hear but How Often You Hear It: On the Neglected Role of   

 Phonological Variant Frequency in Auditory Word Recognition. Psychonomic Bulletin and Review,  

 11, 1084–1089. 

Connine, C.M., Blasko, D.G. and Titone, D. (1993). Do the Beginnings of Spoken Words Have a Special Status 

 in Auditory Word Recognition? Journal of Memory and Language, 32, 193-210. 

Connine, C.M., Titone, D., Deelman, T. and Blasko, D. (1997). Similarity Mapping in Spoken Word 

 Recognition. Journal of Memory and Language, 37, 463-480. 

Cutler, A., Sebastián-Gallés, N., Soler-Vilageliu, O. and Van Ooijen, B. (2000). Constraints of Vowels and 

 Consonants on Lexical Selection: Cross-linguistic Comparisons. Memory and Cognition, 28, 746-755. 



 

 

 

50 

Cutler, A., Weber, A., Smits, R. and Cooper, N. (2004). Patterns of English Phoneme Confusions by Native and 

 Non-Native Listeners. Journal of the Acoustical Society of America, 116, 3668-3678. 

Dahan, D., Drucker, S.J. and Scarborough, R.A. (2008). Talker Adaptation in Speech Perception: Adjusting the 

 Signal or the Representations? Cognition, 108, 710-718. 

Dehaene-Lambertz, G. (1997). Electrophysiological Correlates of Categorical Phoneme Perception in Adults. 

 NeuroReport, 8, 919-924. 

Díaz, B., Baus, C., Escera, C., Costa, A., and Sebastián-Gallés, N. (2008). Brain Potentials to Native Phoneme 

 Discrimination Reveal the Origin of Individual Differences in Learning the Sounds of a Second 

 Language. Proceedings of the National Academy of Science, 105, 16083-16088. 

Ditzinger, T., Tuller, B. and Kelso, J.A.S. (1997). Temporal Patterning in an Auditory Illusion: The Verbal 

 Transformation Effect. Biological Cybernetics, 77, 23-30. 

Eisner, F. and McQueen, J.M. (2005). The Specifity of Perceptual Learning in Speech Processing. Perception 

 and Psychophysics, 67, 224-238. 

Flege, J.E. (1993). Production and Perception of a Novel, Second-Language Phonetic Contrast. Journal of the 

 Acoustical Society of America 93, 1589-1608. 

Flege, J.E. and Eefting, W. (1987). Cross-Language Switching in Stop Consonant Perception and Production by 

 Dutch Speakers of English. Speech Communication, 6, 185-202. 

Fromkin, V.A. (2000). Linguistics: An Introduction to Linguistic Theory. Malden, UK: Blackwell Publishing.  

Gaskell, M.G. (2001). Phonological Variation and Its Consequences for the Word Recognition System. 

 Language and Cognitive Processes, 16, 723-729.  

Gaskell, M.G., and Marslen-Wilson, W.D. (1996). Phonological Variation and Inference in Lexical Access. 

 Journal of Experimental Psychology: Human Perception and Performance, 22, 144-158.  

Hanulikova, A. and Weber, A. (In prep.) Experience-Based Processing of Foreign-Accented Speech by L2 

 Listeners. 

Hautus, M.J. and Meng, X. (2002). Decision Strategies in the ABX (Matching-to-Sample) Psychophysical Task. 

 Perception & Psychophysics, 64, 89-106. 

Horváth, J., Czigler, I., Jacobsen, T., Maess, B., Schröger, E. and Winkler, I. (2008). MMN or No MMN: No 

 Magnitude of Deviance Effect on the MMN Amplitude. Psychophysiology, 45, 60-69. 

Jacobsen, T., Horváth, J., Schröger, E., Lattner, S., Widmann, A. and Winkler, I. (2004). Pre-Attentive Auditory 

 Processing of Lexicality. Brain and Language, 88, 54-67. 

Jacobsen, T. and Schröger, E. (2003). Measuring Duration Mismatch Negativity. Clinical Neurophysiology, 114, 

 1133-1143. 

Janse, E., Nooteboom, S.G., and Quené, H. (2007). Coping with Gradient Forms of /t/-Deletion and Lexical 

 Ambiguity in Spoken Word Recognition. Language and Cogntitive Processes, 22, 161-200. 

Jenkins, J. (2000). The Phonology of English as an International Language. Oxford: Oxford University Press. 

Jenkins, J. (2002). A Sociolinguistically Based, Empirically Researched Pronunciation Syllabus for English as 

 an International Language. Applied Linguistics, 23, 83-103. 

Jilka, M. (2005). Exploration of Different Types of Intonational Deviations in Foreign-Accented and 

 Synthesized Speech. Interspeech, 2005,, 2393-2396. 



 

 

 

51 

Kaminska, Z. and Mayer, P. (2002). Changing Words and Changing Sounds: A Change of Tune for Verbal 

 Transformation Theory? European Journal of Cognitive Psychology, 14, 315-333. 

Kimura, M., Katayama, J., Ohira, H. and Schröger, E. (2009). Visual Mismatch Negativity: New Evidence from 

 the Equiprobable Paradigm. Psychophysiology, 46, 402-409. 

Kirmse, U., Ylinen, S., Tervaniemi, M., Vainio, M., Schröger, E. and Jacobsen, T. (2008). Modulation of the 

 Mismatch Negativity (MMN) to Vowel Duration Changes in Native Speakers of Finnish and German as 

 a Result of Language Experience. International Journal of Psychophysiology, 67, 131-143. 

Kraus, N., McGee, T., Sharma, A, Carrell, T. and Nicol, T. (1992). Mismatch Negativity Event-Related 

 Potential Elicited by Speech Stimuli. Ear and Hearing, 13, 158-164. 

Ladefoged, P. and Maddieson, I. 1996. The Sounds of the World’s Languages. Blackwell Publishers, Oxford. 

Laufer, I., Negishi, M. and Constable, R.T. (2009). Comparator and Non-Comparator Mechanisms of Change 

 Detection in the Context of Speech - An ERP Study. NeuroImage, 44, 546-562. 

Li-Jun, Y., Ke-li, C., Chao-Gang, W. and Yong-zhi, L. (2008). Auditory Pre-Attentive Processing of Chinese 

 Tones. Chinese Medical Journal, 121, 2429-2433. 

Lu, X. and Dang, J. (2008). An Investigation of Dependencies between Frequency Components and Speaker 

 Characteristics for Text-Independent Speaker Identification. Speech Communication, 50, 312-322. 

Maess, B., Jacobsen, T., Schröger, E. and Friederici, A.D. (2007). Localizing Pre-Attentive Auditory Memory-

 Based Comparison: Magnetic Mismatch Negativity to Pitch Change. NeuroImage, 37, 561-571. 

Marslen-Wilson, W.D. and Zwitserlood, P. (1989). Accessing Spoken Words: The Importance of Word Onsets. 

 Journal of Experimental Psychology, 15, 576-585. 

Mitterer, H. and Ernestus, M. (2006). Listeners Recover /t/s that Speakers Reduce: Evidence from /t/-Lenition in 

 Dutch. Journal of Phonetics, 34, 37-103 

Näätänen, R. (2002). The Perception of Speech Sounds by the Human Brain as Reflected by the Mismatch 

 Negativity Response. International Congress Series, 1232, 97-105. 

Näätänen, R., Gaillard, A.W., and Mantysalo, S. (1978). Early Selective-Attention Effect on Evoked Potential 

 Reinterpreted. Acta Psychologica, 42, 313-329. 

Näätänen, R., Lehtokoski, A., Lennes, M., Cheour, M., Huotilainen, M., Iivonen, A., Vainio, M., Alku, P., 

 Ilmoniemi, R.J., Luuk, A., Allik, J., Sinkkonen, J. and Alho, K. (1997). Language-Specific Phoneme 

 Representations Revealed by Electric and Magnetic Brain Responses. Letters to Nature, 385, 432-434. 

Näätänen, R., Schröger, E., Karakas, S., Tervaniemi, M. and Paavilainen, P. (1993). Development of a Memory 

 Trace for a Complex Sound in the Human Brain. NeuroReport, 4, 503-506 

Natsoulas, T. A Study of the Verbal-Transformation Effect. American Journal of Psychology, 78, 257-263.  

Nenonen, S., Shestakova, A., Huotilainen, M. and Näätänen, R. (2003). Linguistic Relevance of Duration within 

 the Native Language Determines the Accuracy of Speech-Sound Duration Processing. Cognitive Brain 

 Research, 16, 492-495. 

Norris, D., McQueen, J.M. and Cutler, A. (2003). Perceptual Learning in Speech. Cognitive Psychology, 47, 

 204-238. 

Oldfield, R. C. (1971). The Assessment and Analysis of Handedness: The Edinburgh Inventory. 

 Neuropsychologia, 9, 97-113. 



 

 

 

52 

Opitz, B., Schröger, E. and Yes von Cramon, D. (2005). Sensory and Cognitive Mechanisms for Preattentive 

 Change Detection in Auditory Cortex. European Journal of Neuroscience, 21, 531-535.  

Pitt, M.A. (2009). How are Pronunciation Variants of Spoken Words Recognized? A test of Generalization to 

 Newly Learned Words. Journal of Memory and Language, 61, 19-36. 

Pitt, M.A. and Shoaf, L. (2001). The Source of a Lexical Bias in the Verbal Transformation Effect. Language 

 and Cognitive Processes, 16, 715-721. 

Pulvermüller, F., Kujala, T., Shtyrov, Y., Simola, J., Tiitinen, H., Alku, P., Alho, K., Martinkauppir, S., 

 Ilmoniemi, R.J. and Näätänen, R. (2001). Memory for Words as Revealed by the Mismatch Negativity. 

 NeuroImage, 14, 607-616. 

Ranbom, L.J. and Connine, C.M. (2007). Lexical Representations of Phonological Variation in Spoken Word 

 Recognition. Journal of Memory and Language, 57, 273-298. 

Sams, M. Hari, R., Rif, J. and Knuutila, J. (1993). The Human Auditory Sensory Memory Trace Persists About 

 10 Sec: Neuromagnetic Evidence. Journal of Cognitive Neuroscience, 5, 363-370. 

Shtyrov, Y. and Pulvermüller, F. (2007). Language in the Mismatch Negativity Design. Motivations, Benefits, 

 and Prospects. Journal of Psychophysiology, 21, 176-187. 

Sussman, E., Kujala, T., Halmetoja, J., Lyytinen, H., Alku, P., and Näätänen, R. (2004). Automatic and 

 Controlled Processing of Acoustic and Phonetic Contrasts. Hearin Research, 190, 128-140.  

Strange, W. (1995). Speech Perception and Linguistic Experience: Issues in Cross-Language Speech Research. 

 Timonium, MD: York Press.  

Tabain, M. (1998). Non-Sibilant Fricatives in English: Spectral Information Above 10 kHz. Phonetica, 55, 107-

 130 

Tavabi, K., Elling, L., Dobel, C., Pantev, C. and Zwitserlood, P. (2009). Effects of Place of Articulation 

 Changes on Auditory Neural Activity: A Magnetoencephalography Study. PLoS One, 4, 1-7. 

Tiitinen, H., May, P., Reinikainen, K., and Näätänen, R. (1994). Attentive Novelty Detection in Humans is 

 Governed by Pre-Attentive Sensory Memory. Nature, 372, 90-92. 

Van den Doel. R. (2006). How Friendly are the Natives? An Evaluation of Native-Speaker Judgements of 

 Foreign-Accented British and American English. PhD Dissertation. LOT Dissertation Series, 144. 

Van der Lugt, A.H. (1999). From speech to words. PhD Dissertation. MPI Series in Psycholinguistics, 13. 

Van Ooijen, B. (1996). Vowel Mutability and Lexical Selection in English: Evidence from a Word 

 Reconstruction Task. Memory and Cognition, 24, 573-583. 

Warren, R.M. (1986). Verbal Transformation Effect and Auditory Perceptual Mechanisms. Psychological 

 Bulletin, 70, 261-270. 

Wells, J.C. (1982). Accents of English 2: The British Isles. Cambridge: Cambridge University Press.  

Wester, F, Gilbers, D. and Lowie, W. (2007). Substitution of Dental Fricatives in English by Dutch L2 Speakers. 

 Language Sciences, 29, 477-491. 

Winkler, I., Lehtokoski, A., Alku, P., Vainio, M., Czigler, I., Csépe, V., Aaltonen, O., Raimo, I., Alho, K., Lang, 

 H., Iivonen, A. and Naätanen, R. (1999). Pre-Attentive Detection of Vowel Contrasts Utilizes Both 

 Phonetic and Auditory Memory Representations. Cognitive Brain Research, 7, 357-369. 



 

 

 

53 

Ylinen, S., Shestakova, A., Huotilainen, M., Alku, P., and Näätänen, R. (2006). Mismatch Negativity (MMN) 

 Changes Elicited by Changes in Phoneme Length: A Cross-Linguistic Study. Brain Research, 1072, 

 175-185. 

Zwitserlood, P. (1989). The Locus of the Effects of Sentential-Semantic Context in Spoken-Word Processing. 

 Cognition, 32, 25-64. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

54 

8 Appendix 

EEG Analyses 

Blok 1: t1-th1 vs. s1-th1, Maximum Amplitude 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 65.246 1 65.246 7.902 .013 

Greenhouse-Geisser 65.246 1.000 65.246 7.902 .013 

Huynh-Feldt 65.246 1.000 65.246 7.902 .013 

st 

Lower-bound 65.246 1.000 65.246 7.902 .013 

Sphericity Assumed 123.854 15 8.257   

Greenhouse-Geisser 123.854 15.000 8.257   

Huynh-Feldt 123.854 15.000 8.257   

Error(st) 

Lower-bound 123.854 15.000 8.257   

 

Blok 1: t1-th1 vs. s1-th1, Maximum Latency 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 15809.227 1 15809.227 63.375 .000 

Greenhouse-Geisser 15809.227 1.000 15809.227 63.375 .000 

Huynh-Feldt 15809.227 1.000 15809.227 63.375 .000 

st 

Lower-bound 15809.227 1.000 15809.227 63.375 .000 

Sphericity Assumed 3741.858 15 249.457   

Greenhouse-Geisser 3741.858 15.000 249.457   

Huynh-Feldt 3741.858 15.000 249.457   

Error(st) 

Lower-bound 3741.858 15.000 249.457   

 

Blok 1: t1-th1 vs. s1-th1, Area 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 
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Sphericity Assumed 303377.144 1 303377.144 6.479 .022 

Greenhouse-Geisser 303377.144 1.000 303377.144 6.479 .022 

Huynh-Feldt 303377.144 1.000 303377.144 6.479 .022 

st 

Lower-bound 303377.144 1.000 303377.144 6.479 .022 

Sphericity Assumed 702382.480 15 46825.499   

Greenhouse-Geisser 702382.480 15.000 46825.499   

Huynh-Feldt 702382.480 15.000 46825.499   

Error(st) 

Lower-bound 702382.480 15.000 46825.499   

 

Blok 2 (t2-th2 vs. s2-th2) - Maximum Amplitude 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 28.609 1 28.609 11.209 .004 

Greenhouse-Geisser 28.609 1.000 28.609 11.209 .004 

Huynh-Feldt 28.609 1.000 28.609 11.209 .004 

st 

Lower-bound 28.609 1.000 28.609 11.209 .004 

Sphericity Assumed 38.284 15 2.552   

Greenhouse-Geisser 38.284 15.000 2.552   

Huynh-Feldt 38.284 15.000 2.552   

Error(st) 

Lower-bound 38.284 15.000 2.552   

 

Blok 2 (t2-th2 vs. s2-th2) - Maximum Latency 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 22348.503 1 22348.503 53.397 .000 

Greenhouse-Geisser 22348.503 1.000 22348.503 53.397 .000 

Huynh-Feldt 22348.503 1.000 22348.503 53.397 .000 

st 

Lower-bound 22348.503 1.000 22348.503 53.397 .000 

Sphericity Assumed 6278.017 15 418.534   

Greenhouse-Geisser 6278.017 15.000 418.534   

Error(st) 

Huynh-Feldt 6278.017 15.000 418.534   
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Blok 2 (t2-th2 vs. s2-th2) - Maximum Latency 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 22348.503 1 22348.503 53.397 .000 

Greenhouse-Geisser 22348.503 1.000 22348.503 53.397 .000 

Huynh-Feldt 22348.503 1.000 22348.503 53.397 .000 

st 

Lower-bound 22348.503 1.000 22348.503 53.397 .000 

Sphericity Assumed 6278.017 15 418.534   

Greenhouse-Geisser 6278.017 15.000 418.534   

Huynh-Feldt 6278.017 15.000 418.534   

 Lower-bound 6278.017 15.000 418.534   

 

Blok 2 (t2-th2 vs. s2-th2) - Area 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 136416.576 1 136416.576 12.457 .003 

Greenhouse-Geisser 136416.576 1.000 136416.576 12.457 .003 

Huynh-Feldt 136416.576 1.000 136416.576 12.457 .003 

st 

Lower-bound 136416.576 1.000 136416.576 12.457 .003 

Sphericity Assumed 164269.158 15 10951.277   

Greenhouse-Geisser 164269.158 15.000 10951.277   

Huynh-Feldt 164269.158 15.000 10951.277   

Error(st) 

Lower-bound 164269.158 15.000 10951.277   

 

MMN (t1-t2 vs. s1-s2) Maximum Amplitude 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 1.154 1 1.154 .443 .516 st 

Greenhouse-Geisser 1.154 1.000 1.154 .443 .516 
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Huynh-Feldt 1.154 1.000 1.154 .443 .516  

Lower-bound 1.154 1.000 1.154 .443 .516 

Sphericity Assumed 39.067 15 2.604   

Greenhouse-Geisser 39.067 15.000 2.604   

Huynh-Feldt 39.067 15.000 2.604   

Error(st) 

Lower-bound 39.067 15.000 2.604   

 

MMN (t1-t2 vs. s1-s2) Maximum Latency 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 18300.866 1 18300.866 44.444 .000 

Greenhouse-Geisser 18300.866 1.000 18300.866 44.444 .000 

Huynh-Feldt 18300.866 1.000 18300.866 44.444 .000 

st 

Lower-bound 18300.866 1.000 18300.866 44.444 .000 

Sphericity Assumed 6176.652 15 411.777   

Greenhouse-Geisser 6176.652 15.000 411.777   

Huynh-Feldt 6176.652 15.000 411.777   

Error(st) 

Lower-bound 6176.652 15.000 411.777   

 

MMN (t1-t2 vs. s1-s2) Area 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 2831.450 1 2831.450 .120 .733 

Greenhouse-Geisser 2831.450 1.000 2831.450 .120 .733 

Huynh-Feldt 2831.450 1.000 2831.450 .120 .733 

st 

Lower-bound 2831.450 1.000 2831.450 .120 .733 

Sphericity Assumed 352765.577 15 23517.705   

Greenhouse-Geisser 352765.577 15.000 23517.705   

Huynh-Feldt 352765.577 15.000 23517.705   

Error(st) 

Lower-bound 352765.577 15.000 23517.705   
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P2 Maximum Amplitude 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed .019 1 .019 .013 .912 

Greenhouse-Geisser .019 1.000 .019 .013 .912 

Huynh-Feldt .019 1.000 .019 .013 .912 

st 

Lower-bound .019 1.000 .019 .013 .912 

Sphericity Assumed 22.407 15 1.494   

Greenhouse-Geisser 22.407 15.000 1.494   

Huynh-Feldt 22.407 15.000 1.494   

Error(st) 

Lower-bound 22.407 15.000 1.494   

 

P2 Maximum Latency 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 572.644 1 572.644 1.225 .286 

Greenhouse-Geisser 572.644 1.000 572.644 1.225 .286 

Huynh-Feldt 572.644 1.000 572.644 1.225 .286 

st 

Lower-bound 572.644 1.000 572.644 1.225 .286 

Sphericity Assumed 7010.791 15 467.386   

Greenhouse-Geisser 7010.791 15.000 467.386   

Huynh-Feldt 7010.791 15.000 467.386   

Error(st) 

Lower-bound 7010.791 15.000 467.386   

 

P2 Area 

Tests of Within-Subjects Effects 

      

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Sphericity Assumed 951.920 1 951.920 .080 .781 st 

Greenhouse-Geisser 951.920 1.000 951.920 .080 .781 
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Huynh-Feldt 951.920 1.000 951.920 .080 .781  

Lower-bound 951.920 1.000 951.920 .080 .781 

Sphericity Assumed 178016.985 15 11867.799   

Greenhouse-Geisser 178016.985 15.000 11867.799   

Huynh-Feldt 178016.985 15.000 11867.799   

Error(st) 

Lower-bound 178016.985 15.000 11867.799   

 

ABX Results 

 

ABX-results: Errors per participant are shown in the bottom row, errors per item in the rightmost column. 

 

Debriefing   

1. Edinburgh Handedness Inventory 

 

 

Schrijf hier je naam:    

 

Geef hieronder met een vinkje (!) aan welke hand je voorkeur heeft bij het uitvoeren van 

onderstaande taken. 

Als je voorkeur zo sterk is dat je nooit je andere hand zou gebruiken, tenzij je daartoe 

gedwongen bent, zet dan twee vinkjes neer (!!).  

Als je geen voorkeur hebt voor een bepaalde hand, zet dan een vinkje in allebei de  

colommen ( !  |  !). 

Voor sommige activiteiten gebruik je beide handen. In deze gevallen staat tussen haakjes 

aangegeven waarvoor precies je handvoorkeur wordt gevraagd.  

 

Activiteit / Object Linkerhand Rechterhand 

1. Schrijven   

2. Tekenen   

3. Gooien   
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4. Schaar   

5. Tandenborstel   

6. Mes (zonder vork)   

7. Lepel   

8. Bezem (bovenste hand)   

9. Afstrijken lucifer (lucifer)   

10.  Doos openmaken (deksel)   

 

Korte vragen 

 

1. Komen er in je familie neurologische aandoeningen voor?  

 

Zo ja, welke: ......................................................................... 

 

2. Kruis de woorden aan die je net in het experiment hebt gehoord: 

 

O Dond 

O Sond 

O Tond 

O Thond 

O Fond 

O Lond 

O Zond 

 

Welk woord heb je het vaakst gehoord? 

 

................................................................................................. 

 

Total checks: LH =  RH =  

Cumulative Total CT = LH + RH =  

Difference D = RH – LH =  

Result R = (D / CT) ! 100 =  

Interpretation: 

(Left Handed: R < -40) 

(Ambidextrous: -40 " R " +40) 

(Right Handed: R > +40) 

 

 

1
 Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh 

inventory. Neuropsychololgia, 9, 97-113. 
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2. Results Edinburgh Handedness Inventory 

 

Participant Score 

1 100 

2 100 

3 100 

4 62,5 

5 100 

6 46,7 

7 73,7 

8 66,7 

9 47,4 

10 100 

11 60 

14 100 

15 100 

16 71,4 

17 100 

18 83,3 

Mean 1311,7 / 16 = 81,9 

 

 

3. Language Questionnaire 

 

 

Vragenlijst 

 

Naam:      Datum: 

 

Achtergrond 

 

Leeftijd:    Geboorteplaats:  

 

Heb je ooit langer dan 3 maanden in een ander land geleefd?  Ja / Nee 

 

Zo ja, noem het land en hoe lang je daar woonde: 

Van:   tot:   in (land): 

Van:   tot:    in (land): 

 

Taalkennis 

 

Wat is je eerste (of moeder)taal? ................................................. 

 

Welke andere talen spreek je?  



 

 

 

62 

Noteer de talen hieronder en geef aan hoe goed je deze talen beheerst op een schaal van 1 tot 5:  

Slecht     1     2     3     4     5   Uitstekend 

 

Taal Spreken Luisteren Schrijven Lezen Uitspraak 

1      

2      

3      

 

Vul hieronder in waar je de talen hebt geleerd, hoe oud je was toen je ze leerde, en of je ze op 

school geleerd hebt.  

 

Taal Land Leeftijd begin Les op school (ja/nee) Aantal jaren les 

1     

2     

3     

 

Geef voor de talen die je genoemd hebt aan in hoeverre je het eens bent met onderstaande 

stellingen met behulp van de volgende schaal: 

Oneens 1     2     3     4     5    Eens 

 

Language Ik vind het leuk om in deze taal te 

spreken (1-5) 

Ik voel me zeker over mijn taalkennis 

als ik in deze taal spreek (1-5) 

1   

2   

3   

 

 

 

Heel erg bedankt! 

 

 

 

 

 

Production Task 

Three Siblings  

Matthew, who had just celebrated his 50th birthday, had often undermined his parents' 

authority when he was younger. He was lazy and thick-headed. Once he was escorted home 

by the police for shoplifting sunglasses in one of the small shops in town! It was not until he 

was in his late twenties,    when, still at the threshold of slipping into crime, it suddenly 

became clear to him that he wanted to be an actor. After numerous auditions at various 

theatres, he got the main part in ''Big Thoughts of a Famous Thief". Three years later, he was 

even awarded a national price for best performance in his role of a famous thief.  

 

Emma was the only one of the three who had the ambition to obtain a   degree of higher 

education. Her dream was to become a wealthy priest. Emma's parents had paid her tuition 

fees throughout the years and it was rather unfortunate for them that Emma decided that 

becoming a priest had led her onto the wrong path. She realized that she would better serve 
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mankind as a soothsayer! Thanks to Emma's thorough work, she soon became the most 

respected soothsayer in town.  

 

James, the youngest of the three children had always been a worry to the parents because of 

his feeble health. There was always more than one disease that threatened James' health. 

Throughout his leisure time activities he had bruised his chest at least a thousand times and 

lost a few teeth. He seemed a lost case, appeared like an actor who is clearly out of his depth. 

But things changed quickly after James' 30th birthday. Out of the blue, he decided to create a 

company on his own that would offer clients thrilling activities, including diving with sharks. 

 

 

Labelling 

 

 
 

 


