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The phonological functions of segmental and subsegmental duration 

 

 
The paper discusses the role segmental and subsegmental duration in the organization 

of a sound system in English and Polish. It analyses how duration contributes to 

signaling phonological phenomena such as voicing, words stress and word boundary. 

Special emphasis is put on cross-linguistic differences between English and Polish and 

how those differences emerge in the process of learning English by speakers of Polish.  

 

Artykuł omawia rolę długości na poziomie całego segmentu oraz jego poszczególnej 

cechy w organizacji systemu dźwiękowego języka angielskiego i polskiego. Analizuje 

on, jak długość wykorzystywana jest w realizacji zjawisk fonologicznych, takich jak 

dźwięczność, akcent wyrazowy czy granica słowa. Główny nacisk położony jest na 

kontrastywne różnice między językiem angielskim i polskim oraz na to jak różnice te 

ujawniają się w procesie uczenia się języka angielskiego przez Polaków.    

 

 

1. Introduction 

Speech is organized in two core dimensions. Firstly, sounds have acoustic structure that 

makes them distinctive. Manipulation of articulatory configurations results in production of 

sound categories that are perceived as different, for instance, retracting the tongue from the 

front position for /i/ and adding lip rounding will produce a vowel /u/. However, distinctive 

spectral characteristics of individual sounds are not sufficient to make speech intelligible. 

Since speech unfolds in time, it needs specific timing of sounds in order to be processed by 

listeners. This timing or duration is crucial in signaling many phonological contrasts on a 

segmental level as well as on the level of prosody and rhythm. The role of duration in speech 

may be compared to that observed in music. Both pitch and temporal structures are two main 

dimensions in music and neither melody nor harmony can be activated without rhythm 

(Schön and Besson 2002). Relating this to speech, the meaning conveyed by spectral 

properties of sounds cannot be effectively activated without maintaining relevant durations of 

those sounds.  

All languages differ, to a lesser or greater extent, in how they use duration to cue 

phonological contrasts as well higher-level prosodic structures. All learners of a foreign 

language are challenged by the task of identifying and learning those, very often subtle, fine-

grained durational differences between their native and foreign language. Production of 

durational cues that diverge significantly from the patterns typical from those found in native 
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speech will lead to strong non-native accent and, most probably, to serious breakdowns in 

communication. In the following sections, we look at segmental and subsegmental duration 

and its function in signaling phonological contrasts, commencing with the identity of 

individual speech sounds up to the role of duration in syllable prominence and identification 

of word boundaries. We specifically concentrate on duration in English and Polish, discussing 

how those two languages differ typologically in exploiting duration in order to organize their 

sound systems. 

 

2. Intrinsic vowel duration 

While all languages have vowels that are distinguished in terms of their quality (spectral 

properties produced by the configuration of the tongue and jaw) (Crothers 1978; Maddieson 

1984), not all languages use quantity (vowel duration) as a distinctive feature of a vowel. For 

example, in Czech vowel duration is encoded phonologically, which means that increasing or 

reducing duration of the same vowel category leads to a change in word meaning, as in /sa:t/ 

'to suck' and /sat/ 'orchard' (Chládková et al. 2013). Other languages belonging to quantity 

languages are Finnish, Estonian, Hungarian, Japanese, Mongolian, Swedish and Thai (Eerola 

et al. 2012).  English is an interesting case that is a hybrid of a quality and quantity language. 

It is considered to have both short and long vowels that will differ in duration in the same 

phonetic context (Roach 2000). The problem is that short and long vowels differ substantially 

in their quality, in that there is no one same vowel category that is distinguished only by 

duration. Moreover, short vowels may be longer than long vowels in phonological positions 

that promote an increase or decrease in vowel duration, such as the voicing of a following 

consonant or a position in a stressed or unstressed syllable. There is also observable 

difference in muscular tension in the production of English short and long vowels, that is why 

they are often referred as lax and tense to better capture their articulatory nature (Chomsky 

and Halle 1968; Jakobson and Halle 1964). 

The analysis of native speakers' productions shows consistently that they distinguish 

phonologically short and long vowels by a combination of spectral energy (quality) and 

duration, in which long vowels are longer in the same position than short vowels (Crothers 

1978; Crystal and House 1998b; Hillendbrand et al. 1995; Ladefoged and Maddieson 1996). 

In perception, however, native English speakers rely predominantly on spectral properties in 

identification of vowels, duration playing only a secondary role (Ainsworth 1972; Hillenbrand 

et al. 2000). Studies with perception of English vowels by non-native speakers have 
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demonstrated that non-native speakers, unlike native speakers, exploit duration in the absence 

of sufficient sensitivity to spectral cues (Cebrian 2006; Escudero 2006; Escudero and 

Boersma 2004; Escudero et al. 2009; Flege et al. 1997; Kondaurova and Francis 2008, 2010). 

More interestingly, it occurs for speakers of languages that do not have durational variability 

of vowels in their native language. Escudero and Boersma (2004) suggested that overreliance 

on vowel duration is accounted for by the application of an L1 acquisition mechanism that 

detects the statistical distribution of duration in English productions. Bohn (1995) proposed a 

desensitization hypothesis in which he argued that L2 learners are sensitive to non-native 

duration differences "whenever [L1] spectral differences are insufficient to differentiate [L2] 

vowel contrasts because previous linguistic experience did not sensitize listeners to these 

spectral differences" (Bohn 1995: 294-295). 

Polish does not encode duration into phonology of its vowels and any durational variability 

resulting from the differences in articulation is negligible (Jassem 1962; Klessa 2012; Richter 

1973). However, as predicted above, Polish learners of English will resort to duration in 

identification of English vowels. Bogacka (2004) showed that Poles relied primarily on vowel 

duration in perception of English 'beat' - 'bit' vowels. Rojczyk (2011a) looked into the 

perception and production of vowels 'ash' and 'strut' by Polish learners. In production those 

two vowels were subsumed by the Polish vowel /a/ as shown by overlapping formant 

frequencies. Similarly, in perception they were not identified effectively as two separate 

categories. However, the participants relied heavily on duration in both production and 

perception. They increased duration to dissimilate 'ash' from 'strut' and perceived vowels with 

increased duration as 'ash' rather than 'strut'. This suggested that they processed duration as a 

primary cue in the absence of sensitivity to spectral cues.  

 

3. The voicing contrast 

Although voiced and voiceless consonants are traditionally described as those characterized 

by vocal fold vibration and those produced with vocal folds spread, the actual realization of 

voicing is much more complicated and largely language specific. In fact, it is a combination 

of durational and spectral parameters that contribute in different degrees to the perception of 

voicing. In the following subsections, we discuss the most robust durational cues to voicing in 

consonants.  

 

3.1. Voice Onset Time 
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Voice Onset Time (VOT) is considered to be the most robust cue in the implementation of 

voicing in syllable-initial stops across the world's languages. It is defined as "the time interval 

between the burst that marks release and the onset of periodicity that reflects laryngeal 

vibration" (Lisker and Abramson 1964: 422). In other words, it is a time span between the 

release of a stop and the vocalization of a vowel. Although it is not the only cue to signal 

initial voicing, it is the most robust perceptually (Ambramson and Lisker 1985; Lisker 1978; 

Summerfield and Haggard 1977). The parameter of VOT puts Polish and English into two 

classes of languages. English is an aspirating language with long VOTs for /p, t, k/ and short 

VOTs for /b, d, g/ (Keating et al. 1983; Lisker and Abramson 1967). As a result, the claim 

that English has voiced and voiceless stops word-initially is a phonological claim. 

Phonetically, English has 'voiceless' and 'very voiceless' stops word-initially, as there is no 

voicing in the occlusion of English /b, d, g/ in most cases, even though some speakers may 

also produced those stops with closure voicing (Kessinger and Blumstein 1997; Magloire and 

Green 1999; Miller et al. 1986). Polish, on the other hand, belongs to a class of prevoicing 

languages (Keating 1980; Keating et al. 1981; Kopczyński 1977; Mikoś et al. 1978). Polish 

phonologically voiced /b, d, g/ word-initially are also voiced phonetically, because voicing 

begins during occlusion of a stop and prior to the release burst, resulting in negative VOT 

values. At the same time phonologically voiceless /p, t, k/ have short-lag VOTs, which means 

that voicing of a following vowel commences within the range of 0 ms to 50 ms, depending 

on the place of occlusion.  

The cross-linguistic differences in the implementation of VOT as a durational parameter in 

the realization of the syllable-initial voicing contrast in English and Polish stops lead to two 

possible pronunciation difficulties for Polish learners of English. English /b, d, g/ will be 

produced with considerable prevoicing while /p, t, k/ will be produced with insufficiently long 

VOTs, which means that they will be unaspirated. The first scenario will result in, at worst, 

the perception of a slight non-native accent or will possibly even pass unnoticed, because 

native English speakers also prevoice in some contexts and speaking modes. The latter 

scenario has serious consequences not only because it leads to the perception of strong foreign 

accentedness but also because it will seriously impede communication. Polish voiceless /p, t, 

k./ have VOT values of English phonologically voiced /b, d, g/ and thus the production of 

insufficiently long VOTs by Polish learners will change the category from voiceless into 

voiced. Waniek-Klimczak (2005) reported that Polish speakers of English typically do not 

produce long enough VOTs to match native speakers' productions, however most recently 

Szpyra-Kozłowska et al. (2014) showed that long VOTs can be taught to Polish intermediate 



5 
 

learners with relative success. Three studies in our lab investigated the perception and 

production of English long VOTs by Poles. Rojczyk (2011b) manipulated the continuum of 

positive VOT values in 10-ms steps to investigate the categorization between short-lag and 

long-lag VOTs by native English speakers and Polish learners. The results revealed that the 

native speakers had a categorical shift from voiced into voiceless with increasing VOT values. 

On the other hand, Polish learners very often perceived short VOTs as already voiceless in 

accord with the pattern they had in their native language. Rojczyk (2012) tested if, and to 

what degree, English long VOTs in voiceless stops can be imitated by Polish learners. Two 

types of imitation were used: immediate imitation after exposure and distracted imitation. The 

results showed that the learners significantly increased their VOTs in immediate imitation and 

produced intermediate VOTs in distracted imitation compared to a baseline condition in 

which they read a list of words. Finally, Rojczyk (in press) used FL accent imitation in L1 to 

investigate if Polish learners are able to transplant long VOTs from English into Polish to 

imitate English accent in Polish. The measurements demonstrated that long VOTs were used 

as a characteristic feature of English and were transferred into Polish to give the impression of 

English accent. This was taken as evidence that long VOTs are perceived as a salient and 

characterizing feature of English pronunciation.  

 

3.2. Vowel duration 

Vowel duration is a strong perceptual cue to voicing or voicelessness of following consonants 

in English. English is a language that maintains phonetic cues to voicing of word final 

consonants, even though, in terms of pure laryngeal vibration, may very often be partially or 

fully devoiced (Catford 2001; Gimson 2008; Gonet 2010, 2012; Roach 2000). This voicing 

contrast is cued by duration of vowels, in which vowels are longer before voiced and shorter 

before voiceless consonants (Peterson and Lehiste 1960). A vowel preceding a voiceless 

consonant will be two-thirds to one-half of that preceding a voiced consonant (Raphael et al. 

1975). English native speakers are sensitive to this durational variability in that increasing 

vowel duration will lead to the perception of voiced consonants (Chen 1970; Raphael 1972; 

Summerfield 1975). Opposite to English, Polish is a language that neutralizes voicing in 

absolute coda, which means that words such as 'kod' and 'kot' have the same phonetic output 

and there are no reliable cues that would signal the difference between /d/ and /t/ in this 

position. Although some studies reported that voicing neutralization might be incomplete in 

Polish and that vowels might be longer before phonologically voiced consonants (Richter 

1973; Slowiaczek and Dinnsen 1985), it was later argued to be an artifact of orthography 
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(Jassem and Richter 1989) and was not a reliable cue in perception (Slowiaczek and 

Szymanska 1989). As a result, Polish learners of English are faced with a learning task to 

increase English vowels before voiced stops and decrease them before voiceless stops. 

Waniek-Klimczak (2005) demonstrated that Polish speakers of English do not produce 

sufficient durations of vowels before voiced consonants and do not sufficiently reduce 

durations before voiceless consonants. Szpyra-Kozłowska et al. (2014) reported that this 

durational variability is one of the most difficult allophonic phenomena to teach to Polish 

learners.  

Three studies in our lab dealt with English vowel duration as a cue to voicing. Rojczyk 

(2010) manipulated acoustically vowel duration to investigate how increasing durations 

would change a following percept from a voiceless to voiced stop. The stop was manipulated 

to be acoustically ambiguous to its voicing status. Native English speakers were sensitive to 

increasing vowel durations and identified the following stop as voiced when preceded by 

longer vowels. Polish learners did not follow the native English pattern and their performance 

was characterized by considerable insensitivity to this durational cue. Rojczyk (2008) 

attempted to prime vowel duration a cue to the voicing status of a following consonant in 

Polish by presenting English and Polish words interchangeably in a reading time-limited task. 

The durational measurements showed that this English durational feature was transferred into 

Polish due to the fact that the participants could not separate the two languages in rapid code 

switching. Finally, Zając and Rojczyk (submitted) used vowel duration to test the magnitude 

of convergence in imitation using two model talkers: a native speaker o English and a speaker 

of Polish. The participants converged more with the native model, however the magnitude of 

convergence was limited.  

 

3.3. Consonant duration 

Duration of consonants in English is also influenced by their phonological voicing or 

voicelessness. For stop consonants closure is shorter when a stop is voiced and longer when a 

stop is voiceless (House and Fairbanks 1953; Peterson and Lehiste 1960). This consistent 

durational variability has been demonstrated to contribute to the perception of voicing, in 

which decreasing or increasing closure duration is identified as voiced or voiceless stop 

(Lisker 1957; Repp and Williams 1985). A similar effect of the voicing contrast on consonant 

duration is found for fricatives. Crystal and House (1988a) reported mean frication noise for 

voiceless to be 97 ms for voiceless and 50 ms for voiced fricatives. Stevens et al. (1992) 

found that the duration of /s/ and /z/ was 108 ms and 78 ms respectively. This durational 
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variability is a strong cue in perception. Decreasing or increasing frication noise changes the 

fricative percept into voiced or voiceless (Cole and Cooper 1975; Flege and Hillenbrand 

1986; Stevens et al. 1992). The data for Polish show some similar variability in closure 

duration for voiced and voiceless stops. While the report that word final phonologically 

voiced stops are shorter than voiceless stops (Slowiaczek and Dinnsen 1985) as evidence for 

incomplete neutralization is questionable (Jassem and Richter 1989), the observation that it is 

the case in intervocalic position (Keating 1980) seems to be reliable. No data have been 

reported, to our knowledge, on duration of Polish voiced and voiceless fricatives. 

In our lab, Rojczyk (2010) studied the perception of closure duration and frication noise on 

voicing judgments by native English speakers and Polish learners. Native speakers were 

significantly more sensitive to decreased closure durations as a cue to voicing than the Polish 

learners, however the magnitude of a shift from voiceless to voiced was limited. For 

fricatives, native speakers were strongly affected by decreased frication noise in identification 

of voiced fricatives, as opposed to Polish learners for whom the effect was less pronounced.   

                                      

4. Prominence 

Longer duration, alongside intensity and pitch change, is an important cue for prominence in 

world's languages (Maddieson 1997, Waniek-Klimczak 2005). Evidence for English, 

concerning both word stress and phrasal accent has been provided, respectively, by Klatt 

(1974),  Umeda (1977), Crystal and House (1988a), Sluijter and van Heuven (1996); 

Pierrehumbert and Talkin (1992), Beckman and Edwards (1994), Turk and White (1999), and 

Choi (2003). The domain of accentual lengthening is normally the syllable but not all its 

constituents are affected to the same degree. According to Crystal and House (1988a), the 

syllable nucleus is lengthened more than the consonants in accented syllables. The claim, 

however, has not been universally supported. For instance, Eefting (1991) has reported that, 

for Dutch, it is rather onsets and codas that are lengthened more than vowels under accent.  It 

is interesting that, as reported by Sluijter (1995) and Turk and White (1999), accentual 

lengthening may not only affect the adjacent syllables, especially the following ones, but also 

the following word, even though word boundaries usually strongly attenuate or block the 

lengthening. Generally speaking, accentual lengthening is mainly a domain-span process, one 

that influences all elements of the unit (White 2002). 

The reported scale of segmental lengthening in accented syllables differs across studies. 

Crystal and House (1988a) have found consonants to be 30% longer and vowels 80-100% 

longer in stressed syllables, while stressed diphthongs are on average 50% longer. Moreover, 
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Crystal and House (1988b) conclude that inherently long vowels are lengthened more under 

stress than the ‘short’ ones.  

For Polish, Jassem (1959) has observed stressed vowels in citation forms to be 17% longer 

than the unstressed ones. Nowak (2006) finds 22% difference in an extensive study 

encompassing diverse speech styles, while Rojczyk (2010b) reports a 30% difference in 

reiterant speech. On the other hand, Dogil (1999) claims that vowel duration is not a word 

stress correlate in Polish.  

In many languages, prominence is indicated not only by increased duration, intensity and 

pitch but also by the reduction of unstressed speech units (cf. de Jong 2000). Reduction may 

be manifested in both the spectral qualities of the unit and its shorter duration. Its domain 

being the syllable, the reduction is not confined to individual segments, e.g. the vocalic 

nucleus, although vowel reduction is investigated far more frequently. There is evidence that 

consonants are also reduced in unstressed contexts but the scale of reduction largely depends 

on the consonant type (eg. Jassem et al. 1984; Byrd 1994; Keating et al. 1994; Schmidt and 

Flege 1995; Van Son and Van Pols 1996). Lindblom (1990) and Cole et al. (2007) point out 

that quantitative consonant reduction results from narrower space taken by consecutive 

articulatory gestures and considerable gesture overlap in unstressed contexts. 

Vowel reduction in unstressed positions is a universal phenomenon but its scale differs 

across languages. The stress-timed ones, like English, tend to shorten unstressed vowels very 

strongly, often leaving the syllable with no vocalic segment, especially between voiceless 

consonants and before sonorant codas. Reduction is less radical in syllable-timed languages, 

where a vowel can disappear occasionally only in fast and careless speech. Jassem (1959) 

claims that there is little correlation between stress and vowel reduction in Polish. Recent 

studies mentioned above (Nowak 2006, Rojczyk 2010) provide evidence for prominence-

dependent vowel length variation but even Rojczyk's results for reiterant speech confirm the 

common belief that Polish and English differ considerably. Thus we can agree with Nowak 

(2006: 378), who concludes that the lack of vowel reduction in Polish may be "constrained by 

the admittedly limited durational variation of Polish vowels (vis-à-vis many other 

languages)." 

Segmental and prosodic differences between L1 and FL often lead to interference in 

learners’ speech. The proper use of accentual lengthening and unstressed vowel reduction is  

important for EFL learners because robust indication of prominence is crucial for successful 

communication (cf. Bogle 1996; Kenworthy 1987; Celce-Murcia et al 1996; Jenkins 2000). 

Therefore Polish learners,  who often follow L1 temporal patterns in that respect (Luke and 



9 
 

Richards 1982; Sobkowiak 2001; Hewings 2004; Dziubalska-Kołaczyk et al. 2006; Nowacka 

2008; Gonet et al. 2010), "should be given activities that practice reduction of unstressed 

syllables and lengthening of stressed ones" (Avery and Ehrlich 1996:145).  

The duration of individual segments is interrelated with at least the surrounding elements 

within a speech unit and it would be hardly justified to claim that the duration of a single 

speech sound alone can efficiently cue the presence or absence of prominence. However, it 

appears that, considering the mechanics of speech production, especially the articulatory 

energy distribution, we may suspect that focusing on vocalic length adjustment, given the 

acoustic and auditory saliency of syllable nuclei, may enable the speaker to establish proper 

temporal relations between accented and unaccented units. 

Porzuczek’s (2010, 2013) studies of Polish-accented English speech provide data 

illustrating the discrepancies in unstressed vowel duration between native English speakers 

and advanced Polish learners. The former investigates the duration of unstressed preposition 

to. The measured stretch of speech comprises the aspiration immediately following the release 

of /t/, the reduced vowel and the occlusion phase of a stop beginning the next word. It turns 

out that, typically, no vocalic element is found in native English pronunciation of unstressed 

to before fortis stops. Before lenis stops, 50% of the responses were also fully voiceless. The 

Polish speakers rarely (4-16%, depending on proficiency and length of training) pronounced 

the preposition without a vowel. This was obviously correlated with significantly longer mean 

duration of the vowel in Polish respondents. The other study is devoted to the pronoun her. 

The absolute and relative duration of the function word was measured acoustically and 

attention was paid to all segments. Polish learners again made the pronoun longer than native 

speakers. The effect was magnified by stronger pronunciation of /h/, often dropped by English 

speakers, and /r/ in the coda, silent in standard British speech. 

The results of the research described above do not explicitly indicate phonological 

problems in the English speech of Polish learners, but the significant deviations from native 

norms suggest problems with clear indication of prominences and provide evidence to support 

Avery and Ehrlich’s (1996) and the other observations cited earlier in this section. Measuring 

segmental duration in order to find differences between foreign-accented and native 

pronunciation of the same language, especially in connected speech, rarely leads to clear 

categorical conclusions. Individual variation in native speakers makes it difficult to establish 

native reference values. 

Porzuczek (2012a) has attempted to investigate the general vocalic length variation in 

native speakers’ and Polish learners’ read speech in order to observe how prominence levels 
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influence vowel duration. The recorded performance of 13 Polish students of English and 12 

British secondary school students was analysed acoustically with focus on the duration of 26 

vowels in stressed positions and 20 unstressed vowels. Among other calculations, two ratios 

were particularly indicative of the differences between native and non-native speech. First, 

calculated on the basis of 19 stressed vowels and 17 schwas in the read text,
1
 standard 

deviation from personal mean vowel length was divided by personal mean vowel length to 

control for speech rate variability (cf. VarcoV used by Dellwo 2006 and White nad Mattys 

2007). This ratio ranged between .54 and .72 for native speakers and between .36 and .62 for 

Polish learners, but only two
2
 of them exceeded the level of .55. However, the other ratio, 

vowel reduction quotient (VRQ) proved to be even more powerful in that it almost cleanly 

separated the two groups of speakers. VRQ is a simple proportion of personal mean stressed 

vowel length to personal mean unstressed vowel length. The native speakers’ VRQs ranged 

from .34 to .5, while the corresponding Polish respondents’ scores ranged from .47 to 1.05 

(see Figure 1), where again only the two most proficient students managed to match the native 

speaker’s scores indicating relatively low reduction levels. 

 

Figure 1: Vowel Reduction Quotient (Porzuczek 2012b: 210) 

 

Porzuczek’s studies suggest that it is easier to prove vowel reduction discrepancies 

between native English speakers and Polish learners than discrepancies in accentual 

lengthening, where the naturally slower speech rate of the learners may compensate for 

potentially shorter duration of stressed vowels. It appears that the investigation of the other 

cues for prominence might show more conspicuous differences between the two groups of 

speakers. Generally, however, we can conclude that the phonological category of prominence 

is signalled in native English by maintaining the minimum duration proportion of 2:1 between 

vowels in stressed and unstressed syllables. This ratio is difficult to achieve for Polish 

learners, although the results show significant approximation to native norms in the course of 

phonetic training. 

 

5. Prosodic domain boundaries 

The most salient prosodic boundary, the pause, is regularly used to mark top level domains, 

i.e. utterances and intonational phrases. The lower the level in the prosodic hierarchy, the 

                                                             
1 Only non-phrase-final syllables were considered in order to eliminate the effects of final lengthening. 
2 These two students achieved best results in practical pronunciation course. 
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lower the frequency of pauses. Native speakers do not normally separate individual words by 

pauses. Moreover, FL learners’ problems with accurate speech segmentation into words often 

hinder their listening comprehension, which may suggest insensitivity to FL word boundary 

cues or the lack of such cues in regular native speech at least where communication is 

effective and comfortable. Numerous studies, however, suggest that the boundaries of speech 

units are marked by longer duration of boundary-adjacent elements. Such processes, 

influencing only the segments near unit boundaries are classified as domain-edge processes 

by White (2002). The best documented ones are initial strengthening and final lengthening. 

Initial strengthening consists in longer duration of articulators contact and wider 

linguopalatal contact in stops. The process has been observed, for instance, in  English, 

French, Korean and Taiwanese by Fougeron and Keating (1997), Byrd and Saltzman (1998), 

Fougeron (2001), Cho and Keating (2001), Keating et al. (2003). Initial strengthening is said 

to be magnified at boundaries of higher-rank domains (Cooper and Paccia-Cooper 1980, Gee 

and Grosjean 1983, Wightman et al. 1992, Fougeron and Keating 1997, Yoon et al. 2007). It 

affects mainly the onset consonants in syllables immediately following the boundary 

(Bombien et al. 2006, Cho and Keating 2001), while vowels are typically more sensitive to 

accent (Cho and Keating 2001). The scale of lengthening may also depend on the initial 

consonant type (Oller 1973).  

Final lengthening affects preboundary segments, particularly vowels. Abundant evidence 

for the process has been provided for English by Martin (1970), Lehiste (1972), Oller (1973), 

Klatt (1975, 1976), Edwards et al. (1991), Gussenhoven and Rietveld (1992), Byrd (2000) and 

Byrd et al. (2006); for Dutch by Nooteboom and Doodeman (1980) and Cambier-Langeveld 

(2000); and for Hebrew by Berkovits (1994). Pre-boundary segments tend to be the longest in 

the phrase-final, and especially in the utterance-final position (e.g. Lindblom and Rapp 1973). 

However, according to Klatt (1976), only sonorant and fricative codas are significantly 

lengthened. Wightman et al. (1992), and Gussenhoven and Rietveld (1992) have observed 

longer duration of pre-boundary syllables, while Berkovits (1994) and Shattuck-Hufnagel and 

Turk (1998) suggested that final lengthening begins with the last stressed syllable (or vowel – 

cf. Wightman et al 1992) in the phrase and affects all segments up to the boundary.  

Before lower-level domain boundaries the effects of both processes appear less systematic. 

A number of studies have been devoted to word boundaries, especially important for FL 

learners. Boundary-adjacent segments may be lengthened both word-initially and word-

finally. Oller (1973) and Cooper (1991) have observed that word-initial syllable onset 

consonants tend to be longer than similar word-medial ones. Moreover, whole syllables  
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(Klatt 1975) or at least syllable rhymes (e.g. Beckman and Edwards 1990, Wightman et al. 

1992) are often longer before a word boundary, even in non-phrase-final positions.  

Research methods leading to these conclusions make use of acoustic analysis of the 

recorded speech signal in identical phonemic sequences, differing in word boundary 

distribution. For instance, Turk and Shattuck-Hufnagel (2000) measured boundary-adjacent 

segments in tuna choir vs. tune acquire and found that word-initial /k/ in choir was longer 

than the word-medial consonant in acquire. With respect to final lengthening, Turk and White 

(1999) observed that the first syllable in sequences such as shakedown stairs vs. shake 

downstairs was longer in the latter example, i.e. before a word boundary. 

A similar study has been conducted for Polish by Porzuczek and Rojczyk (2011), where 

two sentences with identical phonemic content were read by Polish respondents. The stimuli 

only differed in lexical content in such a way that one contained an additional word boundary: 

Lubi Doda Wanię?  vs. Lubi dodawanie? After the analysis of measured segment durations it 

turned out that the pre-boundary vowel /a/ in Doda was not prolonged by the speakers, but 

significant lengthening of the word-initial consonant /v/ in Wanię was observed, as well as 

slight but significant lengthening of the following vowel /a/. These results are in line with the 

evidence for word initial lengthening in English, French, Korean and Taiwanese, referred to 

earlier in this section, but they also suggest that the word may not constitute a domain for 

final lengthening. 

Final lengthening, at least at the phrase level, seems to be stronger in English than in 

Polish, which is suggested by Porzuczek (2012b), who found that vowels produced by native 

English speakers in phrase final accented syllables were 113% longer than in medial 

positions. The same vowels were lengthened only by 77-79% in Polish learners’ production.   

 

6. Conclusion  

The studies described in the present paper indicate that although segmental duration is highly 

sensitive to a lot of interacting factors, including large individual variation, it is used as an 

important indicator of a variety of phonological categories both on the phonemic and the 

prosodic levels. This makes it important for communication and, by the same token, for 

foreign language learning. Duration is a highly contrastive phonetic parameter that contributes 

to the distinctiveness of sound categories. Due to significant cross-linguistic differences in 

durational variability, duration is also a parameter that must be considered in both studies 

dealing with foreign-language speech as well as in foreign-language pronunciation pedagogy.  

 



13 
 

 

References 

Abramson, A. S., Lisker, L. 1985. Relative power of cues: F0 shift versus voice timing. In: 

Fromkin, V. (ed.) Phonetic Linguistics: Essays in Honor of Peter Ladefoged. Orlando: 

Academic Press: 25-33. 

Ainworth, W. 1972. Duration as a cue in the recognition of synthetic vowels. Journal of the 

Acoustical Society of America 51: 648-651. 

Avery, P., Ehrlich, S. 1992. Teaching American English Pronunciation. Oxford: Oxford 

University Press. 

Beckman, M. E., Edwards, J. 1990. Lengthenings and shortenings and the nature of prosodic 

constituency. In: Kingston, J., Beckman, M.E. (eds.). Papers in Laboratory Phonology 

I: Between the Grammar and the Physics of Speech. Cambridge: Cambridge University 

Press: 152-178. 

Beckman, M., Edwards, J. 1994. Articulatory evidence for differentiating stress categories. In: 

Keating, P. A. (ed.) Papers in Laboratory Phonology III: Phonological Structure and 

Phonetic Form. Cambridge: Cambridge University Press: 7–33. 

Berkovits, R. 1994. Durational effects in final lengthening, gapping, and contrastive stress. 

Language and Speech 37: 237–250. 

Bogacka, A. 2004. On the perception of English high vowels by Polish learners of English. 

In: Daskalaki, E., Katsos, N., Mavrogiorgos, M., Reeve, M. (eds) CamLing 2004: 

Proceedings of the University of Cambridge Second Postgraduate Conference in 

Language Research. Cambridge Institute of Language research. Cambridge: 

Cambridge University Press: 279-304.  

Bogle, D. 1996. Practical Phonology. Edinburgh: Moray House Publications.  

Bohn, O-S. 1995. Cross-language perception in adults: First language transfer doesn't tell it 

all. In: Strange W. (ed.) Speech Perception and Linguistic Experience: Issues in Cross-

Language Research. Timonium: York Press: 379-410. 

Bombien, L., Mooshammer, C., Hoole, P., Kuhnert, B., Schneeberg, J. 2006. An EPG study 

of initial /kl/ clusters in varying prosodic conditions in German. Proceedings of the 7th 

International Seminar on Speech Production. Ubatuba, Brazil. 

Byrd, D. 1994. Relations of sex and dialect to reduction. Speech Communication 15: 39-54. 

Byrd, D. 2000. Articulatory vowel lengthening and coordination at phrasal junctures. 

Phonetica 57: 3–16.  



14 
 

Byrd, D., Krivokapić, J., Lee, S. 2006. How far, how long: On the temporal scope of prosodic 

boundary effects. Journal of the Acoustical Society of America 120: 1589–1599.  

Byrd D., Saltzman, E. 1998. Intragestural dynamics of multiple phrasal boundaries. Journal of 

Phonetics 26: 173–199. 

Cambier-Langeveld, T. 2000. Temporal Marking of Accents and Boundaries. Leiden: Holland 

Institute of Generative Linguistics. 

Catford, J. C. 2001. A Practical Introduction to Phonetics, 2nd Ed. Oxford: Oxford 

University Press.  

Cebrian, J. 2006. Experience and the use of non-native duration in L2 vowel categorization. 

Journal of Phonetics 34: 372-387. 

Celce-Murcia, M., Brinton, D., Goodwin, J. 1996. Teaching Pronunciation: A Reference for 

Teachers of English to Speakers of Other Languages. New York, NY: Cambridge 

University Press. 

Chládková, K., Escudero, P., Lipski, S. C. 2013. Pre-attentive sensitivity to vowel duration 

reveals native phonology and predicts learning of second-language sounds. Brain and 

Language 126: 243-252. 

Chen, M. 1970. Vowel length variation as a function of the voicing of consonant 

environment. Phonetica 22: 129-159. 

Cho, T., Keating, P. 2001. Articulatory and acoustic studies on domain-initial strengthening in 

Korean. Journal of Phonetics 29: 155-190. 

Choi, H. 2003. Prosody-induced acoustic variation in English stop consonants. Proceedings of 

the 15th International Congress of Phonetic Sciences. Barcelona: 2662-2664. 

Chomsky, N., Halle, M. 1968. The Sound Pattern of English. New York: Harper and Row. 

Cole, J., Kim, H., Choi, H., Hasegawa-Johnson, M. 2007. Prosodic effects on acoustic cues to 

stop voicing and place of articulation: Evidence from Radio News speech. Journal of 

Phonetics 35: 180-209. 

Cole, R. A., Cooper, W. E. 1975. Perception of voicing in English affricates and fricatives. 

Journal of the Acoustical Society of America 58: 1280-1287.  

Cooper, A. M. 1991. Laryngeal and oral gestures in English /p, t, k/. Proceedings of the XIIth 

International Congress of Phonetic Sciences, Aix-en-Provence, Vol. 2: 50-53. 

Cooper, W. E., Paccia-Cooper, J. 1980. Syntax and Speech. Cambridge, MA: Harvard 

University Press. 



15 
 

Crothers, J. 1978. Typology and universals of vowel systems. In: Greenberg, J. (ed.) 

Universals of Human Language. Phonology Vol. 2. Stanford CA: Stanford University 

Press: 93-152.  

Crystal, T. H., House, A. S. 1988a. Segmental duration in connected speech signals: syllabic 

stress”. Journal of the Acoustical Society of America 83 (4): 1574-1585. 

Crystal, T. H., House, A. S. 1988b. The duration of American English vowels: an overview. 

Journal of Phonetics 16: 263-284. 

de Jong, K. 2000. Attention modulation and the formal properties of stress systems. In: Boyle, 

J., Lee, J-H., Okrent, A. (eds.) Chicago Linguistuic Society 36 (1): 71-91.  

Dellwo, V. 2006. Rhythm and Speech Rate: A Variation Coefficient for ΔC. In: Language 

and Language-processing. In: Karnowski P. and Szigeti, I. Frankfurt am Main: Peter 

Lang: 231-241. 

Dogil, G. 1999. The phonetic manifestation of word stress in Lithuanian, Polish, German and 

Spanish. In: Van der Hulst, H. (ed.) Word Prosodic Systems in the Languages of 

Europe. Berlin: Mouton de Gruyter: 273-311. 

Dziubalska-Kołaczyk, K., Bogacka, A.,  Pietrala, D., Wypych, M., Krynicki,  G. 2006. PELT: 

an English language tutorial system for Polish speakers. MULTILING-2006, paper 012. 

Edwards, J. E., Beckman, M. E., Fletcher, J. 1991. The articulatory  kinematics of final 

lengthening. Journal of the Acoustical Society of America 89: 369–382.  

Eefting, W. 1991. The effect of information value and accentuation on the duration of Dutch 

words, syllables, and segments, Journal of the Acoustical Society of America 89: 412-

424. 

Eerola, O., Savela, J., Laaksonen, J-S., Aaltonen, O. 2012. The effect of duration on vowel 

categorization and perceptual prototypes in a quantity language. Journal of Phonetics 

40: 315-328. 

Escudero, P. 2006. The phonological and phonetic development of new vowel contrasts in 

Spanish learners of English. In: Baptista, B. O., Watkins, M. A. (eds.) English with a 

Latin Beat: Studies in Portugues/Spanish-English Inter-phonology. Studies in 

Bilingualism, Vol. 31. Amsterdam: John Benjamins: 149-161. 

Escudero, P., Benders, T., Lipski, S. C. 2009. Native, non-native and L2 perceptual cue 

weighting for Dutch vowels: The case of Dutch, German, and Spanish listeners. Journal 

of Phonetics 37: 452-465. 

Escudero, P., Boersma, P. 2004. Bridging the gap between L2 speech perception research and 

phonological theory. Studies in Second Language Acquisition 26(4): 551-585. 



16 
 

Flege, J. E., Hillenbrand, J. 1986. Differential use of temporal cues to the /s/-/z/ contrast by 

native and non-native speakers of English. Journal of the Acoustical Society of America 

79: 508-517.  

Fougeron, C. 2001. Articulatory properties of initial segments in several prosodic constituents 

in French. Journal of Phonetics 29: 109-136. 

Fougeron, C., Keating, P. A. 1997. Articulatory strengthening  at edges of  prosodic domains. 

Journal of the Acoustical Society of America 101 (6): 3728-3740. 

Gee, J. P. & Grosjean, F. 1983. Performance structures: a psycholinguistic and linguistic 

appraisal. Cognitive Psychology 15: 411-458. 

Gimson, A. C. 2008. Gimson's Pronunciation of English, rev. by A. Cruttenden. London: 

Arnold. 

Gonet, W. 2010. Dispelling the myth of word-final obstruent voicing in English: New facts 

and pedagogical implications. In: Waniek-Klimczak, E. (ed.) Issues in Accents of 

English 2: Variability and Norm. Newcastle-upon-Tyne: Cambridge Scholars 

Publishing: 361-376. 

Gonet, W. 2012. Voicing of word-final obstruent in English connected speech. Speech and 

Language Technology 14/15: 181-189. 

Gonet, W., Szpyra-Kozłowska, J., Święciński, R. 2010. The acquisition of Vowel Reduction 

by Polish students of English. In: Waniek-Klimczak, Ewa (ed.) Issues in Accents of 

English 2: Variability and Norm. Newcastle-upon-Tyne: Cambridge Scholars 

Publishers, 291-308. 

Gussenhoven, C., Rietveld, A. 1992. Intonation contours, prosodic structure and preboundary 

lengthening. Journal of Phonetics 20: 283-303. 

Hewings, M. 2004. Pronunciation Practice Activities. Cambridge: Cambridge University 

Press. 

Hillenbrand, J., Clark, M. J., Houde, R. A. 2000. Some effects of duration on vowel 

recognition. Journal of the Acoustical Society of America 108(6): 3013-3022. 

Hillenbrand, J., Getty, L. A., Clark, M. J., Wheeler, K. 1995. Acoustic characteristics of 

American English vowels. Journal of the Acoustical Society of America 97(5): 3099-

3111.  

House, A. S., Fairbanks, G. 1953. The influence of consonant environment upon the 

secondary acoustical characteristics of vowels. Journal of the Acoustical Society of 

America 25: 105-113.  



17 
 

Jakobson, R., Halle, M. 1964. Tenseness and laxness. In Abercrombie, D. et al. (eds.) To 

Honour Daniel Jones. London: Longmans: 96-101. 

Jassem, W. 1959. The Phonology of Polish Stress. Word 15: 252-269. 

Jassem, W. 1962. Akcent Języka Polskiego. Wrocław: Ossolineum.  

Jassem, W., Hill, D. R. , Witten, I. H. 1984. Isochrony in English Speech: its Statistical 

Validity and Linguistic Relevance. In: Gibbon, D., Richter, H. (eds.). Intonation, Accent 

and Rhythm. Studies in Discourse Phonology. Berlin, New York: Walter de Gruyter: 

203-225. 

Jassem, W., Richter, L. 1989. Neutralization of voicing in Polish obstruents. Journal of 

Phonetics 17: 317-325. 

Jenkins, J. 2000. The Phonology of English as an International Language. Oxford: Oxford 

University Press. 

Keating, P. A. 1980. A Phonetic Study of the Voicing Contrast in Polish. PhD Dissertation, 

Brown University. 

Keating, P. A., Cho, T., Fougeron, C., Hsu, C.-S. 2003. Domain-initial articulatory 

strengthening in four languages. In: Local, J., Ogden, R., Temple, R. (eds.) Papers in 

Laboratory Phonology 6. Cambridge: Cambridge University Press: 143-161. 

Keating, P. A., Lindblom, B., Lubker, J., Kreiman, J. 1994. Variability in jaw height  for 

segments in English and Swedish VCVs. Journal of Phonetics 22: 407-422. 

Keating, P. A., Linker, W., Huffman, M. 1983. Patterns of allophone distribution for voiced 

and voiceless stops. Journal of Phonetics 11: 277-290.  

Keating, P. A., Mikoś, M. J., Ganong III W. F. 1981. A cross-language study of range of 

voice onset time in the perception of initial stop voicing. Journal of the Acoustical 

Society of America 70: 1261-1271.  

Kenworthy, J. 1987. Teaching English Pronunciation. Harlow, Essex: Longman. 

Kessinger, R. H., Blumstein, S. E. 1997. Effects of speaking rate on voice-onset time in Thai, 

French, and English. Journal of Phonetics 25: 143-168.  

Klatt, D. H. 1974. The duration of [s] in English words. Journal of Speech and Hearing 

Research 17: 51-63  

Klatt, D. 1975. Vowel lengthening is syntactically determined in a connected discourse. 

Journal of Phonetics 3: 129–140. 

Klatt, D. H. 1976. Linguistic uses of segmental duration in English: acoustic and perceptual 

evidence.  Journal of the Acoustical Society of America 59: 1208–1221. 



18 
 

Klessa, K. 2012. Polish segmental duration: Selected observations based on corpus data. 

Speech and Language Technology 14/15: 95-103. 

Kondaurova, M., Francis, A. L. 2008. The relationship between native allophonic experience 

with vowel duration and perception of the English tense/lax vowel contrast by Spanish 

and Russian listeners. Journal of the Acoustical Society of America 124(6): 3959-3971. 

Kondaurova, M., Francis, A. L. 2010. The role of selective attention in the acquisition of 

English tense and lax vowels by native Spanish listeners: Comparison of three training 

methods. Journal of Phonetics 38: 569-587.  

Kopczyński, A. 1977. Polish and American English Consonant Phonemes: A Contrastive 

Study. Warszawa: Państwowe Wydawnictwo Naukowe. 

Ladefoged, P., Maddieson, I. 1996. The Sounds of the World's Languages. Cambridge MA: 

Blackwell Publishers.  

Lehiste, I. 1972. The timing of utterances and linguistic boundaries. Journal of the Acoustical 

Society of America 51: 2018-2024. 

Lindblom, B. 1990. Explaining phonetic variation: a sketch of the H&H theory. In: 

Hardcastle, H. J., Marchal, A. (eds) Speech Production and Speech Modeling. 

Dordrecht: Kluwer Academic Publishers: 403-439. 

Lisker, L. 1957. Closure duration and the intervocalic voiced-voiceless distinction in English. 

Language 33: 42-49. 

Lisker, L. 1978. In qualified defense of VOT. Language and Speech 21: 375-383. 

Lisker, L., Abramson, A. S. 1964. A cross-language study of voicing in initial stops: Acoustic 

measurements. Word. 

Lisker, L., Abramson, A. S. 1967. Some effects of context on voice onset time in English 

stops. Language and Speech 10: 1-28. 

Luke, K. K., Richards, J. C. 1982. English in Hong-Kong: Functions and status. English 

World-Wide 3: 147-164. 

Maddieson, I. 1984. Patterns of Sounds. Cambridge: Cambridge University Press. 

Maddieson, I. 1997. Phonetic Universals. In: Hardcastle, W. J. and Laver, J. (eds.) The 

Handbook of Phonetic Sciences. Blackwell: 619-639. 

Magloire, J., Green, K. 1999. A cross-language comparison of speaking rate effects on the 

production of Voice Onset Time in English and Spanish. Phonetica 56: 158-185. 

Martin, J. G. 1970. On judging pauses in spontaneous speech. Journal of Verbal Learning and 

Verbal Behavior 9: 75–78. 



19 
 

Mikoś, M. J., Keating, P. A., Moslin, B. J. 1978. The perception of voice onset time in Polish. 

Journal of the Acoustical Society of America (S1): 63: S19. 

Miller, J. L., Green, K. P., Reeves, A. 1986. Speaking rate and segments: A look at the 

relation between speech production and speech perception for the voicing contrast. 

Phonetica 43: 104-115. 

Nooteboom, S. G., Doodeman, G. J. N. 1980. Production and perception of vowel length in 

spoken sentences. Journal of the Acoustical Society of America 67: 276–287.  

Nowacka, M. 2008. The Phonetic Attainment in Polish University and College Students of 

English. A Study in the Productive and Receptive Pronunciation Skills. Unpublished 

Ph.D. dissertation. Maria Curie-Skłodowska University, Lublin. 

Nowak, P. 2006. Vowel reduction in Polish.  Ph.D. dissertation. University of California, 

Berkeley. 

Oller, D. K. 1973. The effect of position in utterance on speech segment duration in English. 

Journal of the Acoustical Society of America 54: 1235-1247. 

Peterson, G. E., Lehiste, I. 1960. Duration of syllable nuclei in English. Journal of the 

Acoustical Society of America 32: 693-703. 

Pierrehumbert, J., Talkin, D. 1992. Lenition of /h/ and glottal stop. In: Docherty, G. J., Ladd, 

D. R. (eds.). Papers in Laboratory Phonology II. Cambridge: Cambridge University 

Press, 90-117. 

Porzuczek, A. 2010. The weak forms of TO in the pronunciation of Polish learners of English. 

In: Waniek-Klimczak, E. (ed.) Issues in accents of English 2: Variability and norm. 

Newcastle-upon-Tyne: Cambridge Scholars Publishing: 309-324. 

Porzuczek, A. 2012a. Measuring vowel duration variability in native English speakers and 

Polish learners. Research in Language 10(2): 201–214. 

Porzuczek, A. 2012b. The Timing of Tone Group Constituents in the Advanced Polish 

Learner's English Pronunciation. Katowice: Wydawnictwo Uniwersytetu Śląskiego. 

Porzuczek, A. 2013. Segmental and prosodic reasons for non-native timing of her in Polish 

learner's English speech. In: Waniek-Klimczak, E., Shockey, L. R. (eds.) Teaching and 

Researching English Accents in Native and Non-native Speakers. Berlin: Heidelberg: 

Springer-Verlag: 177-187 

Porzuczek, A., Rojczyk, A. 2011. Word boundaries in native Polish speech. In: Androsova, S. 

V. (ed.) Proceedings of the 1st International Conference "Phonetics without Borders" 

Blagoveshchensk: Amur State University: 91-95.  



20 
 

Raphael, L. J. 1972. Preceding vowel duration as a cue to the perception of the voicing 

characteristics of word-final consonants in English. Journal of the Acoustical Society of 

America 51: 1296-1303. 

Raphael L. J., Dorman, M. F., Freeman, F., Tobin, C. 1975. Vowel and nasal duration as cues 

to voicing in word-final stop consonants: Spectrographic and perceptual studies. 

Journal of Speech and Hearing Research 18: 380-400. 

Repp, B. H., Williams, D. R. 1985. Influence of following context on perception of the 

voiced-voiceless distinction in syllable final stop consonants. Journal of the Acoustical 

Society of America 78: 445-457. 

Richter, L. 1973. The duration of Polish vowels. Speech Analysis and Synthesis 3: 87-115. 

Rojczyk. 2008. Cross-linguistic priming on bowel duration and delayed plosion in Polish-

English bilinguals. In: Waniek-Klimczak (ed.) Issues in Accents of English. Newcastle-

upon-Tyne: Cambridge Scholars Publishing: 44-63. 

Rojczyk, A. 2010. Temporal and Spectral Parameters in Perception of the Voicing Contrast 

in English and Polish. Katowice: Wydawnictwo Uniwersytetu Śląskiego. 

Rojczyk, A. 2011a. Overreliance on duration in nonnative vowel production and perception: 

The within-lax vowel category contrast. In: Wrembel, M., Kul, M., Dziubalska-

Kołaczyk, K. (eds) Achievements and Perspectives in SLA of Speech: New Sounds 2010, 

Vol. II. Frankfurt am Main: Peter Lang: 239-250. 

Rojczyk, A. 2011b. Perception of the English Voice Onset Time continuum by Polish 

learners. In: Arabski, J., Wojtaszek, A. (eds.) The Acquisition of L2 Phonology. Bristol, 

Buffalo, Toronto: Multilingual Matters: 37-58. 

Rojczyk, A. 2012. Phonetic and phonological mode in second-language speech: VOT 

imitation. Paper presented at EUROSLA 2012, Poznań, Poland, September 5-8 2012. 

Rojczyk, A. in press. Using FL accent imitation in L1 in foreign-language speech research. In: 

Waniek-Klimczak, E., Pawlak, M. (eds.) Teaching and Researching the Pronunciation 

of English. Berlin Heidelberg: Springer. 

Roach. P. 2000. English Phonetics and Phonology. A Practical Course, 3rd Ed. Cambridge: 

Cambridge University Press. 

Schmidt, A. M., Flege, J. E. 1995. Effects of speaking rate changes on native and non-native 

speech production. Phonetica 52: 41-54. 

Schön, D., Besson, M. 2002. Processing pitch and duration in music reading: A RT-ERP 

study. Neuropsychologia 40: 868-878. 



21 
 

Shattuck-Hufnagel, S., Turk, A. 1998. The domain of phrase-final lengthening in English. 

The Sound of the Future: A Global View of Acoustics in the 21st Century. Proceedings 

of 16th International Congress on Acoustics and 135th Meeting Acoustical Society of 

America, 1235-1236. 

Slowiaczek, L. M., Dinnsen, D. A. 1985. On the neutralizing status of Polish word-final 

devoicing in Polish. Journal of Phonetics 13: 325-341. 

Slowiaczek, L. M., Szymanska, H. J. 1989. Perception of word-final devoicing in Polish. 

Journal of Phonetics 17: 205-2012. 

Sluijter, A. M. C. 1995. Phonetic Correlates of Stress and Accent. PhD dissertation, 

Rijksuniversiteit te Leiden.  

Sluijter, A. M. C., van Heuven, V. J. 1996. Acoustic correlates of linguistic stress and accent 

in Dutch and American English. Proceedings of ICSL, 96. Philadelphia: Applied 

Science and Engineering Laboratories, Alfred I du Pont Institute: 630-633. 

Sobkowiak, Włodzimierz. 2001. English Phonetics for Poles. Poznań: Wydawnictwo 

Poznańskie. 

Szpyra-Kozłowska, J., Stasiak, S., Święciński, R. 2014. On the teachibility of English 

allophonic distinctions to intermediate Polish learners. In: Szpyra-Kozłowska, J., Guz, 

E., Steinbrich, P., Święciński, R. (eds.) Recent Developments in Applied Phonetics. 

Lublin: Wydawnictwo KUL: 217-238. 

Stevens, K. N., Blumstein, S. E., Glicksman, L., Burton, M., Kurowski, K. 1992. Acoustic 

and perceptual characteristics of voicing in fricatives and fricative clusters. Journal of 

the Acoustical Society of America 91: 2979-3000. 

Summerfield, A. Q. 1975. How a full account of segmental perception depends on prosody 

and vice versa. In: Cohen, A., Nooteboom, S. G. (eds.) Structure and Process in Speech 

Perception. New York: Springer-Verlag.  

Summerfield, A. Q., Haggard, M. 1977. On the dissociation of spectral and temporal cues to 

the voicing  distinction in initial stop consonants. Journal of the Acoustical Society of 

America 62: 435-448.  

Turk, A., Shattuck-Hufnagel, A. 2000. Word-boundary related duration patterns in English. 

Journal of Phonetics 28: 379-440. 

Turk, A. E., White, L. 1999. Structural influences on accentual lengthening in English. 

Journal of Phonetics 27: 171–206. 

Umeda, N. 1977. Consonant duration in American English. Journal of the Acoustical Society 

of America 61: 846-858. 



22 
 

Van Son, R. J. J. H., Van Pols, L. C. W. 1996. An acoustic profile of consonant reduction. 

Proceedings of the 4th International Conference on Spoken Language Processing. 

Philadelphia: 1529–1532. 

Waniek-Klimczak, E. 2005. Temporal Parameters in Second Language Speech. Łódź: 

Wydawnictwo Uniwersytetu Łódzkiego. 

White, L. 2002. English Speech Timing: A Domain and Locus Approach. Ph.D. dissertation. 

The University of Edinburgh. 

White, L., Mattys, S. L. 2007. Calibrating rhythm: First language and second language 

studies. Journal of Phonetics 35: 501-522. 

Wightman, C. W., Shattuck-Hufnagel, S., Ostendorf, M., Price, P. J. 1992. Segmental 

durations in the vicinity of prosodic phrase boundaries. Journal of the Acoustical 

Society of America 91: 1707–1717. 

Yoon, T-J., Cole, J., Hasegawa-Johnson, M. 2007. On the edge: Acoustic cues to layered 

prosodic domains. Proceedings of 16th International Congress of Phonetic Sciences. 

Saarbrücken: 1017-1020. 

Zając, M., Rojczyk, A. (submitted). Imitation of vowel duration upon exposure to native and 

non-native speech. Poznań Studies in Contemporary Linguistics. 

 

 


	Rojczyk11
	Rojczyk11

