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Abstract 

This thesis examines whether native speakers of Dutch can aspirate unvoiced word-initial 

plosives in English as a second language and if they are able to do so to the same degree as 

native speakers of English. Aspiration was measured in word-initial unvoiced plosives /p, t, k/ 

using Voice Onset Time (VOT). Influence of sex, age, age of onset of the second language, 

and self-reported general pronunciation ability in English were also examined. Native Dutch 

VOT generally lies between 0-20ms, while native English VOT is anywhere between 50-100 

ms. 

Using recordings from 19 participants who read both Dutch and English sentences out 

loud, it was found that participants increased their aspiration with an average of 10 ms when 

switching from Dutch to English. The analysis also shows that two participants out of 19 had 

an average VOT at a native-like level (>50 ms). Further investigation showed that sex, age, 

and age of onset did not influence VOT. Participants who graded their general pronunciation 

abilities with an 8 or higher did show a bigger increase in VOT, but there was no correlation 

to higher VOT in English when compared to other speakers. Other results showed that /p, t, k/ 

were not aspirated to the same extent, with /t/ being aspirated significantly more and /p/ 

significantly less. Lastly, the co-existence of words in both English and Dutch did not 

significantly alter the VOT, only when words started with /k/ did aspiration significantly 

improve when the exact word also existed in Dutch. 

These results conclude that native speakers of Dutch increase aspiration and can 

aspirate to a native-like degree while speaking English. Any defining factors of the 

participants who were able to do so are not available due to the limited sample size. 

 

Keywords: Aspiration, Dutch, English, Voice Onset Time (VOT), Cross-Linguistic Phonetic 

Interaction (CLI), plosives, Second Language Acquisition (SLA), pronunciation 
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1. Introduction 

As of right now, the Dutch are among the world’s most fluent non-native English speakers (EF 

English Proficiency Index, 2022). This is to be expected, considering there are English 

educational materials available for children from their first year of elementary school onwards, 

where most of the children are only four years old. English fluency rising is also due to 56.6% 

of current existing websites being in English (Usage Statistics and Market Share of Content 

Languages for Websites, 2023) and exposure to media significantly influencing English 

acquisition of non-native speakers (Muñoz, 2012; Pérez-Serrano et al., 2021). Frequent 

exposure to another language can cause learners to implement language traits into their own 

language learning process, often called Language Convergence or Incidental Learning (Al 

Zoubi, 2018). With the increasing growth of English fluency in the Netherlands, both through 

education and media exposure, a more specific light can be shed on proficiency on different 

levels. Most Dutch speakers’ English communication goes through text, and very little through 

speech. Pronunciation is also a subject that is most often overlooked in acquiring a language, 

which makes it an engaging topic for further research. 

 Each language has its own setting, the general way in which the mouth is positioned 

during speech. The English setting is typically more relaxed, with relaxed tongue and throat 

muscles and loose lips, while Dutch has the opposite: tense tongue and throat muscles, tight 

lips, and throat constriction (Collins et al., 2018). The differences in the setting are one of the 

reasons why Dutch does not have aspiration while English does.1  Aspiration is the short release 

of air after an unvoiced plosive (/p, t, k /) in syllable-initial position, which is also often referred 

to as an ‘h-like sound’. An example of aspiration is in the English word ‘pot’, the aspiration 

makes the pronunciation be /ph ɒt/, where aspiration is indicated with a superscript ‘h’. In Dutch, 

the same word is pronounced /pɒt/, without aspiration. Aspiration does not occur when /p, t, k/ 

is preceded by /s/ (such as in /spɒt/) or followed by /j, w, l, r/ (as in /plɒt/) (Gussenhoven & 

Broeders, 1997; Collins et al., 2018). 

 Up until this point, little to no research has been carried out to investigate the acquisition 

of aspiration in English from speakers of Dutch. Van den Doel (2006) argued that: 

 

 […] the failure to aspirate […] may well give the impression of phoneme 

conflation to native speakers -aspiration being particularly important if RP is 

adopted as a model. […] Teachers of pronunciation should be aware that 

 
1 It is argued that in northern and eastern accents of Dutch (Twente, Groningen), aspiration does occur, but 

shorter and less intensely (Gussenhoven & Broeders, 1997). 
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approaches that do not go beyond the phoneme may in fact do learners a 

disservice […] (p. 225).2 

 

Van den Doel highlights the importance of the accurate use of aspiration in English speech. 

More advanced pronunciation-related sources such as English pronunciation for Student 

Teachers (Gussenhoven & Broeders, 1997) and Sounding Better, a Practical Guide to English 

Pronunciation for Speakers of Dutch (Collins et al., 2018) highlight the importance of 

aspiration while acquiring a native-like pronunciation. 

 This thesis will dive into aspiration in English by native speakers of Dutch, analysing 

whether the average speaker of Dutch (with no specific English pronunciation education) 

aspirates in English and whether that happens close to a native-like level. Further sub-questions 

regarding age, age of onset (AoO), transfer, individual plosives and self-reported general 

pronunciation ability will also be discussed. 

 

1.2 Overview 

The second chapter contains a literature review and the research questions, chapter 3 follows 

up with the methodology, and chapter 4 the results and findings of the experiment. Chapter 5 

will discuss these findings, and chapter 6 concludes this thesis. 

  

 
2 RP stands for Received Pronunciation and is the standard British English, also known as BBC English  
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2. Literature Review 

Aspiration is the short puff of air which occurs in English after a word-initial unvoiced 

plosive is pronounced. Aspiration in the International Phonetic Alphabet (IPA) is portrayed by 

a superscript ‘h’ after the plosive (pʰit).  

 

2.1 Measuring the Plosive 

A plosive consists of three stages: closing, compression, and release. During the closing stage 

the articulators (the parts of the mouth responsible for the compression, e.g. the lips in case of 

/p/) are approaching each other, the compression stage indicates a state of compression, and the 

release of the burst indicates when the articulators are parting, which is ultimately what defines 

the sound of the plosive (Gussenhoven & Broeders, 1997). It is important to note that both the 

closing and compression stage are silent during unvoiced plosives. 

 

2.1.1 VOT 

What happens after the burst of the plosive indicates whether or not a plosive is aspirated. Voice 

Onset Time (VOT) is an acoustic measurement to analyse the time between release of the 

plosive (burst release) and the onset of voicing (vocal cord vibration). VOT was first established 

in 1964 by Lisker and Abramson who realised that only searching for an h-like sound on a 

spectrogram would provide inconsistent results. They found that VOT provided accurate and 

consistent measurements when measuring the stops in a stop + vowel arrangement. In their 

original research VOT also turned out to be accurate across different languages, including 

English and Dutch. 

 

2.1.2 Praat 

The VOT can be easily located with the use of audio analysis software such as Praat (Version 

6.3.10, Boersma & Weenik, 2023). The release of the burst is where a plosive first starts to 

make a sound and the beginning of voicing. Voicing is characterized by formants (F0, F1, F2 

etc.) which are concentrations of energy in specific frequency regions showing resonances in 

the vocal tract. The F0 value is also known as the pitch contour. 

Conveniently, Praat has a built-in feature which can visualise the F0 with a blue line, 

thus helping to visualise the end of aspiration. In Figures 1 and 2 below, an example of a VOT 

measurement is shown. Figure 1 contains the English word “kind”, while Figure 2 contains the 

Dutch word “kind” (child). Both words are spoken by the same native Dutch speaker. The F0 

value is indicated by the blue line, thus creating the right-side border and indicating the end of 
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the VOT. The /k/ in the English noun has a VOT (indicated in red) of 110 ms, and the Dutch 

VOT is 20 ms. 

 

Figure 1: A screenshot of the English word "kind" in Praat. The highlighted red area shows 

the VOT of the /k/, which is 110 ms. The F0 is indicated by the horizontal blue line. 

 

 

Figure 2: A screenshot of the Dutch word "kind" (child) in Praat. The highlighted red area 

shows the VOT of the /k/, which is 20 ms. The F0 is indicated the horizontal blue line. 

 

2.1.3 Short and Long Lag 

Measuring VOT has been established to be the most robust and efficient measurement of 

aspiration (Abramson & Whalen, 2017). The existence of VOT does not immediately guarantee 

the occurrence of aspiration. The measurement of VOT can be distinguished into three 

categories: prevoicing, short lag, and long lag. Prevoicing is the act of voicing before the release 

of the plosive, which causes a VOT to be negative. Prevoicing occurs both in voiced and 

unvoiced plosives in Dutch, whereas it does not occur at all in English. Lag is typically 

categorised as either short or long: a short lag VOT ranges from 0 to 25 ms, while long lag 

ranges from 60 to 100 ms and can also be referred to as aspiration (Ekelund, 2011; Stoehr et 

al., 2017).  This categorisation and approach used by Ekelund and Stoehr et al. will be adopted 

during this research with the slight alteration of lowering the estimate to 50 ms based on the 

VOT averages in English (see p. 11). 
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The setting of Dutch and English causes these languages to employ different methods 

to differentiate between word-initial voiced and unvoiced stops. English differentiates these by 

aspiration (long lag), which postpones the voicing of the vowel in relation to the release of the 

burst (aspirating language), whereas Dutch employs prevoicing (voicing language) (Jansen, 

2004). 

The concept of lag has proven helpful to illustrate the behaviour of the plosives in 

Algemeen Nederlands (AN) (General Dutch) and English. While Dutch uses pre-voiced /b, d, 

g/ and short-lag /p, t, k/ stops, English differentiates short-lag /b, d, g/ and long-lag /p, t, k/ stops 

(Simon, 2010).  

 Figure 3 illustrates the three stages of a plosive and the corresponding VOT in Dutch 

and English. The black horizontal line signifies the complete plosive. The first area on the left 

indicates the closing stage and the first vertical line implies the moment of complete closure. 

The second area is the compression stage, and the third stage is the release of the plosive. The 

areas in blue are unvoiced and the yellow areas are voiced. It is important to note that in RP 

word-initial /p, t, k/ voicing only occurs after the plosive has ended. The VOT is measured from 

the burst of the plosive (right-side vertical line) and the beginning of voicing (colour switch 

from blue to yellow). The VOT in this figure is indicated by the red line, short lag in Dutch and 

long lag in English. Both /b, d, g/ in English and Dutch have no red line as they are prevoiced 

(negative VOT). 3 

 

 

  

 

 

 

 

 

 

 

 
3 /b, d, g/ in English are sometimes prevoiced (as in Figure 3) and sometimes receive short lag. 

Figure 3: Visual representation of VOT. The horizontal line represents the full plosive, the 

blue areas are unvoiced while the yellow areas are voiced. The left vertical line represents the 

moment of complete closure, the right vertical line is the burst release. The red stripe is the 

VOT. 
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2.1.4 VOT per Language 

The VOT duration of aspiration differs per language. For example, Korean differentiates 

between unaspirated and aspirated /p, t, k/, unaspirated with a general VOT of 20, 25 and 50 

ms respectively while aspirated /p, t, k/ generally have a VOT of 90, 95 and 125 (Lisker & 

Abramson, 1964). The VOT will be used as a measurement to determine whether the plosives 

are aspirated or not. The VOT of word-initial unvoiced stops in Dutch typically ranges from 0-

20 ms, as reported in several studies (van Alphen & McQueen, 2006; van der Feest, 2007; 

Simon, 2009; Simon, 2010). On the other hand, the VOT of word-initial unvoiced stops in 

English generally ranges from 50-100 ms (Gussenhoven & Broeders, 1997; Simon 2010; 

Ekelund, 2011; Riney et al., 2007). Generally, the /p/ has the shortest aspiration while /k/ has 

the longest (Lisker & Abramson, 1964; Winitz & LaRieviere, 1975; Byrd, 1993; Yao, 2009; 

Chodroff et al., 2017; Chodroff & Wilson, 2017).  

Since the general average VOT differs per language before a plosive is considered 

aspirated, the average VOT in RP will be used as a comparison. Aspiration is most significant 

in word-initial plosives, so only word-initial plosives will be measured in this research.  

 

2.1.5 Possible Complications regarding VOT 

The method of measuring VOT was created by Lisker and Abramson in 1964 in an attempt to 

measure the difference between voiced and voiceless stops. In their paper, they also discussed 

three possible complications with VOT: individual differences, different languages and the 

overlap between aspiration and voicing. 

The first problem Lisker & Abramson discussed was the influence of individual 

differences in articulation. This will not be a problem in this research as the speakers’ VOT is 

measured in Dutch too. This provides the possibility to examine the difference in English and 

Dutch aspiration per person, rather than analysing individual performances against a referenced 

average. 

 The second problem concerns different languages, but as previously mentioned and 

also mentioned again by Abramson & Whalen (2017), English and Dutch are two languages 

perfectly suitable for using a VOT measurement. The third and final complication is the 

possibility of overlap between aspiration and voicing. Lisker and Abramson argue that this is 

not a big problem on its own as long as the decision whether to measure to the end of aspiration 

or to the beginning of voicing is made clear and stays consistent during the entire research. In 

this research, VOT is measured to the initiation of voicing, which coincides with the appearance 

of the pitch contour (F0). 
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F0 value, duration of voicelessness and amplitude have also been considered while analysing 

VOT but have been found to add unnecessary complexity to VOT and have little to no influence 

on the original simple version in English and Dutch (Abramson & Whalen, 2017).  

Abramson & Whalen (2017) concluded that now, 60 years later, measuring VOT using 

spectrograms in relation to voicing still lives up to modern-day standards. All possible 

limitations and further improvements in using VOT as a measurement for stops are considered, 

yet they conclude that the original concept of VOT, measuring the left boundary (silence) and 

the right boundary (voiceless to voiced), “has proven to be a robust measure of the acoustic 

realization of consonantal voicing distinctions in most languages” (p. 13). These thorough 

reviews and assessments justify that using VOT to measure the degree of aspiration is the right 

choice for this research. 

 

2.2 Interlanguage and transfer 

The native language of an L2 speaker also significantly influences acquisition and performance. 

Linguistic errors made by second language (L2) speakers are referred to as the interlanguage of 

the speaker (Selinker & Rutherford, 2013). This interlanguage is influenced by the native 

language of the speakers and the targeted language. Interlanguage in terms of phonetics is 

dependent on the amount of phonetic contrast between different sounds (Gass et al., 2013). 

Similarities between the L1 and L2 of a speaker can also cause transfer, a term used when 

knowledge of the L1 is applied to the L2 with the presumption of it being identical.  For 

instance, words common in both English and Dutch might showcase the difficulty speakers of 

Dutch may have with aspiration, since word-initial /p, t, k/ also occurs in Dutch, except without 

aspiration. Whether or not speakers of Dutch aspirate less in words that exist both in Dutch and 

English will also be examined in this research. 

Stockwell and Bowen (1968) established a hierarchy of phonological difficulty, which 

predicts that learners of a language will have the most difficulty with (obligatory) phonemic 

contrasts which do not occur in their L1. Though aspiration is allophonic and not phonemic, it 

is a new concept to Dutch speakers which could influence the difficulty in acquisition. This 

holds true for unaspirated word-initial plosives in Dutch and both aspirated and unaspirated 

plosives in English. The non-existence of aspiration in Dutch makes aspiration one of the most 

challenging aspects to learn, possibly more so as aspiration can go unnoticed by learners. The 

phonetic interaction between languages is known as Cross-Linguistic Phonetic 

Interaction (CLI) (Schwartz, 2022). 
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  Systematic variation further complicates the issue of aspiration in terms of SLA (Gass, 

2013). Notably, aspiration only occurs in specific contexts and does not occur when preceded 

by /s/ or followed by /j, r, w, l/, which induce devoicing. This means that a learner would not 

only have to learn of the existence of aspiration but also its rules and exceptions.  

 

2.2.1 Equivalence classification  

The ability to distinguish between two phonetically similar sounds is a critical factor in accurate 

pronunciation. Not being able to do this is also known as equivalence classification (Flege, 

1995; Flege & Bohn, 2021). When two sounds are too similar, L2 learners might initially 

perceive them as one sound, seemingly considering them the same. For speakers of Dutch, this 

would mean that they need to be able to distinguish aspirated and unaspirated initial plosives. 

This distinction can be either active knowledge (awareness of aspiration) or subconscious 

knowledge (considering it to be part of the accent, yet not knowing why or how). Failure to 

recognise the difference may lead the VOT to be indistinguishable in English and Dutch 

plosives, which can lead to inaccurate pronunciation.  

A similar idea was proposed by Skehan (1989) who stated that one of the components 

essential for SLA is phonemic coding ability. The phonemic coding ability enables learners to 

differentiate between foreign sounds and remember them in a way in which they can recall them 

when necessary. This is crucial for learning and acquiring a near-native accent in the target 

language. Skehan rightfully highlights the fact that learners need to be able to differentiate 

between foreign sounds (such as aspiration) before they can incorporate them into their own 

speech. Recognising smaller aspects of a language will ultimately lead to better pronunciation 

abilities. Therefore, this research will also examine the correlation between speakers’ self-

assessed general pronunciation abilities in English compared to the degree of aspiration. 

 

2.3 Acquisition and Age 

The acquisition of an L2 before the age of seven has been found to significantly reduce the 

likelihood of developing an accent in that language (Loewenthal, 1981). As age increases, the 

probability of accentless L2 acquisition decreases significantly (Flege et al.,1995; Abrahamsson 

& Hyltenstam, 2009). An experiment by Abrahamsson & Hyltenstam found that out of 41 

speakers who passed as native speakers in their L2, only three speakers passed as native when 

their accents were thoroughly examined by putting them through tests. These three speakers 

had an AoO of 3, 7 and 8 years old. The age at which nativeness seemed to decrease was at an 

average AoO of 12. Two different studies by Flege et al. (1995; 1999) found no Italian speakers 
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with English as their L2 and an AoO above 16 sounding like a native speaker, and similar for 

Korean speakers with English as their L2 and an AoO above 10. Furthermore, Sebastián Galles 

and Díaz (2012) state that: “[…] learners who are exposed early and/or have had extended 

exposure to a new language generally attain a better command of the L2 than those who are 

exposed late and/or have received less exposure.” (p. 132). Hence, exploring the relationship 

between aspiration use and AoO would be of significant interest.  

A rather unexpected challenge of acquiring aspiration is motor skills. While adults are 

generally faster learners than children during the early stages of SLA, they may encounter 

difficulty in adapting the fine motor skills necessary to implement new phonological features 

and these motor skills seem to decline rapidly. Moyer (1999) argues that this occurs because: 

“late learners may face neurological or motor skill constraints, such as entrenched articulatory 

habits or restricted perceptual targets for phonetic categories, that render the possibility of 

native-like attainment highly unlikely or impossible” (p. 82). Speech requires many fine motor 

skills, as accurately pronouncing phonemes unfamiliar to the native tongue often proves to be 

a great challenge, let alone allophones such as aspiration. Therefore, it is hypothesised that 

speakers who have started English education at a younger age will have less difficulties with 

aspiration than those who learned English at a later age.  

Gass (2013) further states that “there is a general consensus that most older individuals 

cannot reasonably hope to ever achieve a native accent in an L2. There is no such consensus 

about other areas of language” (p. 436). The notion that perfect pronunciation can rarely be 

achieved by non-natives further proves that pronunciation, though often overlooked, may well 

be the hardest part of second language acquisition. 

This research will examine both the influence of AoO and general age, since younger 

speakers graduated more recently, creating a shorter window between their English education 

and the moment of research.   

 

2.4 Previous research on speakers of Dutch 

Previous research has shown significant variations in aspiration usage among Flemish (a Dutch 

dialect) L2 learners of English. Simon (2004) found that one speaker never used aspiration in 

free speech, while another speaker aspirated 93% of the time. These findings demonstrate the 

variability that exists among L2 speakers. Simon focused on a yes/no approach on aspiration 

usage and had Flemish native speakers as subjects. The degree or duration of aspiration was not 

mentioned and therefore lacks specific data in the degree of aspiration. The paper displays the 



Merel van den Broek, s3369684 

1-7-2023 

15 
 

great variability among speakers, yet the lack of any specific or statistically significant results 

makes it of limited use to this research. 

 

2.5 Research Question 

Based on the aforementioned information, this thesis aims to examine and measure the degree 

of aspiration used by native speakers of Dutch when speaking English. Aspiration in word-

initial unvoiced plosives is quite reputable in English, and it would be noticeable if a speaker 

would not use it (Van den Doel, 2006). This thesis will measure the degree of aspiration used 

by average native speakers by measuring the VOT and compare them to the speech habits of 

native English speakers. These results will provide insight into the speech patterns of Dutch 

speakers and their ability to adapt to different sound patterns in English. The main research 

question is: 

  

Do average native speakers of Dutch acquire aspiration in unvoiced word-initial 

plosives in English? 

  

There are a few sub-questions this thesis aims to answer apart from the main research question: 

 

1. Can native speakers of Dutch aspirate to a native-like level (50-100 ms)? 

2. Do speakers of Dutch aspirate less in words that exist both in English and Dutch? 

3. Are English /p, t, k/ aspirated to the same extent? 

4. Is there a correlation between age of onset and degree of aspiration? 

5. Is there a correlation between age and the degree of aspiration? 

6. Is there a relationship between the degree of English aspiration and self-reported 

general English pronunciation abilities of speakers of Dutch? 

  

2.6 Hypotheses 

The hypothesis for the main research question is that there is a significant amount of variability 

regarding native Dutch speakers’ aspiration in English. It is hypothesised that there will be 

speakers who aspirate to a native extend and speakers who will not aspirate at all. The 

hypotheses for the previous sub-question are as follows: 
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1. Despite the complexity of acquiring a native-like accent, it is possible to aspirate to native-

like level, but it will not be common for speakers with no specific English pronunciation 

training. 

2. Based on the occurrence of transfer in speakers of an L2 language it is hypothesised that 

speakers of Dutch aspirate less when words occur both in Dutch and English. 

3. Based on the aforementioned literature, it is hypothesised that the plosives do not receive 

equal aspiration, but are in line with previous findings that /p/ is aspirated least and /k/ the 

most (Lisker & Abramson, 1964; Winitz & LaRieviere, 1975; Byrd, 1993; Yao, 2009; 

Chodroff et al., 2017; Chodroff & Wilson, 2017). 

4. Based on the findings of Flege et al. (1995) and Abrahamsson & Hyltenstam (2009) it is 

hypothesised that earlier age of onset will have a positive influence on the degree of 

aspiration. 

5. Younger speakers generally aspirate more when speaking English based on the idea that 

they have had explicit English education more recently. 

6. Speakers with better self-reported general English pronunciation will aspirate better when 

speaking English as aspiration is a key part in English pronunciation. 
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3. Methodology  

This research is a quantitative study. The study collects data from native speakers of Dutch, 

including VOT measurements and relevant background information and uses graphs to display 

the results. 

 

3.1 Participants 

19 native Dutch speakers participated in this research in May 2023, among which nine women 

and ten men. The ages varied between 20 and 65, with an average of 40. The majority of the 

participants are employees at a Dutch engineering company based in the middle region of the 

Netherlands. All participants live in the Netherlands, in various places spread over the country 

and have Dutch as their native language. None of the speakers had ever had any type of English 

pronunciation education.  

The participants were carefully chosen to create an accurate ‘slice of society’. Though 

it is important to note that society will contain more outliers, such as students of English 

performing much better or Dutch speakers who do not speak English at all. All participants read 

and signed a consent form, as made mandatory by the University of Leiden. 

 

3.2 Materials 

The research consists of two parts, the survey, and the recordings. The participants were asked 

to answer a few questions (see section 3.2.1) to gain background information and factors which 

could possibly influence the results. After the survey, they were asked to read 27 sentences out 

loud: 12 Dutch (see Appendix B), and 15 English (see Appendix C) (see section 3.2.2 and 

3.2.3). To eliminate intrapersonal differences, each subject in this research will have both their 

average Dutch and average English VOT measured, and the Dutch VOT averages provided by 

literature will only be used as general indications of normal performance. 

 

3.2.1 Background Questions 

The survey consisted of a few questions regarding the linguistic background of the speaker and 

possible other factors that could influence the results. The list of questions can be seen in 

appendix A but will be discussed here. Question 1 and 2 inquire about the age and gender of 

the speaker. Question 3 and 4 inquire about the current place of residence and place of residence 

during childhood to ensure that speakers were not from specific regions in which Dutch dialects 

might carry aspiration. Question 5 is a control question to ensure that the native language of the 

speaker is Dutch, and question 6 inquires about specific dialects spoken by the speaker or people 

close to them for the same reason as questions 3 and 4. Question 7 inquires about other 
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languages with high fluency that might influence the results. Question 8 inquires about the 

speakers’ highest level of education. 

 Question 9 asks about AoO, and question 10 notes down the amount of exposure to 

intentional English instruction in school. Questions 10 and 11 inquire about exposure to English 

before adulthood (10) and in recent years (11). Question 13 inquires about any possible 

influences on their English abilities, such as English friends, their job, or their family. Question 

14 and 15 ask the speakers to rate themselves on a scale of 1 to 10 on general English ability 

(14) and general pronunciation abilities (15). 

 

3.2.2 Recordings 

The recordings were created and saved (.wav) using a Sennheiser PC 131 head-mounted 

microphone to ensure quality and consistency. The sentences were recorded in Praat (version 

6.3.10), with mono sound and 44100Hz and 32-bit resolution, which is the standard quality for 

CDs and enough to measure VOT accurately (Abramson & Whalen, 2017). All recordings were 

made in a quiet office with no (notable) echo. The researcher and participant were the only 

people in the office at the time of recording. All sentences were recorded in one long recording. 

 

3.2.3 Sentences 

The participants were asked to read 27 sentences in total. These sentences can be found in 

appendix B and C. Twelve are in Dutch (see appendix B), number 1 and 7 are filler sentences. 

The first filler sentence is also the first sentence they are asked to read to get the speakers 

accustomed to the situation. The second filler sentence is after the halfway point. These filler 

sentences are used as a neutral point between the target sentences to prevent possible bias or 

anticipation by the speakers. 

The fifteen other sentences are in English (see appendix C) with four filler sentences: 

sentences 1, 6, 12 and 15. The first filler sentence is important because it is the switch between 

the Dutch and English sentences. The first sentence could be influenced by the Dutch setting of 

the mouth, so the irrelevancy of the sentence makes for a proper leeway. The sixth and twelfth 

sentences are used as neutral sentences between the target sentences. The last filler sentence is 

to prevent any pronunciation influences of it being the last sentence in the recording, e.g. 

possible rushed reading or reading it with a sigh. The filler sentences are in light grey and none 

of the filler sentences contain word-initial /p, t, k/. The Dutch sentences contain ten instances 

of /p, t, k/ as word-initial (thirty total per speaker). The English sentences contain 15 instances 

of word-initial /p, t/ and 16 instances of word-initial /k/ (46 total per speaker), this is because 
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the data on the English plosives is more relevant for the research and more data allows for an 

improved generalisation. 

English sentences 2 and 8 are taken from pronunciation instruction guide English 

Pronunciation for Student Teachers by Gussenhoven & Broeders (1997). Sentences 3 and 11 

are loosely inspired by practice sentences from Sounding Better: A Practical Guide to English 

Pronunciation for Speakers of Dutch by Collins et al. (2018). These sentences all contained a 

significant number of plosives and the level was moderate enough for participants less skilful 

in English to pronounce. 

English sentences 2 and 3 are direct translations of the Dutch sentences for three 

reasons. First, these parallel sentences can be used as a controlling factor as these sentences 

have the same sentence structure. It helps to isolate the aspiration rather than being influenced 

by differences in sentence structures or content. The second reason is that it can provide a more 

direct comparison between the two languages, making space for a cross-linguistic analysis. The 

third reason is that these sentences had a translation which worked in both languages while 

keeping the general difficulty level low and still including the required phonemes. This was not 

possible to do for all sentences as it would create too much repetition. 

The use of /p, t, k/ is equally spread throughout the sentences, and special attention was 

paid to avoid abundant alliteration, something which could influence the outcome. The stop-

initial words occur in every position in the sentence in an attempt to mimic natural speech and 

naturally occurring stress patterns in both Dutch and English. 

All sentences were written with a speaker with moderate proficiency in English in mind, 

making them accessible to everyone who participated in this research. The participants were 

not aware they had to read English sentences out loud before they sat down to participate. This 

was done on purpose to ensure participants would not refrain from participating based on the 

idea that their English was not good enough. Out of all speakers, only one speaker had 

mispronounced a word (peas). 

To address sub-question three, the words “post”, “pen”, “test”, “taxi”, “cool”, “kind”4 

(meaning child in Dutch), and “cake” were added in the English sentences. This means that per 

plosive, 2 words (3 in case of /k/) could be compared to the other 13 (see Appendix E). 

 

 

 
4 The word “kind” was considered after the sentences were written, as the realisation set in 

that this word (despite having a very different pronunciation) could still cause recognition for 

speakers of Dutch, hence the reason there are three words starting with /k/. 
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3.3 Data Analysis 

The data analysis of this research consists of two parts: measuring the VOT and the statistical 

analysis of those measurements. 

 

3.3.1 Measuring the VOT 

As previously stated, this research will consider the beginning of voicing (F0 appearance) the 

end of aspiration. The software Praat will be used to measure the VOT, as it is one of the most 

widely used audio analysis software to date.  

VOT measurement could be done manually or through a pre-made script. Abramson 

and Whalen (2017) analysed over seven different pre-made scripts. The system created by 

Keshet, Sonderegger and Knowles (2014) is the most commonly used and is reported to have 

an accuracy of around 80% agreement in automated vs manual measurements in within 5 ms 

and 90% at 10 ms. Their system was used in research regarding Scottish English (Stuart-Smith, 

et al., 2015) which resulted in 62.6% accuracy. 15.8% had to be corrected by hand and 21.6% 

of the measurements were not usable (p. 518). Because of the success rate and the limited 

amount of input, the choice was made to measure the VOT manually. 

Manual measuring allows for a more detailed analysis as the researcher can inspect 

every aspect of the waveform and spectrogram and create consistency, something an automatic 

script might miss. Measuring by hand also creates the opportunity for the researcher to manually 

adjust if the circumstances are suboptimal or if background noise influences the original 

measurement. Manual measuring also adds a level of quality control. Speech is fluent and 

manually selecting the boundaries creates consistency and validity across all data points 

because each VOT is checked manually. Out of 1450 data points, 16 were found to be unfit to 

include in the results, reasons include a complete lack of voice, creaky voice (which has an 

unstable F0) and possible background noise created by the participant such as moving or 

pushing the papers around on the table. 

 

3.3.2 Statistical Analysis 

The VOT durations of each speaker will be split up into the /p, t, k/ categories for both English 

and Dutch to be able to analyse their average VOT per plosive in either language. The English 

averages will be compared to the standard range of aspiration (50-100 ms) in English to get an 

image of how Dutch speakers perform. The difference in VOT when switching from Dutch to 

English will also be calculated and used for statistical analysis. Correlation tests will be used to 

compare the average Dutch VOT to the average English VOT, and the English VOT to the 

participants' proficiency levels. Further correlation tests between the average difference in VOT 
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averages between Dutch and English and secondary data such as age, sex, self-reported 

pronunciation abilities, and time of first exposure to English education were used to answer the 

sub-questions (see Chapter 4).  

These statistical tests will use the data to generate results to answer the research 

questions and provide insight into native Dutch speakers' aspiration acquisition.  
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4. Results 

Table 1 and Figure 4 are presented in milliseconds (ms), the standard unit of VOT measurement. 

Representing the data in milliseconds instead of seconds allows for a more straightforward 

interpretation of results. The main research question was answered using all data points, while 

the sub-questions are answered using each speaker’s average (see Appendix D). The overall 

difference in VOT (average English VOT – average Dutch VOT) when comparing Dutch to 

English is also used in the statistical analysis, these numbers can also be found in Appendix D. 

Using the average value provides a representative value which represents the central tendency 

of the data and minimizes the influence of outliers or extreme values. 

 

4.1 Overall Results 

Table 1 depicts the mean, standard deviation, and standard error of the VOT in ms, divided by 

language and by plosive and the average (AVG) of the Dutch and English plosives. 

 

Figure 4 shows a boxplot comparing the values of the Dutch and English plosives in comparison 

to each other. The /p/ is shown in blue, /k/ in red and /t/ in green. The darker shade indicates 

the English VOT, while the lighter shade indicates the Dutch VOT. 

To answer the main research question, the findings indicate that, on average, 

participants aspirated 10 ms longer in English (M=37.06, SE=2.200) than they did in Dutch 

(M=26.72, SE=1.168). A paired-samples t-test revealed that this difference is significant, 

t(18)=4.679, p < .0005. This shows that speakers generally have a longer VOT in English. Out 

of 19 participants, two participants achieved a VOT average at a native-like level (>50 ms) (see 

Appendix D), answering sub-question 1.  

 

  Mean Standard 

Deviation 

Standard 

Error 

N 

Dutch P 22.41 8.587 1.970 187 

 T 29.37 6.481 1.487 190 

 K 28.36 5.392 1.237 189 

 AVG 26.72 5.093 1.168 566 

      

English P 26.56 11.190 2.730 280 

 T 44.46 11.262 2.584 281 

 K 39.92 9.925 2.277 299 

 AVG 37.06 9.588 2.200 860 

 Table 1: Mean, SD, SE, and N value of the VOT in ms, separated by language and plosive. 
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Figure 4: Boxplot of the VOT in ms values by plosive and language. 

 

To answer the main research question, the findings indicate that, on average, participants 

aspirated more in English, which can also be seen in the boxplot in Figure 4. While there were 

two speakers with a native-level VOT, there were also two speakers (see Appendix D) whose 

VOT actually decreased while switching from Dutch to English. This confirms the hypothesis 

that there is a great variability among speakers in terms of aspiration and VOT duration. 

 

4.2 Individual Plosives 

The second sub-question, whether words that coexist in Dutch are aspirated less than words that 

only exist in English, was answered using paired samples t-tests. To answer this question, the 

words “post”, “pen”, “test”, “taxi”, “cool”, “kind” (meaning child in Dutch), and “cake” were 

considered in the English sentences. The averages of these words can be found in Appendix E 

and were compared against the general average of the corresponding plosives in a paired 

samples t-test. 

On average, words that start with /p/ which also coexist in Dutch (M=26.8, SE=2.5) are 

more aspirated than words that start with /p/ that only exist in English (M=26.6, SE=2.7). This 

difference is not significant, t(18)=0.209, p=0.836. 

On average, words that start with /t/ which also coexist in Dutch (M=42.6, SE=3.3) are 

less aspirated than words that start with /t/ that only exist in English (M=44.5, SE=2.58). This 

difference is not significant, t(18)=-0.679, p=0.506. 
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On average, words that start with /k/ which also coexist in Dutch (M=43.9, SE=2.5) are 

more aspirated than words that start with /k/ that only exist in English (M=39.9, SE=2.3). This 

is significant t(18)=2.604, p=0.018. These results reject the hypothesis that words that co-exist 

in English and Dutch are less aspirated. Only words that also coexist in Dutch starting with /k/ 

are pronounced significantly different than the words which only exist in English starting with 

/k/ and they are more aspirated instead of less, which was hypothesised. The differences 

between the /p/ words and /t/ words are not statistically significant, also rejecting the hypothesis. 

 

A paired samples t-test was carried out to answer the third sub-question. The means of the 

English VOTs of /p, t, k/ were compared to each other. All values had a significant difference 

between them. Table 2 depicts the results of the paired samples t-test. The results indicate that 

all the VOT of all plosives are significantly different. /p/ and /k/ had the smallest difference 

between them but are still significantly different. This confirms the hypothesis that /p, t, k/ are 

not all aspirated to the same extent.  

 

Plosive Compared to p-value 

p (M=26.6, 

SE=2.73) 

t .000 

t (M=44.5, 

SE=2.58) 

k .047 

k (M=39.9, 

SE=2.28) 

p .000 

Table 2: Results of a paired samples t-test comparison of the VOT of /p, t, k/, showing the M, 

SE, and p-value per compared pair.  

 

4.3 Individual Speakers 

The fourth sub-question is answered by running a Pearson correlation test to see whether AoO 

has an influence on general VOT duration and VOT improvement. There was no significant 

relationship between VOT difference and AoO (r=-0.400, N=19, p=0.090). There was also no 

correlation between average English VOT and AoO (r=-0.419, N=19, p=0.074). This rejects 

the hypothesis that a younger AoO would positively influence either general VOT duration in 

English or the difference between Dutch and English VOT. Though it is important to note that 

there is a trend (r=-419), so these results might be statistically significant if there were more 

speakers and more variability among speakers. 

The fifth sub-question can be answered by running a Pearson correlation to determine 

the relationship between age and difference in VOT in English and Dutch. There was no 
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significant correlation between age and difference in VOT (r=-0.255, N=19, p=0.292). There 

was also no correlation between age and average VOT in English (r=-0.237, N=19, p=0.328), 

which rejects the hypothesis that young people would aspirate more or have a larger difference 

in English and Dutch VOT when speaking English. 

A Spearman’s rank correlation was used to assess the relationship between the 

difference in VOT and self-reported pronunciation abilities and between average VOT in 

English and self-reported pronunciation abilities for sub-question six. The average VOT 

difference of the four highest-rated and four lowest-rated participants was used (see Appendix 

F). The four lowest-rated participants all assessed their pronunciation abilities with a 5 or lower, 

while the four highest-rated participants all assessed their abilities with an 8 or higher. 

There was a positive correlation between the difference in VOT and self-reported 

pronunciation ability, r(19)=0.592, p=0.008. There was no correlation between average VOT 

in English and self-reported pronunciation ability, r(19)=0.222, p=0.361. 

These results partially confirm the hypothesis, while participants with a higher self-

reported pronunciation ability do not have a longer VOT in general, they do have a bigger 

difference in their VOT when comparing their Dutch VOT to their English VOT. 

 

4.4 Additional Results 

The additional information from the background questions were also analyzed to determine 

whether other factors influenced the results. 

An independent t-test was carried out to see if sex had any effect on VOT difference. 

There was no significant effect for sex t(19)=1.785, p=0.092, despite women (M=14.18, 

SE=3.9) having a difference almost twice as big in their VOT between Dutch and English 

than men (M=6.59, SE=2.0). 

Overall, there were no speakers with birthplaces, current residence or contact with 

dialects that could influence the findings. Since their educational background was also 

roughly similar, this was not analysed in the statistic section as it would not yield any relevant 

or generalising results. 

The question regarding exposure to English, both before ending puberty and current 

exposure, was answered with such variability that it was unattainable to create a scale or any 

other method of grouping in order to be able to generalise it for statistical analysis.  While it 

can still explain results when referring to a speaker in specific, this factor combined with 

other remarks regarding English exposure were unfit to be generalised or used for statistical 

tests across all speakers. 



Merel van den Broek, s3369684 

1-7-2023 

26 
 

5. Discussion 

The results of this research have provided valuable insight into the English VOT of speakers of 

Dutch. The sections below will provide a comprehensive analysis of the research findings. 

Additionally, the limitations in the study design and data collection will be addressed, as well 

as highlighting areas that could be further refined or explored in future research. 

 

5.1 Overall Discussion 

The results indicate that speakers of Dutch aspirate more when speaking English (M=37.06, 

SE=2.200) than when speaking Dutch (M=26.72, SE=1.168). Out of 19 participants, two 

participants reached the native-like aspiration threshold of >50 ms. One of these participants 

had worked in a company where English was the main language for 15 years, and the other 

participant is currently studying in an international environment in which English is the main 

language. Though it is important to mention that other participants with similar exposure to 

English did not achieve higher VOT. Two speakers actually decreased their VOT when 

switching to English, which is in line with the main hypothesis that there is a significant amount 

of variability between speakers. These results also stand in line with the results of Simon (2004). 

These results are in line with the hypothesis of sub-question one, which stated that 

speakers of Dutch can achieve native-like aspiration, but the notion that only two out of the 19 

participants were able to do so indicates that aspiration still poses a challenge for non-native 

speakers, even when exposed to English more extensively.   

Another significant finding is the average VOT in Dutch being 26.72 ms, contradicting 

literature that the average VOT in Dutch is between 0 and 20 ms (van Alphen & McQueen, 

2006; van der Feest, 2007; Simon, 2009; Simon, 2010). A possible explanation could be that 

the recordings created for this research were not free speech, and pronunciation was perhaps 

more emphasised than it would be in free speech.  

Including the analysis of the Dutch VOT has proven to be the right choice with 

significant benefits, considering the results would be significantly different if it was just 

assumed that the average VOT in Dutch would be in between 0 and 20 ms. 

Despite these findings answering the main research question, it is important to 

acknowledge the limitations. The small sample size limits the generalizability, especially for 

the two participants who reached native-like levels with their VOTs. Because there are only 

two of them, it is nearly impossible to create a general explanation as to why these participants 

reached a native-like level and the others with similar backgrounds did not. Still, the main 
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research question was successfully addressed and despite the scope of its limitations, the results 

have provided a meaningful answer to the research question. 

 

5.2 Individual Plosives 

The results for sub-question 2 demonstrate that words which co-exist both in Dutch and English 

do not receive less aspiration than words that only exist in English. For both /p/ and /t/ the 

difference in aspiration was not statistically significant, and for /k/ it even had the opposite 

effect, making it significantly more aspirated than the other English words. These results reject 

the hypothesis that co-existing words would be less aspirated. The recognition of Dutch words 

did not trigger the participants into aspirating less, demonstrating that equivalence aspiration 

and cross-linguistic phonetic interaction are not as prevalent regarding aspiration. 

The results from sub-question 3 indicate that /p, t, k/ are not aspirated to the same extent. 

The plosives were all pronounced significantly different from each other. These results are not 

in line with previous research, in which native speakers were analysed and the order (shortest 

VOT to longest) was /p, t, k/, while in these findings it is /p, k, t/ (Lisker & Abramson, 1964; 

Winitz & LaRieviere, 1975; Byrd, 1993; Yao, 2009; Chodroff et al., 2015; Chodroff & Wilson, 

2017). It might indicate that aspiration for /t/ (M=44.5 ms, SE=2.58) comes more naturally to 

speakers of Dutch compared to /k/ (M=39.9, SE=2.28) and that /p/ (M=26.6, SE=2.73) feels the 

most unfamiliar to aspirate.  

 

5.3 Individual Speakers 

The results from sub-question 4 demonstrate that there is no correlation between AoO and VOT 

duration and difference in VOT. Similar to the data from sub-question 5 which demonstrate that 

there is also no significant correlation between age and average VOT in English and average 

difference in VOT. The results from this research disprove the hypothesis that younger people 

would aspirate more than older people and that AoO has an influence on aspiration. Yet, as 

previously mentioned, there is a visible trend and the data is nearing significance, so these 

results might be influenced by the limited number of participants. 

These results slightly contradict Flege et al. (1995) and Loewenthal (1981), who stated 

that the probability of being able to speak an L2 without an accent decreases after an AoO above 

7. The only participant who was taught English before the age of 7 (6) had an average VOT of 

48 ms in English, coming close to a native-like level. Both Gass (2013) and Moyer (1999) 

argued that the odds of late learners ever achieving a “native” accent are generally deemed 

impossible. General age (younger speakers having a closer proximity to English education) did 
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in the end not have a significant influence on performance, rejecting both the hypotheses for 

sub-questions 4 and 5. These results might also be influenced by the limited variability and 

number of participants. 

The results from the sixth sub-question demonstrate that higher self-reported 

pronunciation ability does significantly predict a difference in average VOT but does not 

necessarily predict the average English VOT on its own. Participants with a higher self-reported 

pronunciation ability were probably more aware of their accent in English and aspects they 

could change to improve it, creating a bigger difference in their VOT, yet they had no significant 

VOT duration longer than the other participants. It is noteworthy that neither of the two 

participants with native-like aspiration were in the group of participants with a high self-

reported pronunciation ability. 

 

5.4 Further Research 

Further research in the field should aim to also include participants from Friesland and the 

eastern regions of the Netherlands. As previously mentioned, northern and eastern dialects do 

have a shorter version of aspiration and speakers surrounded by Frisian may be influenced as 

well. None of the participants in this research were from that region so that influence could not 

be analysed. It can also further generalise the findings and investigate potential regional 

variations. 

A larger sample size would also provide an opportunity to examine the influences of 

education, AoO, and the characteristics of those who do achieve native-level aspiration. The 

sample size used for this research is not large enough to make claims about these factors. 
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6. Conclusion 

This research aimed to answer the question of whether speakers of Dutch could aspirate 

unvoiced word-initial plosives. The results of this research and its data show that native 

speakers of Dutch can do so while speaking English. The usage of aspiration was recorded in 

both Dutch and English sentences for word-initial unvoiced plosives /p, t, k/ and the Voice 

Onset Time (VOT) was analysed for each language. The averages of this data showed that some 

participants were even able to have a VOT average above 50 ms, which is the threshold for 

English native-like aspiration. In general, participants had their VOT duration increased with 

10 ms after switching from Dutch to English. 

Further research questions showed that the co-existence of words in both Dutch and 

English did not influence aspiration usage except in words beginning with /k/, in which the 

coexistence improved aspiration. While age and AoO also did not have a significant effect on 

aspiration in this research, it is likely that the limited variability and number of speakers 

influenced this outcome, since both factors were nearing statistical significance and showed a 

favourable trend towards younger age and younger AoO. 

Plosives /p, t, k/ are not all aspirated to the same extent, /t/ is significantly more aspirated 

than /p/ and /k/, and /p/ is statistically less aspirated than /t/ and /k/, something that is 

contradictory to native speakers of English, as they aspirate the /t/ more than the /k/ (Lisker & 

Abramson, 1964; Winitz & LaRieviere, 1975; Byrd, 1993; Yao, 2009;  Chodroff et al., 2017; 

Chodroff & Wilson, 2017). Lastly, participants with better self-reported general pronunciation 

abilities did show a significantly larger difference in their VOT between English and Dutch but 

did not have a significantly longer VOT than the other participants. 

Despite the sample size and corresponding limitations, these findings still successfully 

addressed the main research question. As northern and eastern dialects of the Netherlands can 

carry aspiration, further research would be necessary to address these potential variations. 

This research is one of the first to explore English aspiration by native speakers of 

Dutch. These findings fill an academic gap in the literature regarding aspiration, while also 

examining surrounding factors such as age, age of onset, English pronunciation abilities in 

general and the possible influence of transfer. Moving forward, future research can build upon 

these findings addressing the remaining questions and improving the generalisability of these 

results. 
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Appendix 

A: Background Questions 

1. Age. 

2. Gender. 

3. Current place of residence. 

4. Place(s) of residence during childhood (<18). 

5. Mother tongue. 

6. Possible dialects spoken by either the participant or in the participants direct 

surroundings, now and in the past. 

7. Other languages they speak either better/as well or more often than English (apart 

from Dutch). 

8. Highest level of education. 

9. The age at which they received their first English education. 

10. Exposure to English in school under the age of 18 in hours. 

11. Exposure to English after and outside of school (none, a little, moderate, a lot, very 

much). 

12. Current exposure to English (none, a little, moderate, a lot, very much). 

13. Any possible further influences regarding English (such as English friends, working 

for an English company, English tertiary education or other significant exposures to 

English) 

14. Self-reported English skill on a scale of 1-10 

15. Self-reported English pronunciation abilities on a scale of 1-10 
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B: Dutch Sentences 

 

1. Gisteren heb ik mijn werk niet meer afgemaakt. 

2. De prijs van de koffie en thee is gestegen. 

3. Kan je een paar pakketjes naar de postbode brengen? 

4. Het toppunt van de vakantie waren de tulpen.  

5. Ik neem een paarse taxi naar Kaatsheuvel. 

6. Peter kopte de bal recht langs de keeper. 

7.  De mooiste bloem uit de achtertuin is een madeliefje. 

8. De Griekse tempel lag midden in de hoofdstad. 

9. Er is een kans dat Karin de petitie tegelijk had gemaakt. 

10. De pater kauwde met veel tegenzin op de koude pizza. 

11. De tegenspraak kwam al tijdens de speech van de paus. 

12. De piraat knalde met zijn boot tegen de kade. 
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C: English Sentences 

1. The next generation of children does not like eating healthy foods. 

2. They've put up the price of coffee and tea. 

3. Can you carry a couple of packages to the post office? 

4. He forgot to bring a pen to the test. 

5. I will take a taxi with my cool friend Pete. 

6. I walked near the river yesterday. 

7. Kevin said it was time for cookies. 

8. How kind of Paul to come to Cambridge next week. 

9. I paid five pounds for the book. 

10. It is possible that Kennedy wrote the terrible petition. 

11. A packet of peas is kind of expensive today. 

12. Jessica’s brother baked a nice lunch for all of us. 

13. Polly talked too much about carrot cake. 

14. The police car parked next to the curb. 

15. It feels like the years are going by much faster. 
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D: Participant Averages 

This table shows the VOT average per participant in ms. The first three columns (skipping the 

speaker ID) show average VOT per plosive in English, same for the following three but in 

Dutch. Followed by their average VOT in English and Dutch, and the difference (VOT 

increase) between them.  

VOT averages that are of native level (>0.050) are marked in light blue. Speakers of 

whom the VOT actually decreased when speaking English are marked in green.  

 

ID P ENG T ENG K 

ENG 

P 

NED 

T 

NED 

K 

NED 

AVG 

ENG 

AVG 

NED 

VOT 

DIF. 

401 24.9 24.2 38.4 41.4 23.8 23.5 29.3 29.6 -030 

402 63.3 53.9 58 32.7 37.4 25 58.4 31.7 26.7 

403 21.9 30.7 29.6 16.4 24.4 28 27.5 22.9 04.6 

404 34.5 39.3 40.1 43.2 37.4 34.4 38.1 38.3 -00.2 

405 41.6 79.5 57.6 17.3 37.7 26.2 59.9 27.1 32.8 

406 29.3 43.1 38.6 28.9 38.8 37.5 37 35.3 01.7 

407 20.7 42.1 42.6 27.8 34.3 25.6 35.3 29.2 06.1 

408 21.1 41.6 37 16.6 28.6 28.4 33.2 24.5 08.7 

409 13.7 35.2 32.3 14.8 22.4 35.8 27.2 24.3 02.9 

410 21.1 38.5 37 16.5 33.1 32.2 32.3 27.3 05.0 

411 19.2 49.8 35.3 22.3 37.2 31.9 34.8 30.5 04.3 

412 42.5 52.9 49 19.2 25.8 27.8 48 24.3 23.7 

413 22.5 43.9 29.4 19.4 22 21.6 31.9 21 10.9 

414 29.4 48.7 59.9 15.6 25.7 30.9 46.6 24.1 22.5 

415 26.2 46.4 39.1 17.9 24.9 17.7 37.3 20.2 17.1 

416 18.8 41.8 22.4 14.7 17.3 19.5 27.2 17.2 10.0 

417 16.7 47.2 38.1 17.6 32.5 31.8 34.4 27.3 07.1 

418 16.9 48.5 37.8 21.6 26.8 32.5 34.5 27 07.5 

419 20.3 37.6 36.4 22 28 28.6 31.3 26.2 05.1 
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E: Averages of Words that co-exist in Dutch 

VOT averages in ms of words that co-exist in Dutch in ms. Cells with a ‘-‘ indicate that the 

VOT could not be measured and is therefore not taken into account with statistical analysis. 

 

Post Pen Test Taxi Cool Kind Cake 

15 27 29 31 41 21 51 

42 61 79 43 59 81 4 

22 13 84 22 26 37 28 

46 34 38 62 6 29 41 

23 6 84 49 8 4 8 

2 17 35 46 28 48 45 

24 18 23 32 66 05 33 

23 2 34 33 88 3 - 

07 23 2 34 32 49 12 

16 21 27 49 44 29 46 

24 22 53 41 79 25 41 

47 44 57 61 46 5 55 

23 2 32 22 42 32 46 

34 16 47 36 62 59 46 

34 4 37 56 46 55 21 

21 23 29 13 19 15 36 

21 18 27 39 67 32 35 

2 21 66 74 53 4 42 

26 34 37 37 42 46 - 
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F: Average English VOT, VOT difference, and self-reported Pronunciation of Participants 

The average English VOT in seconds, the VOT difference in seconds and their self-reported 

pronunciation capabilities per speaker on a scale of 1 (worst) to 10 (best). The speakers who 

gave themselves insufficient scores (5 or below) are marked in blue. The speakers who gave 

themselves a good grade (8 or higher) are marked in green. These eight participants were used 

for the statistical analysis. 

ID AVG VOT ENG VOT DIFFERENCE Self-reported pron. abilities (1-10) 

401 0.0293 -0.0030 6 

402 0.0584 0.0267 7 

403 0.0275 0.0046 4 

404 0.0381 -0.0002 6 

405 0.0599 0.0328 7 

406 0.037 0.0017 4 

407 0.0353 0.0061 6 

408 0.0332 0.0087 6 

409 0.0272 0.0029 6 

410 0.0323 0.0050 2 

411 0.0348 0.0043 5 

412 0.048 0.0237 8.5 

413 0.0319 0.0109 5.5 

414 0.0466 0.0225 8 

415 0.0373 0.0171 8 

416 0.0272 0.0100 8.5 

417 0.0344 0.0071 7 

418 0.0345 0.0075 6 

419 0.0313 0.0051 7 

 

 


