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Notational conventions 
 
For this dissertation, it was decided to adopt a set of notational conventions in order 
to increase the readability of the text. They are given in the current section. 
 
Although we are aware that nouns, such as researcher, may refer to a man or a 
woman, we chose to use a male pronoun (he, him, or his) to refer to the noun or the 
person who is referred to, in those cases when the gender of that person is unknown. 
In the cases in which the gender of the person referred to is known, the appropriate 
pronoun is of course used. 
 
Flemish (adjective) – referring to (characteristics of) Flanders 
Flemish Dutch – Standard Dutch as spoken in Flanders 
Netherlandic – referring to (characteristics of) the Netherlands 
Netherlandic Dutch – Standard Dutch as spoken in the Netherlands 
community – term that refers to the group of people living in the Netherlands or 
Flanders, respectively 
 
For the names of regions, abbreviations will be used (see Chapter 3): 
N-R – Netherlands-Randstad 
N-M – Netherlands-Middle 
N-N – Netherlands-North 
N-S – Netherlands-South 
F-B – Flemish-Brabant 
F-E – East-Flanders 
F-L – Flemish-Limburg 
F-W – West-Flanders 
 
For the description of vowels, the terms in the first column can be interpreted as 
described in the second column1: 
higher vowel (than x)    articulatory notion for a higher tongue position 
and a lower F1    (than x) 
lower vowel (than x)    articulatory notion for a lower tongue position 
    and a higher F1 (than x) 
higher F1 (than x)    acoustic notion for a higher F1 and a lower  
    tongue position (than x) 
lower F1 (than x)   acoustic notion for a lower F1 and a higher 

tongue position (than x) 
more closed (than x)   articulatory notion for a higher tongue position 

and a lower F1 (than x) 
more open (than x)  articulatory notion for a lower tongue position 
and a higher F1    (than x) 

                                                
1 As stressed in Section 5.3.2 and later, there is no perfect correspondence between F1 and 
vowel/tongue height and between F2 and tongue advancement. 
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more advanced/front articulatory notion for a fronter tongue position 
and a higher F2 (than x) 

more back articulatory notion for a more backed tongue 
position and a lower F2 (than x) 

higher F2 (than x) acoustic notion for a fronter tongue position and 
a higher F2 (than x) 

lower F2 (than x) articulatory notion for a more backed tongue 
position and a lower F2 (than x) 



CHAPTER 1 
 

INTRODUCTION 
 
 
 
 
1.1 Defining the scope 
 
In many situations, you cannot have your cake and eat it too. In research, however, 
only eating your cake is often considered undesired behavior. In those cases, it is 
strongly preferred to both have the cake and eat it. The present study is situated in 
the field of sociophonetics, which is exemplary of this point. That is, the field 
incorporates insights and techniques from both sociolinguistics (having the cake) 
and phonetics (eating it). 

The notion of ‘sociophonetics’ appears difficult to define, particularly since it has 
gained ground in the 1990s. Before that time, the term was mainly used by 
phoneticians to refer to studies describing speech production across dialects, speech 
styles and speaker groups, and by sociolinguists to refer to Labovian variationist 
studies using acoustic analysis (Foulkes and Docherty 2006). 

Though the first sociophonetic studies focused mainly on speech production, 
recent studies have largely widened the scope of the field (Jannedy and Hay 2006; 
Foulkes and Docherty 2006). Due to the increasing diversity of the field, it has often 
been vaguely described what sociophonetics actually is. For instance, it has been 
referred to as a field in which researchers “feel they straddle the divide between 
sociolinguistics and phonetics” (Jannedy and Hay 2006:406) or as “melding of 
sociolinguistics and phonetics” (Thomas 2002:189). Foulkes and Docherty 
(2006:411) define the object of sociophonetic study, i.e. sociophonetic variation, as 
the “variable aspects of phonetic or phonological structure in which alternative 
forms correlate with social factors”. We follow Foulkes and Docherty and define 
sociophonetics as the study of sociophonetic variation. 

Being at the interface of phonetics and sociolinguistics, sociophonetics can take 
the best of both worlds. That is, it incorporates, on the one hand, the sophisticated 
methodology and the deep knowledge of processes in speech production and 
perception that has emerged in phonetics and, on the other hand, the firm 
sociolinguistic knowledge of the relation between language variation and social 
variation. Combining the two fields thus offers a way for both to compensate for 
each other’s weaknesses and to come to new insights. 

As mentioned above, the present study is sociophonetic, thus it combines 
sociolinguistic and phonetic methods and insights. It is part of a larger research 
project that started in 1999 and aims to investigate the development of regional 
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variation in the pronunciation of Standard Dutch (see Van de Velde et al. 2010)1. 
The current study has seven aims, which will be described in more detail in the 
following sections. They are categorized as theoretical, methodological, descriptive 
and general aims: 

 
Theoretical aim 
 1. The main and theoretical aim of this study is to solve the Vowel Space 
 Paradox. This paradox arises when findings from sociolinguistic studies and 
 phonetic studies on stylistic vowel variation are combined. The paradox 
 concerns the way that vowels are distributed over the available acoustical vowel 
 space and that the vowel space combines or integrates linguistic information (
 i.e. the identifiability of vowels) and speaker and/or social information. The 
 Vowel Space Paradox, which contrasts spontaneous speech with read speech, is 
 formulated as follows: 
 

VOWEL SPACE PARADOX 

WHEREAS THE OVERALL VOWEL SPACE SHRINKS IN SPONTANEOUS 
SPEECH, THE INDIVIDUAL VOWELS INCREASE THEIR VOWEL SPACE BY 
INCLUDING MORE SOCIOGEOGRAPHIC VARIATION, WITHOUT LOSING 
THEIR IDENTIFIABILITY. 

 
It is important to note that the identifiability of vowels in the current study is not 

 tested through perception, but through a statistical method that employs acoustic 
 data. This study thus incorporates only production data. In Section 1.2, it will be 
 explained why we did not include perception data. 

In order to investigate the paradox, both stylistic variation and sociogeographic 
variation in the pronunciation of Standard Dutch are examined. The choice of 
this language as an object of sociophonetic study is motivated by the fact that 
the sociolinguistic situation in the Dutch language area of The Netherlands and 
Flanders (northern Belgium) is both complex and (therefore) highly intriguing. 
First, the choice of this language is interesting from a Dutch perspective, but 
also from an international perspective, since Standard Dutch is a pluricentric 
language, like many other languages (e.g., English, German). There is both a 
Netherlandic and a Flemish standard pronunciation. In the past century, the two 
pronunciation varieties have been shown to diverge (Van de Velde 1996). In 
addition to this, new (regional) varieties of Standard Dutch emerge (see Section 
1.4).  
Furthermore, Dutch offers an interesting case for the Vowel Space Paradox, 
since (i) it has a high number of vowels (i.e. sixteen, including schwa) as 
compared to, for instance, Croatian (i.e. five), and (ii) some of the vowels are 
involved in change in progress. When a high number of vowels is involved, it 

                                                             
1 This research was supported by the Netherlands Organization for Research (NOW) through 
the Flemish Netherlands Committee (VNC) under Project No. 205-41-069, by the Utrecht 
Institute of Linguistics OTS (UiL OTS) and the Centre of Language Studies in Nijmegen. 
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seems more striking and less obvious, than in the case of a low number of 
vowels, that the vowels are not confused more with a decrease in overall vowel 
space and an increase in individual vowel spaces. The Dutch vowel system will 
be presented in Section 1.4. 
This dissertation takes an experimental approach to its subject matter. The 
stylistic and sociogeographic variation in the speech data are investigated 
through an acoustic analysis. The speech data are obtained in three tasks 
involving a large group of speakers of a range of regional varieties of Standard 
Dutch: carrier sentence reading, word list reading and spontaneous speech.  

 
 
Methodological aims 
Four methodological aims are formulated. They will be briefly discussed in Section 
1.3. Aim 2 is rooted in sociolinguistics and aim 3, 4 and 5 are phonetic aims. The 
aims are: 
 
2. To successfully elicit and analyze three distinctive speech styles from speakers 

of Standard Dutch obtained in a sociolinguistic interview. In other 
sociolinguistic studies on style different varieties were studied within a single 
interview (e.g., Labov 1966, 2001). Our interview differs from the ‘traditional’ 
sociolinguistic interview in those studies with respect to the fact that it targets to 
elicit the standard language exclusively (i.e. instead of formal speech and 
vernacular speech), which is a variety showing relatively little variation. 
Moreover, our interview is purely defined as a methodological construct to elicit 
styles (cf. Section 1.3). 

3. To find an efficient method of obtaining accurate formant measurements. 
Whereas many studies use default methods to measure formants, it is unclear 
whether these methods yield the best results. Moreover, measuring formants 
involves a large deal of hand checking the data. The present study tests whether 
better (i.e. more accurate and efficient) methods are available.  

4. To normalize formant values for the sociophonetic study of vowel variation. It 
is a phonetic fact that formant values change as a function of vocal tract size. A 
good normalization method for sociophonetic research removes this 
physiologically conditioned variation and preserves (socio)linguistic variation.  

5.  To find the best temporal representation of vowels for the description of vowel 
 variation. Many (socio)phonetic studies describe vowels using formant values  

measured at one or two points. This way of representing vowels is compared to 
representations that incorporate formant values from more time points.  
 

 
Descriptive aim 
Section 1.4 will describe the descriptive aim of this study, which is: 
 
6.  To present a description of sociogeographic vowel variation in Standard Dutch, 

which can be used as a benchmark for research on Dutch vowels. The focus in 
the description will be on differences between Netherlandic Dutch and Flemish 
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Dutch2, on regional variation and language change. The descriptive aim will be 
described more elaborately in Section 1.4. 
 

 
General aim 
As noted above, this study combines both sociolinguistic and phonetic findings, but 
also sociolinguistic and phonetic methods. The underlying general aim of this study 
therefore is: 
 
7. To show the fruitfulness of integrating sociolinguistics and phonetics (see 

Section 1.5).  
 
After the aims have been discussed, Section 1.6 will give a brief outline of the 
dissertation. 
 
 
1.2 Theoretical aim: the Vowel Space Paradox 
 
Until recently, sociolinguistic research and phonetic research on style have been 
performed rather independently of each other. In early variationist studies in the 
tradition of Labov, researchers tried to elicit and differentiate a range of formal and 
informal styles through an interview. In the interview, the researcher aimed to vary 
the speaker’s attention paid to speech, which was hypothesized to correlate 
positively with the formality of speech (Labov 1972). These studies largely focused 
on uncovering group differences across styles and showed that in many cases 
informal styles yield larger group differences than formal styles (e.g., Labov 1966, 
1972, 2001; Trudgill 1974). The main objective, however, became to study the most 
informal style, the ‘vernacular’, which speakers would use when they are not being 
observed (Labov 1972:209). This style was assumed to be most important for the 
study of variation and change, since it would be the most natural style, showing best 
the processes of change. This objective led sociolinguistics largely away from 
stylistic research into the study of naturally occurring or spontaneous speech 
(Rickford and Eckert 2001). However, in the framework of Speech Accommodation 
Theory, sociophonetic studies on style-shifts were widely conducted in the 1980s 
(cf. Giles et al. 1991). These studies mainly focused on suprasegmental indicators of 
style (e.g., speech rate, intensity) in laboratory speech. Thus, in contrast to the 
current study, they largely ignored style variation at the segmental level. 

A factor that also contributed to the abandonment of style research in 
sociolinguistics is that the most formal styles were elicited through reading, which 
was considered something completely different from, hence incomparable to, 
spontaneous speech, targeting the vernacular. This was seen as particularly 
                                                             
2 In this dissertation, we will consistently refer to Standard Dutch spoken in the Flemish 
regions in Belgium as “Flemish Dutch” and to its speakers as Flemish speakers. Standard 
Dutch as spoken in the Netherlands will be referred to as “Netherlandic Dutch” and its 
speakers as Netherlandic speakers. See also the section on notational conventions, at the 
beginning of this book. 
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problematic in cases in which researchers aim to elicit the rather heterogeneous 
vernacular in informal contexts for a comparison with reading styles. In contrast, the 
present study elicits only Standard Dutch, which is homogeneous and which may 
naturally occur in both reading and spontaneous speech. Therefore, the comparison 
of reading and spontaneous styles poses no problem for the comparability of the 
speech styles (see also 1.3). 

In phonetic studies, style has not been neglected as much as in sociolinguistics. 
Early studies focused mainly on the relation between speech style and vowel 
reduction (e.g., Lindblom 1963; Gay 1968), whereas more recent studies have 
focused on the relation between clear speech, hyperarticulation and intelligibility of 
vowels (cf. Bradlow 2002).  

These studies showed that faster, spontaneous or more informal speech yields a 
smaller vowel space than more ‘formal’ styles, such as reading or slower speech 
(e.g., Nakamura et al. 2008; Koopmans-van Beinum 1980). A problem with many of 
these findings, however, is that they are solely based upon findings for read speech. 
In that sense, these phonetic studies are lacking in style. 

Due to the relative independence of the two fields, the Vowel Space Paradox, 
resulting from the combination of the sociolinguistic and phonetic results for style 
research has yet remained unnoticed. The paradox becomes apparent when we 
consider the results for vowels. That is, on the one hand, phonetic studies have 
found that more informal speech yields a smaller vowel space in comparison with 
formal speech, i.e. vowels in the vowel space are reduced in more informal speech, 
as compared to their realization in formal speech. On the other hand, sociolinguistic 
studies have repeatedly shown that (some, not all) vowels show more 
sociolinguistically conditioned variation in more informal than in formal speech. 
Thus, individual vowels can cover a larger area in this smaller vowel space, as 
compared to these vowels in formal speech. At the same time, it has been shown that 
in speech styles in which the vowel space is smaller (e.g. informal speech), contrasts 
between vowels remain largely intact. For instance, Van Bergem (1995) shows that 
listeners can still successfully recognize reduced vowels that are extracted from their 
context, i.e. with a success rate, which is high above chance level.  

Thus, whereas the variation between vowels decreases in spontaneous or 
informal speech, the variation within vowels increases, which does not lead to large 
increases in vowel confusions. This idea is formulated in the Vowel Space Paradox, 
which is given in Section 1.1. The paradox is interpreted in terms of 
sociogeographic variation, since the sociolinguistic variation dealt with in this study 
is mainly of this sort. 

 As mentioned earlier, we choose not to test the identifiability of vowels through 
a perception experiment. Instead, the separability of vowels is tested using a 
statistical method (i.e. a linear discriminant analysis), which predicts the vowel 
category of tokens on the basis of the acoustic data we obtain. Although a perceptual 
approach is highly interesting, it is far from straightforward which design would be 
the most appropriate one for our research. That is, relatively little is known about the 
relation between sociogeographic variation and perception (Thomas 2002). In the 
context of the present study, an important question is what the composition of the 
listener group should be. For instance, Flemish listeners may hear things differently 
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than Netherlandic listeners, which complicates the interpretation of the perceptual 
results. Moreover, investigating questions such as the one mentioned is a 
dissertational study in itself and is therefore not to be preferred within the present 
study. The linear discriminant analysis is an efficient method to replace a perception 
experiment. It assumes recognition of vowels purely on the basis of acoustic 
characteristics of vowels, hence not on the basis of (perceived) regional or 
sociolinguistic characteristics of speakers (cf. Thomas 2002). Finally, whereas their 
categorization of vowel tokens by listeners may be influenced other aspects than the 
vowel (e.g., pitch, duration, the context), the discriminant analysis incorporates F1 
and F2 only.  

In the present study, the elicited highly monitored speech styles are two reading 
styles, which are more homogeneous than the less monitored spontaneous speech. In 
the latter style it is predicted that more sociogeographic variation will occur. That is, 
the style shows (more) variation in topic (Bell 1984) and may show increased 
variation in the social identities the speaker identifies with (e.g., Meyerhoff 2006). 
In terms of sociogeographic variation, the speaker will be expected to show more 
variation, by shifting more intensively between standard pronunciations which are 
more regionally colored and standard pronunciations which are less so. Thus, in 
contrast to what is assumed by many phoneticians (cf. Jannedy and Hay 2006), we 
will not treat the increase of variation in vowel pronunciation as noise, but as highly 
structured variation. 

The main question of the current study is thus how the Vowel Space Paradox can 
be resolved. In other words, we aim to find out how speakers can simultaneously 
show vowel space reduction and increased sociogeographic variation within vowels, 
while retaining vowel contrasts at the same time. In order to answer this question, 
we first need to address three other questions. Only if all these questions are 
answered positively, the Vowel Space Paradox can be resolved. 
 
i. Do we find a decrease of the vowel space size in spontaneous speech, as is 

found in earlier phonetic studies? 
ii. Do we find an increase of sociogeographic variation within vowels in 

spontaneous speech, as is found in earlier sociolinguistic studies? 
iii. Do the number of confusions between vowels remain constant across styles, as 

predicted by phonetic studies on perception? 
 
Although these questions have been answered positively in earlier studies, they need 
to be considered again for the current study, because this study uses an adapted 
method to elicit different styles (see aim 2 in Section 1.1) and it considers the 
questions within a single variety (i.e. Standard Dutch), as opposed to earlier studies 
(see Section 1.3). Moreover, compared to earlier studies, the number of speakers is 
high. Finally, the current study is different from most other studies, as the method of 
obtaining (normalized) formant values is the result of thorough and careful testing of 
different methods (see aim 3 and 4). Thus, when one of the three given questions is 
answered negatively, this may be due to these differences. 
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Section 2.4 formulates three hypotheses in relation to the three questions. The 
hypotheses are tested in Chapter 7 and, on the basis of the results, answers to the 
three questions will be given in the concluding chapter of this dissertation. 

Interestingly, the paradox is partially in contradiction with adaptive dispersion 
theory (Ten Bosch ; Lindblom 1986; Liljencrants and Lindblom 1972), which 
predicts that within-vowel variation would be smaller in smaller vowel spaces (cf. 
Recasens and Espinosa 2009:244). Crucially, this phonetic theory did not 
incorporate a sociolinguistic component. An increase of sociogeographic variation 
would be an(other) argument to include such a component. 

Note, in addition, that the paradox is possibly linked to chain shifts and mergers, 
which have been extensively researched in sociolinguistics (cf. Gordon 2002; Labov 
1994). That is, the paradox describes a shift in vowel position (i.e. vowel reduction) 
in addition to a preservation of vowel contrasts. In chain shifts, adjacent vowels also 
move without losing intervocalic contrast. In mergers, the shift of a vowel is 
accompanied by a loss in contrast with an adjacent vowel, which may happen to 
some vowels in our study as well, as question iii is answered negatively. A solution 
to the paradox may thus provide more insight into chain shift phenomena, but our 
study may also provide relevant insights for the study of mergers. 

The stylistic variation in the present study thus offers possibly (re)new(ed) 
insights of approaching vowel variation, for both phonetics and sociolinguistics. 
This is the more crucial, since both fields tend to lean toward either read speech or 
to spontaneous speech, which will undeniably bias the results. 
 
 
1.3 Methodological aims 
 
The data in the present study have been obtained through an interview, in which all 
speakers had to perform several tasks. From three of these, carrier sentence reading, 
word list reading and a spontaneous conversation, speech data are selected. The 
speakers are all teachers of Dutch and stratified for community (the Netherlands or 
Flanders), region (four per community), gender and age. 

The Vowel Space Paradox will be investigated on the basis of formant 
measurements and measurements of duration of vowels occurring in the three styles. 
Due to time reasons, the paradox was investigated using the data of only twenty N-R 
and N-S speakers. These regions were selected on the basis of sociolinguistic 
criteria. That is, N-R is the cultural and economic centre of the Netherlands and, 
compared to other regions in the Dutch language area, the dialects spoken in this 
region show the smallest linguistic distance to Standard Dutch. In contrast, the 
dialects of N-S show large differences with Standard Dutch and, as opposed to N-R 
dialects, are still widely spoken (see also Section 6.2.1). 

In order to draw firm conclusions regarding the paradox valid and reliable data 
are required. To this end, four methodological aims were formulated. An overview 
of these aims is given below. One of them (i.e. aim 2) is rooted in sociolinguistic 
methodology, but is of importance to (socio)phonetics as well. The other three aims 
are rooted in phonetics, but are also of major importance to sociolinguistics, or 
sociophonetics. 
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2. The first aim is to successfully elicit three clearly differentiated speech styles 

through an interview. Although many sociolinguists have adopted Labov’s 
(1966) approach to elicit different styles, ranging from formal to informal 
speech, from speakers through an interview, many have also criticized his 
approach. The criticisms concentrated on the fact that Labov assumed that 
reading styles and spontaneous speech could be arranged on the same, 
unidimensional continuum and that the differences in the styles could be solely 
explained by a difference in attention paid to speech. That is, it was claimed that 
formality of speech increased with a higher level of monitoring. 
Despite the large amount of critique on Labov’s approach, the present study 
uses generally the same approach. Three styles are elicited, i.e. carrier sentence 
reading (cf. Adank 2003; Adank et al. 2007), word list reading and spontaneous 
speech. In the first style, the researcher attempts to draw the attention of the 
speaker to the vowel under investigation, whereas in the second and third style 
the attention is assumed to be increasingly lower. Our approach differs in some 
respects from Labov’s traditional approach. First, the variety elicited is the 
standard language, whereas other studies used the interview to elicit (city) 
dialects and sociolects (but see Boberg 2008). The elicitation of the standard 
through an interview prevails over the elicitation of dialects and sociolects, 
because the standard variety is assumed an appropriate variety in such a formal 
context, and, importantly, in reading. Also, the standard defines a smaller range 
of variation, making the styles more comparable. That is, no switches to other 
varieties are expected. In sum, the standard offers large advantages. 
Second, the approach is mainly used as a methodological construct. A major 
advantage of the method is that it is a quick way to elicit different styles, which 
has been empirically shown in many studies (e.g., Labov 2001). Crucially, for 
the solution of the vowel space paradox, it is not so much important how the 
styles differ conceptually. But, as our aim holds, we want to elicit distinct 
styles. 
Many phonetic studies have been trying to elicit different styles, with varying 
methods and with varying success (see Section 2.3). If the present study is able 
to successfully distinguish the styles, its method may be used in purely phonetic 
studies as well. 

3. The second aim is to find a method to obtain valid and accurate formant 
measurements. In many phonetic, sociolinguistic and sociophonetic studies, no 
clear arguments are given for the choice of a method to measure formants. In 
many cases, researchers just use one of the default methods of the field 
seemingly without further considerations (e.g., Vallabha and Tuller 2002). In 
studies that rely partially or entirely on formant measurements, this is a rather 
risky position to take, since default methods are not by definition the best ones 
(Harrison 2004). In trying to find the best method to obtain valid and accurate 
formant measurements, the present study focuses on three methodological 
aspects. In the first place, we will test whether a formant analysis using the 
default number of LPC coefficients provides the most accurate measurements or 
whether other methods may improve on the results. In the second place, we will 
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investigate how we can efficiently remove further errors in the measurements 
obtained through the analysis. In the third place, we want to analyze whether 
stylistic differences also have consequences for the measurement of formants. 

4. The third aim is to find a normalization procedure that provides the best 
transformed formant data for a (socio)phonetic study of vowel variation. 
Following Adank (2003), a good normalization procedure is supposed to 
minimize physiological variation, whereas it preserves phonemic and 
sociolinguistic variation. Adank (2003) compared twelve normalization 
procedures on the basis of these criteria and found Lobanov’s (1972) 
transformation to yield the best results. However, Adank did not include a few 
of more recently proposed normalization techniques, of which some are 
recommended by the, in sociophonetic research widely established, NORM 
website (Tyler and Kendall 2007-2009). Therefore, a new comparison will be 
presented in the present study, including the more recent normalization 
procedures. Also, in contrast to Adank (2003), the normalization of diphthongs 
will be taken into account, which involves the preservation of the dynamic 
structure as well (see also iv). Furthermore, we will deal with the question what 
the considerations and consequences are of stylistic differences for the 
normalization problem. 

5. The fourth methodological aim, which seems not directly related to the paradox, 
is to establish which temporal representation of vowels is the best one to 
capture a complete picture of sociolinguistic vowel variation. It is widely 
assumed in both phonetics and sociolinguistics that formant values obtained at 
one time point of a monophthong are sufficient to describe vowel variation 
patterns (e.g., Van Son et al. 1990). Similarly, two time points are usually taken 
to be sufficient for the description of diphthongs3. In the present study, these 
default representations will be compared with representations that employ more 
time points, i.e. that give a more dynamic picture of the formant contours of 
vowels, in order to see whether the latter representations yield more information 
about regional variation. Both phonetic and forensic linguistic studies (e.g., 
Hillenbrand et al. 2001; McDougall and Nolan 2007) indicate that a more 
dynamic approach would give us more insight in vowel variation. If successful, 
the dynamic approach may be a worthwhile addition to sociophonetic studies. 

 
 
1.4. Descriptive aims 
 
The last aim of this study is to give a description of sociogeographic and stylistic 
vowel variation in Standard Dutch. Recently, there have been acoustic analyses of 
Standard Dutch (Jacobi 2009; Adank et al. 2007; Smakman 2006), but they did not 
include Flemish Dutch (i.e. Jacobi and Smakman), they analyzed only part of the 
vowels (all three), they did not investigate unscripted spontaneous speech 
(Smakman and Adank et al.), they did not investigate stylistic variation (all three), 
and/or they did not investigate regional variation in detail (Jacobi and Smakman). 

                                                             
3 Labov et al. (2006) often employ one time point for diphthongs. 
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To the contrary, the present study presents a description of regional variation in 
Standard Dutch, in both Flanders and the Netherlands, for all fifteen full vowels of 
Dutch (i.e. we did not study schwa). For N-R and N-S, all three styles have been 
analyzed. All in all, this study thus provides a benchmark for other (socio)phonetic 
studies on vowels.  

The group of full vowels of Dutch is traditionally divided into lax vowels (i.e. /ɪ, 
ɛ, ʏ, ɑ, ɔ/), tense vowels (i.e. /i, y, a, u, e, o, ø/) and diphthongs (/ɛi, œy, ɔu/) 
(Moulton 1962; Gussenhoven 1999)4. All tense vowels are phonologically long, but 
the high tense vowels /i, y, u/ are only phonetically long before /r/ in the same stress 
foot (Gussenhoven 1999; Booij 1995). The full vowels can be classified as 
monophthongs and diphthongal vowels (i.e. vowels with a glide).  

As mentioned earlier, there is a Netherlandic and a Flemish standard variety. 
Figure 1.1 shows the vowel system of Netherlandic Dutch. The figure combines the 
figures of monophthongs and of diphthongal vowels of Gussenhoven (1999), though 
some aspects of the figures have been adapted. First, we do not indicate vowel 
length. Second, following Moulton (1962) and Booij (1995), we draw /ɪ/ close to the 
front border of the quadrilateral, whereas Gussenhoven draws the vowel close to the 
centre, between /y/ and /ʏ/. Third, we deleted schwa and loan phonemes, which will 
not be investigated in the current study.  

Figure 1.2 shows the vowel system of Flemish Dutch. The figure combines the 
figures of monophthongs and diphthongs of Verhoeven (2005). In contrast to 
Verhoeven, we do not indicate vowel length. As can be seen in Figure 1.1 and 1.2, 
one of the differences between Netherlandic Dutch and Flemish Dutch is that the 
long mid vowels /e, ø, o/ are diphthongal in the former variety, whereas they are 
monophthongal in the latter one. In Section 3.3.1, the vowels of Dutch and the 
contrasts between them will be further discussed. 

We adopt the inclusive definition of the standard in this study, as posited by 
Smakman (2006). This definition holds that the standard is a variety that binds 
people in a community, hence, that many people are able to speak. Having a 
regional accent while speaking the standard, thus, does not exclude you from being a 
speaker of Standard Dutch. 

Earlier studies have shown that the standard variety is far from homogeneous 
across regions (Adank et al. 2007; Verhoeven and Van Bael 2002), communities and 
time (Van de Velde 1996). Regarding the latter two variables, it has been reported 
that Flemish Dutch and Netherlandic Dutch pronunciation have diverged since the 
1930s (Van de Velde 1996), and it is widely recognized that there is a Flemish and a 
Netherlandic standard pronunciation (e.g., Van de Velde 1996).  

Van de Velde established the divergence on the basis of consonantal variation 
and variation in /e/, /o/ and /εi/, which showed more diphthongization in 
Netherlandic Dutch. Whether other vowels show a diverging tendency, will be 
investigated in the present study.  
 

                                                             
4 The marginal vowels, i.e. those only occurring in loan words, are not included (cf. 
Gussenhoven 1999). 
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Figure 1.1 The Netherlandic Dutch vowel system: monophthongs (black circles) and 
diphthongal vowels (grey circles and arrow) (adopted from Gussenhoven 1999). 
 

 
Figure 1.2 The Flemish Dutch vowel system: monophthongs (black circles) and diphthongal 
vowels (grey circles and arrow) (adopted from Verhoeven 2005). 

The approach to take is the apparent time approach, since we can only make a 
synchronous comparison of two age groups (Bailey 2002). Thus, if we find larger 
differences between younger Flemish and Netherlandic speakers than between older 
Flemish and Netherlandic speakers, this is taken as possible evidence for divergence 
between the two communities (cf. age-grading). 

In this context of convergence and divergence, it is interesting to note that in the 
Netherlands a new non-regional variety of Dutch is claimed to have emerged. This 
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variety mainly differs from the standard in the pronunciation of vowels (Stroop 
1998). It is referred to as ‘Polder Dutch’, is predicted to replace the standard, and is 
claimed to be mainly and primarily spoken by young, socially successful women. 
The main characteristic of the variety is the more open pronunciation of the onset of 
diphthongs, but also a more closed pronunciation of /ɛ/ and /ɑ/ are claimed to be part 
of the variety. A considerable number of studies have investigated the emergence of 
Polder Dutch, but the results of these studies are rather inconclusive. Moreover, they 
only concern the diphthongs. For instance, Edelman (2003) found the expected 
lower onset in the female pronunciation of /ɛi/, but hardly in the speech of males, 
whereas Van Heuven et al. (2002) found the open and more closed variants of this 
diphthong to be rather equally distributed over both genders. Jacobi (2009) did 
neither find evidence of more opening of onsets (of /ɛi/, /œy/ and /ɔu/). Also, she did 
not find clear regional differences. In this respect, however, her results are tentative, 
since the levels of occupation were not well distributed over the different regions5. 
Moreover, it was not clear how the levels of occupation were distributed over the 
genders. The design of the present study makes it possible to compare the alleged 
characteristics of Polder Dutch systematically. 

In sum, the present study will give a description of the vowel systems of all 
regions and of both communities, and for N-R and N-S in three speech styles. In 
addition to this focus on sociogeographic variation, we will scan our data for 
language change in Standard Dutch. 
 
 
1.5 General aim 
 
Several scholars have pointed out the usefulness of the integration of 
sociolinguistics with phonetics (e.g., Foulkes and Docherty 2006; Thomas 2002). 
Combining the two fields is advantageous, because issues in one field can be solved 
by solutions coming from the other field. Few phoneticians have used 
sociolinguistic methods, whereas many sociolinguists have used phonetic methods. 
Furthermore, to our knowledge, relatively few sociolinguists and phoneticians have 
combined findings from phonetic and sociolinguistic studies to come to new 
fundamental insights. 

The present study uses phonetic and sociolinguistic methods (see Section 1.3) to 
explain a paradox between findings from both phonetics and sociolinguistics. As 
mentioned above, phonetic studies employ mainly read speech and sociolinguistic 
studies employ mainly spontaneous speech. In the present study, we aim to show 
that both styles are needed to come to a fuller understanding of vowel variation. 
Thus, using methods from both fields and findings from both fields, we want to 
show that combining phonetics and sociolinguistics is a fruitful enterprise.  
 
 
 

                                                             
5 For instance, 8 out of the 11 N-R speakers were high educated, whereas 9 out of the 13 
southern speakers were low educated. 
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1.6 Outline of the dissertation 
 
The present chapter has given a description of the main topic and the main aims of 
the current study. This section gives an overview of the chapters, which can also be 
categorized as mainly concerned with the theoretical aim, the methodological aims 
or the descriptive aim. 

Chapter 2 is mainly concerned with the theoretical aim. It discusses and reviews 
the sociolinguistic and phonetic literature that report studies related to the Vowel 
Space Paradox. On the basis of the discussion three hypotheses are formulated, that 
concern aspects of the paradox. In addition, the method of elicitation of the three 
styles is described and related to the critique on Labov’s approach. It will be argued 
how our method improves on Labov’s approach. 

Chapter 3 deals with the methodology. It describes the speakers that joined in the 
interview of the present study, and subsequently, the speech material that has been 
selected for this study. Moreover, it describes the acoustic analysis of the vowel data 
obtained through the carrier sentence reading task. The acoustic analysis has been 
conducted by Patti Adank, who used the results for her study (cf. Adank 2003; 
Adank et al. 2007). 

In Chapter 4, which is a long and technical chapter, the bulk of the 
methodological aims are addressed. The aim of the chapter is to propose an acoustic 
analysis that is considered proper for the (socio)phonetic study of vowel variation. 
That is, the chapter aims to find the best method to obtain accurate formant 
measurements, an excellent normalization method, and the best temporal 
representation of vowels for the sociophonetic study of vowel variation. The chapter 
concludes with recommendations for those who want to conduct a sociophonetic 
vowel study. 

Chapter 5 is the first of three chapters that give a description of vowels of 
Standard Dutch. In this chapter, the word list data will be described in terms of 
regional variation and, briefly, in terms of language change. However, the primary 
aim of the chapter is to uncover vowel variation due to coarticulation. To this end, 
all vowels are compared in two contexts, i.e. followed by /s/ and followed by /t/, 
which are possible candidates for the selection of tokens in spontaneous speech. The 
chapter will give an extensive analysis of coarticulatory effects, and will conclude 
that both contexts may be selected in spontaneous speech, since they do not affect 
regions differently and do not yield large differences. 

Chapter 6 presents the spontaneous data. It gives a description of the spontaneous 
speech data for ten young N-R speakers and ten young N-S speakers. First, the 
selection of the speech data will be discussed thoroughly. Subsequently, the 
influence of the context will be investigated. Finally, sociogeographic differences 
will be analyzed. On the basis of this analysis we propose that /ɛ/ may have changed 
in N-R and that this change could be related to the lowering of the diphthongs and 
long mid vowels. 

In Chapter 7, the main question of the study is addressed. The chapter discusses 
each of the hypotheses that have been proposed in Chapter 2, separately, on the 
basis of the comparison of N-R and N-S vowels across styles. It will be argued that 
it is essential to deal with monophthongal and diphthongal vowels separately in the 
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analysis of the paradox. The two subsets of vowels do not behave in a similar way 
across styles. Nevertheless, a solution of the Vowel Space Paradox is proposed, 
incorporating findings from both subsets. 

Chapter 8 summarizes and discusses the results of the preceding chapters. In the 
light of the results, implications for sociolinguistics, sociophonetics and phonetics 
will be formulated. Subsequently, the limitations of the present study will be 
discussed and future prospects will be outlined. 
 



CHAPTER 2 
 

STYLE 
 
 
 
 
2.1 Introduction 
 
In his earliest approach to style, Labov (1966) elicited reading styles and 
spontaneous speech, assuming that those styles can be arranged along a single 
continuum of the amount of attention paid to speech (also, the level of monitoring of 
speech). Labov’s approach (see Section 2.2.1) has been widely criticized for its 
unidimensionality (e.g., reading differs substantially from spontaneous speech) and 
the use of attention paid to speech as an explanatory factor for differences in style 
(cf. Section 2.2.2). 
 It was decided yet to use his approach to style, in an adapted way. We selected 
three styles, i.e. logatome reading, word list reading and spontaneous speech, and 
arranged them according to the amount of attention paid to the pronunciation of 
vowels that the researcher intended to elicit (see Section 2.2.3). 
 The reasons for adopting (an adapted version of) Labov’s approach were the 
following. The main aim of this study was to investigate the vowel space paradox, 
thus not to posit a new style theory. As noted earlier, the paradox follows mainly 
from the combination of the results of studies that take Labov’s approach, which has 
shown to be empirically very successful, and the results of phonetic studies on the 
vowel space and on reduction. A major methodological advantage of Labov’s 
approach is that it provides a quick way to elicit a range of styles, which are highly 
comparable between speakers. 
 Moreover, note that in the present study the object was to elicit the standard 
language. Crucially, speakers knew this before the interview started. In traditional 
sociolinguistic style studies, city dialects, sociolects or regiolects are investigated. 
By investigating the standard language only, we keep the range of variation small. 
That is, speakers use solely the standard variety, thus no switches to other varieties 
occur. A clear advantage is that the standard language fits the interview better than 
any other variety, since it is associated with formality. For instance, reading can be 
assumed to match rather naturally with the standard language, as opposed to 
dialects. Thus, the interview is a highly suitable context for the investigation of 
standard speech. 
 Given our approach, the different styles can be considered to be highly 
comparable to each other. We therefore expect a clear differentiation between the 
styles, as has been found earlier in sociolinguistic and phonetic studies. In Chapter 8, 
we will evaluate whether we indeed successfully differentiated the styles. 
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 In Labovian vowel research that investigates stylistic variation, the focus is 
mainly on one vowel or a subset of vowels, but to our knowledge hardly on what 
happens to the vowel system as a whole. To the contrary, many phonetic studies 
investigate what happens to (the size of) the whole vowel space when speech style 
changes. In the second part of this chapter (Section 2.3), the results of such phonetic 
studies on changes in the vowel space will be discussed. As many phonetic studies 
did not use Labov’s approach, the main discussion will be which styles differ in the 
amount of attention paid to speech and how they differ. Other factors that may co-
vary with or that may affect the vowel space will be discussed as well. 
 Finally, in the last part of this chapter (Section 2.4), the outcomes of the phonetic 
studies and the sociolinguistic studies will be used to formulate hypotheses on the 
solution of the Vowel Space Paradox. 
 
 
2.2 Labov's approach to style 
 
In his pioneering study on the relation between social structure and New York City 
English, Labov (1966) showed that the phonological variables he studied varied with 
style. Labov successfully designed an interview that aimed to elicit an array of 
speech styles, ranging from (highly) formal to informal or casual speech. The 
structure of the interview and the results it yielded are discussed in Section 2.2.1. 
Despite its success, the approach of Labov to tackle “the problem of stylistic 
variation” (cf. Labov 2006:37) received a considerable amount of critique, for a 
large part because of his proposal of a one-dimensional style continuum. The 
criticisms on Labov’s approach will be discussed in Section 2.2.2.  Finally, in 
Section 2.2.3, the operationalization of style that has been adopted in the present 
study will be discussed. In the discussion, the criticisms that have been put forward 
will be dealt with as well. 

 
 
2.2.1. Labov’s interview and the style continuum 
 
The interview in the New York City study was designed to compare a large number 
of speakers that represent (an approximation of) the New York speech community 
(Labov 2006:59). In order to be able to compare the speakers, they had to be 
recorded in the same, strictly defined, contexts, which would elicit (approximately) 
the same styles. 
 A problem in the elicitation of styles through an interview is that the major part 
of the elicited speech is formal (i.e. careful speech). In most other situations than the 
interview, speakers will display a more informal style (i.e. casual speech). It is thus 
easier to obtain formal speech in the interview situation than to obtain informal 
speech. Labov defined five different contexts in which formal speech occurs 
(Context B, C, D and D’) and only one context in which informal speech occurs 
(Context A). The formal contexts will be described first: 
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 Context B is the normal interview situation in which careful speech occurs. 
Careful speech, referred to as ‘Style B’, is the speech style that “normally 
occurs when the subject is answering questions which are formally 
recognized as “part of the interview” (Labov 2006:59). The style is less 
formal than the style used in a first job interview, but more formal than 
casual speech used among friends. 

 In Context C, the subject is asked to read two standard texts, which both 
contain each of the variables under investigation. In the first text, each 
paragraph contains a number of occurrences of one of the variables, and in 
the second text, minimal pairs showed up (e.g., for (r), dock and dark in 
You’re certainly in the dark! They tore down that dock ten years ago 
(Labov 2006:61)). 
The texts were written in a colloquial and animated style in order to close 
the gap between reading and speech. Moreover, the style and topic of the 
texts (e.g., a narrative of a teenage boy, which deals with dating issues) 
were meant to elicit a rather informal reading style (referred to as Style C). 
Therefore, the speaker was also instructed to read the texts as naturally as 
possible, as if the speaker was telling the story himself. Although the 
reading style was informal, it was still more formal than Style B (Labov 
2006:62). 

 In Context D, the speaker is asked to utter a list of words. The first list was 
a list of words that the speaker knew by heart, such as the days of a week. 
The second list was a word list, which the speaker had to read as fast as 
possible and which contained the same or similar sounds. Both word lists 
were assumed to elicit the same style (i.e. Style D), which is more formal 
than Style C. 

 Finally, Context D’ is a similar, but more formal context than Context D. In 
this context the speaker was asked to read minimal pairs, which were meant 
to draw the full attention of the reader to the phonological variables. Thus, 
for (r) the speaker was asked to read guard and god, followed by the 
question whether the words are the same or different. 

 
As indicated above, one of the biggest challenges in the interview is to elicit more 
informal styles than Style B. This challenge, in its strongest form, is known as the 
Observer’s Paradox. That is, the aim of the researcher is to observe the way people 
speak when they are not being observed (Labov 1972:209). The informal speech 
style that occurs only when a speaker is not observed, is the vernacular. Labov 
(2006:86) defines the vernacular as “the language first acquired by the language 
learner, controlled perfectly, and used primarily among intimate friends and family 
members”. The vernacular is also claimed to be the most systematic speech form, 
since it shows most clearly “the fundamental relations which determine the course of 
linguistic evolution” (Labov 1972:208), and it is claimed not to show “irregular 
phonological and grammatical patterns” (idem), including “hypercorrection”, which 
occurs in formal styles. The latter claims, however, are questionable. For instance, 
the cross-over effect displayed by the second highest status group (Meyerhoff 
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2006)1 has shown up highly regularly in sociolinguistic studies, thus it is not 
necessarily irregular (Labov 2001:39). Moreover, changes from above surface often 
in formal styles, hence not necessarily in the vernacular (e.g., Labov 2001:274). 
 By definition, it is thus impossible to observe the vernacular within the interview. 
Labov (1966) therefore designed a context (i.e. Context A) in which more informal, 
i.e. casual, speech occurred that was hypothesized to approach the vernacular. 
Casual speech was defined as “the everyday speech used in informal situations, 
where no attention is directed to language” (Labov 2006:64). It was distinguished 
from spontaneous speech, which was defined as “a pattern used in excited, 
emotionally charged speech when the constraints of a formal situation are 
overridden” (idem). Spontaneous speech, in contrast to casual speech, occurred in 
formal contexts, but was considered part of Style A. This style only occurred in 
Context A, which was subdivided in five contexts: 
 

 Context A1 denotes a situation outside the formal interview, in which 
casual speech tends to occur. For instance, before the start of the formal 
interview, the interviewee may casually speak to another member of the 
household (Labov 2006:65-66), or, after the interview, to the interviewer 
when he is about to leave. 

 Context A2 is a situation in which a third person, not participating in the 
interview, is addressed in the middle of the interview, e.g. the speaker’s 
children or someone on the phone. 

 Context A3 is a context in which the speaker does not offer a direct 
response to the question that he is being asked. This may occur when, for 
instance, a speaker digresses from the topic of the question to one of his 
own favorite topics. 

 Context A4 is a context in which spontaneous speech is expected to occur, 
namely in the form of childhood rhymes and customs. According to Labov 
(2006:69), it would be wrong if Style B was used in those cases. 

 Context A5 is also part of the formal interview, in which spontaneous 
speech occurs. The speaker is asked the “danger of death” question: Have 
you ever been in a situation where you thought there was a serious danger 
of your being killed? That you thought to yourself, “This is it”? (Labov 
2006:70). In responding to this question, if positive, the speaker is expected 
to be highly involved in telling the story, hence showing very informal 
speech. 

 

                                                
1 Meyerhoff (2006:170-173) argues that the term ‘cross-over effect’ prevails over Labov’s 
(1972:179-180) “hypercorrection”. First, she notices that what the second highest group is 
doing (e.g., realizing /r/ more in their speech than the highest group, in words like card) is not 
by definition beyond correctness. That is, that group overproduces forms that may actually 
occur, but it does not produce forms that do not exist (i.e. god pronounced [gɑrd]). Second, 
she remarks that hypercorrective behavior implies that social class membership and the social 
meaning of linguistic variation are more fixed than they are. For both reasons, we will use 
cross-over effect as a notion instead of hypercorrection. 
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In order to categorize speech as part of Style A, it was not sufficient that it occurred 
in Context A. In addition, at least one of the non-phonological channel cues, defined 
as “modulations of the voice production which affect speech as a whole” (Labov 
2006:72) had to indicate that the speech was different from typical Style B. That is, 
only if tempo, pitch range, volume or rate of breathing changed with respect to Style 
B in Context A, it was assumed that informal Style A had been used. A fifth channel 
cue was the presence of laughter. 
 The success of distinguishing and isolating the different contexts was in the first 
place assessed on the basis of the pronunciation of the phonological variables in 
those contexts for a number of speakers (Labov 2006:75ff). For the large majority of 
these speakers, the variables showed a regular pattern: the more formal the speech 
style, the more often standard forms (i.e. prestigious forms according to overt 
norms) were used. 
 When the speakers in Labov’s (1966) study were grouped in social classes, the 
same pattern was found. Moreover, for the stable sociolinguistic variables (e.g. (th) 
and (ing)), it was found that the classes differed systematically for each style: the 
higher the social class, the higher the proportion of standard forms. However, the 
differences between the social classes decreased when the speech style became more 
formal. 
 On the basis of this pattern (and others mentioned below), it was established that 
style and social class are closely related (e.g., Labov 2001b). That is, in the formal 
styles all social classes use variants that are generally found most in the highest 
social class, whereas in informal styles all classes use more variants that occur more 
in the lower classes. Bell (1984:152) points out that stylistic variation never shows a 
larger range than social variation (but see below). This supports his Style Axiom 
(Bell 1984:151), which states that stylistic intraspeaker variation is derived from and 
mirrors social or interspeaker variation. 
 The pattern just described appeared to be a recurrent pattern in a large number of 
speech communities across the world (cf. Labov 2001:81 for an overview of studies 
that show the same pattern; Bell 1984:153)2. However, other recurring deviant 
patterns, though less frequently, have been found as well. 
 A second pattern that has often been found is one that differs from the first 
pattern in only one respect. That is, the group or class with the second highest status 
in a speech community uses the standard form more than the group or class with the 
highest status in formal styles only (e.g., Labov 1972:114). This cross-over pattern is 
linked to linguistic security (Labov 1972:117; Schilling-Estes 2002; Meyerhoff 
2006) and to variables undergoing language change (Labov 2001:274). Note that 
due to behavior linked to this pattern, it may be the case that the differences between 
the social classes are larger in the formal styles than in the informal styles. 
 A third pattern, which seems less frequent and has not been found by Labov 
(1966), occurs for hyperstyle variables, i.e. variables that show considerably more 
stylistic variation than social variation (Bell 1984:155). These variables show a clear 

                                                
2 Schilling-Estes (2002:379) even refers to the pattern as the ‘basic pattern’. 
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break between reading and other styles (Labov 2001:82), typically with the standard 
variant occurring most frequently in read speech and by far less frequently in free 
speech (e.g., Bell 1984). Two possible explanations have been suggested (Schilling-
Estes 2002). First, it may be the case that in certain communities, reading style is 
radically different from spoken styles (cf. Milroy 1987). The strongest case of this 
pattern, with a range of 94% for stylistic variation and a range of 17% for social 
variation, was found in Tehran in the 1970s (Bell 1984:156), thus not in a western 
society where most sociolinguistic research has been done. However, examples of 
hyperstyle variables do occur in western societies (cf. Schilling-Estes 2002). 
Second, the pattern may only show up for language features that are subject to 
stereotyping, thus of which speakers are highly aware. 
 A fourth pattern that deviates from the ‘normal’ pattern is the pattern found for 
indicators (Bell 1984:155). Indicators are variables that show social (or other 
between-speaker) variation, but do not show stylistic variation (Labov 1972:179). 
Thus, for these variables, which are less frequent than markers (Bell 1984:152), i.e. 
variables that show both social and stylistic variation (Labov 1972:179), the 
sociolinguistic variation does not decrease in more formal styles. 
 The results obtained in Labov’s (1966) study of New York City English, showing 
only the first two of the patterns described above, supported the five 
“methodological axioms” that Labov (1972:208) later proposed. The second axiom 
put forward that “styles can be ranged along a single dimension, measured by the 
amount of attention paid to speech”, which is exerted by speakers by audio-
monitoring their own speech. The styles are hypothesized to lie on a continuum 
(Labov 1972:99). In the most formal speech style, i.e. minimal pair reading, the 
attention paid to speech, or the level of monitoring, is assumed to be at its maximum 
and in the most informal speech style the attention paid to speech is assumed to be at 
its minimum. 
 This hypothesis is supported by most of the patterns described above: with 
increasing formality increasing occurrences of variants that correspond to the overt 
norm are found. Thus, paying attention to speech is equated with trying to speak 
according to an overt norm shared by the community. How can we argue that that in 
one style the attention paid to speech is higher than in the other? 
 In the case of the minimal pairs (Style D’), the attention is said to be maximally 
drawn to the pronunciation of the phonological variable, since the minimal pairs 
only differ with respect to this variable. In Style D (word list reading), the attention 
for the variable is high because it recurs in every word of the word list. In the 
reading passage (Style C), the speaker is assumed to pay attention to his speech, as 
he is performing a language-related task in a rather formal situation (i.e. an 
interview with a stranger). However, he also has to pay attention to the instruction to 
read as naturally as possible, as if he is telling the story himself. Hence, in Style C, 
the attention to the pronunciation of the variable is lower than in Style D and D’, 
since speaking naturally also requires paying attention to content and producing the 
right prosodic patterns. In Style B (careful speech), the speaker’s attention is not 
drawn specifically to a task that requires a linguistic skill (i.e. reading), thus in that 
respect the level of monitoring is lower than in Style C. Yet, the speaker is aware of 



STYLE 

 

21 

the formal situation, thus he is assumed to pay attention that his speech is 
appropriate for the situation. However, in Style A (casual/spontaneous speech), the 
speaker is mainly involved in what he is telling, and not so much concerned with 
form or with the situation he is in. In this style, therefore, the amount of attention is 
said to be lowest in the interview, which is reflected in the phonological variable. 
 By many, Labov’s variable representing attention paid to speech was interpreted 
as an explanatory factor for stylistic differences in every day life. Moreover, Labov 
was criticized for seeing style as a unidimensional concept. In the next section, these 
and other criticisms on Labov’s approach will be discussed elaborately. 
 
 
2.2.2 Criticisms of Labov’s approach to style 
 
According to Labov (2006:58), the description of the elicitation of different styles 
has perhaps been “the most influential in determining what people actually do in a 
sociolinguistic study”. 
Still, his approach to distinguishing and eliciting styles has received a huge amount 
of critique. In this section, we will discuss the criticisms that have been put forward 
in the literature. 
 The first criticisms are related to Labov’s claim that the different styles can be 
arranged along a single dimension of attention paid to speech. These criticisms can 
be attributed to two problems. The first problem is related to the notion of ‘attention 
paid to speech’, the second one to the proposal to put the styles on a single, 
unidimensional continuum. We will discuss the attention problem in Section 2.2.2.1 
and then deal with the continuum problem in Section 2.2.2.2. In Section 2.2.2.3, 
Bell’s (1984) audience design is described, which is an alternative approach to 
Labov’s method and which by many is considered more appealing. In Section 
2.2.2.4, we will briefly discuss approaches that see style as an act of identity. Before 
the approach to style in the present study is described, we will take a brief look at 
the present-day situation of style research within sociolinguistics (Section 2.2.2.5). 
 
 
2.2.2.1 Attention paid to speech 
 
The use of the 'attention paid to speech' to compare styles is considered controversial 
(e.g. Milroy 1987; Bell 1984), since the variable is difficult to quantify, and related 
to that, difficult to measure. Labov (1972:97-99) reports the results of an experiment 
that tested the validity of the claim that an increased amount of attention paid to 
speech can be correlated with a higher use of standard forms. In the experiment, 
conducted by George Mahl, speakers were interviewed, while at random noise was 
played through headphones to them, such that they could not hear their own speech. 
In addition to the two noise conditions (noise or no noise), there were two 
‘interviewer’ conditions: in the first, the speaker was facing the interviewer, whereas 
in the second, the speaker was not facing him. Several variables were examined by 
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Labov, but he only reports the results for (dh)3 of one speaker, “whose style shifting 
was most striking” (Labov 1972:98). One of the reported findings was that the use 
of the low prestige variant was consistently higher in parts of the interview in which 
the speaker could not audio-monitor (i.e. hear) his own speech. This was taken to be 
evidence that in more formal speech styles (with less low prestige variants) the 
attention paid to speech is higher than in informal speech styles (with more low 
prestige variants). 
 Bell (1984:148), however, notes that another variable, i.e. (th)4, which is not 
reported in Labov (1972), does not give a straightforward pattern. That is, whereas 
(dh) did not yield a difference between the ‘interviewer’ conditions, (th) did. When 
the speaker faced the interviewer, (th) showed a ten percent decrease in standard 
variants in the noise condition, but when he did not face the interviewer, he showed 
a five percent increase of standard variants in the noise condition. Thus, given these 
results, attention paid to speech does not seem to correlate as neatly with the 
formality of speech in all cases as Labov proposed it. Another reason to interpret the 
results with caution is that audio-monitoring is not the only monitoring process of 
speech. That is, many speech monitoring models include monitoring processes that 
are active before speech is audible (cf. Postma 2000). 
 
 
2.2.2.2 The unidimensional style continuum 

 
The view that the different styles lie on the same continuum has particularly been 
criticized because of the fact that reading and speaking are very different activities. 
This has for instance been pointed out by Milroy (1987:173), who showed that for 
people with a low level of literacy, reading and speaking spontaneously are not at all 
related to each other. For instance, in a study in Belfast, some lower working-class 
speakers had difficulties reading out words in the word list that contained more than 
three letters. Others, who clearly felt more comfortable reading the word list, read at 
a high pace and did not appear to monitor their speech at all. However, the same 
speakers showed difficulties reading a passage. This study and others (e.g., Baugh 
2001) show that in those communities where the level literacy is low and where 
people are unfamiliar with a reading task, the assumption of a unidimensional style 
continuum seems rather unreasonable. In such communities, the rate of people that 
are reluctant to do the reading task is quite high. 
 As the authors above, many researchers point out the difficulties that arise when 
reading styles are included in the continuum. Romaine (1988:1461), for instance, 
remarks that reading is not necessarily on the same continuum as speech, because it 
seems to imply that “writing is […] a direct representation of speech”. She also 

                                                
3 The sociolinguistic variable (dh) is the initial consonant of then, which can be realized as an 
interdental fricative [ð], an affricate [dð] or a lenis dental stop [d] (Labov 1972:78). 
4 The variable (th) is the initial consonant of thing, which can be realized as an interdental 
fricative [θ], an affricate [tθ] or a lenis dental stop [t].  
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notes that reading is not formal by definition. It may occur in informal contexts, for 
instance, when people read out a piece of text in a glossy magazine to their friends. 
 A notable problem with reading styles is that orthography sometimes influences 
pronunciation. This has been remarked particularly for variables that are deleted in 
the vernacular, but realized in the standard. For instance, Milroy (1987) reports the 
case of (th), such as in mother, in Belfast English. In conversational speech, (th) is 
deleted more in informal (spontaneous) style than in formal (interview) style, but in 
both styles the variable is also often realized. In word list reading, however, all 
speakers but one categorically realized (th). Speakers thus seem to be strongly 
influenced by what is written. The data suggest that speakers assume that what is 
written is the standard. However, as Macaulay (1999:11) notes, “the evidence […] 
would be much stronger if the written form contradicted the prestige pronunciation”. 
An interesting case for comparison is provided by Davis (1983). Davis studied the 
pronunciation of some variables in Hebrew, for which the orthographic form 
corresponded to the stigmatized variant. In line with the hypothesis of influence of 
spelling, he found speakers to use the stigmatized variants more often in read speech 
than in conversational speech. 
 Further, it is considered more difficult to assume a single continuum in 
communities where the distance between the vernacular and the standard is large, 
like in many northern British communities (Milroy 1987:174-175), because there is 
a radical change in the behavior of the variable between conversational speech and 
reading style (cf. the hyperstyle variable above). This may yield unexpected 
patterns, such as a decrease of standard forms in word list data, in combination with 
a ‘normal’ increase of standard forms for careful conversational speech compared to 
more casual speech. According to Milroy, the latter pattern is problematic for the 
assumption of a unidimensional style continuum. Note however that this is not the 
only possible interpretation. It may also be that speakers are really more aware of 
their speech in reading styles. Given that the difference between the vernacular and 
the standard is large, linguistic security might come into play. Speakers do not know 
whether to choose for vernacular or for standard variants, and pick variants 
randomly, resulting in a lower standardness score for reading than for the formal 
conversation style. Also, it may be the case that (some) speakers want to show their 
local origin they are proud of and use more local, nonstandard variants in reading 
(see below). 
 It has also been noted that the level of formality does not necessarily correlate 
with attention paid to speech in a uniform way (e.g., Schilling-Estes 2002; Romaine 
1988; Bell 1984), which is assumed for the continuum. That is, speakers show the 
ability to shift from the vernacular into a more standard variety and back within the 
same context (cf. Bell’s initiative style, below). Moreover, the use of standard 
variants is not necessarily higher when the level of monitoring is higher. It may for 
instance happen that speakers very consciously use vernacular variants (cf. Eckert 
2001).  
 Finally, there have been some practical problems with the method that Labov 
proposed to distinguish styles in conversational speech. Several authors have noted 
that it is extremely difficult to distinguish casual from careful speech using the 
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channel cues that Labov proposed (e.g., Schilling-Estes 2002; Macaulay 1999). For 
instance, laughter and an increased speech tempo cannot be reliable indicators of 
casual speech as they also may indicate nervousness. Romaine (1988) further points 
out that channel cues cannot be used in writing. For these reasons, channel cues have 
hardly been used in style research. In fact, Labov (2006:74) knows of only one study 
that adopted method of using channel cues to distinguish casual and careful speech. 
The lack of success of the channel cues may have led to the proposal of a new tool 
to distinguish the two conversational styles, i.e. the style decision tree (e.g., Labov 
2001b). The pros and cons of this tool will not be discussed here, but the reader is 
referred to Baugh (2001) and Eckert (2001). 
 
 
2.2.2.3 Audience design 
 
An alternative to Labov’s approach is audience design, which was proposed by Bell 
(1984). In his model of intraspeaker variation, speakers mainly change their style in 
response to their audience. The model is strongly influenced by speech 
accommodation theory (Giles and Powesland 1975), which distinguishes two 
processes in a conversation. On the one hand, a speaker may show convergence, i.e. 
when he changes his way of speaking in the direction of the perceived norms of the 
interlocutor, such to emphasize commonality between the speaker and the 
interlocutor. On the other hand, the speaker may show divergence, thust a shift away 
from the perceived norms of the interlocutor, in order to emphasize differences 
between the speaker and interlocutor (see also the discussion in 2.2.2.4 on the 
relation between style and speaker identity). 
 In line with speech accommodation theory, it is argued in audience design that 
speakers adjust (the variables in) their speech with a decreasing effect according to 
the addressee (who is addressed, known and ratified), the auditor (known and 
ratified) and the overhearer (only known). The adjustment most commonly takes the 
form of convergence “in order to win approval” of the audience (Bell 1984:162). 
Thus, when the addressee is a person with a high status, a speaker will normally use 
more forms that are associated with the high-status group. When talking to strangers, 
as in the sociolinguistic interview, speakers adjust to the perceived status of the 
interlocutor, but when speakers familiarize with the interlocutor and the relationship 
between them strengthens, status becomes less important. This has been shown to 
result in less standard variants, when a conversation prolongs (Bell 1984:169). 
 The finding that speakers often adjust or accommodate to their addressee has not 
been without problems for sociolinguistic interviews. For instance, Baugh (2001) 
points out that a re-analysis of his interviews showed that he, as an interviewer 
wanting approval, changed his speech in interviews, accommodating to the 
interviewees. This in turn may have affected the comparability of the different 
interviews. 
 Outside the audience design, but within the responsive part of his model, Bell 
takes the factors topic and setting into account. He argues that the speakers’ 
adaptation to topic and setting are derived from audience design. That is, speakers 
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relate certain topics or settings to certain “classes of persons” (Bell 1984:181). 
When they are talking about those topics or in those settings, they talk as if they are 
speaking to the persons they associate the topics or settings with. This part of Bell’s 
theory offers important implications for the sociolinguistic interview. In the 
conversational part, different topics are discussed. Topics like school or work will be 
for instance identified with speaking to a teacher or boss, whereas answering the 
danger-of-death question will be associated with speaking to intimates (cf. Rickford 
and McNair-Knox 1994). As for the reading parts, Bell (1984:199) argues that they 
“may have analogues in everyday conversation, that is, when addressing a high-
status interlocutor.” 
 As mentioned above, speakers may also style-shift within the same context. In 
contrast to responsive style shift, in which a speaker undergoes style shifting 
passively as a function of the situation, he might also show initiative style shifting, 
thus a change of style initiated by the speaker himself (Bell 1984:182ff). In Bell’s 
model of intraspeaker variation, the initiative style-shift is conceived of as the style 
of a speaker who addresses persons “as if they were someone else” (Bell 1984:186). 
This may result in divergence from the speaker. Instances of initiative style shifting 
can be found in situations in which the speaker tries to “construct the self”, e.g. 
speakers try to communicate their desired identity to the interlocutor (cf. Coupland 
2001; Milroy 1987). Such instances of style shifting are difficult, if not impossible, 
to anticipate to for the researcher. According to Bell (1984:184), however, style is 
largely responsive, from which initiative style derives its meaning. We can therefore 
assume to find mostly responsive style-shifts in interviews. 
 Even though Bell’s model of style was meant to give a better account of style 
than Labov’s initial view on style, Bell (1984:150) does not deny the relationship 
between style and attention paid to speech. He agrees that certain interview 
techniques may draw attention to speech or divert attention from it. Attention, thus 
being a response to a situation, then can be seen as a mechanism through which 
other factors (e.g., the pronunciation of vowels, speech rate) can change style (see 
also Eckert 2001:123). An increase in attention may result in more formal or 
standard speech, but, as mentioned above, there are exceptions. In addition, as we 
have seen, initiative style shifting (in any direction) may show up as well, regardless 
of whether the attention for speech is low or high. 
 Bell points out that he accepts the use of attention as a methodological construct5, 
but does not see attention as a satisfying explanation for why speakers would move 
to a more standard or nonstandard style. Others, even the greatest critics, have 
remarked that Labov’s continuum may be practically reliably usable (cf. Milroy 
1987:178) and that his method has been unmistakably empirically successful (e.g., 

                                                
5 In fact, in contrast to what has been claimed by some critics, the style continuum Labov 
proposed was merely motivated methodologically: “The style-shifting devices […] were 
introduced as heuristic devices to obtain a range of behaviors within the individual interview, 
not as a general theory of style-shifting.” (Labov 2006:59).  
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Coupland 2001:1916; Milroy 1987:183). Many studies have replicated Labov’s 
experiment and found the same patterns (Labov 2001:81). Labov’s study has 
provided a range of useful insights about language variation and change (cf. Labov 
2001:104) and has opened up the discussion of the use of style in sociolinguistics. 
 
 
2.2.2.4 Style as an act of identity 
 
A view to style that has not been discussed so far is the view that style can be 
thought of as an ‘act of identity’ (e.g., Meyerhoff 2006). In this view, a speaker has 
multiple social identities. Depending on the circumstances and the goal the speaker 
wants to reach, he selects one of his social identities to be conveyed. In this sense, 
the speaker is a proactive individual rather than a robotic-like person that only reacts 
to situations or addressees (cf. initiative style-shift). 
 This view is closely related to the social identity theory, which posits that an 
individual identifies with multiple identities (Tajfel 1978). Within this theory, a 
distinction is made between personal identities and group-related identities. At a 
particular point of time in a conversation, either a particular personal or a group-
related identity is perceived to be prominent. If a personal identity is more 
prominent or salient, the speaker puts emphasis on his individuality (e.g., his mood) 
and speakers within and between groups show great variation. To the contrary, if a 
group identity is more prominent, the speaker adopts the speech style of a typical 
member of a certain group. At the same time, the speaker may emphasize intergroup 
differences (e.g., Meyerhoff 2006). 
 The salience of identities is not predefined when a conversation starts. 
Participants of a conversation may jointly enhance the salience of certain identities. 
Thus, both the speaker himself and the interlocutor can make certain identities of the 
speaker more salient (for an example, see Section 2.4).  
 Closely related to this theory are the so called ‘speaker design’ approaches to 
style, which become more and more popular in sociolinguistics (Schilling-Estes 
2002; Rickford and Eckert 2001). In these approaches, styles are used to put certain 
speaker identities on the foreground, but also to create (and recreate) speaker 
identities. As in social identity theory, the speaker defines himself in relation to 
others in social interaction. The meaning of stylistic features can be derived from 
group patterns, from the speaker’s personality and from the purpose of the speaker. 
An example of a speaker design approach can be found in Eckert (2001), who 
describes the style of a group of rebellious, carefree girls (“home girls”). She notices 
that, at some point, when shouting at boys, the girls use a very low variant of (ae) 
before a nasal. Their use of this variant contrasts with the local norm of raising (ae) 
before a nasal, and it may therefore be a possible feature for the creation or marking 

                                                
6 Coupland (2001:191-2), however, argues against an aggregating approach, such as Labov’s, 
because style-shifting takes place at a very local level and aggregating the results obscures 
what happens at that level. 
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of style (see also Coupland 2001 for the relation between pronunciation and speaker 
or “self-”identity).  
 
 
2.2.2.5 Present-day studies on style in sociolinguistics 
 
Despite the empirical and theoretical success of Labov’s approach, it has been 
pointed out that, particularly quantitative, sociolinguistics has shifted away from 
intraspeaker (i.e. style) variation research from the 1970s onward (Rickford and 
Eckert 2001; Rickford and MacNair-Knox; Bell 1984). This was partially due to the 
practical and theoretical problems, which have been pointed out above, and due to 
fact that the focus has shifted more to social variation and internal factors (Rickford 
and Eckert 2001). For instance, in Labov’s most recent large projects the focus has 
been mainly on social (or regional) variation within (casual) conversational speech 
and not so much on differences between styles (e.g., Labov et al. 2006; Labov 
2001,19947). 
 In order to get an indication of the state of the art of present-day sociolinguistics 
regarding style, the stylistic orientation of studies that have been published in the 
2008 to 2010 issues of Language Variation and Change has been examined. This 
small survey reveals that in a number of, mainly, quantitative sociolinguistic studies, 
it is still common to elicit both conversational and reading styles (e.g., Boberg 2009; 
Jacewicz et al. 2009; Baranowski 2008). Nevertheless, most researchers focus on 
variation within a style, which is mainly conversational or “running speech” 
(Hoffman and Walker 2010; Langstrof 2009; Maclagan et al. 2009; Sundgren 2009; 
Pappas 2009; Baranowski 2008; Clark 2008). Only some studies report results 
obtained through read speech only (Boberg 2009; Fabricius et al. 2009; Villafaña 
Dalcher 2008) and a few report differences across reading and conversational styles 
(Jacewicz et al. 2009; Britain 2008). Thus, to summarize, it seems that the move 
away from stylistic variation has not resulted in a complete abandonment of style 
research. However, sociolinguistic studies mainly focus on variation within 
conversational speech, which may yield a restricted view of reality (cf. Section 7.4).  
 
 
2.2.3 Operationalization of style in the present study 
 
In Section 2.2.2, it has been shown that Labov’s (1966) approach to style has been 
widely criticized. Still, it was chosen to adopt Labov’s method to elicit styles, i.e. 
through a structured interview, though in an adapted form8. That is not to say that 

                                                
7 See, for instance, Labov (1994:158): “The data presented here are drawn from the 
spontaneous speech of normal speakers”. ‘Normal’ speakers are speakers that show stylistic 
variation in their speech. 
8 As noted in Section 1.1, this study is part of a larger research project that aims to study 
regional variation in the pronunciation of Standard Dutch. The materials used in the current 
study were recorded before the start of this study, which has of course restricted the choice of 
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we believe that style varies on one dimension only and that attention paid to speech 
offers an all-encompassing explanation to what happens to speech styles. In line 
with Bell (1984), we assume that the amount of attention may change as a response 
to a change in situation, and, in turn, may change the pronunciation, which is part of 
a certain style (see below). Thus, attention is used here, in Bell’s terms, as a 
methodological construct, not as a theoretical one. 
 The reasons for the choice of Labov’s approach were outlined in the introduction 
of this chapter and are repeated here. In the first place, the vowel space paradox is 
partially rooted in the results of studies that use an interview, such as Labov’s 
(1966), to elicit styles. The method has been empirically very successful, as noted 
above. That is, the approach has yielded consistent results in a wide range of 
communities and for a large number of variables (e.g., more formal speech yields 
higher scores on standardness). Moreover, the intraspeaker variation found with 
Labov’s method has been shown to corresponded to interspeaker variation, i.e. it is 
not random variation. 
 In the second place, and perhaps most of all, the approach is marked by its 
methodological advantages. The interview provides a quick way to elicit different 
styles in a short amount of time. Also, since all speakers join in the same interview, 
the results of the different speakers are highly comparable. Furthermore, due to the 
strict definition of the different contexts (or tasks), the results are replicable for other 
speakers. 
 In the third place, our study aims to describe the standard variety. This variety is 
associated with more formal situations, such as the interview. In that sense, our 
study differs from traditional studies that aim to elicit city dialects, sociolects (e.g., 
Labov 1966) or dialects and regiolects. In the latter studies the range of variation is 
rather large compared to the present study. That is, we can be reasonably sure that 
our speakers do not switch from one variety to the other variety. Due to the 
instructions, the set-up and the formality associated with the interview (see below), 
the speakers keep using the standard. 
 In the present study, only three of the eight different styles that were elicited in 
the interview (cf. Section 3.3) were compared: carrier sentence reading, word list 
reading and spontaneous speech. These styles were assumed to differ with respect to 
attention paid to speech, but in a slightly different way than in Labov’s study. That 
is, whereas Labov (1972:208) states that styles differ with respect to the amount of 
attention paid to speech, we tend to be more cautious. Hence, we state that the styles 
differ with respect to the amount of attention paid to speech that the researcher 
intends to elicit. This way of formulating was preferred, as we did not measure the 
level of monitoring directly. Below we will show how the three styles differ with 
respect to the amount of attention that the researcher tries to draw to the vowel. 
 Before we compare the three styles, it is important to note that before the 
interview started the speakers were informed that the topic of the study was the 
pronunciation of Standard Dutch. Thus, in contrast to Labov (1966), there was no 

                                                                                                              
materials. For an overview of studies that are part of the larger research project, see Van de 
Velde et al. (2010). 
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intention to prevent the speaker from being aware of the topic. In fact, by revealing 
the topic, the speakers were more prepared to pay attention to their speech. 
Moreover, as all speakers were professional language users (i.e. teachers of Dutch), 
they were expected not to become nervous as a result of the topic, but to be able to 
show an increased focus on their language behavior9. By consulting teachers it was 
also avoided that speakers performed badly at reading (cf. Section 2.2.2.2). 
 The structure of the three tasks that were meant to elicit three different styles was 
as follows. In the carrier sentence reading task, the speaker had to read out sentences 
that differed only with respect to the vowel. The sentences had the following 
structure10:  
 
(1) In s_s en in s_sse zit de _ 
 In s_s and in s_sse is the _ 
 
Per sentence three tokens of a vowel (at the _) were obtained. In the present study, 
only the vowel tokens in the first logatome (i.e. s_s) were used. The aim of the 
sentence reading task was to draw the speaker’s attention fully to the vowel by only 
changing the vowel in the sentences. 
 In the word list reading task, the speaker had to read out two long word lists. 
Words appeared one by one on a computer screen. Thus, the attention was drawn not 
to a particular vowel but to a whole word. Hence, it was not clear to the speaker 
whether any of the segments in the word was of more interest to the researcher, also 
because subsequent words differed in more than one segment. In this way, the 
researcher aimed for a slightly lower amount of attention to the individual segments 
(and the vowel) than in the carrier sentence reading. 
 The third style in the present study is spontaneous speech. Before we turn to the 
attention issue, we will present and discuss the definition of spontaneous speech that 
was used in the present study. Labov (1972:86) originally defined spontaneous 
speech as “a pattern used in excited, emotionally charged speech when the 
constraints of a formal situation are overridden”. It differed from casual speech, 
defined as “the everyday speech used in informal situations”. However, he points 
out that spontaneous speech frequently occurs in a formal context. More recently, 
Labov (1994:157) described spontaneous speech as a form of speech encompassing 
both casual speech and the more formal careful speech. In this sense, spontaneous 
speech is contrasted with speech in which reading is involved.  

                                                
9 Laan (1997) compared the spontaneous and read speech of a trained speaker and an 
untrained speaker. A trained speaker is someone who uses language as part of his profession. 
The untrained speaker did not change between the two speech forms, whereas the trained 
speaker did (e.g., he reduced his vowels more in spontaneous speech). This suggests that the 
untrained speaker continued to speak rather carefully in spontaneous speech. Thus, it seems 
that he was not feeling at ease. Similarly, Tiffany (1959) found that trained speakers exhibit 
more dispersed vowels than untrained speakers in emphasized words. 
10 The structure presented here is the structure used for the short vowels. For the long vowels, 
s_sse was replaced by s_sse. For more details, see Section 3.3.1. 
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 In the phonetic literature, spontaneous speech is rather defined as unprepared and 
unscripted speech (Barry and Andreeva 2001; Laan 1997; Blaauw 1995). That is, 
when speaking spontaneously, a speaker has to decide at the spot which (abstract) 
message he wants to convey. Subsequently, he needs to formulate the message by 
forming syntactic structures and choosing words to fill the places in the structures. 
Obviously, in reading no such ad hoc linguistic choices have to be made. Thus, as 
proposed by Blaauw (1995:8), read and spontaneous speech may form the two 
extremes of a continuum: read speech has a high level of preparedness, whereas in 
spontaneous speech the level of preparedness is low.  
 However, in the spontaneous part of the interview some instances of prepared 
speech may be found. For instance, one of the speakers may tell an anecdote he has 
told many times before. In such a case, the exact structures are not fixed, but the 
communicated content is. Yet, compared to the reading task the level of preparation 
is low. The speaker is free to remove details or add some to make the story more 
appealing. Moreover, he still has to construct the structures of the sentences at the 
spot, whereas no such ‘planning’ is required in reading.   
 In the present study, following the abovementioned authors, spontaneous speech 
is opposed to read speech and it is defined as speech that is unscripted and 
unprepared to a large extent. It is impossible to exclude fragments in the interview in 
which a speaker tells a story he has told before, as we obviously do not know 
whether the speaker tells a story or anecdote for the first time.   
 In the spontaneous part of the interview, the interviewer asked the speaker 
questions about more formal topics, such as his job, and about more informal topics, 
such as leisure activities. In this part of the interview, in contrast to the reading task, 
the researcher is not or hardly able to draw the attention of the speaker to speech, 
although he could have asked questions about speech or pronunciation. This, 
however, was not done in the interview.  
 Thus, in the case of carrier sentence or, henceforth, logatome reading, the 
researcher attempts to draw the speaker’s attention to the pronunciation of a 
particular vowel, and in the word list reading to the pronunciation of a word (i.e. a 
lower amount of attention is drawn to the vowel). In the spontaneous part of the 
interview, no attempt was made to steer the direction of the speaker to his speech. 
 Note that with our operationalization of attention paid to speech, i.e. as the 
intended amount of attention paid to speech, we do not make strong predictions 
about whether the speaker will indeed show the intended amount of attention paid to 
speech. Even so, it seems likely that the speakers’ attention will be drawn more to 
speech in the reading tasks than in the spontaneous speech due to the attempts of the 
researcher to increase the attention in reading and to the fact that the speakers knew 
that the research topic concerned their (standard) speech.  
 A recurring pattern in the large majority of sociolinguistic studies is that in 
reading styles, which are considered more formal styles, more standard variants (or 
variants that are associated with speakers of a higher prestige) occur than in 
spontaneous speech (Section 2.2.2). It is not expected that the overall results for the 
present study will be different. As noted above, the reading styles were set up in 
such a way to elicit high levels of monitoring in the speakers, who knew that their 
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pronunciation of Standard Dutch was investigated. It is most likely that the speakers 
were co-operative, given that they were willing to join in the interview and that it 
probably concerned a topic of their interest. Therefore they may be expected to show 
the pronunciation that, according to them, approaches the overt norm or standard as 
closely as possible in a situation where their attention for their speech is maximal. In 
a situation in which the level of monitoring is lower, they may be expected to do so 
to a lower extent. 
 This expectation is corroborated with the fact that the spontaneous speech part 
was at the end of the interview. Earlier studies have shown that speakers become 
more familiar with the interview situation during the interview and therefore use 
more nonstandard forms at later stages of the interview (e.g., Bell 1984:169). Thus, 
in the present study, it is expected that in general speakers will show more standard 
variants in the reading styles than in the spontaneous speech part, in which more 
nonstandard (e.g., regional) variants are expected to occur. That is not to say that we 
predict that individual speakers may not deviate from this pattern (see, for instance, 
Tajfel’s social identity theory). 
 Given these expectations, it is important to note that the range of varieties (hence, 
variants) available to a speaker might differ between speakers (Tops 2009:351). For 
instance, not all speakers of Dutch are able to speak Standard Dutch. Instead, 
speakers lacking active knowledge of the standard will use the variety with the 
highest prestige in their variety spectrum. For the teachers of Dutch in our research, 
however, it is assumed that they are able to speak the standard (Van Hout et al. 
1999). 
 Finally, it should be remarked that for the Belgian speakers and the Netherlandic 
speakers, there were different interviewers. That is, a Belgian high-educated young 
woman interviewed the Belgians and a Netherlandic high-educated young man 
interviewed the Netherlandic speakers. A difference in interviewer may affect the 
comparability of the interview, given that speakers tend to design their speech as a 
function of their audience (Bell 1984). However, this possible effect is outweighed 
by the fact that the success of an interview largely depends on whether an 
interviewer fits the speech community of the interviewee. For instance, Baugh 
(2001:116) doubts whether he, an African American man, would have had the same 
success interviewing working class Irish and Italian consultants as Anne Bower, a 
white woman, had in the LCV project. Thus, in the present study, the speakers are 
assumed to feel more at ease with an interviewer from their own community, which 
may also be expected to result in more informal speech in the spontaneous part due 
to a smaller interspeaker distance (cf. Chambers 1995:5). 
 
 
2.3 Style in phonetic studies 
 
In Section 2.2.2.5, it was noted that the focus in quantitative sociolinguistic studies 
had shifted to spontaneous speech, moving away from research on variation between 
read speech and spontaneous speech. To the contrary, phonetic research has been 
claimed to focus more on read speech (i.e. Rischel 1992). Xu (2010) however, notes 
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that the investigation of spontaneous speech has recently begun to grow in 
popularity, particularly in studies on prosody. Lab speech has become a more 
pejorative term, since it is believed to be, for instance, unnatural, too careful and 
slow. Xu (2010:330) remarks that “although many researchers still use lab [i.e. often 
read, SvdH] speech in their studies, they often do so apologetically, and are 
constantly thinking of ways to incorporate spontaneous speech into research”.  
 These remarks suggest that we would find a considerable number of phonetic 
studies that use spontaneous speech. In order to explore this suggestion, the data 
used by studies that have been published in the 2008 to 2010 issues of the Journal of 
Phonetics were examined. Strikingly, the large majority of studies that investigated 
speech production by adults, used read speech. Of the fifty articles that involved 
adults producing speech, forty-seven elicited only read (or mimicked) speech. Of the 
remaining three studies, only two consulted recordings of spontaneous speech11. 
 Thus, although it has been signalled that the use of spontaneous speech in 
phonetic research is becoming a trend, we cannot confirm this on the basis of our 
small sample of studies. That is, the speech in these studies consists mainly of read 
utterances, which probably is due to practical advantages, such as a high control for 
the researcher. Unlike in sociolinguistics, there is not (yet?) wide support for the 
idea that spontaneous speech has a royal status. Probably the measuring problems 
that are met outside the lab form a major factor in the low popularity of spontaneous 
speech. 
 In the sample of studies we neither found indications that investigations of style 
play a central role in phonetic research. However, one study was found that 
compared segment durations between read speech that was labelled ‘conversational 
speech’ and read speech that was referred to as ‘clear speech’, i.e. the study of 
Smiljanić and Bradlow (2008). 
 Nevertheless, there has been a considerable amount of phonetic studies 
investigating stylistic variation in the pronunciation of vowels. A main difference 
between sociolinguistic studies and phonetic studies that quantitatively investigate 
style is that the former investigate segmental variables, whereas the latter tend to 
focus on suprasegmental variables (Argente 1992:332), such as vocal effort, speech 
or articulation rate, coarticulatory patterns and vowel space size or vowel dispersion. 
 In the current study, we are mainly interested in how style affects vowel space 
size or vowel dispersion. The phonetic studies that investigate these aspects indicate 
another important difference between phonetic and sociolinguistic studies on style. 
That is, these phonetic studies are mainly concerned with the question whether and 
how linguistic information is preserved across styles. Thus, they investigate whether 
contrasts in the vowel space between the vowels are preserved. This in turn is 
related to the perception of phonemic contrasts: do a smaller vowel space or smaller 
contrasts in the vowel space lead to a decrease in the recognition of vowels?  

                                                
11 Maekawa (2010) used spontaneous speech to study allophonic variation of /z/ in Japanse 
and Russell (2008) to study sandhi in Cree. The last study, by Braun and Chen (2010), elicited 
semi-spontaneous speech: speakers had to describe actions, but were instructed to use two 
words in every description. 
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 To the contrary, sociolinguistic studies are more concerned with the preservation 
of social information in different styles. However, phonemic contrasts are not 
ignored in sociolinguistics. In fact, considerable interest in mergers is found in many 
studies (e.g., Labov 1994), but style does not play a major role in the discussion. 
Labov (1994:381-2), however, notes that a merger may occur in one style (i.e. 
spontaneous speech), but not in another (minimal pairs). To our knowledge, stylistic 
changes in the vowel space have not yet been related to mergers. Research on how 
vowel spaces change as a function of style may however shed more light on the 
mechanism of mergers. 
 The following section (2.3.1) will discuss the results of phonetic studies that 
investigated the effect of speech style on the vowel space size. In the discussion, we 
will try to answer three questions. First, we want to know how style is 
operationalized. We are particularly interested whether styles could be distinguished 
in terms of attention paid to speech. In the case of styles that can be argued to differ 
in that respect, we may be able to infer hypotheses for the results of the current 
study. Second, we are of course looking for an answer to the question whether and 
how the vowel spaces differ across styles. Third, and related to the second question, 
we would like to know whether particularly F1 or F2 are affected. It may be argued 
that, if speech is mainly listener-oriented (Bradlow 2002), thus designed to provide 
sufficient perceptual contrast between vowels, F1 reduces less than F2, because 
generally more phonemic distinction are made in vowel height than at the front-back 
dimension (Lindblom 1986). 
 After these questions have been answered, we will present some variables that 
have been claimed to co-vary with or affect vowel space size (Section 2.3.2). In 
Section 2.4, the findings in the sections 2.3.1 and 2.3.2 will be combined with the 
findings of sociolinguistic studies to form the hypotheses. Unless mentioned 
otherwise, all findings will concern stressed vowels, as only these are included in the 
present study.  
 
 
2.3.1 Vowel space studies on reduction and hyperarticulation 
 
The phonetic studies on style can be roughly divided into two main strands. The first 
strand, which will be described in Section 2.3.1.1, concentrates on the mechanism of 
vowel reduction. The second strand, described in Section 2.3.1.2, focuses on styles 
that occur in situations that require the speaker to be more listener-oriented, hence, 
to speak more clearly and enhance intelligibility. 
 The two strands rest on the same idea, namely that every vowel has an 
articulatory target, i.e. a particular, ideal configuration of the articulators (Rosner 
and Pickering 1994). For each articulatory vowel target, there is a corresponding 
acoustic vowel target and auditory vowel target. It has often been noted that in 
spontaneous speech, the articulatory vowel target fails to be reached. Lindblom 
(1963) has referred to such a failure as articulatory ‘undershoot’. As a consequence 
of this undershoot, the acoustic and auditory vowel targets are neither reached. The 
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first strand is amongst others interested in how this undershoot manifests itself 
acoustically. 
 In a perception experiment, Johnson et al. (1993) found that listeners indicated 
that the “best vowels”, which were assumed to be equal to their perceptual vowel 
targets, were more extreme in the (perceptual) vowel space than the listeners’ own 
carefully pronounced citation form vowels12. This led to the idea that the vowel 
target is “hyperarticulated”, or exaggerated, thus a vowel that would not even be 
attained in careful speech. More recently, Whalen et al. (2004) question the validity 
of the results of Johnson et al.’s study. They state that targets are not 
hyperarticulated, but that they occur in “environments of limited coarticulation” 
(Whalen et al. 2004:172), i.e. in careful speech. In some cases, vowels in words 
pronounced in isolation are taken as vowel targets, and in other cases vowels 
pronounced in isolation are considered to represent vowel targets (e.g., Reetz and 
Jongman 2009)13. In the second strand, this careful definition of the vowel target is 
often assumed. Investigators in this strand often find hyperarticulated vowels (e.g., 
Bradlow 2002), i.e. vowels that are more extreme, or more peripheral, than the 
target. These vowels are suggested to be more intelligible or clearer. In a similar 
vein, vowels that exhibit undershoot are referred to as “hypo-articulated”. The latter 
uses of hyperarticulation and hypoarticulation will be used in the description below. 
 
 
2.3.1.1 Studies on acoustic reduction 
 
It is often assumed that there are two competing and complementing forces at play 
in speech in order to enhance fluency of communication (Lindblom 1990; Bradlow 
2002; Van Bergem 1995). On the one hand, speaker-oriented forces, i.e. forces that 
make articulation easier or reduce the effort of speech, are assumed. On the other 
hand, there are listener-oriented forces, i.e. forces that enhance the recognition of the 
sounds produced by the speaker. When speaker-oriented forces outweigh listener-
oriented forces, vowels are reduced (or hypoarticulated) and when listener-oriented 
forces outweigh speaker-oriented forces, vowels are hyperarticulated. For instance, 
if a word is predictable from the context (the author writes), the speaker does not 
need to enhance the recognition of sounds for the listener. However, if a word is 
highly unpredictable (the author burps), the speaker needs to move away from ease 
of articulation, hence articulate the word clearly in order to make sure the listener 
recognizes it. 

                                                
12 Citation speech is often equated with read speech in the laboratory (Harnsberger et al. 
2008). 
13 Confusingly, there is another meaning associated with the vowel target, namely "a single 
time point that in monophthongs typically occurs nearest near the the temporal midpoint, or a 
section of the vowel (again near the temporal midpoint) that shows the smallest degree of 
spectral change and which is the part of the vowel least influenced by these contextual 
effects" (Harrington 2010:85). This meaning is often used for practical purposes, i.e. finding a 
point in vowels to measure formants (cf. Chapter 4), but the term that is related to cases of 
undershoot and hypo- and hyperarticulation is merely a theoretical notion. 



STYLE 

 

35 

 A fluent conversation often involves a relatively high speech rate. Stronger 
talker-oriented forces are assumed to underlie increases in speech rate, which in turn 
are hypothesized to lead to higher amounts of acoustic reduction or undershoot (e.g., 
Rosner and Pickering 1994; Van Son et al. 1990; Lindblom 1963). 
 Many studies have investigated the relation between speech rate and the 
reduction of vowels (e.g., see the review by Rosner and Pickering 1994). The study 
of Lindblom (1963), who used Swedish monophthongs, was one of the first to find 
that a higher speech rate is accompanied by stronger reduction, thus by a smaller 
vowel space size. Speech rate differences did not have the same effects on all 
vowels. That is, low vowels reduced most in F1, whereas F1 remained relatively 
stable for high vowels. For F2, many vowels shifted to the centre of the vowel space. 
The effect for F1 could be accounted for by a reduction in jaw opening. For low 
vowels, it could be argued that there is too little time to open the jaw fully. The F2 
effect for back vowels could be explained by the fact that the time to round the lips, 
for back vowels, is too short, whereas for front vowels there is hardly time to spread 
the lips (Rosner and Pickering 1994:343). 
 The findings of Lindblom (1963) were yet hard to generalize. That is, he found 
this result for speech rate effects within a sentence: he compared sentence-final 
vowels, which were long, to sentence-medial vowels, which were short. Moreover, 
the result was obtained through the speech of only one speaker. For the present 
study, it is also important to note that the researcher did not try to draw the speaker's 
attention to the pronunciation of the vowels. 
 Later studies took a different approach. For instance, Gay (1968) and Johnson 
and Strange (1982) asked their informant(s) to produce sentences at a higher or a 
slower rate14. Again, it is difficult to argue that the attention of the speaker is drawn 
to the pronunciation of vowels, although it is drawn to speech. However, it may be 
argued that by asking speakers to speak faster, a lower attention to the pronunciation 
of separate speech sounds or words is attained.  
 In contrast to Lindblom, Gay (1968) focused on (American English) diphthongs. 
He also found more reduction at a higher speech rate, but only consistently so at the 
offset. In line with Lindblom's findings, the front offsets (e.g., in /ai/) moved to a 
lower F2 value, and the back offsets (e.g., in /ou/) moved to the front. For all 
diphthongs, F1 was higher at the offset, meaning that the glide had been cut. 
 Like Gay (1968) and Lindblom (1963), Johnson and Strange (1982) reported a 
rather consistent reduction effect on F2 (in the speech of five American English 
males). Except for /i/ and /e/, all vowels showed movement toward the centre in 
faster speech, whereas only some low vowels shifted to lower F1 values. 
 Other studies, however, did not confirm Lindblom's results. Gay (1974) reported 
both higher F1 and F2 values for fast reading than for normal reading in American 
English, and Engstrand (1988) found no effect at all in Swedish. Gay attributed part 
of the result to the fact that the mouth was more opened during some vowels (e.g., /i/ 

                                                
14 Johnson and Strange (1982) asked their subject first to read a list of sentences. In the 
second part of the reading task, they asked the subject to read the list again, but with a 25% 
higher speech rate. 
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and /u/) in fast speech, whereas the results of Engstrand were attributed to the fact 
that the test vowels occurred in front and after /p/, during which the tongue could 
stay near its vocalic configuration. An articulatory study by Flege (1988) showed 
that the amount of reduction is also speaker-dependent. That is, one of his speakers 
was able to compensate for fast speech by increasing the velocity of the tongue (see 
also Van Bergem 1995:55). In a similar vein, Van Son and Pols (1990) reported that 
their speaker, when reading a text, produced significantly higher F1 values and did 
not show vowel undershoot (i.e. no decrease in vowel space size). They argued that 
the speaker probably spoke with an opener mouth and louder (cf. Liénard and Di 
Benedetto 1999). The results for this speaker may not be generalizable to other 
speakers, since he was an experienced newscaster, hence someone who is used to 
reading out texts and who does not have problems to increase his rate of reading. 
 To summarize, the results of studies that looked into correlations between higher 
speech rates and vowel reduction did not yield a consistent picture. A number of 
studies report vowel reduction, in the form of centralization, mainly for F2, and for 
F1 only in low vowels. Other studies, however, do not find an effect of increase in 
speech rate. The fact that the amount of undershoot seems to depend at least 
partially on the speaker and that all of the studies reported above use five or less 
subjects may be an explanation for the inconsistent findings. Given these 
inconsistencies and given that the findings are based on reading only, it is difficult to 
make predictions for the outcomes of the present study. 
 More recently, studies have compared spontaneous speech and read speech. As 
one of the first looking at the vowel system as a whole, Ladefoged et al. (1976) 
aimed to test the implication of Labov’s work that all speakers style-shift. The 
authors did so by eliciting informal to formal speech in an interview with nine 
American English speaking subjects. Contrary to Labov’s claim, they did not find 
differences in vowel space or vowel positions caused by style and concluded that the 
speakers in their study probably do not care about social status in speech. However, 
they did not consider the structure of their interview, which they had changed 
compared to Labov (1966), as a possible cause of the deviant result. That is, at the 
start of the interview, i.e. the moment that the interviewee feels the least relaxed, 
Ladefoged et al. intended to elicit informal speech, which is contradictory to 
sociolinguistic insights (see above). When not feeling at ease, speakers tend to adopt 
a more formal style. Moreover, the second task directed the speakers’ attention to 
speech already, since the speaker was asked to find a word that rhymed with a word 
presented by the interviewer. Other tasks continued to emphasize speech, hence 
causing the speaker to keep speaking formally. 
 Similarly, Koopmans-van Beinum (1980) elicited five styles from four speakers 
of Dutch: reading vowels in isolation, reading word lists, reading a passage, retelling 
a story and spontaneous speech in an informal interview. Her study shows that, 
going from isolated vowels to spontaneous speech (i.e. in the order just presented), 
vowel space size, or the distance between the vowels, decreases. In addition, a 
similar hierarchy in duration was found. An analysis of correlations between 
individual vowel duration and individual vowel distance to the centroid revealed a 
pattern predicted by Lindblom (1963). That is, vowels that are furthest away from 
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the centroid, i.e. /i/, /a/ and /u/, showed a strong positive correlation between 
duration and distance to the centroid, whereas vowels closer to the centroid showed 
smaller (/e, ɪ, ɑ, o/) or non-significant correlations (/ɛ, y, ʏ, ɔ, ø/). Thus, shorter 
durations seem to reduce the vowels most that are furthest away from the centroid. 
Koopmans-Van Beinum’s main conclusion about vowel reduction, therefore, is that 
it is better to refer to reduction as centralization. 
 The conclusion of Koopmans-van Beinum (1980) needs to be considered with 
caution. First, she pooled the data of stressed and unstressed vowels to reach this 
conclusion. Unstressed vowels are generally reduced more strongly than stressed 
vowels (e.g., Van Bergem 1995), so her conclusion for the stressed vowels, those 
used in the present research, may be different. In order to explore this suggestion, 
we compared the vowel positions in word list reading and spontaneous speech (the 
two styles that Koopmans-van Beinum’s study has in common with ours), pooled 
over the four speakers. In general, the comparison confirmed the centralization 
pattern. There were, however, some differences. First, /i/ and /u/ did not increase F1, 
but only centralized on the F2 dimension. Further, the four lowest vowels (i.e. from 
low to high: /a, ɑ, ɛ, ɔ/) showed a strong upward movement (i.e. strong lowering of 
F1), which increased with higher F1 values in the word list. Also, /y/ and /ʏ/ moved 
out of the centre, to higher F2 values. This may be explained by an (incomplete) 
unrounding effect of these vowels in spontaneous speech. All in all, the results 
appear to be in line with Lindblom’s (1963) results for speech rate differences. 
 Another criticism related to Koopmans-van Beinum’s conclusion concerns the 
neglect of the effect of the surrounding consonants on reduction, whereas in 
spontaneous speech the surrounding context was not a selection criterion. Van 
Bergem (1995:42), who compared function words, content words and isolated 
syllables, varying for sentence accent and stress, concluded that “the amount and 
direction of the shift of steady-state formant frequencies in reduced vowels seem to 
be specific to the consonantal” context (see also Di Benedetto 1989; Nord 1986). 
For instance, he found that /ɛ/ before /l/ moves to an F2 value of /ɔ/ in reduced 
forms, which is beyond the centre of the vowel space. Krull (1989) found a similar 
result and, in addition, showed that coarticulation is stronger in spontaneous speech 
than in words produced in isolation. 
 In a similar vein, Moon and Lindblom (1994) developed a model that predicts 
vowel undershoot on the basis of context, duration and speech style. As for context, 
they found that undershoot depends on the size of “locus-target” distances. That is, 
if the formant value of a hypothesized target vowel (e.g., in Moon and Lindblom’s 
study that is the vowel in a h_d context) showed a large difference with the formant 
value at the transition from the preceding consonant or at the transition to the next 
consonant, then the degree of undershoot will be large as well. For instance, for a 
front vowel (e.g., /i/) preceded by /w/ and followed by a velarized /l/, the F2 locus-
target distance is large, since /i/ has a high F2 and /w/ and velarized /l/ a low F2, 
which will cause large undershoot of /i/ for F2. If, however, the vowel is long, the 
undershoot can be compensated for. Thus, long vowels show less undershoot than 
short vowels. However, this effect is claimed to be lacking if the locus-target 
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distance is small (Moon and Lindblom 1994:51)15. Finally, the authors suggest that 
in a style that requires more attention from the speaker (i.e. elicited clear speech 
instead of ‘normal’ read speech, see also Section 2.3.1.2), some speakers tend to 
increase formant change at the transitions in order to attain target values of the 
vowel or to reduce the undershoot. 
 Could such a model account for the effects found in Koopmans-van Beinum? As 
mentioned above, a complicating factor is that she pooled the data for the different 
contexts. However, she does give some information on context. The vowels in the 
word list occurred in /b_t/, /b_r/, /k_s/ and /k_r/. In spontaneous speech, only 11% of 
the words began with /b/ and /k/. Most words (i.e. more than 35%) started with an 
alveolar consonant. The final consonant in spontaneous speech was in 19% of the 
cases /s/ or /t/, and in 18% of the cases /r/. Again, the most occurring following 
consonant was an alveolar (i.e. in 45% of the cases16). The contexts thus were 
different in the majority of the cases, and we do not know how the vowels are spread 
over the different consonants. However, we could say that in most cases, except the 
cases that involved a following or preceding vowel or an empty slot, the transition 
from or to the adjacent sounds involved a closing movement. 
 Thus, given the model of Moon and Lindblom, it would be expected that vowels 
that are quite open show a larger locus-target distance (i.e. the target is further from 
the closed articulation at the vowel-consonant transition), which in turn would make 
the open vowels more susceptible to undershoot. Moreover, in spontaneous speech, 
shorter durations were found than in word list reading, which would increase the 
chance of reduction of all spontaneous vowels compared to read vowels. Indeed we 
do find the low vowels to reduce more in spontaneous speech, which probably in 
reading are prevented from reducing due to longer durations. The other vowels, 
mainly showing F2 shifting, may be influenced by the lack of spreading (for front 
vowels) and rounding (for the front and back rounded vowels) of the lips due to the 
shorter durations. Given the different F2 loci of the surrounding consonants in 
spontaneous speech, it is difficult to explain for F2 differences in terms of the 
proposed model. The conclusions regarding the model thus remain inconclusive, 
although for F1 and for duration, the model seems to provide the correct predictions. 
However, as mentioned earlier, speakers may be able avoid reduction, even in 
unfavorable conditions (cf. Van Son et al. 1990). 
 This latter point seems to be corroborated by the results of a series of studies on 
Romance languages, that also aimed to compare read speech to spontaneous speech 
(Harmegnies and Poch-Olivé 1996; Delplancq et al. 1996; Harmegnies and Poch-
Olivé 1992). In these studies, the context was controlled for by first recording 
spontaneous speech and then letting the same subjects read out words that they had 
uttered in the spontaneous speech. 

                                                
15 Nord (1986) argues that unstressed vowels coarticulate with surrounding consonants, 
irrespective of the duration of the vowels. 
16 In this count, we did not include /r/, since it shows a lot of variation in Dutch. For instance, 
for some speakers, it is alveolar, but for others uvular, or speakers use both variants (e.g. 
Sebregts f.c., Tops 2009). 
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 Harmegnies and Poch-Olivé (1992) compare the two styles for a speaker of 
Spanish, which has five vowels (/i, e, a, o, u/). The authors combined the results for 
stressed and unstressed vowels. In contrast to Koopmans-van Beinum (1980) and 
other studies mentioned above, the results show that /a/ is the only vowel that did 
not centralize, i.e. in spontaneous speech. Still, in Figure 3 and 4 of Harmegnies and 
Poch-Olivé (1992:435), over half of the tokens of /a/ seemed to be higher in 
spontaneous speech, whereas /e/ and /o/ were a bit lower. Front vowels /i/ and /e/ 
were more back when spontaneously uttered, but the back vowels did not show a 
strong change in F2. Interestingly, all vowels showed larger within-vowel variation 
(i.e. a larger spread in the acoustic vowel space) in spontaneous speech. This may 
indicate an increase in coarticulatory influence or an increase of sociolinguistic 
variation. 
 For Catalan, which has seven full vowels (/i, e, ɛ, a, ɔ, o, u/) and schwa, a similar 
picture was found (Harmegnies and Poch-Olivé 1996). A closer inspection of the 
data, however, reveals that the speaker is the same speaker as the Spanish-Catalan 
bilingual whose speech is reported upon in Poch-Olivé and Harmegnies (1994). In 
his Spanish, he deviated from the (monolingual) Spanish speaker above in showing 
a higher /a/ in spontaneous speech. Moreover, his /u/ fronted in spontaneous speech, 
which also showed up when he spoke his dominant language Catalan (cf. Bradlow 
2002 for an English-Spanish bilingual showing a similar effect). 
 Furthermore, caution is warranted for the deviating results that Delplancq et al. 
(1996) find for Portuguese. Contrary to the findings for the other Romance 
languages, they find more variability in reading style than in spontaneous speech. 
However, the speech data were elicited from a speaker who was living in Belgium at 
the time of recording, which, although unreported again, probably was a bilingual. 
The increased variability in reading may have been due to linguistic insecurity, since 
the speaker was not in direct contact with the norm. 
 Finally, Harmegnies and Poch-Olivé (1996) report on style differences the 
speech of a French speaker. This speaker showed yet another pattern, namely an 
increase in vowel space in spontaneous speech, accompanied by lower within-vowel 
variation for the majority of the vowels. 
 Due to the one-speaker approach, the results are difficult to interpret. Moreover, 
given that the surrounding consonants and durations are unknown, it is impossible to 
say whether certain differences between studies are due to differences in contextual 
influence. However, the studies do show an approach to avoid painstaking attempts 
to elicit certain words in spontaneous speech. Yet, more recent studies have hardly 
adopted this approach. Calamai (2002), for instance, points out that weaknesses of 
the method are that it does not assure comparability between speakers and, related to 
that, that the researcher is hardly in control. Therefore, she elicited semi-
spontaneous speech through a task in which speakers had to describe a map. The 
semi-spontaneous speech, elicited from two speakers of Pisan Italian, was compared 
to read speech for /i, e, ɛ, a, ɔ, o, u/. However, new words were added to the reading 
task, which made the tasks rather incomparable, also due to the lack of uniformity of 
the phonological context across styles. A comparison of the two tasks showed a 
compression of the vowel space, which showed up strongest for the F1 dimension. 
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In contrast to other languages, the high vowels /i/ and /u/ shifted downwards in the 
semi-spontaneous style, in addition to an upward shift of the lowest vowels. 
 Laan (1997) however, used a similar procedure to elicit spontaneous speech and 
reading style for a perception experiment. First, she asked two speakers, a 
professional newsreader and an untrained speaker, to tell something about 
themselves, without any preparation. Subsequently, they had to read out a polished 
transcription of their story, and isolated vowels, which were assumed to represent 
the ideal vowel targets. Manipulating both read and spontaneous utterances revealed 
that listeners use spectral features, pitch contours and segment durations to signal 
differences between the two speech styles. An acoustic analysis of the vowel space 
revealed a clear difference between the two speakers17. The professional speaker 
reduced the vowel space in spontaneous speech compared to read speech, whereas 
the untrained speaker did not differentiate the two. This difference in behavior is 
probably due to the set-up of the interview. The interview started with the informal 
part, in which the untrained speaker is still feeling uneasy. Uneasiness or 
unfamiliarity with the situation has been shown to correlate with higher standardness 
or formality (Bell 1984). Thus the untrained speaker probably showed his formal 
style, whereas the professional speaker, feeling at ease, showed his informal style. 
The professional speaker showed mainly reduction in vowel height, particularly for 
/a, ɑ, ɛ, ɔ/, which increased in height, and /u/, which lowered. For /i/ and /ɪ/, a 
centralization effect was found. Interestingly, the speaker showed hardly differences 
in duration between spontaneous speech and reading. This implies that the speaker is 
able to increase the speed of his articulators, when careful or read speech is required 
(cf. Moon and Lindblom 1994). 
 A different approach to investigate vowel reduction was taken by Deterding 
(1997). He investigated reduction in connected speech of five male and female BBC 
broadcasters, who all spoke Standard Southern British. As a reference point or 
target, however, he took vowel tokens obtained through other speakers, who read a 
word list in which the targets occurred in /h_d/-words for another study. Although 
this is a quick way to obtain target vowels, it is also a rather problematic one. That 
is, the RP speakers may differ in anatomy from the ‘target vowel speakers’, and also 
differ in what they consider the norm (or the target). Therefore, the results reported 
by the author have to be interpreted with caution. The results uncover a seemingly 
stronger reduction of the vowel space for male speakers than for female speakers. 
This was mainly due to the fact that the female speakers showed hyperarticulated 
realizations of, for instance, /ɑ/ and /u:/. This may be related to the cross-over effect 
that has been reported more often for women than for men (e.g., Labov 2001). 
 To summarize, the studies discussed in this section give a diverse picture of 
reduction, which is to a large part due to their shortcomings. A few tendencies have 
shown up. First, style indeed seems to influence the dispersion of vowels. That is, in 
the majority of cases spontaneous speech yielded a smaller vowel space than read 
speech. We might hypothesize that attention paid to speech played a role here. 
Koopmans-van Beinum (1980) provided the strongest evidence for that hypothesis. 

                                                
17 Laan (1997) does not report whether she used stressed vowels and/or unstressed vowels. 
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She found a larger vowel space for isolated vowels than for vowels in isolated 
words, which in turn showed a larger vowel space than spontaneous or unscripted 
speech (see also Section 2.2.3). For fast speech, it is more difficult to assume that 
the level of monitoring of the pronunciation of vowels is lower than speech at a 
normal rate. However, Moon and Lindblom (1994) show that shorter durations of 
vowels, which are found in fast speech and often in spontaneous speech, favor 
vowel reduction. 
 Recently, Harnsberger et al. (2008) developed a method to elicit hyperarticulated 
speech, normal read speech and reduced speech style, The reduced speech style was 
obtained by doing the same reading task as for the other styles, but the researcher 
diverted the attention of the speakers from speech by presenting a number of digits, 
which the speakers had to memorize, while reading out a sentence, to recall after 
reading. Moreover, before they performed this task, the speakers were told that they 
were going to participate in a short-term memory task. The elicitation task gave a 
significant reduction of the acoustic vowel space for only two out of twelve speakers 
in their first experiment, although over half of the speakers’ sentences were judged 
to differ between the two styles. 
 However, a plot of the vowel spaces across the styles and pooled over all 
speakers revealed that there was a tendency for front vowels to move to the back, for 
/u/ to move to the front and for two out of three low vowels to move up in the 
reduced style. This suggests that decreasing the speakers’ attention paid to speech 
causes vowel undershoot. In the hyperarticulated context, in which speakers were 
asked to read the sentences clearly and thus attention was drawn to their 
pronunciation, hyperarticulated vowels were found. Attention as a methodological 
variable thus seems to prove a valuable indicator of styles. 
 Another factor that plays a role is the phonological context. Reduction is not 
simply thought of as centralization, but as coarticulation and centralization. Vowels 
that show a large distance to the locus or the place of articulation of the preceding or 
following consonant, tend to be more susceptible to undershoot. Differing the 
phonological context across styles may therefore bias the comparison of styles. 
However, it should also be noted that even if the context is identical across styles, 
the degree of coarticulatory influence tends to be larger in spontaneous speech than 
in read speech (but see Matthies et al. 2001). Hence, it is recommended to always 
check for coarticulatory effects (cf. Chapter 5). 
 A final crucial factor, which the overview of the literature yielded, is the speaker. 
That is, untrained speakers tended to show insecurity in the interview situation, 
which resulted in a rather formal spontaneous style. On the other hand, professional 
speakers showed a clear differentiation of informal spontaneous speech and read 
speech (Laan 1997), and within reading, a professional speaker has been observed to 
show a rather large vowel space, even at high speech rates. It seems therefore 
preferable to consult professional speakers in style research, such to avoid too 
careful or highly monitored speech in spontaneous speech. In the present study, the 
teachers are assumed to meet the right profile.  
 To conclude with, a recurring pattern is that the F2 of front vowels decreases and 
the F2 of back vowels increases in more reduced speech (either spontaneous or fast), 
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resulting in a smaller vowel space on the front-back dimension. Moreover, F1 of low 
vowels tends to show strong lowering, i.e. the vowels become higher, resulting in a 
smaller vowel space on the open-closed dimension. In the following section, we will 
investigate whether this tendency can be extended to differences between normal 
and clear speech. 
 
 
2.3.1.2 Studies on clear speech 
 
In terms of speaker-oriented forces and listener-oriented forces, the latter outweighs 
the former in the case of clear speech. Thus, in that speech style, the speaker will try 
to make sure to be intelligible for the listener, at the expense of articulating with a 
larger effort. Typically, clear speech occurs as a response to situations that hinder 
recognition of speech, for instance due to noise, and for certain listeners, such as 
hearing-impaired listeners. In experiments, clear speech is often elicited by 
instructions from the researcher, but also in daily life speakers are often instructed to 
speak more clearly. A lot of different situation-related and listener-related styles are 
typically subsumed under clear speech, such as infant-directed speech (“Motherese, 
cf. Wassink et al. 2007), foreigner-directed speech (“Foreignese”, cf. Scarborough et 
al. 2007), Lombard speech (Wassink et al. 2007), speech directed to hearing-
impaired listeners (Picheny et al. 1985), automatic speech recognizers (Oviatt et al. 
1998) and robots (Kritz et al. 2009). 
 Conceptually, hence also acoustically, it may be argued that the different forms 
of clear speech are not the same style at all. For instance, when a mother is talking to 
her child, she may speak clearly, but at the same time she may use a more informal 
style, speaking a non-standard variety (e.g. clearly regionally accented Dutch). 
However, when speaking to a foreigner or a hearing-impaired person, who is a 
stranger to her, the mother probably uses a more formal style, speaking a more 
standard variety. It may therefore be expected that the results of studies in which 
speakers are in an interview situation with a stranger match the best with the present 
study. Nonetheless, in the following discussion, we will also report the results of 
studies that are expected to yield more informal styles. 
 Tiffany (1959:306) was one of the first to consider an acoustic definition of  
“clear speech”. He stated that “it would seem not unreasonable to suppose that 
increased vowel intelligibility, as defined by vowel diagram size, would be 
associated with speech excellence or with speech training”. On the basis of a 
comparison of isolated, stressed and unstressed vowels, he hypothesized clearer 
speech to be related to a larger vowel space size. It lasted until the 1980s, however, 
before phoneticians started investigating this hypothesis. First, we will describe a 
number of studies that focus on clear speech in the light of finding a way to enhance 
intelligibility of speech for the hearing-impaired. After that, we will discuss other 
studies, such as those that elicit foreigner- or infant-directed speech. 
 In three studies, Picheny et al. (1985, 1986, 1989) initiated the acoustic 
comparison of clear speech and ‘conversational’ speech, which they related to the 
intelligibility of speech for hearing-impaired listeners. Their experimental method 
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was quite problematic. In order to produce conversational speech, each speaker had 
to read nonsense sentences (such as Their growths would rip my vectors) “in the 
same manner in which he spoke in ordinary conversation” (Picheny et al. 1985:97). 
A problem with this method is that the speaker may find it rather difficult to imagine 
uttering such a meaningless sentence in a conversational way. However, for a word 
recognition experiment, such sentences are useful, because they neutralize effects of 
predictability of words. The listener will thus rely mainly on acoustic cues. A 
negative side effect of the unpredictability of words may be that speakers 
automatically pronounce the words more clearly than when they occur in a 
meaningful sentence. Another factor that may have increased the clearness of speech 
in the conversational sentences is that the researcher interrupted the speaker when he 
started changing his speech rate or when he started speaking mechanically. 
 In the clear speech condition, the speaker was asked to read the sentences while 
speaking as clearly as possible, as if he was speaking to a hearing-impaired listener 
or as if he was in a noisy environment. Note that the latter two situations may evoke 
different types of speech. Also, the speakers were explicitly told to pronounce 
consonants more carefully, to increase vocal effort, to emphasize certain word types 
(e.g., nouns), and not to glue words together. It seems that that many instructions 
would result in a puzzled speaker who produces artificially sounding sentences. 
Whether or not this was the case, the speakers’ clear speech was more intelligible to 
hearing-impaired listeners than their conversational speech (Picheny et al. 1985). An 
acoustic analysis of the sentences revealed increased loudness, longer vowel 
durations and a larger vowel space in clear speech. Front vowels tended to front, low 
vowels to lower in clear speech, but back vowels tended to be stable. The latter 
stability only seemed to apply to /u/, when it was considerably back. When /u/ was 
more front in conversational speech, it moved backward in clear speech. We may 
infer from this that the other back vowels could not move back further. 
 In a series of studies, Ferguson and Kewley-Port (2002, 2007) and Ferguson 
(2004), envisioned the same goal as Picheny et al., i.e. eliciting speech that is clearly 
articulated in order to be better understood by hearing-impaired. They also 
investigated which acoustic properties contribute to higher intelligibility. In their 
first study, Ferguson and Kewley-Port recorded the speech of an audiologist, who is 
experienced with speaking to hearing-impaired listeners. The speaker had to read 
sentences in two sessions. In the first session, the speaker was instructed to read the 
sentences in a normal, conversational style, and in the second session, he was 
instructed read every word carefully, which was intended to increase the attention 
paid to speech. The acoustic analysis showed that the speaker increased his F1 in 
most of his vowels in clear speech, which was related to increased vocal effort (cf. 
Liénard and Di Benedetto 1999). Moreover, F2 increased for all front vowels, but 
only decreased for some of the back vowels (e.g., not /u/). In addition, the vowels’ 
formants tended to be more dynamic in clear speech. Surprisingly, particularly given 
the profession of the speaker, hearing-impaired listeners generally did not 
understand his clear speech better, whereas normal-hearing listeners did. The 
authors attributed this finding to the increase of F2, which makes the vowels less 
audible for hearing-impaired listeners. 
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 In a follow-up study, Ferguson (2004) elicited speech from 41 talkers with 
similar instructions, although the author gave feedback when the conversational 
style had to become more conversational and asked to repeat the sentences until they 
were considered sufficiently conversational. Again, a weakness of such an approach 
is that the researcher runs the risk of eliciting a more conversational style in some 
respect (e.g., intonation is more conversational), but in another respect a more 
careful style (e.g., more extreme vowels). In the clear speech session, the speakers 
did not get additional instructions to speak clearly as if speaking to a hearing-
impaired person. The intelligibility scores (for normal-hearing listeners) showed an 
overall increase of intelligibility in clear speech. However, the variability between 
speakers was large, with some speakers showing lower intelligibility in clear speech, 
which may have been due the instructions. Overall, however, female speech was 
shown to be more intelligible and females were able to increase intelligibility more 
in clear speech than males. 
 In their third study, Ferguson and Kewley-Port (2007) selected the speech of six 
speakers who showed a large increase in intelligibility (‘best benefit talkers’) and six 
who did not show such an increase (‘no benefit talkers’), for further acoustic 
analysis. The best benefit talkers showed a larger durational difference and a larger 
vowel space size difference between clear and conversational speech, than the no 
benefit talkers18. The increase in vowel space size for clear speech was due to a 
larger F1 range, which in the majority of speakers and vowels was accompanied 
with an increase in F1, and an increase in F2 for the front vowels. For both the 
benefit talkers and the no benefit talkers, vowel duration and vowel dynamics 
increased. 
 Bradlow et al. (2003) elicited conversational and clear speech in a similar way as 
the studies above, but the speakers were instructed to read as if speaking to someone 
highly familiar (conversational speech) or to a hearing-impaired listener or person 
with a different language background (clear speech). Particularly the instruction for 
clear speech may yield interspeaker differences, since a speaker imagining a 
hearing-impaired listener may start speaking louder (i.e. raising F1), whereas for the 
non-native listener this does not seem necessary. The authors report only an increase 
in F2 range for clear speech, but do not show mean vowel formant values nor a 
vowel plot, thus F1 may have increased in all vowels. 
 All studies mentioned so far, have been analyzing clear speech effects in 
American English, which has a large vowel inventory. Smiljanić and Bradlow 
(2005), however, showed that in Croatian, which has five vowels, the clear speech 
effect also shows up in the form of a smaller vowel space. 
 A problem that we have noted so far with the elicitation of conversational and 
clear speech styles, is the use of instructions that are intrusive and ones that are 
ambiguous. Bradlow et al (1996), however, show that instructions are not necessary 
to yield cues associated with clear speech. They selected 100 sentences from a 
                                                
18 It was noted that one speaker behaved atypically by showing a smaller vowel space in clear 
speech, but being more intelligible (Hargus Ferguson and Kewley-Port 2007). She, however, 
had grown up with two hearing-impaired siblings, thus she probably had developed more 
efficient (or talker-oriented) strategies to enhance intelligibility. 
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corpus, which listeners had to transcribe. Speakers that produced better recognizable 
sentences also showed larger vowel spaces. A higher F1 range resulted in higher 
intelligibility, whereas a higher F2 range did not. This result contradicts to a large 
extent the results of the studies discussed above, which all showed an increase in the 
F2 range, and some of them did not show an increase in the F1 range. The result of 
Bradlow et al.’s (1996) study seems to suggest that the instructions influence the 
results. In their study, highly intelligible, and crucially, uninstructed speakers have a 
larger F1 range, on which most vowel distinctions are made, than lowly intelligible 
speakers. For F2, no difference is found. However, when speakers are instructed to 
speak to speak clearly, they seem to attempt, as Bradlow (2002:261) observes about 
the speakers in her study, “to expand the vowel space as far as possible”. In other 
words, speakers tend to be unnecessarily uneconomic in articulatory effort in 
instructed speech styles.  
 As mentioned before, several studies aimed to elicit other speech styles. For 
instance, Kuhl et al. (1997) reported that American English-, Russian- and Swedish-
speaking mothers increased the vowel space (measured only at the corner vowels /a/, 
/i/ and /u/) when speaking to their 2- to 5-months old infant. The authors compared 
experimental spontaneous infant-directed speech, in which the mothers were 
instructed to use three words at least three times, and adult-directed speech. The way 
the vowel spaces increased was language-specific. Child-directed speech differed 
from adult-directed speech for the Russian mothers with respect to F2 of /i/ (higher) 
and /u/ (lower) and F1 of /a/ (higher). In American English, a similar pattern was 
found, but /a/ also showed a lower F2 in child-directed speech. In Swedish, mothers 
showed the same pattern for /a/ as the American English, but decreased F1 and 
increased F2 of /i/, but did not change /u/. Overall, however, speaking to infants 
seems to yield a larger vowel space. 
 Wassink et al. (2007) devised an experiment to elicit also child-directed speech, 
in addition to citation speech, hyperarticulated (or clear) speech and Lombard 
speech, the last being a style adopted by speakers in a noisy environment. The 
subjects in the study were five mothers dominant in Jamaican English (also speaking 
Jamaican Creole) and five mothers dominant in Jamaican Creole (also speaking 
Jamaican English). In the carefully designed interviews two peers matching in 
language dominance familiarized with each other. Then they were familiarized with 
six toy animals, each having a name containing one of the target vowels: Heedie 
(/i:/), Hiddie (/i/), Haughdie (/a:/), Haddie (/a/), Whoodie (/u:/) and Hoodie (/u/). 
Then, in the first task, the matched adults were asked to start a spontaneous 
conversation, which the authors did not (yet) analyze. In the next part, the mother 
was asked to play with the animals and with her child, while describing the animals 
to the child (infant-directed speech). During this part, sometimes noise was played to 
the mother through headphones, yielding a mixture of Lombard speech and infant-
directed speech. Following this part, the mother had to say to the child a carrier 
sentence that contained the name of a toy animal that was shown on cards. This task 
was assumed to yield citation speech, which often is referred to as lab speech. 
Again, noise was sometimes played through the headphones. Finally, in a map task 
the mother had to instruct the researcher which toy animal had to go to which home, 
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using a fixed carrier sentence (hyperarticulated speech). Sometimes, the researcher 
pretended not to understand which animal, and the mother had to correct the 
researcher using again a fixed sentence. Also during this task noise was sometimes 
played through the headphones. 
 After pooling the results for the Creole and English speakers, no clear vowel 
space size differences were found, where they were apparently expected by the 
authors between infant-directed speech and other speech forms. Wassink et al. 
(2007:373) propose two explanations for this. First, they say it may be that the 
Jamaican varieties are different from quality-contrasting languages such as 
American English. If the Jamaican vowels lean more on durational differences, 
however, the duration would be expected to be larger in infant-directed speech. This 
is neither the case. Second, they propose that the American and Swedish systems 
(Kuhl et al. 1996) are extreme in the expansion of the vowel space in infant-directed 
speech. However, Kuhl et al. compared infant-directed speech to ‘normal’ adult-
directed speech, whereas Wassink et al. compare infant-directed speech to infant-
directed word list reading, hyperarticulated speech and Lombard speech combined 
with the other three styles. Taking into account the results presented above, all styles 
would yield a considerably large vowel space, although we do not know the exact 
effect of Lombard speech. Thus, the results may not even be so strange after all. 
 Uther et al. (2007) compared infant-directed speech to adult-directed speech and 
foreigner-directed speech, elicited from 10 Portsmouth English speaking mothers. In 
all three styles, the mothers had to speak about a sheep, a shark and a shoe, 
containing the corner vowels /i/, /a/ and /u/ respectively. Both infant-directed speech 
and foreigner-directed speech were shown to yield a larger vowel space. Yet, the 
foreigner-directed (and the adult-directed) vowel positions differed largely from the 
infant-directed vowel positions. That is, all three vowels showed a higher F1 and /i/ 
and /u/ both showed lower F2 values. Possibly, the shorter duration of foreigner-
direct speech played a role there.  
 When we take a closer look at the studies that have been described in the present 
section, there appears to be a striking difference between the studies that elicit clear 
and conversational speech and studies that elicit infant- and foreigner-directed 
speech. That is, in the former studies, except for Bradlow et al. (1996), speakers had 
to imagine speaking to a person with a certain profile, while reading, whereas in the 
latter studies, speakers were actually facing the addressee and speaking 
spontaneously to him. Scarborough et al. (2007) give evidence that this difference 
probably has affected the results. That is, they showed that when speakers imagined 
they were speaking to a non-native, they exaggerated vowel distinctions far more 
than when they were facing a non-native in reality. Still, when facing the foreigner, 
the vowel space was larger than in a conversation with a native. Thus, the clear 
speech that has been elicited in the studies described above was probably 
exaggerated or hyperarticulated to a considerable extent. This may explain the 
difference found between Bradlow et al. (1996) and other clear speech studies, and 
suggests that the differences for F2 are mainly exaggerated. Given the lack of further 
evidence, this conclusion remains yet tentative.  
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 To summarize, in reading a rather consistent increase in vowel space size is 
found, when the speaker is asked to speak clearly. There is some evidence that this 
increase is somewhat inflated. However, in response to certain speakers and certain 
situations, speakers tend to show an increase of the vowel space in spontaneous 
speech as well (cf. the audience design), although the exact way in which it 
increases differs between languages. Such language differences may be due to 
(listener-oriented) coarticulatory differences in combination with language-related 
vowel differences. 
 
 
2.3.2 Other factors related to vowel dispersion 
 
To conclude Section 2.3, we will briefly discuss some other factors than style that 
have been proposed in the literature to be related to vowel dispersion. The first, 
stress, has been most extensively investigated. It has been noted in many studies that 
unstressed vowels tend to reduce to schwa, considering it a centralizing effect (e.g., 
Tiffany 1959; Lindblom 1963; Koopmans-van Beinum 1980). More recent studies 
(e.g., Van Bergem 1995; Mooshammer and Geng 2009) investigated the role of the 
phonological context of the vowel and found that unstressed vowels show stronger 
influences of coarticulation. The lack of stress leads to similar reduction patterns to 
reduction patterns as those found in more informal styles (cf. Section 2.3.1.1). For 
instance, Mooshammer and Geng (2009), who investigated reduction in German, 
found a strong upward movement of the vowels in the lower half of the vowel space 
when they were unstressed, and most front vowels moved slightly to the back and 
most back vowels slightly to the front. 
 A factor related to stress is accent, which is also used to mark elements (i.e. 
words) that contain important information. Van Bergem (1995) finds that vowels in 
unaccented words are only weakly reduced. In the present study, the effect of accent 
is not taken into account. Moreover, only stressed vowels are investigated. 
 In Section 2.3.1.1, it was pointed out that words that are unpredictable to the 
listener, are more likely to be pronounced without reduction. A factor that correlates 
with predictability is word frequency. That is, words that occur more often are more 
predictable, or more expected, to occur for the listener and are therefore good 
candidates to reduce. Van Bergem (1995) finds that the higher frequent function 
words are reduced more than lower frequent content words. The effect of word 
frequency on reduction has been established also within content words and for 
different languages (e.g., Van Son et al. 2004 for Dutch, Finnish and Russian). 
 A sociolinguistic factor that has been related to reduction is gender. It is an 
acoustic fact that women show a larger vowel space than men, which is related to 
the smaller oral cavities of women. Labov (1972:304), however, argues that the 
wider range of formant frequencies for women cannot be explained by physical 
factors only. According to him, the gender difference is partially due to an 
“expressive posture, which is socially more appropriate for one sex or the other”. As 
women often show to use more standard speech than men (Labov 2001), Byrd 
(1994:51) suggests that the larger vowel dispersion is also more standard. In the 
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phonetic literature concerning clear speech and intelligibility, it has been observed 
that females produce more intelligible speech than males (e.g., Ferguson 2004; 
Bradlow et al. 1996). Phonetic studies have also widely shown that higher 
intelligibility rates often go with larger vowel spaces, thus females may be argued to 
show relatively larger vowel space sizes. In the current study, this hypothesis cannot 
be tested, since the vowel spaces are normalized, which removes this effect. 
 In addition to the difference in vowel space size, it has been widely found that 
women show a higher fundamental frequency (F0). Diehl et al. (1996) argue, on the 
basis of the results in their study, that in addition to a larger vowel space due to 
smaller oral cavities, women expand their vowel space further in order to 
compensate for the difficulty of extracting spectral information with higher F0 
values. That is, fewer harmonics fit in the audible spectrum, which makes it more 
difficult to detect formants (‘the undersampling hypothesis’). This interspeaker 
difference would suggest that when speakers raise their F0, they also expand their 
vowel space. Chládková et al. (2009) only found such an effect for females (in 
Czech). They propose that men do not show such an effect, because their F0 is 
generally low, which does not require a larger vowel space for better recognition of 
vowels. 
 The studies discussed above also tested for F0 effects between styles. However, 
the results are variable with respect to the hypothesis that has just been put forward. 
For instance, Picheny et al. (1986) did not find systematic F0 differences between 
clear and conversational speech but they did find an increase in the vowel space in 
clear speech. To the contrary, Bradlow et al. (2003) find a higher F0 and a larger F0 
range in clear speech than in conversational speech. An extensive study by Blaauw 
(1995) that compares spontaneous and read speech prosodically, found that low 
mean F0, low F0 variance, small F0 range and a high articulation rate distinguish 
spontaneous speech from read speech. Her finding of a higher F0 in reading is in 
line with the expected larger vowel space in reading than in spontaneous speech. In 
the present study, the influence of F0 on the vowel space size will be assessed 
between styles, but not between speakers, again because speaker differences have 
been removed by a normalization procedure. 
 
 
2.4 Hypotheses 
 
In the present chapter, we have discussed the results of sociolinguistic and phonetic 
studies that investigated the consequences of style for the pronunciation of speech. 
In this section, the results of the different studies are synthesized to form a basis of 
three hypotheses. 
 The first hypothesis concerns the vowel space size, which has mainly been 
studied in phonetic research. The discussion in Section 2.3.1.1 showed that 
spontaneous speech often yields a smaller vowel space than reading, but that this 
depends on the speaker (e.g. Laan 1997) and the set-up of the experiment (e.g., 
Ladefoged et al. 1976). First, professional language users feel more at ease in an 
interview and are therefore more likely to show more less careful (i.e. more informal 
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and reduced) speech in the informal conversation than in reading. Second, if the 
informal part is at the start of the interview, the speaker’s style is likely to be more 
formal than when it is at the end of the interview. In the present study, the speakers 
are all professional language users and the informal part is at the end of the 
interview, which both will probably lead to a considerable shift to informal style. 
Thus, it is expected that spontaneous speech will yield a smaller vowel space than 
read speech.  
 Do we expect word list reading and logatome reading to differ with respect to 
vowel space size? As argued in section 2.2.3, the difference between the two reading 
tasks concerns mainly the elicited level of monitoring one’s speech. In logatome 
reading, the attention drawn to the vowel is higher than in word list reading. There 
are three pieces of evidence that show that increased attention yields increased 
vowel spaces. The first piece of evidence is found in the literature on clear speech. 
When speakers are instructed to speak clearly, they tend to increase the distance 
between vowels. Note, however, that in our interview the speakers are not explicitly 
instructed to speak more clearly in logatome reading. The second piece of evidence 
comes from Koopmans-van Beinum’s (1980) study, which found a larger vowel 
space for isolated vowels than for vowels in isolated words. Obviously, the speaker 
pays more attention to the pronunciation of a vowel, when it is isolated. However, 
the vowel embedded in a word may also be more reduced due to the surrounding 
consonants. Therefore, the third piece of evidence makes a stronger case for 
attention-induced reduction. That is, in the study of Harnsberger et al. (2008) 
speakers tended to show more vowel reduction in reading when their attention was 
diverted towards a non-reading task, and the phonological context was kept 
constant. Given this evidence, it would be expected that logatome reading yields a 
larger vowel space than word list reading. The differences between the two reading 
tasks, however, will be expected to be small, as the difference in attention paid to the 
vowel is also expected to be small. Moreover, Van Bergem (1995:83) posits that 
vowels are more reduced when they are pronounced in words that are embedded in 
sentences, since factors such as focus come into play. This may thus cause a 
decrease of the difference between the word list vowel space and the logatome 
vowel space. 
 Overall, the differences in vowel space size are expected to be small or even non-
existent between the two reading tasks. In contrast, the differences between reading 
and spontaneous speech are expected to be large. That is, in the latter style the 
attention paid to speech is expected to reduce considerably. Moreover, listener-
oriented forces are expected to be weaker, because words are more predictable than 
in carrier sentences and word lists due to the context. Lower predictability allows for 
more economic articulation, for instance exhibited by stronger coarticulation, which 
enforces vowel undershoot. Hence, we may formulate our first hypothesis regarding 
style-related changes in vowel space size as follows: 
 

HYPOTHESIS 1 

THE VOWEL SPACE IS SMALLER IN SPONTANEOUS SPEECH THAN IN THE TWO 
READING TASKS. 
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Regarding the behavior of individual vowels across styles, sociolinguistic research 
has provided useful insights. First, the most common pattern for linguistic variables 
has been that in more formal styles, such as reading, speakers from different groups 
tend to converge and increase the use of more standard variables, and that in more 
informal styles, groups tend to diverge. This suggests that speakers within the same 
community aim for the same norm in reading styles, whereas in spontaneous speech 
they move to more group-specific behavior.  
 Further, the reading tasks define rather homogeneous situations: the (intended) 
addressee, topic and setting remain constant within the tasks and the attention is 
focused on reading. This is expected to yield a rather homogeneous style, which is 
appropriate in reading. As for the vowel space size, a small difference may be 
expected between logatome reading and word list reading, namely that the former 
yields slightly less variation than the latter, as in the former the attention is drawn 
slightly more to pronouncing the vowel according to the norm. 
 In contrast, in spontaneous speech, the topics vary and as a response to that, the 
speaker is expected to vary his style, hence his pronunciation (cf. Bell’s model of 
intraspeaker variation). For instance, when speaking about their job, speakers may 
shift to a more formal style and aim for a more standard vowel variant, whereas 
when speaking about leisure activities, the speakers may shift to a more informal 
style, i.e. to vowel variants further from the standard (i.e. in the present study more 
regional variants). 
 Similarly, in terms of social identity theory (Tajfel 1978), the speaker is expected 
to identify with different identities during the spontaneous part. The interviewer 
may, for instance, ask a N-S speaker about his job (i.e. being a teacher of Dutch), 
which enhances the salience of the teacher of Dutch group identity of the speaker. 
Part of this group identity is to speak Standard Dutch, which is as free from regional 
information as possible. However, in his response, the speaker may emphasize that 
in N-S things are different because of the strong presence of dialects. In this 
response, the speaker thus dissociates himself from the ‘general’ identity of teacher 
of Dutch, but he activates the group identity of a N-S teacher of Dutch. The 
emphasis of the difference between the two teacher groups may be accompanied 
with a more regionally colored pronunciation. 
 In other words, we expect the speakers to aim for multiple targets in spontaneous 
speech, which are associated with different identities/topics. Thus, in contrast to 
many phoneticians, we do not assume vowels to have a single target. For each token, 
we assume that speakers aim for an ‘ideal’ target which lies on a ‘target continuum’. 
This continuum has two ends: a more formal one, which is (closer to) non-regionally 
colored standard, and an informal one, which is (closer to) regionally colored 
standard. In the case of the N-S speaker, he is expected to adopt a more closed 
pronunciation of /ɛ/ when showing the supra-regional teacher identity, whereas he is 
expected to adopt a more open pronunciation, when showing the N-S teacher 
identity (cf. Adank et al. 2007). 
 The higher heterogeneity (of topics, identities) in spontaneous speech is thus 
predicted to yield larger variation at the speaker-level as well. This prediction is 
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supported by most of the findings of the phonetic studies that compared spontaneous 
speech to reading in Romance languages (Section 2.3.1.1), which indicate that 
speakers decrease within-vowel variation in reading. The second hypothesis is thus 
as follows, as we are dealing with sociogeographic differences: 

 

HYPOTHESIS 2 

THE SOCIOGEOGRAPHIC VARIATION WITHIN A VOWEL IS LARGER IN 
SPONTANEOUS SPEECH THAN IN THE TWO READING TASKS. 

 
Combining the two hypotheses leads to the vowel space paradox (cf. Chapter 1) at 
the speaker-level: whereas the vowel space has shrunk in spontaneous speech, the 
vowel tokens cover a large space compared to read speech, where the vowel space is 
large. How can these two predictions be reconciled, also given that listeners are still 
able to distinguish the different vowels when the vowel space has been reduced 
(Rietveld and van Heuven 2009:233)? For instance, Van Bergem (1995:49) reports 
that unstressed (Dutch) vowels that are largely reduced can still be correctly 
identified in approximately 55% of the cases, for a chance level of 8% (i.e. 12 vowel 
categories). For stressed vowels, which are hardly reduced, 73% of the vowel tokens 
was correctly identified. 
 As for the within-vowel variation, we have noted that there are four different 
style patterns that vowels show. These patterns can be collapsed into three different 
patterns of sociolinguistic variation across styles. First, most vowels that have been 
investigated in sociolinguistic studies show an increase of sociolinguistic variation 
in informal speech, thus the pattern described in Hypothesis 2. Second, though 
occurring at a lower frequency, there are hyperstyle and indicator variables, which 
do not show stylistic variation. For these variables, the amount of sociolinguistic 
variation does not change across styles. We may thus expect, that indicator and 
hyperstyle vowels, if present, do not cover a larger space in spontaneous speech than 
in reading. Third, some variables show the cross-over pattern. However, this pattern 
causes relatively large sociolinguistic variation in formal speech, in which there is 
sufficient space for a larger spread of the vowel. Still, in informal styles, a cross-
over variable may show large sociolinguistic differences. Finally, a fourth possible 
pattern, not dealt with before, is a variable or vowel that does neither show 
sociolinguistic variation, nor stylistic variation. Thus, this overview of possible 
patterns shows us that sociolinguistic variation does not necessarily increase for all 
vowels in informal styles. This offers a possible explanation to the vowel space 
paradox. 
 Another explanation for the paradox is the fact that vowel spaces show ‘local’ 
changes as a function of style. That is, the most recurring decreases of the vowel 
space size in more informal speech or less careful/clear speech are the result of 
changes of only one formant in only part of the vowel space. Thus, often in reduced 
vowel spaces, F1 lowered mainly for the low vowels, thus the decrease in F1 range 
was due to these vowels. Further, the reduction on the F2 dimension mainly tended 
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to show up for the higher vowels, which move more to the centre of the acoustic 
vowel space (though not always so). 
 Thus, taking these sociolinguistic and phonetic considerations together, we argue 
that the vowel space paradox can be solved by the different behavior of the different 
vowels. For instance, whereas a low vowel increases in height (i.e. it lowers F1) in 
informal speech, it may not show an increase in sociolinguistic variation in F1, since 
that would largely increase the chance of confusions with the next lowest vowel. For 
similar reasons, a higher vowel may show an increase in sociolinguistic variation in 
F1, but not a shift upward or downward in F1. Hence, the higher vowel will not 
create much more overlap between vowels, in order to preserve phonemic 
information. The third and main hypothesis under investigation in the present 
research is thus as follows: 
 

HYPOTHESIS 3 

VOWELS THAT SHOW LARGE SOCIOGEOGRAPHIC VARIATION ON THE F1 OR F2 
DIMENSION ARE LESS PRONE TO REDUCE ON THAT DIMENSION IN SPONTANEOUS 
SPEECH. 

 
Note that we may expect different results for Dutch monophthongs than for Dutch 
diphthongs. That is, the former show mainly phonemic contrasts in F1, whereas the 
latter can be distinguished on the basis of F2, i.e. within the group of diphthongs. 
Therefore, monophthongs may be less sensitive to the prediction of Hypothesis 3 for 
F2 than diphthongs, whereas the diphthongs may be less sensitive to it on the F1 
dimension. Thus, in the case of the diphthongs a weak F1 shift may be accompanied 
with an increase in variation in F1. 
 The different hypotheses will be tested in Chapter 7. In Chapter 3 and 4, 
however, we will first present the methodology and solve some methodological 
issues. Before combining the reading and spontaneous data and investigating the 
vowel space paradox, we will then look at the data obtained through word list 
reading and spontaneous speech separately (Chapter 5 and 6, respectively). 



CHAPTER 3 
 

SPEECH MATERIAL 
 
 
 
 
3.1 Introduction 

 
The speech data used in the present research were collected in a sociolinguistic 
project on patterns in the pronunciation of Standard Dutch in the Netherlands and in 
Flanders (Van Hout et al. 1999). The project was designed to obtain a systematic 
overview of variation and change in the spoken standard language. A large sample 
of speakers of Standard Dutch, all teachers, was interviewed. One of the main aims 
was to collect realizations of all phonemes of Dutch, including the vowels that will 
be analyzed here. 

This chapter gives an overview of the participants in the interview and the 
collected speech material. Section 3.2 presents the sample of speakers. Section 3.3 
gives a brief description of the Dutch vowel system and it describes the different 
tasks in the sociolinguistic interview from which speech material was taken in this 
research. As explained in Chapter 2, material obtained through three tasks was used: 
logatomes, word list material and spontaneous speech. Finally, as data gathered by 
Adank (2003) was used in this study, i.e. the logatomes, Section 3.4 presents the 
method that she used for segmentation and acoustical analysis. Chapter 4 describes 
the method we have used for the word list data and the spontaneous speech. 
 
 
3.2 Speakers 
 
The present study investigates the speech of 160 teachers of Dutch at high schools, 
which was recorded in 1999-2000. Teachers of Dutch were selected, since they are 
professional language users who are assumed to speak the standard language on a 
daily basis (Van Hout et al. 1999). Furthermore, as instructors of the standard 
language they play an important normative role (Van de Velde and Houtermans 
1999). 
 The speakers in this study were stratified for (speech) community, region, age 
and gender (see Table 3.1). Two communities were distinguished: the Netherlands 
and Flanders (i.e. the Dutch-speaking part of Belgium). It is widely accepted that the 
pronunciation of Dutch differs considerably between the two communities (cf. Van 
de Velde 1996) and that two varieties of Standard Dutch need to be distinguished: 
Netherlandic Dutch as spoken in the Netherlands and Flemish Dutch (often referred 
to as Belgian Dutch) as spoken in Flanders. 
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 Central Intermediate Peripheral 1 Peripheral 2 
The Netherlands Randstad  

N-R 
Middle 
N-M 

North 
N-N 

South 
N-S 

22-40 yrs Male 5 5 5 5 
 Female 5 5 5 5 
45-60 yrs Male 5 5 5 5 
 Female 5 5 5 5 
Flanders Brabant 

F-B 
East-Flanders 

F-E 
West-Flanders 

F-W 
Limburg 

F-L 
22-40 yrs Male 5 5 5 5 
 Female 5 5 5 5 
45-60 yrs Male 5 5 5 5 
 Female 5 5 5 5 

Table 3.1 Overview of the distribution of the 160 Dutch language teachers over the 
independent variables community, region, age and gender. 

 
In each community, four regions were distinguished, namely a central region, an 
intermediate region and two peripheral regions. The central region is the economic 
and cultural centre of the community. The peripheral regions are the two regions 
that are geographically maximally distant from the central region and from each 
other. Moreover, the dialects spoken in these regions are linguistically maximally 
distant from those of the central region (see Map 6 in Hoppenbrouwers and 
Hoppenbrouwers 2001:128-129). Finally, the intermediate region is intermediate 
geographically and linguistically, meaning that the region is closer to the central 
region than the peripheral regions and that the regional dialects are linguistically 
closer to the standard language. 
 For the Netherlands, the central region is the Randstad city region, consisting of 
the urban zone in the western provinces North-Holland, South-Holland, and Utrecht, 
referred to as “N-R” (Netherlands-Randstad). The intermediate region in the 
Netherlands consists of the southern part of the province Gelderland and part of the 
province Utrecht. This region is referred to as “N-M” (Netherlands-Middle). The 
two peripheral regions for the Netherlands are the Limburg province, or “N-S” 
(Netherlands-South), in the southeast of the Netherlands, and the Groningen 
province and the north of the Drenthe province, or “N-N” (Netherlands-North), in 
the north of the Netherlands. 
 In Flanders, the central region is “Brabant”, referred to as “F-B” (Flanders-
Brabant). It comprises the provinces of Antwerp and Flemish-Brabant. The 
intermediate region is the province of East-Flanders, referred to as “F-E” (Flanders-
East). The two peripheral regions in Flanders are the provinces of (Flemish) 
Limburg, or “F-L” (Flanders-Limburg), and of West-Flanders, or “F-W” (Flanders-
West). Thus, the eight abbreviated labels that will be used to refer to the regions are: 
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N-R (Netherlands-Randstad)    F-B (Flanders-Brabant)  
N-M (Netherlands-Middle)    F-E (Flanders-East) 
N-N (Netherlands-North)     F-W (Flanders-West) 
N-S (Netherlands-South     F-L (Flanders-Limburg) 

 
In each region, several towns were selected. The selection procedure is described in 
detail in Van Hout et al. (1999). The selected towns for N-R were Alphen aan de 
Rijn and Gouda, for N-M they were Tiel, Veenendaal, Ede, Culemborg and Elst, for 
N-N they were Assen, Veendam and Winschoten, and for N-S Sittard, Geleen and 
Roermond. The Flemish selected towns for F-B were Lier and Heist-op-den-Berg, 
for F-E Oudenaarde and Zottegem, for F-L Tongeren and Bilzen, and for F-W Ieper 
and Poperinge. 
 The map1 in Figure 3.1 shows the Dutch language area and the selected regions 
and towns. For F-W, F-E, F-L, N-S and F-B only province borders are used to draw  

 

 
Figure 3.1 The eight selected regions and the towns in which the teachers worked at the time 
of the interview (filled squares). The central region in each community is dark grey, the 
intermediate region is somewhat lighter grey, and the peripheral regions are filled with the 
lightest shade of grey. 
                                                
1 The map is an adapted version of a map, which can be downloaded from 
http://www.meertens.knaw.nl/projecten/mand/CARTdownload.html. It was used and adapted 
with permission of the Meertens Institute. 
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the borders of the regions. F-B includes two Belgian provinces, i.e. Flemish-Brabant  
and Antwerp. For N-N, the whole province of Groningen and the north of Drenthe, 
for which an arbitrary border south of Assen is taken, is included. The Randstad, the 
urban western area in the Netherlands, here denoted as N-R, does include the cities 
of The Hague, Rotterdam, Amsterdam and Utrecht, but it does not have fixed 
borders. It was chosen therefore to set the eastern border in the province of Utrecht 
east of the city of Utrecht and the northern border north of Amsterdam. The southern 
border was set at the southern border of the province of South-Holland. N-M covers 
the remaining part of Utrecht and the area in the province in Gelderland in which the 
"Southern Gelders" dialect is spoken according to Daan and Blok (1969). The 
selected towns are shown with filled squares. 
 The teachers who were selected for the interview taught at high schools in the 
selected towns. The teachers had to meet the following requirements:  
1. At the time of the interview, they had to live in one of the selected towns, or in a  

village near that town in the same dialect region. 
2. They had to have lived in the region for at least eight years prior to their 18th 

birthday.  
3. They had to be born in the region or to have moved there before their eighth 

birthday (cf. the Critical Period Hypothesis; Van Hout et al. 1999). 
 

The teachers were divided into two age groups. The speakers in the youngest group 
were between 22 and 40 years old at the time of the interview and speakers in the 
oldest group were between 45 and 60 years old. As for the factor gender, the 
biological sex distinction was used. Each of the eight regions was represented by 20 
speakers: five young men, five older men, five young women, and five older 
women. In the speaker selection, it was assumed that growing up in a specific region 
implies that regional features of the standard language played a role in the 
acquisition and socialization process. 
 
 
3.3 Speech material 
 
For the present study we aimed to collect tokens of all full vowels of Dutch in 
several speech styles, which were elicited through a sociolinguistic interview. In 
Section 1.4, the full vowels of (Netherlandic and Flemish) Dutch were introduced. 
Section 3.3.1 further describes the vowel system in terms of contrasts, because (the 
preservation of) contrasts play an important role in this study. Section 3.3.2 
describes the tasks that elicited the different speech styles from the speakers in our 
study.  
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3.3.1 The Dutch vowel system 
 
The present section briefly describes the Dutch vowel system (elaborate descriptions 
of the Dutch vowel system can for instance be found in Zwaardemaker and Eijkman 
1928, De Groot 1931, Cohen et al. 1959, Van den Berg 1961, Moulton 1962, Van 
Bakel 1976, Booij 1995). The present description mainly focuses on vowel 
contrasts, which, according to Hypothesis 3 in the previous chapter, will hardly be 
lost in spontaneous speech. The description will not deal with loan phonemes and 
schwa. In Figure 1.1 and 1.2, the vowel systems of Netherlandic and Flemish Dutch 
are drawn. 
 Excluding loan phonemes, Dutch has fifteen full vowels (Moulton 1962; Booij 
1995; Gussenhoven 1999). They are traditionally divided into lax or short vowels 
(i.e. /ɪ, ɛ, ʏ, ɑ, ɔ/), tense or long vowels (i.e. /i, y, a, u, e, o, ø/) and diphthongs (/ɛi, 
œy, ɔu/) (Moulton 1962). The vowels can be described in terms of the vowel 
features [high], [mid], [back] and [round] (e.g., Booij 1995). Table 3.2 gives an 
overview of the vowel features, as found in Booij (1995:Table 2.4) of the full 
vowels, except for the diphthongs, which will be discussed below. Since all vowels 
are [-cons], we did not include [cons] in the table. 

 
 

 i y u ɪ e ʏ ø o ɔ ɛ ɑ a 
high + + + + + + + + - - - - 
mid - - - + + + + + + + - - 
back - - + - - - - + + - + + 
round - + + - - + + + + - - - 

Table 3.2 Feature chart for Dutch monophthongs (adopted from Booij 1995:20) 
 

Following Booij (1995), we distinguish four levels of vowel height. There are high 
(in terms of height features [+high], [-mid]), high mid ([+high], [+mid]), low mid ([-
high], [+mid]) and low ([-high], [-mid]) vowels. Furthermore, we distinguish a 
group of front ([-back]) and back ([+back]) vowels. There are three pairs of front 
vowels, which contrast in rounding. Many phonological descriptions of Dutch lack a 
vowel length feature, assuming that vowel length is part of the syllable structure of 
Dutch (for a discussion of the lack of a length feature, see Moulton 1962 and Booij 
1995). 
 In (1), a list of words is given, each of which contains one of the vowels of Table 
3.2. 
 
(1) /i/ biet ‘beet root’ /y/ fuut ‘grebe’ /u/ boet ‘(I) pay for’ 
 /e/ beet ‘bite’ /ø/ neus ‘nose’ /o/ boot ‘boat’ 
 /ɪ/ bit ‘bit’ /ʏ/ put ‘well’ /ɔ/ bod ‘bid’ 
 /ɛ/ bed ‘bed    /ɑ/ bad ‘bath’ 
       /a/ baat ‘advantage’ 
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The diphthongs can be defined as sequences of two non-identical vowels (Booij 
1995)2, thus as sequences of two different sets of vowel features: one for the onset 
and one for the offset. The two sets within a diphthong only differ in height. The 
onset is low mid ([-high], [+low]), and the offset high ([+high], [-low]). Dutch has 
two front diphthongs, i.e. unrounded /ɛi/ and rounded /œy/, and one back diphthong, 
/ɔu/. In (2), examples of words containing the diphthongs are given. 

 
(2) /ɛi/ bijt ‘(I) bite’ 
 /œy/ buit ‘catch’ 
 /ɔu/ bout ‘bolt’ 
 
There is a discrepancy between phonological descriptions of Netherlandic Dutch 
vowels, such as Booij (1995) (cf. Table 3.2), and recent (socio)phonetic descriptions 
of (Netherlandic) Dutch. That is, the Netherlandic realizations of long mid vowels 
(i.e. /e, ø, o/), in contrast to the Flemish realizations, have been shown to be 
diphthongal (see Figure 1.1 and 1.2)3. Since the reduction of diphthongal vowels 
may be something different from the reduction of monophthongs (e.g., Gay 1968, 
discussed in Section 2.3; see Section 7.1 for a more elaborate discussion of this 
point), we made a distinction between (true) monophthongs and diphthongal vowels 
in the present study. Throughout this study, the group of long mid vowels and 
diphthongs is referred to as “(semi)diphthongs”. 
 
 
3.3.2 The tasks of the interview 
 
The aim of the study was to investigate patterns of stylistic and sociogeographic 
variation in the pronunciation of Standard Dutch. A wide spectrum of speech was 
gathered in an interview, with varying degrees of speech monitoring (see Section 
2.2.3). We will start the description of the speech material with an overview of the 
general structure of the interview and then we will focus on the parts used for this 
study. 
 A main goal of the interview was to collect tokens of all phonemes of Dutch. 
Before the interview started, the teachers were informed that the topic investigated 
was the pronunciation of Standard Dutch. This was done to avoid obtaining a 
considerable number of recordings of dialect speech. Otherwise some of the 
speakers might have assumed that the focus of this study is on dialect (Kloots 
2003:73). Telling the speakers that the topic is the standard language, will increase 
the speakers’ attention to their speech, particularly in the tasks in which the focus on 

                                                
2 The phonological status of the diphthongs (i.e. is a diphthong a single phonological unit or 
does it consist of two independent units?; how should they be transcribed?) has been subject 
to debate. For an overview, see, for instance, Zonneveld and Trommelen (1980) and Rietveld 
and Van Heuven (2009).  
3 Booij (1995:5) does point out a slight diphthongal realization of the long mid vowels, but in 
terms of vowel features, he ignores their diphthongal nature. 
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their speech is already high, and probably speak as standard as possible (cf. Section 
2.2.3). 
 The order of the tasks in the interview is given in Table 3.3. The table gives the 
name of the tasks, the level of control over the speech production and the type of 
task. The interview was generally structured in such a way that the first set of tasks 
elicited highly monitored speech and that the last task elicited speech to which the 
speaker pays the lowest amount of attention (Labov 1972). In this way, it was made 
sure that in the spontaneous part the speaker was comfortable with the recording 
situation and did not hesitate to speak freely. 
 The table distinguishes three levels of control that the researcher had over the 
task. The levels are positively correlated with the degree of speech monitoring by 
the speaker. In all reading tasks, the level of control was high. Since the speakers 
just had to read out what appeared on a screen, they could put all their attention on 
the pronunciation of the text. In the semi-controlled tasks, only part of the output 
was controlled. Speech data obtained through these tasks were not used in the  
 
 

Part Name of task Level of 
control 

Description of task 

1 Word list (Part I) Controlled Reading a word list 
2 Pictures task Semi-

controlled 
Picture naming 

3 N-deletion and schwa-
insertion (Part I) 

Controlled Reading sentences 

4 Assimilation task (Part I) Semi-
controlled 

Restructuring sentences and 
completing them 

5 Vowels in neutral 
context  
(Part I) 

Controlled Reading carrier sentences 

6 Contrastive pairs Controlled Reading word pairs/triplets 
7 Giving directions Semi-

controlled 
Giving directions on the basis of a 
map with pictures on it 

8 Word list (Part II) Controlled Reading words 
9 N-deletion and schwa-

insertion (Part II) 
Controlled Reading sentences 

10 Assimilation task (Part 
II) 

Semi-
controlled 

Restructuring sentences and 
completing the them 

11 Vowels in neutral 
context  
(Part II) 

Controlled Reading carrier sentences 

12 Spontaneous part Uncontrolled Speaking spontaneously 

Table 3.3 Overview of the tasks in the interview. In the first column the parts of the interview 
are numbered. The second column gives the name of the tasks, the second column indicates 
the level of control over the speech production, and the third column gives a description of the 
task that had to be performed. 
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current study, so they are not discussed here.  
 Finally, in the spontaneous speech task, the level of control was low. The 
interviewer posed questions and took the role of a participating observer in order to 
reduce as far as possible the bias of the Observer’s Paradox (i.e. the aim of the 
researcher is to observe the kind of speech that speakers use when they are not being 
observed: Labov 1972:61). When speakers came up with new topics, the researcher 
encouraged them to elaborate on those topics. In this task, the largest amount of the 
speakers’ attention was not drawn to form (i.e. how to pronounce the words), but 
rather to content (i.e. how to formulate and convey their messages).  
Below, the three tasks will be separately presented. The carrier sentence reading task 
is described more elaborately in Section 3.3.2.1, the word list reading task in 3.3.2.2 
and the spontaneous speech task in 3.3.2.3. To conclude this section, the recording 
conditions will be presented in Section 3.3.2.4.  
 
 
3.3.2.1 Carrier sentence or logatome reading 
 
The data from the task in which carrier sentences had to be read aloud (i.e. part 5 
and 11 in Table 6.1) were analyzed before by Adank (2003). The formant values, F0 
values and durations resulting from her analysis are used in this study (see Section 
3.4). Adank describes the carrier sentences in this task as ‘neutral context’ 
sentences, as all vowels occurred between two ‘neutral’ consonants, i.e. consonants 
that influence the vowel as little as possible. 
 As mentioned earlier, all vowels of Dutch, except for schwa (i.e. /i, ɪ, ɛ, y, ʏ, a, ɑ, 
ɔ, u, e, o, ø, ɛi, œy, ɔu/) are investigated in the present study. Since Dutch short and 
long vowels cannot occur in the same linguistic context in Dutch, two different 
carrier sentences were designed. The sentences for the short vowels have the 
structure in (1), in which __ indicates the target vowel. The sentences for the long 
vowels and the diphthongs have the structure in (2). 

 
(1) In s_s en in s_sse zit de _ 
 /ɪn s__s ɛn ɪn s__sə zɪt də __/ 
 In s_s and in s_sse is the _ 
(2) In s_s en in s_ze zit de _ 
 /ɪn s__s ɛn ɪn s__zə zɪt də __/ 
 In s_s and in s_ze is the _ 
 
Only the vowel token in the s_s context (i.e. in the first logatome) was investigated, 
which was the same for all vowels (i.e. followed and preceded by /s/ in a closed 
syllable). 
 The carrier sentences were presented on a computer screen. Every four seconds a 
new sentence appeared on the screen. When the speaker made a speech error4, the 

                                                
4 Clear slips of the tongue (e.g. instead of [s_s] the speaker says [s_t]), interrupted speech and 
reading mistakes were considered as speech errors.  
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presentation of the sentences was interrupted by the interviewer, who restarted the 
task by going back two sentences and asked the speaker to start reading again from 
that point. The carrier sentence reading task was performed twice. Therefore, two 
tokens of each of the vowels were recorded. The total number of tokens for this task 
was thus 4800: two tokens of 15 vowels, produced by 160 speakers. 
 In order to avoid order effects, the sentences were presented in five different 
orders. In each cell in Table 3.1 each of the five orders was used once. Henceforth, 
the vowel data obtained through this task will be referred to as the logatome data, 
since the vowels that were analyzed occurred in a logatome. 
 
 
3.3.2.2. Word list reading 

 
The second task from which vowel tokens were selected for the present research was 
the word list reading task. For this task, a list of 319 words was divided into two lists 
of a similar size. Words that resemble each other, like voet (/vut/, ‘foot’) and voed 
(/vud/ ‘(I) feed’), and words that are related to each other, like beek ‘brook’ and 
beken ‘brooks’, were spread over the two parts of the word list task (part 1 and 8 in 
Table 3.2). 
 Like the carrier sentences, the words were presented one by one on a computer 
screen. Every two seconds a new word appeared on the screen. When the speaker 
made a speech error, the computer program was interrupted by the interviewer and 
the speaker was asked to re-read the two preceding words and to continue the task. 
There were five different orders in which the words were presented. In each cell in 
Table 3.1 each of the five orders was used once. 
 For the present research, two sets of words were selected: in the first set the 
target vowels occurred before /s/ and in the second set the target vowels occurred 
before /t/ (see Section 5.2 for an elaborate description of the selection). A total 
number of 29 words were selected from the word list. For each vowel, two tokens 
per speaker were selected, except for /y/, which does not occur before /s/ in the word 
list because Dutch has no such word (except for proper names). The total number of 
tokens for this task was thus 4640: 29 words produced by 160 speakers. 
 
 
3.3.2.3. Spontaneous speech 
 
The last task in the sociolinguistic interview was the spontaneous part. In this part, 
the interviewer asked the speaker a series of questions and the speaker was allowed 
and encouraged to respond freely. The topics introduced by the interviewer varied 
from informal to more formal topics. The spontaneous part did not follow a strict 
‘script’. As a consequence, the topics between speakers varied. If possible, the 
interviewer tried to ‘personalize’ the conversation by trying to pick topics that 
interested the interviewee. For instance, a teacher who worked at a school with 
lower educated pupils was asked whether it was a conscious decision to work at 
such a school. When it was clear that a speaker liked to talk about a certain topic, he 
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was encouraged by the interviewer to elaborate on that topic. Other examples of 
topics that were discussed in the interviews were literature (e.g., favorite novels or 
authors, literature discussed in class), teaching experiences (i.e. at school), hobbies 
and travelling. 
 The aim of the spontaneous part was to elicit 15 minutes of spontaneous speech. 
In the majority of the cases, the speakers seemed to feel at ease in the interview, 
which resulted in at least 15 minutes of speech. However, in a few cases, less than 
the aimed amount of speech was obtained (cf. Section 6.2). 
 For the present research, the spontaneous speech of a subset of 20 speakers was 
investigated. The aim was to collect five tokens of each vowel per speaker, which 
would result in a total amount of 1500 tokens (20 speakers produce 5 tokens of 15 
vowels). However, for several reasons, it was possible to collect only 1426 tokens. 
For an elaborate description of the selection of these tokens, see Section 6.2. 
 
 
3.3.2.4. Recordings 
 
The recordings were made on DAT with a TASCAM DA-P1 portable DAT-recorder 
and an AKG C420 Headset condenser microphone. The recordings were digitized 
through a Lucid Technology PCI24 digital audio card, and stored at 48 kHz on a 
PowerMac 7500/100. The word tokens were down-sampled to 16 kHz. 
 The teachers were recorded in various conditions. Some were interviewed in an 
empty classroom and others were interviewed at their own home. Although during 
some of the interviews background noises were audible, there were none in the 
recordings of the selected words for the present study. Therefore, no word tokens 
had to be excluded from the analysis. 
 
 
3.4. Segmentation and acoustic analysis by Adank (2003) 
 
As mentioned earlier, the logatome data (i.e. durations, F0 and formant values) were 
analyzed by Adank (2003). These data will be used in our research. In this section, 
we will present the method that was used by Adank to obtain these data. The 
segmentation procedure will be presented in Section 3.4.1, followed by a description 
of the F0 analysis (Section 3.4.2) and the formant analysis of the logatomes (Section 
3.4.3). 
 In Chapter 4, the best method of analysis for the word list data will be searched 
for. The outcome of this search forms the basis for the acoustic analysis that was 
used for the spontaneous speech data, which is presented in Chapter 6.  
 
 
3.4.1. Segmentation 
 
Adank (2003) segmented the logatomes at the phoneme level by hand. She made 
sure that the surrounding fricatives (i.e. /s/ before and after the vowel) were not 
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audible in the remaining signal. The segment labels were placed at zero crossings. 
After the segmentation, the segmented vowel tokens were extracted automatically 
from the recordings, using Praat (Boersma and Weenink 1996). The duration of each 
vowel token was defined as the interval between the segment labels. 
 
 
3.4.2. F0 analysis 
 
Adank measured F0 using the default procedure of Praat, i.e. the autocorrelation 
method. For male speakers, F0 was estimated between 50 and 300 Hz, and for 
female speakers, between 100 and 500 Hz. Adank only measured F0 at the vowel’s 
midpoint. 
 The F0 measurements were checked for outliers and extreme values within a 
speaker. Adank (2003:76) defined an outlier as “a case with a value between 1.5 and 
3 times the interquartile range (IQR)”5 and an extreme value as a case with a value 
higher than 3 times the IQR. Each of the in total 74 outliers and extreme cases (out 
of 2880 cases6) was verified by hand. Of these cases, 37 were correct values and 26 
were octave errors, which were remeasured by hand and corrected. Eleven 
measurements were excluded from analysis because F0 could not be measured 
reliably due to specific voice characteristics (e.g., hoarseness). The eleven values 
were replaced by the mean F0 of that speaker. 
 
 
3.4.3. Formant analysis 
 
For the estimation of formant values (F1, F2 and F3) in the logatomes, Adank used a 
program developed by Nearey (Nearey et al. 2002), since she concluded that his 
program yield better estimations of formant values than Praat7. The program differs 
in several respects from Praat. First, it gives alternative sets of formant 
measurements for each vowel token and it allows the researcher to verify and adjust 
the measurements by hand. Second, in contrast to Praat, it applies a tracking 
algorithm, which, put simply, connects the formant candidates across all frames of 
the speech signal. 
 The settings used by Adank for her measurements were the following. First, a 
cosine4 window with a time step of 2 ms was applied8. Subsequently, three formant 

                                                
5 She probably meant a case with a value between 1.5 and 3 times the interquartile range 
(IQR) higher than the 75% percentile or lower than the 25% percentile.  
6 Adank only reported the results for the monophthongs: 9 vowels were read out twice by 160 
speakers. Here, the results for the long vowels and diphthongs are also used. 
7 Note that this does not mean that the final formant values, i.e. those after verification and 
(hand) corrections, differ between the two programs. The difference in performance shows 
that the output of the formant analyses in Nearey’s program requires less corrections than the 
ones in Praat. 
8 A cosine4 window is a cosine window 4-cubed. The interval goes from -½π to +½π (Adank 
2003:77). 



CHAPTER 3 

 

64

values were estimated using root extraction, by applying Markel and Gray's (1976) 
"FORMNT" algorithm, which is followed by five-point running median smoothing. 
The number of LPC-coefficients is fixed at nine9 (see Chapter 4 for an elaborate 
discussion on the number of coefficients to be used). 
 The researcher must set three parameters. First, the user must set the frequency 
range within which the formant tracker estimates the formants. The frequency range 
in the program consists of a lower range and a higher range. The lower range is 
fixed between 0 and 3000 Hz. The higher range, which starts at 3000 Hz, is 
determined by the user, who chooses the highest cut-off frequency. Second, within 
the higher range, the user has to choose the number of cut-off frequencies that the 
program is going to use. That is, if the user has set the highest cut-off frequency to 
4500 Hz and he sets the number of cut-off frequencies to 3, the program will use 
cut-off frequencies of 3000, 3750 and 4500 Hz. Third, the distribution of the cut-off 
frequencies within the higher range may be chosen to be logarithmic or linear. 
 The different cut-off frequencies are used to give different formant candidates. 
Thus, in the example above, Nearey's program will give a set of formant estimations 
for a cut-off frequency of 3000 Hz, one for 3750 Hz and one for 4500 Hz. The 
program proposes which cut-off frequency gives the best results, but it also shows 
the other options. The researcher may then choose for the results of another cut-off 
frequency. 
 Adank (2003) tested which configuration of the program yielded the best results. 
On the basis of a comparison of seven different configurations, she concluded that 
the highest cut-off frequency had to be set at 4200 Hz, and that five cut-off 
frequencies distributed logarithmically over the frequency space between 3000 and 
4200 Hz (i.e. cut-off frequencies at 3000, 3263, 3550, 3861 and 4200 Hz) were 
necessary in order to obtain the best estimations of formant frequency values. 
 All formant estimations that were proposed by the program (see above) were 
verified by Adank and, if necessary, corrected. Formant estimations were corrected 
by selecting alternative formant tracks resulting from another cut-off frequency, by 
adjusting formant tracks by hand, removing parts of the tracks or by rejecting all 
proposed estimations completely. Overall, the modifications were small, but Adank 
reports to have corrected the proposed formant tracks in 49% of the cases. After 
these corrections, the data were checked for outliers and extreme values. As a result, 
three vowel tokens were excluded from the analysis because of background noise. 
The F1, F2 and F3 values of these tokens were replaced by mean values of the 
remaining vowels of the corresponding speaker. 
 In Chapter 4, different methods of obtaining formant values will be tested. One 
of the observations in that chapter is that a default method does not necessarily lead 
to the best result. The fact that 49% of the proposals of Nearey’s program in 
Adank’s research had to be modified further supports this observation. 

                                                
9 It is odd to use an odd number of LPC coefficients. Usually, an even number of LPC 
coefficients is used, since each spectral peak is represented by two coefficients, one for its 
peak value and one for its bandwidth value (see Section 4.2.1 for more explanation on the use 
of LPC coefficients to measure formants). 



CHAPTER 4 
 

FORMANT MEASUREMENTS AND 
NORMALIZATION METHODS 

 
 
 
 
4.1 Introduction 
 
The aim of this research is to solve the vowel space paradox by acoustically 
comparing the style-specific vowel spaces and vowel positions. In order to reach this 
aim, a proper acoustic analysis is required. However, researchers disagree on what 
may be conceived of as the proper acoustic analysis of vowels. In this chapter, we 
compare different ways of conducting an acoustic vowel analysis. The goal is to 
define an acoustic analysis that is to be considered the proper one for the 
seg(socio)phonetic study of vowel variation.  

An obvious first consideration in acoustic vowel research concerns the method to 
be used in obtaining valid formant values1. Many tools for formant measurements 
are available to the researcher, of which Praat (Boersma and Weenink 2007) is 
probably the most frequently used one in sociophonetic research. In Section 4.2, the 
default settings of Praat will be compared with an adaptation of these settings with 
the aim of arriving at recommendations for those who conduct formant 
measurements for sociophonetic research. These recommendations will help to 
reduce the number of errors in formant measurement in a time-efficient way. 
 A second consideration for the analysis is to decide which, if any, normalization 
procedure one is going to apply to the formant data (Section 4.3). In the context of 
the present study, a good normalization procedure is supposed to minimize 
physiological variation, whereas it preserves phonemic and sociolinguistic variation 
(cf. Adank 2003). On the basis of these criteria, Adank et al. (2004) evaluated 
twelve normalization procedures. In the present study, five additional 
normalizations, of which some were used in prestigious sociophonetic projects (e.g., 
Labov et al. 2006), will be included in the evaluation. In comparison to Adank et al. 
(2004)'s evaluation, the comparison of normalization procedures is further extended 
by including diphthongal vowels, which so far have been largely ignored in the 
study of normalization procedures. 

                                                
1 Formant analysis is, however, not the only approach available. Other approaches are the so-
called whole spectrum approaches (Harrington 2010), such as the PCA method on 
bandfiltered spectra, as used by Jacobi (2009). For a brief discussion of these approaches, see 
Section 4.2. 
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 A third consideration concerns the inclusion of the formant time track or 
temporal dynamics of the vowels. Many phonetic and sociolinguistic studies use 
only one time point to represent monophthongs, and in some cases even diphthongs. 
A widely held assumption is that one time point for monophthongs and two time 
points for diphthongs are sufficient to get a distinct and representative picture of 
vowel variation. In Section 4.4, this assumption will be questioned. The descriptive 
power of one or two time point representations will be compared to representations 
that incorporate more time points. Representations that give a better picture of the 
regional variation in parts of our word list data will be considered more appropriate 
for (socio)phonetic studies of vowel variation.  
 Section 4.5 concludes this chapter by presenting a summary of the most 
important findings in this chapter. These findings together lead to the definition of 
what constitutes a proper acoustic analysis for socio(phonetic) studies of vowel 
variation. 
 The whole chapter is fairly long and technical. It was decided however not to 
split up the three core sections into three different chapters, since they are 
interrelated and cover the same issue2. 
 
 
4.2. Formant measurements 
 
4.2.1 Introduction 
 
Recent technological developments have made it possible to measure formants in 
large numbers of vowels. One common way of doing so is to estimate formants 
using Linear Predictive Coding (LPC). The rationale of the analysis is based on 
source-filter theory (Fant 1960). This theory states that the speech signal is the 
product of independent components, namely the source and the filter. In the 
production of vowels, vocal fold vibration constitutes the source and the vocal tract 
the filter. The spectrum of the source consists of harmonics. The filter determines 
which of the (harmonic) frequencies of the source signal are intensified (i.e. it 
determines its resonances) and which frequencies are damped in the resulting 
spectrum. 
 The input of the LPC analysis in formant estimation is the speech signal as 
described above, i.e. it is the source signal filtered by the vocal tract. The aim of the 
LPC analysis is to separate the source from the vocal tract filter and to find the filter 
that describes the inverse of the spectrum of the speech signal3. From this filter the 
spectral peaks can be deduced. 
                                                
2 That means that decisions in the three considerations are interrelated. For instance, when the 
formant measurements contain a lot of measurement errors that are not equally distributed 
over different speakers, the choice of a normalization procedure, which amongst others has to 
remove physiological variation, may be negatively influenced. 
3 Put simply, the spectrum of the speech signal y can be seen as the sum of the spectra of the 
source signal x and filter z, thus y = x + z. LPC analysis thus starts with x + z as an input. 
Then, it aims to find a filter such that the spectral output is equal to zero. Hence it tries to find 
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 A digital filter, like the LPC filter, can be defined in terms of a set of coefficients 
(e.g., Johnson 2003; Ladefoged 1996). Each spectral peak in an LPC model is 
represented by two coefficients, which represent the peak frequency value and its 
corresponding bandwidth (Harrington and Cassidy 1999; Ladefoged 2003, 1996). 
These coefficients can be found by predicting the amplitude value s of a waveform 
at time n, using the amplitude values at earlier time points, thus time n-1, n-2, n-3 
and so on, as shown in (1), which gives ŝ, as the amplitude is an estimated value at 
time point 5, on the basis of amplitude values at time point 1 to 4. 
 
(1)   ŝ5 = a1s4 + a2s3 + a3s2 + a4s1 
 
For example (1), four coefficients (i.e. a1-4) have to be estimated by the LPC 
analysis, whereby the error (i.e., the squared difference between the predicted and 
the real value, thus (ŝ5 - s5)2) is to be kept minimal. These coefficients can in turn be 
used to estimate formant values and their bandwidths (see Harrington and Cassidy 
1999:222ff). For an elaborate description of the estimation of LPC coefficients, see 
Johnson (2003:98-99) and Ladefoged (1996:190ff).  
 The researcher has to indicate before starting the analysis how many spectral 
peaks can be expected to be present in the signal. This can be done by selecting the 
number of coefficients that the LPC analysis is going to use to describe the speech 
signal4. Note that two coefficients represent one peak. If, for instance, five formants 
in a range of 5000 Hertz are expected, (at least) 10 coefficients are required (i.e. two 
per formant). The selection of coefficients for LPC formant estimation will be 
discussed in 4.2.2. Now, we will briefly give an overview of the most common 
formant estimation methods by presenting some examples of them.  
 Although it is possible to automatically measure formants, a considerable number 
of (socio)phoneticians choose to measure formants manually or semi-automatically. 
For instance, Labov et al. (2006) determined for each of the 134,000 vowel tokens 
which number of LPC coefficients result in the most reliable formant estimation. 
After the extraction of formants using the selected number of coefficients, an 
additional check of outliers was conducted (see also Smakman 2006). Similarly, 
Harrington et al. (2008) and Clopper et al. (2005) visually inspected the formant 
trajectories and then checked the outliers.  
 Watson and Harrington (1999) automated the process somewhat by first 
extracting formant values automatically, using an LPC analysis with fixed settings, 
and then checking (and, if necessary, correcting) all formant values by hand. Others 
only check formant values "in some cases" (e.g., Fox and Jacewicz 2009:2605). 
Wassink (2006) uses the same approach as Watson and Harrington (1999), but a 

                                                                                                              
a filter for which the spectrum equals –(x + z). This, in fact, is not the inverse of z, but the 
inverse of the summed spectrum of the filter and the glottal source. However, as the general 
shape of the filter is the same as the vocal tract filter, this does not have serious consequences 
(Harrington and Cassidy 1999:215; Ladefoged 1996:182).  
4 In the default formant estimation procedure of Praat, however, you only have to give the 
expected number of formants. Praat then derives the number of coefficients, which is twice 
the expected number of formants. 
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second phonetician re-measured part of the formants by hand. This is a common 
reliability check, although the number of rechecks differs substantially between 
studies (e.g., 20% of the 5190 tokens in the case of Wassink (2006), but only 50 out 
of 3416 tokens in Recasens and Espinosa (2009)). 
 An obvious disadvantage of these methods that measure formants (partially) by 
hand is that they are rather time-consuming. A few researchers therefore choose to 
conduct completely automatic measurements without any way of hand-correcting 
the formant values. For instance, Gendrot and Adda-Decker (2005), although 
checking 0.4% of the formant values, automated the procedure by establishing 
vowel-specific formant ranges and rejecting vowel tokens for which one or more 
formant values lay outside these ranges. In this way, approximately 4% of the vowel 
tokens were excluded from further analysis. Most of the rejected tokens were 
instances of /u/, a vowel which has shown to be very sensitive to coarticulation in 
some languages (e.g., Recasens and Espinosa (2009) for Catalan, Hillenbrand et al. 
(2001) for American English, and Van den Heuvel et al. (1996) and Chapter 5 for 
Dutch). This method may therefore incorrectly reject correct measurements. Another 
automatic procedure is reported by Simpson and Ericsdotter (2007). They estimated 
formant values with two different algorithms, using their default settings. The 
resulting formant values were considered reliable when the sum of the two estimates 
was less than 10% of the squared differences between the estimates. A weakness of 
this approach is that if both algorithms produce the same error, the formant value in 
question will be considered valid. This is for instance the case when there is strong 
extra energy (i.e. noise) between two formants, which is erroneously considered a 
formant. 
 To summarize, the large majority of (socio)phoneticians still use some form of 
hand measurement or hand corrections in the estimation of formant values. One of 
the main reasons for this is that there are some well-known problems in automatic 
formant measurements. As in the example above, some of the problems are caused 
by the fact that the algorithm is not able to distinguish between speech and noise 
(O'Shaughnessy 2008:214). This causes problems if speakers show consistent 
energy in a particular region in the spectrum, across all vowels (Ladefoged 
2003:114). Moreover, if the number of coefficients chosen by the researcher is too 
low for a specific vowel token, it may happen that a formant value is chosen in 
between two actual formant values (O’Shaughnessy 2008; Adank 2003). Similarly, 
if the number of coefficients chosen is too high, spurious formants may be found as 
well. 
 Other measuring problems are predominately related to acoustic characteristics 
of the signal, namely in the cases where formants are close to each other, and when 
the fundamental frequency is close to F1. This for instance has been reported to 
occur in /i/, which may show a F2 and F3 that are (nearly) merged (e.g., for Dutch, 
Van Son and Pols 1990:1687). The same has been reported for back vowels, for 
which F1 and F2 are close to each other (e.g., for Australian English, Watson and 
Harrington 1999). In all cases, the two formants might be considered one formant by 
the LPC procedure, which often causes other formant values to turn out much higher 
than they actually are. Another acoustics-related problem concerns cases of high 
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fundamental frequency, which mainly occur in female speech. The energy in a 
spectrum is highest at frequencies that are equal to the harmonics of the fundamental 
frequencies, whereas the energy between the harmonics is substantially lower. 
Therefore, if the fundamental frequency increases and the formant frequency 
remains the same, the probability of a measurement error will increase, as the 
chance increases that the formant frequency lies in between the harmonics in the 
spectrum. Moreover, the range of the estimation error will increase with an 
increasing F0. However, in practice, the estimation error usually lies within a range 
of one fourth of F0 from the actual formant value (Vallabha and Tuller 2002:146). 
Finally, in the case of some vowels, e.g. /u/, higher formants may be too weak to be 
detected by the LPC analysis (O’Shaughnessy 2008), which may lead to spurious 
formants if the number of coefficients is too high. 
 Many of these problems can be resolved by checking and hand-correcting all 
formant values after automatic formant extraction. There are several ways to make 
the check less time-consuming, of which a completely automatic analysis is a 
possible, but apparently unsatisfactory, solution. Another solution is not conducting 
formant measurements at all. This is done in the so-called whole-spectrum 
approaches, those approaches that do not restrict their attention to formant 
frequencies in the description of vowels, but take features of the whole spectrum 
into account. Studies comparing vowel identification on the basis of formant 
structure and on the basis of the whole spectrum indicate that the whole spectrum at 
most introduces only a slight improvement to vowel identification (Harrington 
2010:89). In addition, approaches that apply information reduction techniques, such 
as principal component analysis (henceforth PCA), to the spectrum, find that the 
most important dimensions (i.e. those that explain most of the variance in the data) 
yield similar results for vowel identification as the first two formants, which also 
often show strong correlations with the first two dimensions (Harrington 2010; Pols 
1977). For Dutch, several studies conduct such a whole spectrum approach, the most 
recent one being Jacobi (2009), who used the approach to describe sociolinguistic 
variation in the pronunciation of Dutch diphthongs. Jacobi first bandfiltered the 
spectra, using 18 filters with a frequency band of one Bark and a centre frequency 
ranging from 1 to 18 Bark5. The output of the filters gave 18 average values of 
sound pressure level, thereby thus substantially reducing the amount of data (or 
dimensions) that describes the whole spectrum. The output was level-normalized to 
80 dB. The values for the first two filters were combined by averaging them, in 
order to prevent a large influence from the varying F0 values across (and possibly 
within) vowels and speakers. Note, however, that F0 might exceed the range of the 
first two band filters, particularly in the case of women.  
 After filtering, a PCA was conducted to further reduce the number of dimensions 
to describe the data. In the PCA, orthogonal and uncorrelated dimensions (i.e. the 
principal components) were calculated on the basis of the 17 input dimensions, such 

                                                
5 The barkfilters were centered at 93, 188, 287, 392, 505, 628, 764, 915, 1086, 1278, 1497, 
1746, 2031, 2357, 2732, 3163, 3657 and 4228 Hertz (Jacobi 2009:56). Within the total range 
of these values the first three to four formants were expected to be found. 
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that the first principal components explained most of the variance in the data. In her 
study, Jacobi used the values of the corner vowels /a/, /i/, /u/ to calculate the 
principal component dimensions, as they were claimed to be relatively stable, i.e. 
largely free of sociolinguistic and other variation (Jacobi 2009:37). Unfortunately, 
she did not report on any coarticulatory effects of consonants on the corner vowels, 
as these can be non-negligible, particularly for /u/ (Van den Heuvel et al. 1996) and 
in spontaneous speech (Van Bergem 1995). Moreover, Dutch /u/ does not tend to be 
free of sociogeographic variation (cf. Adank et al. 2007; Chapter 5 and 6), whereas 
the speakers in Jacobi’s study originated from different regions. 
 Although Jacobi found that the first dimension correlated strongly with F1 Bark 
values (r=.70), and the second one with F2 (r=.72)6, she also reported the rather 
worrying finding that the vowel positions on the first and second dimension change 
with a changing recording quality, i.e. a changing signal-to-noise ratio. The higher 
the level of noise, the closer the vowel positions are to each other and the more the 
vowel positions shift (Jacobi 2009:60). However, Jacobi solved part of the problem 
by setting the focal points of the /a,i,u/ triangles to 0 and by calculating the relative 
position of the onset of diphthongs to the positions of /a/ and /i/. This, however, may 
bias the results, if /i/ shifts its position more than /a/ as a function of a decrease in 
recording quality. This indeed seems to be the case, although less strongly for the 
height dimension than for the front-back dimension (cf. Jacobi 2009:61,64). 
Nonetheless, Jacobi decided to pool the results of the different recording situations. 
In a follow-up experiment, she tested whether the acoustic differences in onset 
height and degree of diphthongization found between diphthong tokens were 
perceptually salient. She only found a weak correlation between perceived 
differences and acoustic differences, caused by considerable differences between 
vowels. However, for the two speakers that differed most from each other 
acoustically, the tokens were judged different almost categorically. 
 In sum, a whole spectrum approach such as has been applied by Jacobi (2009) 
and Pols (1977) yields strong similarities with formant measurements, as shown by 
the strong correlations between the results of the two approaches. A clear advantage 
of the band filtering and the PCA over the formant measurements is that there is a 
great deal of objectivity involved, whereas in formant measuring it is common, and 
often necessary, for the researcher to correct a measurement on the basis of the 
vowel category or on the basis of what he hears. Moreover, the PCA seems capable 
of removing differences in vowel space size between men and women (Jacobi 
2009:57). By contrast, the whole spectrum approach shows a disadvantage in the 
case of differing recording qualities, causing the vowel positions to shift. It is 
difficult to resolve this problem, whereas in the case of formant estimation, the 
estimated values can be hand-corrected. A weakness specific to PCA is that it is not 
always clear how many dimensions should be retained in the analysis (Field 
2009:641; Harrington and Cassidy 1999:267-270). If too few dimensions are kept in 
the analysis, subtle variation within vowels (e.g., sociolinguistic variation) might get 

                                                
6 Unfortunately, Jacobi did not hand check the formant values, so they may contain a 
considerable error.  
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lost7. Finally, the whole spectrum results cannot be satisfactorily shown to match 
with vowel perception yet (Jacobi 2009), which may be partially due to differences 
caused by differences in recording quality. 
 The errors resulting from differences in recording quality and the lack of a 
satisfactory solution in a whole spectrum approach such as applied by Jacobi (2009), 
are particularly problematic to sociolinguistic fieldwork studies. That is, the 
recording quality depends strongly on the recording environment, which changes 
from recording to recording and may even vary within the same interview. 
Therefore, it was decided to use formant measurements in this study.  
 As mentioned above, a serious drawback of (automatic) formant measuring is 
that it takes a lot of time to check all formant values for errors. Such a check is by 
far not unnecessary, as shown by Watson and Harrington (1999). They report that 
they had to hand-correct automatically obtained formant values in about one third of 
the vowel tokens. Therefore, a method was sought that reduces both the number of 
errors in the formant data and the amount of time needed to detect them. Section 
4.2.2 presents a comparison of methods that vary the number of LPC coefficients in 
estimating the formants. In this comparison, the method yielding the least errors is 
considered the best one. In Section 4.2.3, the data resulting from the methods in 
4.2.2 are further processed. Different ways of checking outliers in the unchecked 
data are being compared, in order to find the most efficient way of reducing the 
amount of errors. The conclusions are summarized in 4.2.4. 
 
 
4.2.2. Varying the number of coefficients 
 
In the present section, the effect of differences in the number of LPC coefficients on 
formant estimation will be investigated. Section 4.2.2.2 gives an overview of the 
method that is used to test the effect and section 4.2.2.3 presents the results. Before 
the discussion of the LPC coefficients is started, however, the method of 
segmentation and measuring F0 will be presented in section 4.2.2.1. 
 
 
4.2.2.1 Segmentation and F0 measurements 
 
Since segmenting the vowels precedes the measurement of the fundamental 
frequency (F0) and the formant frequencies, the segmentation procedure that was 
used in the present study will be described here. This section applies both to the 
word list data and to the spontaneous speech data. 
 All word tokens were segmented at the phoneme level. This was first done 
automatically, using a Praat-script developed by Vincent Ansaldi, and then checked 

                                                
7 As for Jacobi’s investigation, the first dimension explained 65.4% of the variance in the 
data, and the second one 25.4% (Jacobi 2009:56). Some argue that at least 95% of the 
variance of the data should be explained, assuming that the other 5% is due to random 
variation (Harrington and Cassidy 1999:267).  
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by hand, following the segmentation procedure developed by Van Son et al. (2001). 
This procedure employs information from the waveform, the centre of gravity of the 
spectrum, or spectral mean, and auditory cues to determine the start and end times of 
each vowel token. It depended on the type of transition (e.g., nasal to vowel, 
fricative to vowel, plosive to vowel, or vowel to plosive) to which information most 
attention should be paid in the segmentation process. Labels were placed at zero 
crossings of the glottal vibrations that were part of the vocalic portion in the 
syllable. Those zero crossings were defined as the onset and offset of the vowel by 
the segmentation procedure. The duration of each vowel token was defined as the 
interval between the segment labels. 
 Following segmentation, F0 was extracted using the default procedure of Praat 
(see Section 3.4.2). For male speakers, F0 was estimated between 50 and 300 Hz, 
and for female speakers, between 100 and 500 Hz. F0 was measured at seven 
equidistant time points: at 12.5%, 25%, 37.5%, 50%, 62.5%, 75% and 87.5% of the 
vowel duration. 
 For the word list data, all seven F0 measurements of all 4640 tokens were 
checked and verified by hand. In 196 tokens, measurement errors were found. In 
these tokens, 651 measurement errors occurred (out of 1372 measurements). Most of 
the errors were octave errors or errors caused by the fact that the actual F0 value lay 
outside the predefined range for that speaker. Cases with errors that were caused by 
certain voice characteristics and therefore could not be measured reliably were dealt 
with in two ways. First, if only for a subset of time points within a token such errors 
occurred, the mean F0 of the other time points in that token was used to replace the 
erroneous values. Second, if no other time points within the same token reflected 
correct F0 values, the mean of other vowel tokens of that speaker was taken to 
replace the erroneous values. 
 For the spontaneous speech, a subset of the F0 values were checked, namely only 
those for which the formant values had to be checked (see Section 4.2.3) and the 
cases for which Praat did not give a value (i.e. Praat reported the value to be 
"undefined"). For time reasons, F0 at only 25%, 50% and 75% were checked. In 
total, F0 values of 677 tokens were checked. A total of 42 errors occurred, of which 
most were octave errors. Errors were dealt with in the same way as for the word list 
data. 

 
 
4.2.2.2 Varying the number of LPC coefficients: the method 
 
In formant measurements using LPC, the number of coefficients needs to be 
specified before formant estimation. Harrison (2004) shows that changing the 
number of LPC coefficients has a larger effect on formant estimation than changing 
the setting for pre-emphasis or the window length. Therefore, it was chosen to 
investigate the effect of varying the number of coefficients on the number or 
formant measurement errors. 
 In the literature, two rules of thumb for specifying the number of coefficients are 
given, which do not result in the same number of coefficients in all cases (Vallabha 
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and Tuller 2002:147). First, the number of coefficients should be twice the number 
of formants one expects to find, plus two extra coefficients to account for other 
factors, such as spectral tilt (O'Shaugnessy 2008). Second, the number of 
coefficients should equal the sampling frequency in kHz. This rule of thumb 
combines the idea that the highest frequency component that can be captured is the 
Nyquist frequency (i.e. half the sampling frequency; Johnson 2003) and that for a 
male voice one formant occurs per 1 kHz (Ladefoged 1996). These rules of thumb 
do not necessarily lead to the best results. For instance, Ladefoged (1996:212) 
argues in favor of comparing different numbers of coefficients, in order to “see 
which gives the most interpretable results”. This thought is based upon the finding 
that the optimal number of coefficients is largely dependent on the speaker, the 
geometry of his vocal tract and the vowel. For instance, back vowels usually require 
more coefficients than front vowels (Vallabha and Tuller 2002). Moreover, Vogten 
(1983:87) argues that for male speakers 10 coefficients are required for a sample 
frequency of 10 kHz, whereas for female speakers 8 coefficients are sufficient, as 
their vocal tract is shorter. 
 Yet, to our knowledge, there are few studies using large amounts of vowel tokens 
and/or speakers that adapt the number of coefficients to the vowel or speaker in 
question. Some studies, however, vary the number of coefficients according to the 
gender of the speaker (e.g., Sluijter and Van Heuven 1996). Thomas (2000), 
Smakman (2006) and Labov et al. (2006) selected the number of coefficients per 
vowel token. Thomas (2000:5), for example, found that the optimal number of 
coefficients differed across communities (i.e., non-Hispanic whites and Mexican 
Americans) and genders. 
 Given these results and turning to the current study, it was decided to compare 
the formant measurements obtained using a fixed number of coefficients for all 
vowels and speakers to measurements obtained using a varying number of 
coefficients across vowels and speakers. The first three formants were measured at 7 
equidistant time points (i.e. at 12.5%, 25%, 37.5%, 50%, 62.5%, 75% and 87.5% of 
the vowel duration). For the first method (henceforth the default method), the 
default settings for measuring formants in Praat (Boersma and Weenink 2007) were 
used. In these settings, first pre-emphasis is applied to the frequencies above 50 Hz, 
resulting in an amplification of +6 dB for the frequencies around 100 Hz, an 
amplification of +12 dB for the frequencies around 200 Hz, and so on. Then, for the 
actual formant estimation, the Burg-algorithm is applied to a Gaussian window with 
a length of 25 ms, which shifts every 10 ms. The cut-off frequency was set to 5000 
Hertz for males and 5500 Hertz for females. The number of LPC coefficients used is 
10, which is specified indirectly. That is, the user has to set the number of formants 
to extract in the Praat settings. Praat then uses a number of coefficients, which 
equals twice the number of expected formants (i.e. in the default setting this is five). 
Note that this setting thus does not coincide with the rule of thumb that, if five 
formants are expected, twelve coefficients need to be used (i.e. five times two, plus 
two). Moreover, it does not match our sampling frequency in kHz (i.e. 16 kHz). 
However, the latter rule of thumb needs not to be met, since Praat uses a cut-off 
frequency that is below the Nyquist frequency. 
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 The determination of the vowel and speaker-specific number of coefficients 
(henceforth the adapted method) proceeded as follows. First, the formants were 
measured in a selection of words from the word list readings, using the default 
settings. For each speaker, one token of each of fourteen vowels was selected. In 
each selected word, the vowel was followed by /s/8. In total, there were 2240 tokens 
in this selection (160 speakers × 14 tokens). The formant values obtained with the 
default settings were each manually checked and corrected if necessary.    
 A measurement was considered an error if it deviated more than 25 Hz from the 
actual formant frequency. This strict definition is chosen on the basis of the just 
noticeable differences of 26 Hz for F1 (of about 500 Hz) and 60 Hz for F2 (of about 
1500 Hz), as given by Boersma (1998:104)9. The actual formant frequency is 
determined on the basis of a spectral slice, based on a Gaussian window of 25 ms, at 
the relevant time point, while taking continuity constraints into account 
(O’Shaughnessy 2008). That is, if the formant at one point has a certain frequency, 
the formant frequency at the previous and next time point will be close to it. Of 
course, it may be the case that the formant frequency has considerably changed over 
time, as is the case in diphthongs. In such cases, this change must be clearly visible 
in the spectrogram. 
 Note that bandwidth values were ignored in establishing whether formant values 
constituted errors or not. However, formant values and their corresponding 
bandwidths are computed in pairs (Harrington and Cassidy 1999; Vogten 1983). 
Therefore, errors in bandwidth measurements are good indicators of errors in 
formant measurements. According to Ladefoged (2003:125), any formant with a 
bandwidth over 400 Hz can be ignored. O'Shaughnessy (2008:223) states that if a 
bandwidth is below 50 Hz, it is probably the bandwidth of an interfering tone or a 
harmonic. In addition, he claims that the maximum possible bandwidth can be 
determined with the Q factor, which equals the formant value divided by the 
bandwidth value (Vogten 1983), and which should be around 5-6. For F1 of high 
vowels, Q may be lower. For instance, Assmann and Summerfield (1990) created a 
natural sounding synthetic /i/ with a bandwidth value of 90 Hz for an F1 of 250 Hz 
for /i/ (i.e. Q = 2.8). For low frequency values, Q therefore seems less reliable. 
Moreover, Q can be considerably higher than 6, as can be shown by values reported 
by Ladefoged (2003), who finds an F2 of 2124 Hz and a bandwidth of 149 Hz (i.e. 
Q=14.3). Nonetheless, extremely high bandwidth values (i.e. those that are close to 
or higher than the formant value) that result in low Q values seem worth a close 

                                                
8 See section 5.2 for a full description of the selection of words. 
9 Stevens (1998:228) gives similar figures. He reports a value of 10 to 30 Hz for F1 and 20 to 
100 Hz for F2. Kewley-Port (1995) found somewhat lower JND values than those of 
Boersma, i.e. 12 Hz for F1 and 47 Hz for F2, when the reference vowel (in a syllable context) 
had an F1 of 450 Hz and an F2 of 2300 Hz and when it was judged in optimal conditions. 
Kewley-Port and Zheng (1999) created more difficult conditions by varying the reference 
vowel within a block and they tested more contexts. For the syllables, they found a JND of 37 
to 55 Hz for F1 (ranging from 450 to 700 Hz) and a JND of 60 to 106 Hz for F2 (1400-2300 
Hz). 
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check of the formant value. Therefore, it is unfortunate that the bandwidth values 
have not been taken into account in the present study. 
 At the same time that the formant values were checked, the number of LPC 
coefficients for an optimal generation of the formant values was assessed for every 
vowel token. This was done by visually comparing the formant contours in the 
spectrogram10 in combination with the drawn formant tracks as they were estimated 
by the formant analysis of Praat (see above). The number of coefficients that gives 
the best match between the formant contours and the drawn tracks was stored in a 
file with the corresponding vowel label and speaker id. In cases of doubt, or when 
the match for F1 improved, but the match for F2 worsened to a similar extent, the 
default method was chosen as the optimal one. 
 In addition to the first selection of words (henceforth the ‘s-words’) a second set 
of words from the word list was selected, in which each vowel token was followed 
by /t/ (resulting in ‘t-words’). The second set was used to test whether formant 
settings that were considered better for the set of s-words, were also better for 
another set of words that were uttered by the same speakers. Thus, the formants in 
the vowels of the second set were estimated using the number of coefficients that 
were considered optimal for their exact counterparts (i.e. same vowel and speaker) 
in the s-words. After the formant values for the t-words had been obtained, they 
were also completely checked by hand. 
 At this point of the procedure we have obtained four sets of formant values: 
 
1. unchecked formant values for the s-words, obtained with the default method 
2. hand-corrected formant values for the s-words 
3. unchecked formant values for the t-words, obtained with variable settings that 

were established for the s-words (henceforth, the use of variable settings is 
referred to as ‘the adapted method’) 

4. hand-corrected formant values for the t-words 
 
The hand-corrected formant values (i.e., set 2 and 4) are considered the standard or 
target formant values. In order to be able to determine whether the default method or 
the adapted method yields the better formant estimation, the following two sets of 
formant values were added: 
 
5. unchecked formant values for the s-words, obtained with the adapted method 
6. unchecked formant values for the t-words, obtained with the default method 
 
In the following section, the measuring accuracy of the default method and the 
adapted method is compared by calculating correlations between the unchecked 
formant values and the target formant values for the two methods separately. It was 
expected that the adapted method yields higher correlations, as the distance of its 
                                                
10 For most cases, the default spectrogram settings of Praat were used. Thus, the frequency 
range was set to 0 to 5000 Hz (5500 Hz for females), a window length of 5 ms (i.e. the 
bandwidth was 200 Hz) and a dynamic range of 50 dB. In some cases, particularly for female 
voices, where harmonics were visible, it was necessary to use a smaller window length. 
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formant values with the target values were expected to be smaller than for the 
default method. Thus, in order to test the measuring accuracy of the adapted method, 
the correlations between the formant values of set 5 and set 2 (for the s-words), and 
the formant values of set 3 and set 4 (for the t-words) were computed. To test the 
accuracy of the default method, the correlations between the formant values of set 1 
and set 2 (for the s-words), and the formant values of set 6 and set 4 (for the t-
words) will be computed. 
  
 
4.2.2.3 Results 
 
In order to see to what extent the adapted method differed from the default method, 
it will first be shown how many coefficients were used in the adapted method (i.e. 
the coefficients for obtaining set 3 and 5). Table 4.1 shows the number of 
coefficients selected for the formant estimation, split up by vowel and gender. Note 
that the number of optimal coefficients per vowel and speaker is determined on the 
basis of the s-word tokens only (n=2240). The table reveals an interesting 
distribution. First, fewer coefficients are needed for female speech (median = 10) 
than for male speech (median = 12). This is in accordance with Sluijter and Van 
Heuven (1996) and Vogten (1983), who chose to use 10 coefficients for males and 8 
for females. This finding indicates that the formant dispersion is larger for women 
over a range of 5500 Hz than for men over a range of 5000 Hz. The larger 
dispersion for women was expected due to their smaller vocal tract size. Second, the 
distribution of coefficients differs between vowels. Vallabha and Tuller (2002) 
claim that back vowels usually require more coefficients than front vowels. There is 
no strong support for this claim here, since only /i/ and /ɛi/ require fewer coefficients 
than their back counterparts. One generalization can be made, though. The central 
vowels /ʏ/, /ø/ and /œy/ all show a preference for twelve coefficients. These three 
vowels have in common that F2 and, though to a lesser extent, F1 show an 
intermediate value. It may be the case that for these vowels the maximum amount of 
formants is possible to occur within the given frequency ranges. Finally, it can be 
noted that in just over half of the cases (51.4%), the default number of coefficients is 
used. In 46%, 12 coefficients yield a better result. Eight and fourteen coefficients are 
barely used. The finding that in almost half of the cases non-default settings are 
used, is in line with Harrison’s (2004:61) conclusion that default settings do not 
necessarily provide valid and accurate results. 
 The Pearson’s correlations between the formant values obtained by the default 
method or those obtained by the adapted method with the target formant values are 
given in Table 4.2. The table shows the correlation coefficients, which are all 
significant (p<.001), split up by coda (i.e. /s/ or /t/), formant and time point. 
Moreover, the table gives the mean of all squared coefficients11. In these and the 

                                                
11 The correlation coefficients cannot be simply averaged, i.e. they are not additive. This can 
for instance be shown by taking a strong negative correlation of (e.g., r=-.90, which would 
describe the highly unlikely case that, when a formant value becomes higher, Praat gives an 
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following comparisons, only the values of F1 and F2 are compared, as these are the 
main indicators of vowel quality (e.g., Harrington 2010).  
 The correlation coefficients yield some interesting observations. First, it can be 
seen that the vowels before /s/ show a larger error (i.e. lower correlation 
coefficients) than the vowels before /t/ in F1. This particularly shows up towards the 
end of the vowels, which may be explained by the fact that vowels before /s/ tend to 
be longer than vowels before /t/ (Nooteboom and Cohen 1995). As the vowels are 
longer, there might be less energy toward the end of the vowel, which makes the 
intensity of formants weaker and more difficult to detect. A second observation is 
that in general in the formant analysis it appears more difficult to detect the first 
formant than the second formant. For the default method for /s/, this effect is largest. 
Finally, it can be observed that generally, the adapted method leads to slightly better 
results for F1 than the default method. However, for F2, the default method seems to 
prevail over the adapted method, although the difference is smaller, possibly due to 
a ceiling effect. Overall, however, the differences in correlations are very small,  
 
 

 Male Female Total 
 8 10 12 14 8 10 12 14 8 10 12 14 
/i/ 2 40 37 1 2 68 10 - 4 108 47 1 
/ɪ/ - 26 54 - - 54 26 - - 80 80 - 
/ɛ/ 1 21 58 - 3 63 14 - 4 84 72 - 
/ʏ/ - 12 54 14 - 13 66 1 - 25 120 15 
/u/ - 33 42 5 - 58 21 1 - 91 63 6 
/ɔ/ - 36 43 1 1 54 25 - 1 90 68 1 
/ɑ/ - 39 40 1 - 55 25 - - 94 65 1 
/a/ - 53 26 1 1 73 6 - 1 126 32 1 
/e/ - 27 53 - 1 66 13 - 1 93 66 - 
/ø/ - 11 69 - 1 22 57 - 1 33 126 - 
/o/ - 33 37 10 2 42 35 1 2 75 72 11 
/ɛi/ - 39 41 - 5 65 10 - 5 104 51 - 
/œy/ - 17 62 1 - 38 42 - - 55 104 1 
/ɔu/ - 43 37 - - 51 29 - - 94 66 - 
Total 3 430 653 34 16 722 379 3 19 1152 1032 37 

Table 4.1 Number of coefficients selected for the adapted method, split up per vowel and 
gender (n=2240, i.e. 14 vowels times 160 speakers, thus per vowel n=160, per gender 
n=1120). 
 
 

                                                                                                              
increasingly lower value) and a strong positive correlation (e.g., r=.90). When you would like 
to describe whether on average there is some relation between the target values and you take 
the average correlation, you would erroneously conclude in our hypothetical case that the 
measured values and the target values are completely unrelated, since mean r is 0. Squaring 
every r and taking the mean of all squared r’s avoids this problem and gives a measure of 
mean explained variance. Given that we found only positive correlations, higher mean 
squared r’s can be interpreted as a closer approximation to the target values. 
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Table 4.2 Correlations between the target formant values and the formant values as measured 
by the default method (“Default”) and the adapted method (“Adapted”), split up for coda (/t/ 
or /s/), formant and time point. F1-mean and F2-mean give the average correlation squared 
coefficients for F1 or F2 in the given column. Per correlation coefficient, the number of 
formant values is 2240. 
 
ranging from 0.001 to 0.053. This might be due to the fact that only in half of the 
cases the formant settings remained the same (i.e. the default method was used). 
These cases were at first not excluded from the analysis. Therefore, the correlation 
coefficients were computed again, but only on the basis of the formant values in the 
cases that the default method is not used (hence, 2176 cases, 1088 per coda).  
 The results for these cases are shown in Table 4.3. It can be seen that for the 
default method weaker correlations (and mean r2 values) are found than in Table 4.2, 
as would be expected from the fact that these represent weaker estimations of the 
formant values. As a consequence, the improvements for F1 in the adapted method 
are larger compared to the improvements found in the previous analysis. However, 
the estimation of F2 decreased even more in quality in the vowels followed by /t/. 
Thus it seems that automatic measurements using the adapted method lead to an 
improvement in the estimation of F1 values, but to a decrease in the correct 
estimation of F2 values. The overall F1 effect, however, is larger than the F2 effect, 
which would lead to the conclusion that the adapted method is the better one. 
 Which vowels were most difficult to measure and for which vowels did we find 
the largest improvements? Table 4.4 shows the correlation coefficients for each 
vowel separately. Only the values at 25, 50 and 75% are given. The lower 
correlations for F1 in the previous analyses (see Table 4.2 and 4.3) can be explained 
by the worse performance for the back vowels /a, ɑ, ɔ, o/, in particular before /s/.  
This may be due to their relatively low F2 values and their higher F1 value, as /u/  
 

 Default /s/ Adapted /s/ Default /t/ Adapted /t/ 
F1 – 12.5% .844 .880 .905 .929 
F1 – 25% .868 .919 .905 .940 
F1 –  37.5% .862 .908 .881 .921 
F1 – 50% .840 .880 .872 .888 
F1 – 62.5% .764 .806 .852 .857 
F1 – 75% .656 .709 .821 .796 
F1 – 87.5% .509 .562 .729 .757 
F1 – mean r2 .598 .669 .729 .761 
F2 – 12.5% .935 .919 .937 .898 
F2 –  25% .948 .947 .956 .927 
F2 – 37.5% .951 .949 .963 .933 
F2 –  50% .959 .958 .958 .941 
F2 – 62.5% .952 .964 .959 .931 
F2 –  75% .951 .953 .948 .927 
F2 – 87.5% .897 .913 .894 .884 
F2 –  mean r2 .887 .890 .894 .847 
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 Default /s/ Adapted /s/ Default /t/ Adapted /t/ 
F1 – 12.5% .766 .861 .867 .914 
F1 – 25% .775 .917 .873 .932 
F1 –  37.5% .778 .911 .843 .932 
F1 – 50% .754 .880 .831 .875 
F1 – 62.5% .662 .815 .789 .818 
F1 – 75% .512 .707 .791 .723 
F1 – 87.5% .415 .564 .694 .804 
F1 – mean r2 .462 .667 .664 .740 
F2 – 12.5% .888 .836 .901 .792 
F2 –  25% .892 .883 .924 .836 
F2 – 37.5% .901 .891 .936 .846 
F2 –  50% .911 .902 .916 .862 
F2 – 62.5% .897 .925 .913 .828 
F2 –  75% .915 .916 .918 .858 
F2 – 87.5% .829 .872 .867 .840 
F2 –  mean r2 .794 .792 .830 .702 

Table 4.3 Correlations between the target formant values and the formant values as measured 
by the default method (“Default”) and the adapted method (“Adapted”), split up for coda (/t/ 
or /s/), formant and time point. Only those cases are included in the calculation in which 
different settings were used in the adapted method than in the default method. Per correlation 
coefficient, the number of formant values is therefore 1088. F1-mean and F2-mean give the 
average squared correlation coefficients for F1 or F2 in the given column.  
 
does not cause too much problems. In contrast, in hardly any case a large amount of 
measurement errors is found for the front vowels. For F2, larger amounts of errors 
show up for the higher back vowels, i.e. /u, ɔ, o/. 
 Large improvements in formant estimation can be found mainly for back vowels, 
thus for F1 and F2 of /ɔ, o, ɔu/, but also for F1 of /ɪ/ before /s/, and F1 of /ø/.  To the 
contrary, large decreases in the coefficients show up in smaller amounts, namely 
only for F1 of /i/ (before /t/) and F2 of /ɪ/ (before /t/). Thus, the general picture leads 
to the conclusion that the adaptive method is overall successful. However, it 
produces comparatively better results for F1 than for F2 and for back vowels than 
for front vowels. 
 Figures 4.1(a)-(d) show scatter plots in which the unchecked F1 and F2 values at 
the vowel’s midpoint are plotted against the target values at that point. For the plots, 
the formant values from the s- and t-words were pooled. A comparison of Figure 
4.1(a) and (b), which present the data points for F1, shows that the adaptive method 
less often yields too low F1 values than the default method, whereas it tends more 
often to have too high values. Overall, the adapted method yields formant values 
that are slightly closer to the target values, as is reflected in the slightly higher 
overall correlation between these values for the adapted method (r=.88) than for the 
default method (r=.86). For F2, there is no clear difference between the two methods 
(see Figure 4.1(c) and (d)), although it appears that the adapted method yields 
smaller deviations from the target values (i.e. the spread is somewhat narrower). 
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  D /s/ A /s/ D /t/ A /t/   D /s/ A /s/ D /t/ A /t/ 

F1 - 25 .663 .751 .739 .724 F1 - 25 .504 .529 .871 .846 
F1 – 50 .486 .457 .569 .501 F1 – 50 .554 .572 .867 .856 
F1 – 75 .166 .129 .339 .246 F1 – 75 .505 .497 .853 .934 
F2 – 25 .782 .839 .880 .898 F2 – 25 .745 .668 .706 .461 
F2 – 50 .831 .898 .780 .825 F2 – 50 .581 .398 .665 .606 

/a/ 

F2 - 75 .591 .566 .787 .777 

/ʏ/ 

F2 - 75 .703 .961 .773 .686 
F1 - 25 .350 .403 .648 .741 F1 - 25 .595 .698 .826 .894 
F1 – 50 .315 .363 .635 .652 F1 – 50 .531 .590 .819 .719 
F1 – 75 .071 .101 .641 .760 F1 – 75 .604 .630 .856 .798 
F2 – 25 .779 .797 .715 .730 F2 – 25 .804 .829 .872 .675 
F2 – 50 .720 .752 .448 .720 F2 – 50 .750 .637 .925 .629 

/ɑ/ 

F2 - 75 .561 .654 .472 .580 

/e/ 

F2 - 75 .870 .662 .862 .654 
F1 - 25 .852 .855 .918 .953 F1 - 25 .430 .639 .636 .791 
F1 – 50 .676 .653 .899 .924 F1 – 50 .512 .662 .659 .819 
F1 – 75 .106 .102 .872 .160 F1 – 75 .492 .566 .769 .838 
F2 – 25 .822 .548 .933 .783 F2 – 25 .717 .537 .819 .636 
F2 – 50 .838 .889 .744 .686 F2 – 50 .656 .936 .715 .767 

/i/ 

F2 - 75 .852 .704 .811 .769 

/ø/ 

F2 - 75 .560 .636 .570 .834 
F1 - 25 .892 .918 .356 .694 F1 - 25 .417 .619 .718 .904 
F1 – 50 .783 .912 .759 .810 F1 – 50 .371 .532 .643 .840 
F1 – 75 .880 .845 .629 .668 F1 – 75 .358 .463 .695 .795 
F2 – 25 .378 .558 .409 .618 F2 – 25 .545 .782 .724 .842 
F2 – 50 .357 .663 .620 .669 F2 – 50 .248 .489 .397 .861 

/u/ 

F2 - 75 .738 .895 .773 .791 

/o/ 

F2 - 75 .252 .394 .405 .484 
F1 - 25 .374 .889 .903 .843 F1 - 25 .559 .596 .876 .830 
F1 – 50 .466 .885 .901 .937 F1 – 50 .812 .894 .866 .813 
F1 – 75 .474 .841 .876 .884 F1 – 75 .801 .792 .857 .943 
F2 – 25 .765 .690 .921 .511 F2 – 25 .692 .819 .874 .839 
F2 – 50 .868 .751 .918 .576 F2 – 50 .834 .968 .898 .897 

/ɪ/ 

F2 - 75 .916 .851 .903 .541 

/ɛi/ 

F2 - 75 .859 .824 .863 .867 
F1 - 25 .430 .536 .672 .829 F1 - 25 .769 .729 .846 .793 
F1 – 50 .437 .516 .515 .828 F1 – 50 .841 .861 .802 .779 
F1 – 75 .299 .525 .390 .670 F1 – 75 .592 .681 .713 .795 
F2 – 25 .239 .711 .600 .907 F2 – 25 .771 .768 .791 .598 
F2 – 50 .695 .860 .770 .922 F2 – 50 .684 .683 .723 .725 

/ɔ/ 

F2 - 75 .299 .468 .191 .396 

/œy/ 

F2 - 75 .776 .775 .805 .648 
F1 - 25 .889 .941 .905 .959 F1 - 25 .588 .855 .729 .855 
F1 – 50 .880 .934 .926 .956 F1 – 50 .467 .573 .656 .739 
F1 – 75 .826 .864 .893 .912 F1 – 75 .497 .527 .497 .733 
F2 – 25 .686 .842 .868 .855 F2 – 25 .808 .919 .772 .933 
F2 – 50 .868 .883 .949 .886 F2 – 50 .720 .564 .627 .896 

/ɛ/ 

F2 - 75 .879 .945 .779 .585 

/ɔu/ 

F2 - 75 .448 .664 .753 .867 
Table 4.4 Correlations between the target formant values and the formant values as measured 
by the default method (D) and the adapted method (A), split up for coda (/t/ or /s/), vowel, 
formant and time point (only onset (25), midpoint (50) and offset (75). Per correlation 
coefficient, the number of formant values is 160. 
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Figure 4.1 (a) Plot of unchecked F1 values resulting from the default method plotted against 
the target F1 values, at the vowel’s midpoint (n=4480; r=.86, p=.000), (b) gives the same plot 
for F1 in the adapted method (n=4480; r=.88, p=.000), (c) gives the plot for F2 values 
resulting from the default method (n=4480; r=.96, p=.000) and (d) gives the plot for F2 in the 
adapted method (n=4480; r=.95; p=.000). 
 
Nevertheless, the correlation for the default method is somewhat higher (r=.96) than 
for the adapted method (r=.95). This might be caused by the fact that the adapted 
method yields quite some F2 values that are considerably too low. 
 In sum, the adaptive method leads to somewhat better overall results, although it 
does not improve on F2, compared to the default method. Moreover, the adaptive 
method particularly gives better results for the back vowels. The scatter plots given 
in this section show a considerable amount of outliers. In the following section, it 
will be therefore investigated whether checking outliers resolves the decline in 
performance for F2 and further improves the formant estimation. 
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4.2.3. Checking outliers 
 
In this section we will test whether checking and, if necessary, correcting outliers in 
the formant values results in a better match between the formant values obtained 
from the default method or adapted method and the target values. This enables us to 
investigate whether we can reduce the measurement error in a more effective way 
than we have done until now (i.e. by checking all measurements). Therefore, in 
addition to comparing the adapted and default method, we investigated whether we 
could minimize the measurement error by only checking outliers in our results. An 
outlier is defined as a value of formant x at time point t that is at least 1.5 times the 
interquartile range higher than the 75% percentile or at least 1.5 times the 
interquartile range lower than the 25% percentile for time point t.  
 In this test, different sets of unchecked formant values were used as a starting 
point (i.e. sets 1,3,5,6 in Section 4.2.2) and the process of hand checking the outliers 
was simulated. Note that we simulated the process of hand checking. Since all 
formant values were already hand-corrected and we thus knew what the incorrect 
and correct values were, the process of hand checking and correcting could be 
simulated by automatically replacing the incorrectly estimated formant values with 
the target values. 
 Again, there were several procedures to compare. In the first place, two ways of 
checking outliers at different time points were compared: (1) per vowel, outliers 
were checked for male and female speakers separately (‘vowel-specific outliers’); 
(2) in each of the eight regions separately, per vowel, outliers were checked for male 
and female speakers separately (‘region-specific outliers’). This procedure may 
yield better results than the first one, as outliers in the first procedure might in fact 
be pronunciations showing a strong regional character. In a region-specific outlier 
procedure, these pronunciations may not be defined as outliers anymore. 
 When a formant value was considered an outlier in the simulation of checking 
outliers, it was automatically compared to the target value. If the outlier was 
different from the target value, it was replaced by the target value. An outlier 
checking procedure was considered more successful if it led to a higher correlation 
between the target values and the ‘quasi-checked’ values (i.e. the set of values that is 
partially checked for outliers and hand-corrected values). Table 4.5 gives the results 
of the outlier analysis for the vowel-specific outliers. The columns headed by 
‘Outliers’ give the number of outliers within a vowel category (pooled for females 
and males) and the columns headed by ‘Corrected’ give the actual number of the 
corresponding outlier formant values that were hand-corrected. The last four 
columns give the correlations with the target values after these corrections. Table 
4.6 gives the results for the region-specific outliers. 
 First, the correlation coefficients from Table 4.2 are compared to the newly 
obtained correlation coefficients in Table 4.5 and 4.6. It can be seen that the 
checking of outliers resulted in an improvement of the correlations in all cases, 
which is most clear for F1 in s-words, using the default method, and for F2 in t-
words, using the adapted method. Yet the number of checks is low (1 to 2% of the 
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total)12 and the efficiency is high. It is noteworthy that in all cases over 50% of the 
outliers constitute measurement errors (i.e. they were corrected). The best procedure 
for checking outliers, contrary to our expectation, is the vowel-specific procedure, as 
it requires fewer checks than the region-specific method, and it leads to slightly 
better correlations. Finally, the adapted method now shows higher correlations in all 
cases. 
 Although the obtained correlations are nearly all above .8, there is room for 
improvement of the results, particularly for F1, as also indicated by the means r2 
values. Therefore, it was investigated whether further checking for outliers would 
result in even higher success. As a point of departure for this investigation the data 
for the adapted method that were already checked for vowel-specific outliers were 
taken (hence, the ‘Adapted’ columns in Table 4.5), since these give us the best 
results so far. 

 The choice of measuring formant values at several time points (see Section 4.4) 
now provides another way of checking for outliers. As Praat does not have a 
procedure that connects adjacent measuring points and therefore can have large 
formant differences between two time points, it is worthwhile to check for outliers 
in the rate of change of F1 or F2 between two subsequent time points (e.g., 12.5% 
and 25%). Thus, F1 and F2 differences were calculated between two adjacent time 
points, and then the outliers in the differences were detected in the same way as 
mentioned before. If, for F1 (or F2), an outlier in a certain vowel token was 
detected, then F1 (or F2) values at all time points within that token were checked 
and, if necessary, corrected. It is important to see why a check at all time points is 
necessary, when an outlier in formant change between adjacent time points was 
discovered. Consider a case in which only at the last time point a correct formant 
value is found, and in which the earlier time points do not differ much from each 
other. In this case, only between the last and second last time point an outlier will be 
detected. If you are checking for outliers from the first to the last time point and 
ignoring (i.e. not checking the formant values of) earlier time points, then only the 
second last time point will be corrected, whereas the formant values at earlier time 
points remain incorrect. If, however, all time points are checked after the detection 
of an outlier at the end of the vowel, formant values at earlier time points can still be 
corrected. Outliers were checked using a vowel-specific procedure, as described 
above. 
 Table 4.7 shows the results for this outlier analysis. Note that per outlier seven 
formant values had to be checked. The number of checks is therefore high: 20,552 
(seven times the sum of 1421 and 1515, i.e. the sums of detected outliers in Table 
4.7). Over 40% of these checks resulted in a correction (i.e. 8366 values). The 
resulting correlation coefficients, shown in Table 4.8, show again large 
improvements compared to the previous ones (i.e. those in Table 4.5, for the adapted 
method). However, given the large amount of checks needed to obtain these values, 
he question arises whether these values could have been obtained conducting  

                                                
12 The total number of formant values is 62,720: 4480 vowel tokens × 2 formants × 7 time 
points 
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 Outliers 

Default 
Corrected 
Default 

Outliers 
Adapted 

Corrected 
Adapted 

Default 
/s/ 

Adapted 
/s/ 

Default 
/t/ 

Adapted 
/t/ 

F1  12.5% 90 62 82 68 .889 .914 .925 .961 
F1  25% 94 76 94 77 .911 .946 .937 .969 
F1  37.5% 88 69 95 81 .905 .944 .924 .964 
F1  50% 99 80 111 94 .892 .929 .914 .943 
F1  62.5% 73 51 97 77 .836 .872 .869 .903 
F1  75% 43 34 73 56 .708 .775 .834 .863 
F1  87.5% 74 56 75 61 .577 .597 .769 .781 
F1  total/r2 561 428 627 514 .681 .743 .781 .836 
F2  12.5% 146 132 177 158 .975 .980 .970 .983 
F2  25% 169 154 150 131 .985 .989 .984 .990 
F2  37.5% 169 150 152 133 .986 .992 .986 .993 
F2  50% 146 135 131 115 .987 .991 .987 .993 
F2  62.5% 170 155 165 144 .985 .992 .986 .992 
F2  75% 155 138 151 130 .981 .988 .982 .989 
F2  87.5% 170 158 191 170 .967 .980 .964 .977 
F2  total/r2 1125 1022 1117 981 .962 .975 .960 .976 
Table 4.5 Results for the vowel-specific outliers: the number of outliers (second and fourth 
column) that had to be checked, the actual number of outlier values that had to be corrected 
(third and fifth column), and the resulting (mean squared) correlations between the target 
formant values and the formant values as measured by the default method (“Default”) and the 
adapted method (“Adapted”), split up for coda (/t/ or /s/), formant and time point. 

 
 
 Outliers 

Default 
Corrected 
Default 

Outliers 
Adapted 

Corrected 
Adapted 

Default 
/s/ 

Adapted 
/s/ 

Default 
/t/ 

Adapted 
/t/ 

F1  12.5% 136 74 122 85 .889 .912 .924 .954 
F1  25% 115 66 130 89 .897 .940 .931 .970 
F1  37.5% 124 89 138 92 .901 .933 .919 .959 
F1  50% 124 81 138 93 .873 .905 .895 .934 
F1  62.5% 112 66 111 78 .830 .860 .862 .907 
F1  75% 92 57 118 72 .714 .762 .838 .867 
F1  87.5% 106 69 98 66 .583 .600 .767 .783 
F1  total/r2 809 502 855 575 .672 .726 .771 .833 
F2  12.5% 169 137 205 164 .971 .980 .968 .983 
F2  25% 186 145 206 157 .982 .987 .982 .992 
F2  37.5% 187 144 179 143 .988 .992 .985 .993 
F2  50% 190 142 180 134 .985 .992 .987 .994 
F2  62.5% 199 163 172 140 .982 .991 .985 .992 
F2  75% 184 158 166 139 .981 .988 .984 .988 
F2  87.5% 198 164 210 171 .958 .975 .960 .976 
F2  total/r2 1312 1053 1318 1048 .957 .973 .958 .977 
Table 4.6 Results for the region-specific outliers: the number of outliers (second and fourth 
column) that had to be checked, the actual number of outlier values that had to be corrected 
(third and fifth column), and the resulting (mean squared) correlations between the target 
formant values and the formant values as measured by the default method (“Default”) and the 
adapted method (“Adapted”), split up for coda (/t/ or /s/), formant and time point. 
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  Corrected 
 Outliers 12.5 25 37.5 50 62.5 75  87.5 
F1 – 12.5 - 25 272 167 133 140 135 134 135 157 
F1 – 25 - 37.5 285 125 128 140 121 134 135 147 
F1 – 37.5 - 50 227 78 77 73 106 102 106 104 
F1 – 50 - 62.5 226 65 60 62 65 96 100 111 
F1 – 62.5 - 75 221 73 66 64 67 73 119 115 
F1 – 75 - 87.5 190 66 60 66 66 71 76 121 
F1 – total 1421 574 524 545 560 610 671 755 
F2 – 12.5 - 25 333 196 187 151 147 140 145 165 
F2 – 25 - 37.5 269 112 127 134 114 108 113 118 
F2 – 37.5 - 50 242 88 79 89 117 83 90 91 
F2 – 50 - 62.5 236 78 70 77 85 108 83 85 
F2 – 62.5 - 75 236 59 55 57 67 72 134 73 
F2 – 75 - 87.5 199 57 43 40 50 53 72 115 
F2 – total 1515 590 561 548 580 564 637 647 

Table 4.7 Results for the outliers in formant differences between two adjacent time points: the 
number of outliers in formant change (second column) that had to be checked and the actual 
number of formant values that had to be corrected for the given time points (other columns). 
For the results in this table, the order of outlier analysis was ‘time point – formant change’ 
(see the text for further explanation). 
 
 

 /s/ /t/ 
F1 – 12.5% .967 .985 
F1 – 25% .976 .986 
F1 –  37.5% .980 .983 
F1 – 50% .976 .979 
F1 – 62.5% .970 .973 
F1 – 75% .959 .964 
F1 – 87.5% .895 .928 
F1 – mean r2 .923 .943 
F2 – 12.5% .995 .996 
F2 –  25% .997 .998 
F2 – 37.5% .997 .999 
F2 –  50% .997 .999 
F2 – 62.5% .997 .999 
F2 –  75% .996 .998 
F2 – 87.5% .992 .995 
F2 –  mean r2 .992 .995 

Table 4.8 Correlation coefficients and mean squared coefficients resulting from the outlier 
analysis in Table 4.7, using the data obtained by the adapted method that were checked for 
vowel specific outliers. 
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  Corrected 
 Outliers 12.5 25 37.5 50 62.5 75  87.5 
F1 – 12.5 - 25 281 186 162 135 151 145 142 162 
F1 – 25 - 37.5 282 138 139 155 146 147 147 155 
F1 – 37.5 - 50 225 82 84 85 118 115 112 108 
F1 – 50 - 62.5 226 64 60 65 68 102 101 110 
F1 – 62.5 - 75 224 74 68 66 71 78 125 125 
F1 – 75 - 87.5 204 77 70 76 77 81 85 138 
F1 – total 1442 621 583 582 631 668 712 798 
F2 – 12.5 - 25 423 295 288 239 222 217 207 227 
F2 – 25 - 37.5 305 145 157 180 146 144 136 136 
F2 – 37.5 - 50 262 107 98 112 139 117 115 106 
F2 – 50 - 62.5 253 84 74 79 92 135 114 102 
F2 – 62.5 - 75 256 67 65 64 72 81 149 108 
F2 – 75 - 87.5 254 79 62 63 71 75 95 178 
F2 – total 1753 777 744 737 742 769 816 857 

Table 4.9 Results for the outliers in formant differences between two adjacent time points, for 
the reversed analysis: the number of outliers in formant change (second column) that had to 
be checked, the actual number of formant values that had to be corrected for the given time 
points (other columns).  
 

 /s/ /t/ 
F1 – 12.5% .959 .975 
F1 – 25% .967 .975 
F1 – 37.5% .969 .969 
F1 – 50% .966 .963 
F1 – 62.5% .959 .962 
F1 – 75% .946 .954 
F1 – 87.5% .883 .920 
F1 – mean r2 .903 .921 
F2 – 12.5% .994 .995 
F2 – 25% .997 .998 
F2 – 37.5% .997 .998 
F2 – 50% .998 .999 
F2 – 62.5% .997 .999 
F2 – 75% .996 .998 
F2 – 87.5% .991 .995 
F2 – mean r2 .991 .995 

Table 4.10 Correlation coefficients and mean squared coefficients resulting from the outlier 
analysis in Table 4.9, using the data obtained by the adapted method that were checked for 
outliers in formant differences between two adjacent time points. 
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 Outliers Corrected /s/ /t/ 
F1 – 12.5% 58 29 .967 .984 
F1 – 25% 59 36 .978 .988 
F1 –  37.5% 59 35 .979 .984 
F1 – 50% 58 35 .976 .983 
F1 – 62.5% 73 40 .971 .982 
F1 – 75% 62 29 .957 .973 
F1 – 87.5% 50 21 .885 .921 
F1 – total/mean r2 419 225 .921 .948 
F2 – 12.5% 53 23 .995 .997 
F2 –  25% 37 9 .997 .999 
F2 – 37.5% 40 6 .997 .999 
F2 –  50% 42 5 .998 .999 
F2 – 62.5% 45 10 .997 .999 
F2 –  75% 43 4 .997 .998 
F2 – 87.5% 45 8 .997 .995 
F2 – total/mean r2 305 65 .994 .996 

Table 4.11 Results for the vowel-specific outliers after the outlier check conducted in Table 
4.9: the number of outliers  (second column) that had to be checked, the actual number of 
outlier values that had to be corrected (third column), and the resulting correlations between 
the target formant values and the formant values as measured by the adapted method, split up 
for coda (/t/ or /s/), formant and time point. 

 
fewer checks. To answer this question, the order of the last two outlier checks (for 
the adapted method, vowel-specific outliers only) was reversed. Thus, first the 
outliers in formant change between two time points are checked, and then the 
outliers per time point are checked. 

 The first part of the results of the reversed analysis is shown in Tables 4.9 and 
4.10. As can be seen, the number of outlier checks has increased (20,552 versus 
22,36513), particularly for F2 (10,605 vs. 12,271), but also the number of corrections 
has increased (8366 vs. 9437), yielding almost similar correlation coefficients as 
after the previous complete outlier check (cf. Table 4.8). Table 4.11 gives the final 
results for the reversed analysis. It shows that the number of checks required is low 
compared to the previous analysis order (see Table 4.5, fourth column), and overall, 
the correlation coefficients are slightly better than the final result for the ‘original’ 
order (cf. Table 4.8). 

 An interesting methodological question is which order of outlier analyses (time 
point – formant change, or formant change – time point) required more checks. If 
we just bluntly sum all values from all tables for the vowel-specific outliers for the 
adapted method, we find that the number of checks for the original order is 22,296, 
and for the inverse order the number of checks is 23,089. However, these sums need 
to be corrected for the number of times the same formant value was checked twice 
in the simulation. If done, the total number of checks is reduced and the difference 
between the two orders has become smaller, i.e. 18,824 vs. 19,456.  

                                                
13 Seven time points times the sum of 1442 and 1753 (see Table 4.9). 
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 How many of these checks resulted in a correction? For the first order (time point 
– formant change), just below 50% of the values was corrected (9,861), whereas for 
the second order (formant change – time point) just over 50% of the values were 
corrected (10,327). Thus, in the reverse order 632 additional values were checked. 
However, these checks resulted in 466 additional corrections, which is an important 
gain in accuracy. Given these results, it seems fair to conclude that the adapted 
method yields the best results, for which first vowel-specific outliers in formant 
change and then outliers in formant values at the different time points are checked. 
In total, 31% of the formant values (19,456 of 62,720 values) had to be checked in 
order to obtain a result that is very close to the result of checking all formant values 
(cf. Table 4.11). 
 Thus, overall, checking outliers in the optimal way (i.e. first checking outliers in 
formant change, then checking outliers at separate time points) saves time in 
comparison with checking all formant values and leads to nearly identical results. 
Therefore, it may be advised to measure formants at several time points, as 
comparing formant values at different time points leads to the strongest 
improvement. Even in studies that aim to describe vowels with formant values at a 
single time point, it may be worth measuring formants at another time point, which 
may help detecting measurement errors. However, given the small differences in 
correlation coefficients between the default method and the adapted method, it 
seems reasonable to assume that more time could have been gained by just using the 
default method and not checking what the optimal number of coefficients for a 
certain vowel and speaker is. However, values that are outliers in the method we 
considered the best one, may not be outliers for the default method and may 
therefore not be corrected. It is therefore recommended to use our best method, i.e. 
the adapted method followed by the optimal way of checking outliers.  
 
 
4.2.4. Conclusions 
 
In reviewing the literature regarding vowel studies that use acoustic data, two things 
were noted. First, in many studies, formant analysis is conducted with a fixed 
number of LPC coefficients, which is often a default number, and second, that the 
results require thorough checking, since they are far from free of errors. However, 
there appears not to be a standard for checking for errors. As a consequence, 
researchers feel urged to check all or large numbers of automatic measurements, 
often systematically and without knowing how many checks are required. 
 As for the number of LPC coefficients, it has been claimed that the optimal 
number differs between vowels and speakers. In this section, it was therefore tested 
whether a fixed number of LPC coefficients (the default method) yields better 
formant measurements than when the number of coefficients is varied (the adapted 
method). 
 In addition, it was tested whether the majority of measurement errors in the 
formant measurements could be removed by doing an outlier analysis. Different 
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outlier analyses were tested in different orders. The results can be summarized as 
follows: 
 
1. Varying the number of LPC coefficients according to the speaker and vowel 

yields better automatic measurements than using a fixed number of coefficients. 
However, in about half of the cases the two methods yielded similar results. 

2. Measurement errors are larger for F1 than for F2. 
3. Most measurement errors can be removed by checking for outliers only. The 

most efficient method (31% of the values were checked, 50% of those were 
corrected) is as follows: 

a. First, detect outliers in formant change between adjacent time points. 
b. Second, check, and hand-correct if necessary, all values for the same 

formant in the vowel tokens for which the outliers have been detected. 
c. Third, detect outliers in formant values at separate time points. 
d. Fourth, check, and hand-correct if necessary, all outlier values 

resulting from c. 
e. Step a. and c. yield the best results when they are performed within a 

vowel, for males and females separately. 
 
Given these results, we conclude that not checking automatic formant measurements 
may result in a large error in your data. However, checking all data appears largely 
inefficient, as this study shows that checking one third of the data may result in 
removing most of the error.  
 In the case of a restricted amount of time, i.e. in the case that you do not have 
time to establish for each speaker and vowel what the optimal number of LPC 
coefficients is, a method with a fixed number of coefficients may be used, since our 
data suggest it still gives good results. In the latter case, it is recommended to use 10 
coefficients for female speech and 12 for male speech up to 5500 or 5000 Hz, 
respectively (cf. Table 4.1). Moreover, it is then still recommended to check and 
correct outliers, in order to remove most of the errors.  
 If it is chosen to represent vowels with formant values from one time point, it 
may still be worth it to measure formants at more than one time point, since outliers 
in formant change between adjacent time points reveal more formant estimation 
errors than outliers in formant values at a single time point14. 
 Now that we have shown how to obtain formant data that are largely free of 
errors, we can consider the next step in the acoustic analysis. That step concerns the 
selection of a normalization method, which is necessary if we want to compare 
vowels of speakers who differ in the size of the vocal tract. 
 
 
 
 

                                                
14 Note that we have only found this result for a tool that does not use a formant tracker (i.e. 
Praat). In the case of a formant tracker, this argument may not be valid at all. 
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4.3 Selection of normalization procedure 
 
4.3.1 Introduction 
 
It has been widely reported that formant frequencies change as a function of vocal 
tract size (e.g., Johnson 2005, Rosner and Pickering 1994). That is, shorter or 
smaller vocal tracts (i.e. typically those of women) generally yield higher formant 
frequencies than longer or larger vocal tracts (i.e. those of men). Listeners hardly 
show difficulties abstracting from these anatomical differences. Thus, if two 
speakers with a different vocal tract length pronounce a vowel with exactly the same 
(phonetic) quality, listeners will perceive the vowel uttered by the two speakers as 
indeed being constant in quality, despite clear anatomy-based acoustic differences. 
Moreover, if the same speakers utter two different vowels, which happen to have the 
same formant frequencies, listeners are generally able to judge that the uttered 
vowels represent different phonemes. In other words, listeners are able to neutralize 
formant frequency differences that are the result of anatomic differences, while 
retaining phonemic differences. Following Adank (2003), in the present study 
anatomic differences in the frequency values are assumed to be gender- and age-
related. 
 Several studies have tried to model the perception of vowels (see Johnson 2005, 
Rosner and Pickering 1994) and the algorithms resulting from these studies have 
been widely compared (e.g., Fabricius et al. 2009; Volín 2009; Adank et al. 2004; 
Syrdal 1985; Disner 1980). Most of these evaluative studies assess the ability of the 
normalization algorithms to retain phonemic information while reducing between-
speaker information. The implicit assumption in the majority of these studies is that 
the quality of the vowels across speakers and utterances is stable, as in the optimal 
normalization procedure the within-vowel variation is reduced, whereas the 
between-vowel variation is maximized. 
 However, some studies point out that in addition to phonemic and anatomical 
variation, formant frequencies carry sociolinguistic information, which should also 
be preserved in the normalization procedure (Fabricius et al. 2009; Labov et al. 
2006; Adank et al. 2004). Thus, in order to assess the success of a normalization 
procedure, particularly for studies of language variation15, three aspects should be 
investigated. On the one hand, a normalization procedure should minimize the 
(gender- and age-related) anatomical variation, whereas on the other hand it should 
preserve phonemic and sociolinguistic variation. In this section (4.3), seventeen 
normalization procedures will be assessed, using these criteria. The procedures that 
are compared will be briefly described in Section 4.3.2. In Section 4.3.3 the results 
from studies that have compared a subset of these procedures will be summarized. 

                                                
15 This is not to say that other phonetic studies could just ignore sociolinguistic variation. If 
(perceivable) sociolinguistic differences in a study remain unnoticed, e.g. pronunciations that 
differ between young and old speakers that are assumed (nearly) identical, a normalization 
technique will be erroneously considered the best if it stands out in reducing variation within 
vowel categories.    
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Section 4.3.4 presents our results and 4.3.5 concludes which normalization 
procedure is the best for a sociophonetic study of language variation, such as the 
present one. That procedure will be used to normalize all formant values in this 
study. 
 The method of comparison is based upon Adank (2003) and Adank et al. 
(2004)16, who evaluated the success of eleven different techniques in normalizing 
Standard Dutch vowels occurring in logatomes. There are three methodological 
differences between those studies and the present study. First, the vowels selected 
for the present comparison occur in words in word list readings. In the word list, 
only existing words occurred with variable preceding and following consonants, 
whereas in Adank et al. logatomes with a fixed /sVs/-structure were used. Second, 
six additional normalization procedures were compared. Finally, whereas Adank (et 
al.) only tested the procedures for monophthongs, this study will also take 
diphthongal vowels into account.  
 
 
4.3.2 Description of the normalization procedures 
 
Adank et al. (2004) chose to compare only those (eleven) normalization techniques 
that have been compared in previous publications on acoustic vowel normalization. 
Their selection does not include some of the normalization procedures included by 
Thomas and Kendall (2007-2009), who published a tool to facilitate vowel 
normalization to sociolinguists and (socio)phoneticians. These ‘missing’ procedures, 
namely Watt and Fabricius’ (2002) S-centroid procedure, two versions of Labov et 
al.’s (2006) method and a modified version of Syrdal and Gopal (1986), the “Bark 
difference method”, were included in the present comparison. Moreover, we 
included a modified version of Watt and Fabricius (2002), as proposed by Fabricius 
et al. (2009). Finally, a normalization procedure was included, that is an adapted 
version of a procedure proposed by Rietveld and van Heuven (2009). This procedure 
first transforms Hertz values into Bark and then applies Lobanov’s (1971) 
transformation to the Bark values. The seventeen normalization procedures and the 
baseline procedure are listed below and are described subsequently. 
 
HZ           the baseline condition, formants in Hz 
LOG           a log-transformation of the frequency scale 
BARK          a bark-transformation of the frequency scale 
MEL           a mel-transformation of the frequency scale 
ERB           an ERB-transformation of the frequency scale 
SYRDAL & GOPAL      Syrdal and Gopal's (1986) bark-distance   
            model 
BARK DIFFERENCE METRIC  Tyler and Kendall's (2007-2009) modified  
            version of SYRDAL & GOPAL 

                                                
16 In the present section (4.3), when we refer to Adank et al. (2004), we also refer to Adank 
(2003), as the same normalization comparison is being reported on. 
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GERSTMAN        Gerstman’s (1968) range normalization 
LOBANOV         Lobanov’s z-transformation 
LOBANOV BARK Lobanov's z-transformation applied to Bark 

values 
CLIHi4          Nearey’s (1978) individual log-mean    
            procedure 
WATT & FABRICIUS     Watt and Fabricius' (2002) S-centroid   
            procedure 
MODIFIED WATT & FABRICIUS Fabricius et al.'s (2009) modified version of  
            the S-centroid procedure 
CLIHs4          Nearey's (1978) shared log-mean procedure 
NORDSTRÖM & LINDBLOM Nordström and Lindblom (1975)'s vocal tract 

scaling 
MILLER          Miller's (1989) formant-ratio model 
LABOV 1         Labov et al.'s (2006) ANAE method, using  
            F1-F2 
LABOV 2         Labov et al.'s (2006) ANAE method, using  
            F1-F3 
 
In the literature, normalization procedures are commonly classified on the basis of 
the type of information they use. A general distinction is made between intrinsic and 
extrinsic procedures (e.g., Adank et al. 2004). Intrinsic procedures employ 
information within a certain ‘category’, whereas extrinsic procedures also use 
information from different categories. Commonly, an intrinsic-extrinsic distinction 
between normalization procedures is made for vowels. Thus, a distinction is made 
between procedures using only information within the vowel (i.e. vowel-intrinsic 
procedures, such as SYRDAL & GOPAL) and procedures using information across 
different vowels (i.e. vowel-extrinsic procedures, such as GERSTMAN). Adank et 
al. (2004) introduced a distinction between formant-intrinsic normalizations and 
formant-extrinsic normalizations, i.e. between procedures that use information 
within a formant (or F0) and procedures that also use information from (some of 
the) other formants (including F0). Adank et al. found that formant-intrinsic 
procedures generally perform better in language variation studies than formant-
extrinsic procedures. Finally, a distinction can be made between speaker-intrinsic 
and speaker-extrinsic normalizations (Thomas and Kendall 2007-2009). The former 
uses only information within a single speaker, whereas the latter uses information 
from different speakers. In the present study, LABOV 1, LABOV 2 and 
NORDSTRÖM & LINDBLOM constitute speaker-extrinsic procedures. Labov et 
al.’s (2006) normalizations employ a grand mean of all formant values of all vowels 
uttered by all speakers in calculating a scaling factor. NORDSTRÖM & 
LINDBLOM computes a scaling factor on the basis of the male/female ratio for F3 
of open vowels. 
 If the speaker-intrinsic/extrinsic distinction is ignored, we arrive at a two-way 
classification as presented by Adank et al. (2004). This classification for the present 
study is shown in Table 4.12. Most procedures are formant-intrinsic and vowel-
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extrinsic, which Adank et al. (2004) found to be the most successful type of 
normalization for language variation studies. All procedures are described in more 
detail below. 
 
 
 Vowel-intrinsic Vowel-extrinsic 
Formant-
intrinsic 

HZ, LOG, BARK, MEL, 
ERB 

GERSTMAN, LOBANOV, LOBANOV 
BARK, CLIHi4, WATT & FABRICIUS, 
MODIFIED WATT & FABRICIUS 

Formant-
extrinsic 

SYRDAL & GOPAL, 
BARK DIFFERENCE 
METRIC 

NORDSTRÖM & LINDBLOM, CLIHs4, 
MILLER, LABOV 1, LABOV 2 

Table 4.12 Classification of normalization procedures with respect to whether they use 
information within formants and vowels or information across formants and vowels, 
respectively. 
 
 
1. HZ: the Hertz scale 
 
The baseline procedure to which all normalization procedures will be compared, 
gives values of F0, F1, F2 and F3 in Hertz. These raw values serve as input values to 
all normalizations. 
 
 
2. LOG: the logarithmic scale 
 
The logarithmic scale is one of the scales that have been used for formant values in 
an attempt to represent vowels in accordance with how they are perceived. Other 
such scales that are evaluated here as formant- and vowel-intrinsic methods, are the 
Bark scale, the mel scale and the ERB scale17.  
 The logarithmic scale was originally used to represent musical pitch (Rosner and 
Pickering 1994). The difference between two tones of a particular musical interval 
(e.g., the octave) may differ on the Hertz scale (e.g., 250 Hz for tones of 500 and 
250 Hz vs. 100 Hz for tones of 200 and 100 Hz), but it is constant on the log scale. 
In the present study, the logarithmic transform was calculated using the natural 
logarithm, as in equation (2). In the following equations in this chapter, F stands for 
formant, where subscript i can take the value 0, 1, 2 or 3 for the fundamental 
frequency, first, second or third formant, respectively. The superscript of F identifies 
the normalization procedure used for transforming the Hertz value, which is 
represented by F without a superscript. 
 
(2)  Fi

L= ln (Fi) 

                                                
17 It should be noted that originally none of these scales was devised to yield talker 
normalization. 
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3. MEL: the mel scale18 
 
The mel scale has been proposed on the basis of several experiments that aimed to 
scale pitch to frequency. In the first experiment, subjects were asked to set a tone at 
half the pitch of another tone (Stevens et al. 1937). In a follow-up study, Stevens 
and Volkmann (1940) refined the mel scale that was found in the first experiment by 
letting subjects divide a large pitch interval between two fixed tones into four equal 
intervals, by adjusting three variable tones. As in the first experiment, subjects then 
had to set a variable tone at a given fraction. Their results revealed that the same 
(log) frequency interval was perceived to be smaller in the higher frequency area 
than in a lower frequency area. Equation (3) expresses this finding and is used to 
transform frequency values to mels19. Thus, a tone of 2000 mel (3429 Hz) is 
perceived as being twice as high as a tone of 1000 mel (1000 Hz). A disadvantage of 
the mel scale is that it is quite close to a linear function of frequency, particularly 
below 1000 Hz (Miller 1989:2117). Anatomical differences in formant frequencies 
will therefore mainly be removed above that frequency. 
 
(3)   Fi

M = 1127 × ln (1 + Fi
700

)  

 
 
4. BARK: the Bark scale 
 
The Bark scale is based upon the concept of the critical band. The auditory system 
can be conceived of as a series of critical bands or bandpass filters. Each critical 
band corresponds to the range of frequencies to which a certain place on the basilar 
membrane responds. Zwicker (1961) found that, from about 500 Hz, the (critical) 
bandwidth increased with the centre frequency of the critical band (in Hertz). He 
derived the Bark scale from this finding, dividing the auditory range into 24 Barks. 
Traunmüller’s (1990) formula in (4) will be used to transform Hertz into Bark. 
Although Bark shows less linearity with frequency, it has been noted that mel and 
Bark are nearly equivalent (Miller 1989:2117). As the mel scale, the Bark scale may 
mainly remove anatomical differences above a certain frequency. 
 
(4)  Fi

B = 26.81 × Fi
1960 + Fi

 − 0.53 

 
 
                                                
18 Mel was taken from the word melody (Stevens et al. 1937:188). 
19 The equation is different from Adank et al. (2004)’s, who used 2595 instead of 1127. This 
error is caused by the fact that they did not correct for the fact that in the equation the 
logarithm is not the natural log, but a 10-based log. Nonetheless, a change in the 
multiplication factor does not affect the results of the LDAs presented below. 
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5. ERB: the equivalent rectangular bandwidth scale 
 
The ERB scale, proposed by Moore and Glasberg (1983), is more recent than the 
Bark scale, but it rests like the Bark scale upon the concept of the critical band. 
Compared to the Bark scale, the bandwidths for the ERB scale are smaller (Rosner 
and Pickering 1994) and below 500 Hz the bandwidth continues to decrease with a 
lower frequency (Moore and Glasberg 1983). Rosner and Pickering (1994:19) prefer 
to use ERB transforms over Bark transforms, as “the former are based on better 
motivated experiments”. The formula used in the present study is proposed by 
Glasberg and Moore (1990) and is shown in equation (5)20. 
 
(5)  Fi

E = 21.4 × log10(0.00437 × Fi + 1)  
 
  
6. SYRDAL & GOPAL: Syrdal and Gopal’s (1986) bark-distance transformation 
 
Syrdal and Gopal's (1986) bark-distance model is based on the idea of the spectral 
center of gravity effect, which suggests that if formants are within 3 to 3.5 Bark 
distance from each other, they are averaged by the auditory system (e.g., Chistovich 
and Lublinskaya 1979). Pairs of formants for which the Bark difference lies outside 
this critical distance are considered two separate formants.  
 In addition to the first four formants, Syrdal and Gopal use F0 to distinguish and 
normalize vowels. In the model they propose, F1-F0 corresponds to the height 
dimension and F3-F2 to the front-back dimension. Syrdal and Gopal argue that the 
procedure yields a good normalization of formant data, as it improves clustering of 
tokens of the same vowel and it also decreases differences between males, females 
and children (see Syrdal 1985). 
 Following Adank et al. (2004), the data in the present study are normalized using 
the formulae for the height and the front-back dimension, in equation (6) and (7), 
respectively. These equations transform Bark-values that were obtained using 
Traunmüller’s formula (equation (4)). 
 A major advantage of SYRDAL & GOPAL (and other vowel-intrinsic 
normalizations) over vowel-extrinsic normalizations is that no information from 
other vowels is needed to be able to normalize. A weakness of the method is that it 
employs F0, since F0 can be highly variable across and within speakers. Note, for 
instance, the lowering of F0 due to smoking (Sorensen and Horri 1982; Gilbert and 
Weismer 1974) and the effect of aging on F0 (e.g., Tyler and Kendall 2007-2009). 
Thus, whereas SYRDAL & GOPAL assumes that vowel tokens with identical 
height have identical F1

S&G values across and within speakers, they actually do not 

                                                
20 Again, Adank et al. (2004) have made a small error in the formula. They had taken the 
natural log instead of the 10-based log, which is reported by Glasberg and Moore (1990:114). 
In the present study, the correct equation (i.e. (5)) is used. 
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when a speaker’s F0 is affected by age or smoking21. Moreover, a method that 
includes F0 cannot explain the normalization of whispered vowels (Rosner and 
Pickering 1994). 
 
(6)  F1

S&G = F1
B − F0

B 
 
(7)  F2

S&G = F3
B − F2

B 
 
 
7. BARK DIFFERENCE METRIC: Tyler and Kendall’s (2007-2009) Bark 
Difference Metric 
 
Tyler and Kendall’s (2007-2009) main argument against SYRDAL & GOPAL is 
that it cannot properly cope with varying F0 due to extra-linguistic factors, such as 
aging. Therefore, they propose a method, which replaces SYRDAL & GOPAL’s 
height dimension (i.e. equation (6)) with a new dimension, expressing the Bark 
difference between F3 and F1 (equation (8)). The front-back dimension is computed 
in the same way (equation (9)). 
 A weakness of SYRDAL & GOPAL and even more BARK DIFFERENCE 
METRIC is that they rely heavily on F3, which sometimes is difficult to detect (e.g., 
for /u/). This formant might also be influenced by anatomical peculiarities or by 
nasality of the voice (Tyler and Kendall 2007-2009). 
 
(8)  F1

BDM = F3
B − F1

B 
 
(9)  F2

BDM = F3
B − F2

B 
 
 
8. GERSTMAN: Gerstman’s (1968) range normalization 
 
Gerstman (1968) proposed a normalization procedure, which incorporates 
information from extreme vowels. The procedure rescales the frequencies of the first 
two formants on the basis of the lowest and highest formant values found within a 
speaker, for each formant separately.  The minimal value is set to 0, the maximum 
value to 999. The values between these extremes are scaled linearly between them.
 In the present study, equation (10) is used to apply Gerstman’s normalization. In 
the formula, Fi

min and Fi
max represent the minimal and maximal frequency value (i.e. 

for F0, F1, F2 or F3) across all vowels of speaker t. 
 A disadvantage of Gerstman’s normalization is that it requires information from 
several vowels. In addition, it seems to be necessary to have several tokens per 
vowel, since otherwise the procedure is highly sensitive to measurement errors and 
                                                
21 In fact, one of the voices of the older female speakers seems to have been affected by 
smoking (average F0 = 110 Hz in the word list data). In addition, she does not differ from the 
other female speakers in F1 to F3. Her normalized values might thus show artifacts of this 
kind. 
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pronunciation errors22. In principle, however, the number of vowels required for the 
transformation is low. That is, only corner vowels are necessary to obtain the 
minimum and maximum formant values (Gerstman 1968). Although establishing 
what the corner vowels are is not always straightforward (e.g., Watt and Fabricius 
2002:163), it still holds that less than all vowels are needed if the extreme values of 
F1 and F2 have to be obtained. Note, however, that in the present study also F0 and 
F3 are used. The concept of corner vowel hence needs to be extended to a four-
dimensional space. As yet, it is still unclear which and how many vowels constitute 
corner vowels in such a more complex space. 
 

(10) Fti
Gerstman = 999 × Fti − Fti

min

Fti
max − Fti

max
 

 
  
9. LOBANOV: Lobanov’s (1971) z-score transformation  
 
Like GERSTMAN, Lobanov (1971) uses information from several vowels. His 
method is a simple z-score transformation, which, per formant, calculates the mean 
and standard deviation of the formant values across all vowels of a speaker. The 
mean and standard deviation are then used to rescale the raw values of formant i (see 
equation (11)). 
 Several studies have shown the strength of Lobanov’s normalization procedure 
(see 4.3.3). However, one of the main disadvantages is that when less than all 
vowels of a speaker are included in the calculation of the mean and standard 
deviation, the procedure loses power. Adank (2003) showed that when the three 
Dutch point vowels /a, i, u/ are used instead of all nine monophthongs, phonemic 
variation is less well preserved by the normalization. She found the same result for 
GERSTMAN and CLIHi4. 
 In addition, if two vowel systems are compared which have the same vowels, but 
for which some (set of) vowel(s) is shifted in one of the two systems in one 
direction, this may introduce artificial differences for other vowels on the same 
dimension (Tyler and Kendall 2007-2009; Clopper et al. 2005). So, if in the Dutch 
region N-S /ɛ/ is much lower than in N-R, whereas all other vowels are pronounced 
in an identical way, the mean of the vowel system of N-S will be lower than that of 
N-R. When these vowel systems are normalized, the vowel system of N-S will be 
shifted up compared to N-R, resulting, for instance, in a seemingly more closed /a/ 
in N-S than in N-R. It is therefore strongly recommended to check for such artifacts. 
 
(11) Fti

Lobanov = Fti − μti
σ ti

  

 

                                                
22 For instance, if only one token per vowel is used, and a speaker unintentedly pronounces /u/ 
as a schwa, his minimum F2 value will be somewhat higher than usual, which in turn will 
shift his normalized vowel space.  
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10. LOBANOV BARK: Lobanov’s (1971) transformation applied on Bark values 
 
Lobanov’s procedure performed very well in several studies (e.g., Adank et al. 
2004). In addition, Rietveld and Van Heuven (2009:349) hypothesize, in the case of 
Nearey’s CLIHi4, that the result of the normalization would improve, if the Hertz 
values are first transformed to “perceptually more realistic” Bark values before 
normalization. We propose combining these two observations, which results in the 
procedure that will be tested here, i.e. LOBANOV BARK. A combination of a 
vowel-intrinsic and a vowel-extrinsic normalization method does not necessarily 
yield better results. That is shown by Volín and Studenovský (2007), who applied 
Lobanov’s procedure to ERB-transformed formant values. They did not find an 
improvement of that method over Lobanov-transformed Hertz values. 
 The normalized values are computed using equation (12), which only differs 
from (11) with respect to the values that are used for the input of the formula (hence, 
also the output). The same pros and cons as the ones mentioned for LOBANOV 
apply here. 
 
(12) Fti

LobBark = Fti
B − μti

B

σ ti
B

 
 
 
11. CLIHi4: Nearey’s (1978) individual log-mean model 
 
Nearey’s (1978) Constant Log Interval Hypothesis (henceforth CLIH) expresses the 
idea that for different speakers, the ratio of corresponding formants of corresponding 
vowels is constant and can be used as a multiplication factor to remove differences 
between interspeaker formant differences. 
 Nearey’s procedure transforms each formant value into a distance value between 
the log-transformed formant value and a reference value, which is a log-mean. 
Nearey proposed two different versions of CLIH. The first, discussed here, employs 
the individual log-mean (hence indexed i4: CLIHi4), i.e. the log-mean is calculated 
for each of the four formants (or F0) separately. The second, discussed below, 
employs the shared log-mean (hence indexed s4: CLIHs4), i.e. one-log mean is 
calculated over the four formants. The equation for CLIHi4 is given in equation (13). 
The same (dis)advantages can be noted up for CLIHi4 as for LOBANOV.   
 
(13) Fti

CLIHi4 = Fti
L −μti

L 

 
 
12. WATT & FABRICIUS: Watt and Fabricius’ (2002) S-centroid procedure 
 
Watt and Fabricius’ (2002) S-centroid normalization has been developed for 
sociophonetic studies of variation and change, with the aim to provide the best 
normalization for the visual comparison of vowel plots of different speakers. That is, 
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the normalized plots have to match optimally in size and in overlap (Fabricius et al. 
2009). 
 The S-centroid procedure uses the point vowels of a speaker’s vowel plot to 
compute the centroid of it, which in turn is used to transform the formant values of 
other vowels. For F1, the value for centroid S is the mean of the minimum F1, 
reflected in the high front vowel [i], the maximum F1, reflected in the lowest vowel 
[a], and F1 of the hypothetical high back vowel [u’]. Note that it may differ between 
varieties which vowels are the extreme vowels. Therefore, the point vowels have to 
be selected for each variety, or even each speaker (Watt and Fabricius 2002:163). 
For the Dutch varieties, the high front vowel is /i/ and the lowest vowel is /a/. Per 
speaker, the mean F1 values of these vowels are entered in the formula in equation 
(14). Hypothetical [u’] is assumed to be equal to [i] in F1, as they are both high 
vowels. 
 For F2, the value for S is the mean of the mean formant values of the same point 
vowels: [i] represents the maximum F2 and [u’] the minimum F2. The value of [u’] 
is set equal to its F1 value (i.e. the minimum F1), as, by definition, F2 will never be 
lower than F1 (Watts and Fabricius 2002:164) and it is often close to it. Finally, the 
raw F1 and F2 values are normalized by dividing them by the corresponding S-value 
(equation (15)). 
 On the one hand, the S-centroid procedure has the advantage over the other 
vowel-extrinsic normalizations that fewer, i.e. only two, vowels are required. On the 
other hand, Adank (2003) reports that vowel-extrinsic procedures perform less well 
when fewer vowels are used. In fact, the S-centroid procedure is very similar to 
Lobanov’s procedure, which employs only /i ,a, u/ in the calculation of the mean and 
standard deviation (see equation (11))23. Therefore, the normalization may be 
expected to be weaker than Lobanov that uses all vowels of a speaker. Finally, a 
disadvantage lies in the usage of F1 values of /i/ for F2. If a speaker shows a more 
open /i/ than other speakers, this will not only affect the F1 axis, but also the 

                                                
23 If the two methods are very similar, Lobanov’s values can be derived from Watt and 
Fabricius’ values, using a constant c. Since the centroid in Watt and Fabricius lies at (1,1) in 
the F1-F2 plot, and Lobanov’s centroid at (0,0), a correction needs to be applied. The formula 
for the derivation within a speaker is: 
(a) Fti

Lobanov = c(Fti
W&F − 1) = c × Fti

W&F − c 
 
A linear regression analysis was run to determine the value of c for all our word list data (i.e. 
over all speakers). For F1, c turns out to be approximately 1.5 (see (b), R2=.971). This is 
almost equal to the mean ratio of the speakers’ mean and standard deviation of the F1 values 
of /a/, /i/ and /u/ (1.56). For F2, the differences in the coefficients are somewhat larger, which 
may be due to the artificial (i.e. extremely low) value of Watt and Fabricius’ [u’] (see (c), 
R2=.977). The value of 2.22, however, lies very close to the ratio of the mean and standard 
deviation of F2 (2.26). Our data thus suggest a strong similarity between the two procedures. 
 
(b) F1

Lobanov = 1.48 × F1
W&F − 1.51 

(c) F1
Lobanov = 1.91 × F1

W&F − 2.22 
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normalization of F2 values. Thus, compared to other speakers, St2 will be higher, 
resulting in artificially more backed normalized vowels. 
 
(14) Sti = Fti[i] + Fti[a ] + Fti[u' ]

3
 

 
(15) Fti

W&F = Fti
Sti

 

 
 
13. MODIFIED WATT & FABRICIUS: Fabricius et al.'s (2009) modified version of 
the S-centroid procedure 
 
Tyler and Kendall (2007-2009) point out that a weakness of WATT & FABRICIUS 
lies in the fact that the F2 of the vowel chosen to represent [a] might differ 
considerably from the median F2 of the vowel space (i.e. the median value of the [i]-
[u’] line). For instance, whereas some varieties have one low vowel at the bottom of 
the vowel space, others have two parallel low vowels somewhat higher. Therefore, if 
the F2 value of only one of the two low parallel vowels is taken, the result may be 
skewing of the normalized values (Fabricius et al. 2009:418-419). Fabricius et al. 
propose a modified version of WATT & FABRICIUS, which should resolve this 
problem. This version employs only the mean F2 values of [i] and [u’] to compute 
St2 (see equation (16)). 
 Although this provides a solution to the given problem, it makes the procedure 
weaker, as for the normalization of F2, the procedure is only based upon formant 
values of [i]. A shift in the pronunciation of this vowel will therefore result in a shift 
of the whole normalized vowel space. Moreover, as fewer vowels are used, it is 
expected that the normalization procedure performs less well than the normalization 
in its original form. 
 
(16) St2 = Ft2[i] + Ft2[u' ]

2
  

 
 
14. CLIHs4: Nearey’s (1978) shared log-mean model 
 
Nearey’s (1978) shared log-mean model is based upon an equal idea as his 
individual log-mean model. However, in the case of the shared log-mean model 
(CLIHs4), normalized values are computed taking the distance between the log-
transformed formant value and a grand mean (i.e. the shared log-mean). The shared 
log-mean is calculated by taking a speaker’s mean of the log-means of the three 
formants and F0 (see equation (17)). 
 The method shares its (dis)advantages with CLIHi4. Moreover, the use of F0 
introduces the same weaknesses as for SYRDAL & GOPAL. 
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(17)  Fti
CLIHs4 = Fti

L − μt0
L − μt1

L + μt 2
L + μt3

L

4
 

 
 
15. NORDSTRÖM & LINDBLOM: Nordström and Lindblom’s (1975) vocal tract 
transformation 
 
In Nordström and Lindblom’s (1975) approach, a speaker’s vocal tract length is 
estimated on the basis of the average F3 of open vowels. It was argued that higher 
F3 values are the result of smaller vocal tracts and, hence, that inter-speaker 
differences in F3 can be used to compute a scaling factor that removes anatomical 
differences between speakers. 
 As a first step in the normalization, the average F3 of open vowels, i.e. vowels 
for which F1 is higher than 600 Hz, is estimated. Then the group mean F3 is 
calculated for males and females, separately. The resulting F3 means are used to 
compute a scaling factor k (equation (18); in our study k=0.88), which in turn is used 
to rescale the formant values of the female speakers (equation (19)). The male 
formant values remain unaffected. 
 Nordström and Lindblom (1975), like Nearey, thus assume that differences 
between male and female speakers are constant across formants and across vowels. 
Results from several studies indicate that this is not the case. For instance, Pols 
(1977) found females to have lower F1 than males for the high vowels, whereas for 
the open vowels, the females had higher F1 values. A single scale factor cannot 
remove these differences24. Moreover, the normalization, as presented here, ignores 
the fact that among females and among males, there may be large differences in 
vocal tract sizes. This may be resolved by calculating speaker-dependent scale 
factors. 
 
(18) k = L

female

Lmale
=
μ3
male

μ3
female

 

 
(19) Fi

N&L = k Fi
female 

 
 
16. MILLER: Miller’s (1989) formant ratio normalization 
 
Like CLIHi4 and CLIHs4, Miller’s (1989) normalization procedure assumes a 
constant ratio between formant values, for different speakers. Miller proposes that, 
when a listener hears someone speak, his auditory system estimates F0 and the 
formant frequencies on the basis of a short speech sample. Then it uses the log 
distances between adjacent frequency values for normalization and to classify the 
vowel. 

                                                
24 Note that it is assumed that gender differences are purely physical. It might of course be the 
case that some of these differences are (partially) sociolinguistic.  
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 Miller proposes to use F0 as an anchor for normalization, which he refers to as a 
Sensory Reference (SR). The SR is computed using the mean F0 of a certain speaker 
that is corrected for a constant k. This constant is the geometric mean of the average 
male F0 value, which was 118 Hz, and the average female F0, which was 199 Hz. 
For the word list data, the geometric mean (i.e. k) was 153 Hz. 
 The distances between F1 and the SR, and between F2 and F1, and F3 and F2 are 
expressed logarithmically, thus as a log of the ratio of two frequency values, as in 
equation (21)-(23)25. Note that the same (dis)advantages apply to MILLER as to 
SYRDAL & GOPAL, although the former method uses the logarithmic scale.  
 

(20) SRt = k μt 0
k

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1

3  

 

(21) Ft1
Miller = ln Ft1

SRt

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  

 

(22) Ft2
Miller = ln Ft 2

Ft1

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  

 

(23) Ft3
Miller = ln Ft 3

Ft 2

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  

 
 
17. LABOV 1 and 2: Labov et al.'s (2006) ANAE method 
 
Labov et al.‘s (2006) normalization method is designed specifically for the Atlas of 
North American English. It is a modified version of Nearey’s CLIHs4 and differs 
from Nearey’s method with respect to the way the log-mean is calculated. That is, 
Labov et al. compute a grand mean over all speakers. This grand mean G is the 
geometric mean of the log of all formant values of all speakers (equation (24)). In 
this equation, p is the number of speakers (here, p=160), m is the number of 
formants, and n the number of vowel tokens of a given speaker (for the word list 
data, n = 29). The formant value Ftiv is the value of formant i of vowel token v of 
speaker t.  

                                                
25 Adank et al. (2004:3102) use incorrect formulas to express Miller’s transformation. For 
equation (20), they use the log-mean of F0 instead of the raw mean F0. For (21) to (23), they 
use the logarithm of the formant frequencies instead of logarithms of the ratio of the formant 
frequencies (cf. Miller 1989:2121). Thus, their equivalent of (22) looks like (d), which does 
not equal ln(Ft2) −ln(Ft1).  
 

(d) Ft2
Miller = Ft 2

L

Ft1
L

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟  
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 In addition, an individual logarithmic mean S of all formant values of all vowels 
of speaker t is computed (equation (25)). Then the anti-log of the difference between 
the two means (G − St) is taken, which gives a speaker-specific scaling factor k 
(equation (26)). Finally, the formant values of a speaker are multiplied by this 
scaling factor (equation (27)). 
 The scaling factor will be greater than 1 for men, and smaller than 1 for women, 
resulting in an increase in vowel space size for men and a decrease in vowel space 
size for women. Labov et al. (2006:40) report that the value of G, using F1 and F2, 
stabilizes when the number of speakers is higher than 345. In the online 
normalization suite NORM (Tyler and Kendall 2007-2009), the possibility is given 
to use the value found by Labov et al. for 345 speakers (G = 6.896874). In the 
present research, G is calculated on the basis of our 160 speakers. However, we will 
follow Tyler and Kendall (2007-2009) in distinguishing a method that only 
incorporates F1 and F2 (i.e. LABOV 1) and a method that uses F1, F2 and F3 
(LABOV 2). In the present study, a G-value of 6.6668 is found for LABOV 126 and 
a value of 7.0458 for LABOV 2.  
 LABOV 1 and 2 have the same advantages and disadvantages as Nearey’s 
normalizations, except for that the former do not employ F0. In addition, Tyler and 
Kendall (2007-2009) report some serious distortions of normalized values, 
particularly for F1. They also note that it is likely that the normalization method 
improves with larger numbers of speakers. For small-scale studies or even large-
scale studies with a number of speakers lower than 345, this method does not seem 
optimal.  
  
 

(24) G = 
ln Ftiv( )

v=1

n

∑
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m
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(25) St = 
ln Ftiv( )

v=1

n

∑
⎛ 

⎝ 
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⎟ 

i=1

m

∑

m × n
 

 
(26) kt = exp(G − St) 
 
(27) Fti

Labov 1 or 2 = kt × Fti 
  
 
 
 
                                                
26 The G-value for our speakers is thus lower than for Labov’s speakers. This may be due to 
larger vocal tract sizes of our speakers compared to Labov’s speakers. 
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4.3.3 Previous comparisons in the literature 
 
In this section, a number of studies that previously compared different normalization 
procedures are briefly summarized. Table 4.13 shows a summary of the result of the 
studies that will be discussed here27. Only those methods (or modified versions of 
them) that are tested in the present study are mentioned in the table. As the table 
shows, the normalization procedures BARK DIFFERENCE METRIC, LOBANOV 
BARK, LABOV 1 and 2 have not been tested yet.   
 Hindle (1978) compared three different methods, of which two recurring here, 
i.e. CLIHs2 and NORDSTRÖM & LINDBLOM, are vowel-extrinsic and formant-
extrinsic.  
Nearey’s method was considered the best, as its normalized values showed greater 
clustering within phonemes and known sociolinguistic differences were best 
preserved by it. 
 Nearey (1978) compared his CLIHi2 and CLIHs2 with LOBANOV and 
GERSTMAN in the ability to retain phonemic differences. The results suggest that 
formant-intrinsic methods yield better results than formant-extrinsic ones. That is, 
LOBANOV yielded the best results, followed by CLIHi2 and CLIHs2. However, 
formant-intrinsic GERSTMAN performed less well than formant-extrinsic CLIHs2. 
 Disner (1980) evaluated the same procedures, except for CLIHi2, for the 
normalization of vowel systems of different languages (German, Dutch, Norwegian, 
Swedish, Danish, English). Although, in contrast to Nearey (1978), she found that 
on average CLIHs2 performed best in scatter reduction (hence in preserving 
phonemic variation), she concluded that the methods can only be used to compare 
varieties that are phonologically comparable. 
 Syrdal (1985) tested eight different normalization techniques, of which seven are 
discussed here. In two series of discriminant analyses she tested the success in 
predicting the vowel category and the speaker category (male, female or child) on 
the basis of the normalized values. The normalized values of CLIHi4, GERSTMAN, 
CLIHs4 produced the best predictions. However, Syrdal (1984:131) concluded that 
SYRDAL & GOPAL, for the prediction of speaker category, probably yields the 
most satisfactory results, as not all differences between speakers were removed, 
which, according to her, may indicate that it preserves dialectal differences well. 

Deterding (1990, reported in Adank 2003) compared, amongst others, 
GERSTMAN, LOBANOV and CLIHs4. He used vowel data from male, female and 
children, all speakers of the same variety of English. He found that LOBANOV 
performs best in preserving phonemic variation across all speakers, followed by 
CLIHs4. However, Adank (2003:33) argues that all procedures perform sub-
optimally, as the differences between the speaker groups in the success of preserving 
phonemic variation are quite large. 

 
 

                                                
27 For a more elaborate discussion of most results, see Adank (2003:25-35). Obviously, she 
did not discuss Volín (2009) and Fabricius et al. (2009). 
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Study Method Phonemic Anatomical Sociolinguistic 
Hindle (1978) CLIHs2 1 - 1 
 NORDSTRÖM& 

LINDBLOM 
2 - 2 

Nearey (1978) GERSTMAN 4 - - 
 LOBANOV 1 - - 
 CLIHi2 2 - - 
 CLIHs2 3 - - 
Disner (1980) GERSTMAN 3 - - 
 LOBANOV 2 - - 
 CLIHs2 1 - - 
Syrdal (1984) LOG 4 7 - 
 BARK 5 6 - 
 SYRDAL&GOPAL 5 4 - 
 GERSTMAN 3 1 - 
 CLIHi4 1 1 - 
 CLIHs4 2 3 - 
 MILLER 7 5 - 
Deterding (1990) GERSTMAN 3 - - 
 LOBANOV 1 - - 
 CLIHs2 2 - - 
Adank et al. (2004) LOG 6 9 1 
 BARK 6 9 1 
 MEL 6 8 1 
 ERB 6 9 1 
 SYRDAL&GOPAL 11 3 11 
 GERSTMAN 3 4 9 
 LOBANOV 1 1 7 
 CLIHi4 2 1 7 
 CLIHs4 4 6 1 
 NORDSTRÖM 

& LINDBLOM 
4 7 1 

 MILLER 10 5 9 
BARK 6 - - 
ERB 6 - - 

Volín (2009) and 
Volín and 
Studenovský  
(2007) 

GERSTMAN 3 - - 

 LOBANOV 1 - - 
 CLIHi3 2 - - 
 NORDSTRÖM& 

LINDBLOM 
4 - - 

 MILLER 5 - - 
Fabricius et al. 
(2009) 

LOBANOV - 1 1 

 CLIHi2 - 4 1 
 WATT &FABRICIUS - 3 1 
 MOD. 

WATT&FABRICIUS 
- 2 1 

Table 4.13 Rank scores for the comparisons of different normalization procedures: 1 indicates 
that the normalization procedure in the study in question performed best in preserving 
phonemic variation (“Phonemic”), removing anatomical variation (“Anatomical”) or 
preserving sociolinguistic variation (“Sociolinguistic”).  
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 Adank et al. (2004) provides the most elaborate comparison of normalization 
procedures.  They tested twelve procedures on their suitability for being used in a 
study on language variation. First, they found that the formant-instrinsic/vowel-
extrinsic methods produce very good results in preserving phonemic differences, 
while removing anatomical variation in the data. However, these methods also 
removed some of the sociolinguistic information that was present in the Hertz data. 
In general it was found that when normalizations are good at removing anatomical 
variation and retaining phonemic variation, this is at cost of their ability to retain 
sociolinguistic variation. Yet, as the reduction of sociolinguistic variation was rather 
small, it was concluded that LOBANOV is the best procedure for language variation 
research. 
 Volín (2009) compared GERSTMAN, LOBANOV, CLIHi3, NORDSTRÖM & 
LINDBLOM, and MILLER28. He used eight tokens of five vowels taken from 
continuous read speech uttered by 75 speakers of Czech. In an earlier study, using 
the same data, Volín and Studenovský (2007) tested GERSTMAN, LOBANOV and 
CLIHi3 against BARK, ERB, and LOBANOV applied to ERB-transformed values. 
Both studies investigated the ability to distinguish vowels on the basis of normalized 
formant values. LOBANOV showed the best performance and was not improved by 
using ERB-values as input. Moreover, Volín and Studenovský (2007) reported that 
it differed between phonological contexts to what extent the vowels could be 
recognized. 
 Fabricius et al. (2009) evaluated four formant-intrinsic/vowel-extrinsic methods. 
Two of them were proposed by two of the authors, namely WATT & FABRICIUS 
and MODIFIED WATT & FABRICIUS. Earlier, it was reported that WATT & 
FABRICIUS offered an improvement over BARK in reducing inter-speaker vowel 
space size differences. In the new study, the authors compared the normalizations 
with respect to their performance in equalizing vowel space areas of different 
speakers, in improving overlap of the vowel space polygons, and in preserving the 
positional relationship between two vowels in the F1-F2 plane within a speaker. The 
last aspect was tested since, according to the authors, visual comparisons of vowel 
positions are crucial for sociolinguistic studies (Fabricius et al. 2009:414). With 
respect to the first two aspects, LOBANOV performed best, and CLIHi4 showed to 
be the worst. For the last aspect, the preservation of the configuration of two vowels 
compared to each other, the gradient of the line through the vowels at comparison 
relative to one of the axes (expressed as angles of that line with the axis) was 
compared between the Hertz data and the normalized data. It was found that no 
normalization procedure showed a perfect fit the Hertz data, and that with greater 
angles the deviations from the Hertz data increased. It appeared that LOBANOV 
performed less well than the other procedures, as its angles deviated more from the 
Hertz angles than the other normalization procedures. Nonetheless, Fabricius et al. 
(2009:430) argue that there are no reasons to rank the procedures and therefore, that 
                                                
28 The version of MILLER Volín tests, replaces the sensory reference with the geometric 
mean over a stretch of speech. For NORDSTRÖM and LINDBLOM, the scale factor was 
computed from the ratio of mean F3 of the whole population and mean F3 of the speaker 
whose vowels were normalized. 
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the procedures perform equally well with respect to retaining Hertz-like vowel 
configurations. 
 Overall, the studies summarized here generally conclude that formant-
intrinsic/vowel-extrinsic procedures, particularly LOBANOV, perform better than 
other procedures. However, this is mainly based on their performance in preserving 
phonemic variation and in reducing anatomical variation. As for sociolinguistic 
variation, this conclusion is still a bit tentative (Fabricius et al. 2009; Adank et al. 
2004). Moreover, none of these studies reports on the normalization of diphthongal 
vowels. To the contrary, our study includes diphthongal vowels (as well as 
monophthongs) in the comparisons and it will test whether the same normalization 
procedures, in this larger sample of procedures, are found to be the best ones. The 
results of these comparisons will be presented in the next section. 
 
 
4.3.4 Results 
 
In this section, the results of the comparison of the different normalization 
procedures are presented. As stated in Section 4.3.1, the method of Adank et al. 
(2004) was used for the comparison. The data used for the comparison in the present 
study were the word list data. They consisted of tokens of 15 vowels produced by 
160 speakers. Every vowel was produced twice, except for /y/. Hence, every speaker 
produced 29 vowel tokens, resulting in a total of 4640 vowel tokens (for further 
details, see Chapter 5).  
 Thus, as noted before, diphthongs and long mid vowels (i.e. /ɛi/, /œy/, /ɔu/ and 
/e/, /ø/, /o/) were included in the evaluation. From the viewpoint of language 
variation, these vowels show very interesting patterns (e.g., Van de Velde 1996). 
Therefore, we would like to investigate whether we could successfully normalize 
them as well. Thus, information from the long mid vowels and diphthongs was also 
used in the normalizations. From now on, the long mid vowels will be grouped with 
the diphthongs, as in the Netherlands these vowels are diphthongized (Verhoeven 
2005; Van de Velde 1996). Thus, in the following, this group of vowels will be 
referred to as “(semi)diphthongs”. 
 For the monophthongs, all normalization procedures were applied to the raw 
measurements of F0, F1, F2 and F3 at the vowel’s midpoint (i.e. 50%). For the 
diphthongal vowels, the frequency values at 25% and 75% of the duration were 
normalized. 
 For vowel-extrinsic methods, the means, standard deviations, minima and 
maxima were computed on the basis of the frequency values at the midpoint of the 
29 vowel tokens, thus even the (semi)diphthongs. As /y/ only occurred once, the 
frequency values were first aggregated over the vowel tokens, such that for all 
speakers for every vowel one value of F0, F1, F2 and F3 per time point was 
available and such that all vowels had the same weight. Thus, even for the 
diphthongs, for instance the means and standard deviations for LOBANOV were 
computed on the basis of the formant values at the 15 vowels’ midpoint only (see 
equation (11), recurring here as equation (28)). However, in the case of a 
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monophthong, the formant value Fti that was entered in the equation was a formant 
value at the midpoint in and in the case of a (semi)diphthong a formant value at 25% 
or 75% was entered. 
 
(28) Fti

Lobanov = Fti − μti
σ ti

 

 
We chose to apply this method, as using means (and other computed values) of 
formant values at 25% and means at 75% to normalize the formant values at 25% 
and 75%, respectively, would make the normalized formant values at different time 
points incomparable to each other. For the vowel-intrinsic methods, however, the 
frequency values at the same time point as the value that had to be normalized, were 
used. 
 Following Adank et al. (2004), the normalizations were evaluated on the basis of 
three criteria. First, it was tested to what extent the normalizations preserve 
phonemic variation (Section 4.3.4.1). Second, the normalizations were compared 
with respect to their ability to minimize anatomical variation (4.3.4.2). Finally, it 
was investigated to what extent they preserve sociolinguistic variation (4.3.4.3). In 
the first place, all three criteria were evaluated on the basis of Linear Discriminant 
Analyses (LDAs). In these analyses, a certain category (e.g., phoneme, region) was 
predicted using the normalized (or raw) frequency values as predictors. The LDAs 
were performed for the monophthongs and the (semi)diphthongs, separately. In the 
case of the monophthongs, the frequency values at the midpoint were entered as 
predictors, whereas in the case of the (semi)diphthongs, the values at 25% and 75% 
were entered as predictors. After the LDAs had been conducted, the three 
normalization methods that performed best in these analyses were selected (see 
Section 4.3.4.4) and evaluated more thoroughly (Section 4.3.4.5). 
 
 
4.3.4.1 Preserving phonemic variation 
 
In order to compare for the normalizations the extent to which they preserve 
phonemic variation, by means of a series of LDAs (“LDA 1”), the next step was to 
investigate how accurately the vowel category can be predicted on the basis of 
values resulting from the different normalization procedures. In the case of the 
monophthongs, prior probabilities were computed on the basis of the group sizes, as 
/y/ had fewer tokens than the other vowels. 
 Table 4.14 presents the results for LDA 1. As can be seen, the number of 
frequency values per vowel token that were used as predictors, was varied. This was 
done in order to establish the importance of the different frequency values for the 
classification of vowels. In the literature, it is widely assumed that F1 and F2 are the 
most important acoustic descriptors of the different vowels (e.g., Rosner and 
Pickering 1994). 
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Monophthongs (Semi)diphthongs LDA1 
F1 
F2 

F1 
F2 
F3 

F1 
F2 
F0 

F1 
F2 
F0 
F3 

F1 
F2 

F1 
F2 
F3 

F1 
F2 
F0 

F1 
F2 
F0 
F3 

HZ 78 80 85 85 83 84 88 87 
LOG 81 82 87 88 84 85 87 87 
BARK 80 82 87 87 84 85 87 87 
ERB 80 82 87 88 84 85 88 87 
MEL 80 82 87 87 83 85 88 87 
SYRDAL & GOPAL - - - 77 - - - 80 
BARK DIFFERENCE METRIC - 70 - - - 80 - - 
LOBANOV 91 92 92 93 94 95 94 95 
LOBANOV BARK 91 93 93 94 94 95 94 95 
GERSTMAN 86 88 87 89 88 90 88 90 
CLIHi4 90 92 92 93 91 94 91 93 
WATT & FABRICIUS 88 - - - 88 - - - 
MODIFIED WATT & FABRICIUS 87 - - - 88 - - - 
CLIHs4 85 85 87 89 85 85 88 88 
NORDSTRÖM & LINDBLOM 86 87 87 87 88 88 88 88 
MILLER - - 86 86 - - 85 86 
LABOV 1 89 - - - 89 - - - 
LABOV 2 89 90 - - 90 89 - - 

Table 4.14 Results for LDA 1: percent correctly classified vowel tokens on the basis of 
frequency values (in differing combinations) at 50% (monophthongs) or 25% and 75% 
((semi)diphthongs), taken from all vowel tokens of all speakers (n of vowel tokens per 
analysis is 2,720 for the monophthongs and 1,920 for the (semi)diphthongs). The horizontal 
lines separate the different methods, as classified by Table 4.12. 
 
 The monophthongs could be very well distinguished on the basis of the raw F1 
and F2 values (i.e. with a success rate of 78%, which is far above chance level29), 
confirming the abovementioned view in the literature. Adding F3 as a predictor did 
not improve the prediction much (2% increase), whereas adding F0 yielded an 
increase in success rate of 7%. Using four predictors led to the same result as having 
the three predictors F0, F1 and F2. 
 For F1 and F2, all normalization procedures showed an improvement over the 
raw values in the prediction of the monophthongs. LOBANOV and LOBANOV 
BARK (91%), followed by CLIHi4 (90%), produced the best results. Overall, the 
formant-intrinsic/vowel-extrinsic procedures provided the best results, with the 
formant-extrinsic/vowel-extrinsic procedures at a good second place, particularly 
LABOV 1 and 2 (89%). 

                                                
29 Chance level for /y/ lies at 5.8% (1/17). For the other monophthongs this is 11.8% (2/17). 
For the (semi)diphthongs, chance level lies at 16.6%. 
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 For the three other combinations of predictors, the same three methods showed 
the highest success rates, although LOBANOV BARK performed slightly better 
than LOBANOV and CLIHi4. Of all normalization procedures, only SYRDAL & 
GOPAL and the BARK DIFFERENCE METRIC were outperformed by the 
baseline procedure. This is in line with the results of Adank et al. (2004). MILLER, 
for which Adank et al. (2004) used the wrong formulae, showed a better result than 
in their study, due to the correction of the formulae. 
 For the (semi)diphthongs, the same global picture arose. First, F0 improved the 
classification of the vowels over using only F1 and F2 (88% vs. 83%), whereas F3 
did not (84%). Second, the formant-intrinsic/vowel-extrinsic yielded the best results. 
However, no difference was found between LOBANOV and LOBANOV BARK. In 
addition, they tended to outperform CLIHi4. 
 To sum up, the results suggest that the formant-intrinsic/vowel-extrinsic 
procedures, in particular LOBANOV, LOBANOV BARK and CLIHi4 preserve 
phonemic variation the best. For these methods, F0 and F3 did not add much 
phonemic information. There was a small gap between these methods and the other 
formant-intrinsic/vowel-extrinsic methods, such as WATT & FABRICIUS, which 
has been predicted. The latter methods performed less well than formant-extrinsic 
LABOV 1 and 2. 
 Furthermore, no large differences have been found between the monophthongs 
and the (semi)diphthongs, although for the (semi)diphthongs (slightly) higher 
success rates showed up. This can be explained by the higher number of predictors 
per vowel token and the lower number of (semi)diphthongal vowel categories. 
 
 
4.3.4.2 Minimizing anatomical variation 
 
In order to investigate the extent to which the normalization procedures minimize 
the gender- and age-related anatomical variation present in the data, a series of five 
LDAs was conducted for the monophthongs and (semi)diphthongs separately. The 
results for these LDAs are given in Table 4.15. 
 In LDA 2, the gender of the speaker was predicted on the basis of the 
(un)normalized values of F0, F1, F2 and F3. In each LDA in this section, per 
speaker formant values obtained for 17 tokens of monophthongs were used as 
predictors or values obtained for 12 tokens of (semi)diphthongs. If a normalization 
procedure successfully removes the anatomical variation, the success rate for that 
procedure would be at chance level (i.e. 50%). For both the monophthongs and the 
(semi)diphthongs, it was shown that the raw values carry a lot of anatomical 
variation, as the success rate in predicting the speaker’s gender was nearly perfect 
(96% and 98%, respectively). Whereas the formant-intrinsic/vowel-intrinsic 
procedures hardly removed anatomical differences, the formant-intrinsic/vowel-
extrinsic procedures were again very successful, with LOBANOV, LOBANOV 
BARK and CLIHi4 approaching chance level most closely (51% for the 
monophthongs and 57% for the (semi)diphthongs). The formant-extrinsic/vowel-
extrinsic procedures performed less well (over 86%), except for MILLER (54% and  
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 Monophthongs (Semi)diphthongs 
 LDA

2 
LDA

3 
LDA

4 
LDA

5 
LDA

6 
LDA

2 
LDA

3 
LDA

4 
LDA

5 
LDA

6 
Predictors F1 

F2 
F0 
F3 

F0 F1 
F2 
F3 

F1 
F2 
F0 
F3 

F1 
F2 

F1 
F2 
F0 
F3 

F0 F1 
F2 
F0 
F3 

F1 
F2 
F0 
F3 

F1 
F2 

HZ 96 93 79 54 63 98 96 86 54 71 
LOG 96 94 79 55 63 98 96 85 55 69 
BARK 96 94 79 55 62 98 97 85 55 70 
ERB 96 94 79 55 63 98 97 85 55 70 
MEL 96 94 79 54 63 98 97 86 54 71 
SYRDAL & 
GOPAL 58 - - 52 - 70 - - 53 - 
BARK 
DIFF. 
METRIC 

- - 59 - - - - 65 - - 

LOBANOV 51 52 49 51 48 57 56 55 53 54 
LOBANOV 
BARK 

51 52 49 51 49 57 56 55 54 55 

GERSTMN 55 54 54 54 53 60 58 58 56 58 
CLIHi4 51 52 50 53 49 57 57 54 53 53 
WATT & 
FABRICIUS - - - - 53 - - - - 61 

 
MODIFIED 
WATT & 
FABRICIUS 

- - - - 55 - - - - 60 

CLIHs4 87 86 68 55 60 91 91 77 55 70 
NORDSTR
& LINDBL. 89 88 55 54 51 92 92 57 56 57 
MILLER 54 - - 52 - 61 - - 55 - 
LABOV 1 - - - - 52 - - - - 57 
LABOV 2 - - 54 - 50 - - 56 - 57 
Table 4.15 Results for LDA 2-6: percent correctly classified speakers (in LDA 2,3,4,6 the 
speaker’s gender was predicted, in LDA 5 the speaker’s age) on the basis of frequency values 
(in differing combinations) at 50% (monophthongs) or 25% and 75% ((semi)diphthongs), 
taken from all vowel tokens of all speakers (n of vowel tokens per speaker in each analysis is 
17 for the monophthongs and 12 for the (semi)diphthongs). 
 
61%). As for the phonemic variation, MILLER performed better than in Adank et al. 
(2004), which is due to the correction of the formulae. 
 In LDA 3, the gender of the speaker was predicted using only F0 as a predictor. 
A similar picture was found as for LDA 2, which suggests that F0 plays an 
important role in LDA 2. 
 In LDA 4, the speaker’s gender was predicted on the basis of F1, F2 and F3. For 
the raw values, the success rates were somewhat lower (i.e. 79% for the 
monophthongs and 86% for the (semi)diphthongs) than in LDA 2 and 3, which 
seems to provide support for the importance of F0 in determining the speaker’s 
gender. The same three methods (LOBANOV, LOBANOV BARK and CLIHi4) 
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were best in removing anatomical differences. The formant-extrinsic/vowel-
extrinsic methods CLIHs4 and NORDSTRÖM & LINDBLOM showed a 
considerable improvement over LDA 2 and 3. 
 In LDA 5, the speaker’s age was predicted on the basis of F0, F1, F2 and F3. 
Following Adank et al. (2004), it was thus assumed that age plays an anatomical 
role, not a sociolinguistic one. The raw frequency values show that in both 
monophthongal and (semi)diphthongal vowels, age variation was hardly present, as 
success rates in predicting the speaker ages were close to chance level (54%). For 
the monophthongs, only LOBANOV (51%), LOBANOV BARK (51%), MILLER 
(52%), SYRDAL & GOPAL (52%), and CLIHi4 (53%) succeeded in removing some 
of the age-related variation. For the (semi)diphthongs, only LOBANOV, CLIHI4 and 
SYRDAL & GOPAL (all 53%) minimally did so. 
 Finally, compared to Adank et al. (2004), an additional LDA was conducted 
(LDA 6), in which speaker’s gender was predicted on the basis of only F1 and F2. 
The additional analysis was conducted for two reasons. First, we wanted to 
investigate to what extent anatomical variation can be found in the main acoustic 
determiners of vowel quality, and to what extent this variation can be removed. 
Second, some of the normalization methods (i.e. WATT & FABRICIUS, 
MODIFIED WATT & FABRICIUS and LABOV 1) could not be tested in the other 
LDAs. 
 Table 4.15 shows that in raw F1 and F2 a lower amount of gender-related 
anatomical variation was present than in the other combinations of frequency values. 
For raw F1 and F2, the success rates of predicting speaker gender were quite close 
to chance level (63% for the monophthongs and 71% for the (semi)diphthongs). 
Taking into account the two classes of vowels, LOBANOV, LOBANOV BARK and 
CLIHi4 removed these gender differences to the largest extent. For the 
monophthongs, LABOV 2 and NORDSTRÖM & LINDBLOM also performed very 
well, whereas CLIHs4 and, to a lesser extent, the methods of Watt and Fabricius 
performed well. 
 To summarize, the formant-intrinsic/vowel-extrinsic procedures LOBANOV, 
LOBANOV BARK and CLIHi4 performed best in removing anatomical variation, 
whereas the formant-intrinsic/vowel-intrinsic methods did not yield an 
improvement. Other methods performed better than the base line procedure, 
although CLIHs4 and NORDSTRÖM & LINDBLOM seem to have difficulties 
removing F0-related anatomical variation. Note that for the latter, it has not been the 
purpose to remove anatomical differences in F0, as it deals with reducing variation 
due to vocal tract length differences only. 
 
 
4.3.4.3 Preserving sociolinguistic variation 
 
To investigate which of the normalization procedures preserve sociolinguistic 
information best, two extra series of LDAs were conducted. The sociolinguistic 
information here concerns regional differences. The first series employed F0, F1, F2 
and F3 as predictors (LDA 7), and the second series F1 and F2. The purpose of these 
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analyses was thus to establish the extent to which the regional variation was 
preserved by predicting the region of origin of speakers on the basis of the 
(un)normalized data. The analyses were run for each vowel separately, in order to 
eliminate the effect of the vowel token’s category and to establish which of the 
vowels show the most regional variation. In the analyses, chance level was 12.5%, 
since there are eight regions. If a procedure showed success rates close to chance 
level, it can be concluded it did not preserve sociolinguistic variation. 
 The results for LDA 7 are shown in Table 4.16. The table reveals some 
interesting results. First, all vowels showed regional differences in the raw 
frequency values (i.e. they were not at chance level). Second, the success rates 
suggest that the (semi)diphthongs display more regional variation than the 
monophthongs. This, however, may be the result of the fact that per diphthongal 
token twice as many predictors were entered in the LDA as for the monophthongs. 
Third, among the monophthongs, tokens of /ɪ/ and /ɛ/ showed most regional 
variation. Compared to Adank et al. (2004), /ʏ/ shows considerably less regional 
variation. As for the diphthongs, /o/ displayed more regional differences and /ɔu/ 
less than the other (semi)diphthongs. 
 
   
LDA 7: F0-F3 /a/ /ɑ/ /i/ /u/ /ɪ/ /ɔ/ /ɛ/ /ʏ/ /y/ mean /o/ /e/ /ø/ /œy/ /ɛi/ /ɔu/ mean 
HZ 23 24 23 23 30 24 32 28 26 26 40 36 38 39 39 32 37 
LOG 23 24 25 22 30 25 32 28 26 26 42 37 38 40 38 34 38 
BARK 23 24 25 23 31 26 33 29 26 27 41 36 39 41 37 33 38 
ERB 24 24 26 23 30 26 32 28 26 27 41 36 39 41 37 33 38 
MEL 24 24 25 24 31 25 33 28 25 27 41 36 40 40 38 33 38 
SYRDAL & 
GOPAL 22 23 22 17 25 23 31 26 19 23 32 29 29 27 28 29 29 

BARK DIFF. 
METRIC - - - - - - - - - - - - - - - - - 

LOBANOV 24 23 26 28 35 23 40 28 26 28 42 36 38 39 38 35 38 
LOBANOV 
BARK 25 25 25 31 34 24 40 27 24 28 43 37 37 39 38 34 38 

GERSTMAN 22 27 26 27 32 22 33 26 27 27 41 38 39 39 36 36 38 
CLIHi4 21 26 26 28 34 21 36 24 30 27 38 35 36 38 38 35 37 
WATT & 
FABRICIUS - - - - - - - - - - - - - - - - - 

MOD. WATT 
& FABRICIUS - - - - - - - - - - - - - - - - - 

CLIHs4 23 26 27 23 33 24 33 29 24 27 39 38 36 38 37 35 37 
NORDSTRÖM 
&LINDBLOM 24 25 22 28 33 23 33 29 24 27 43 37 37 39 39 34 38 

MILLER 25 27 27 22 32 27 34 27 24 27 38 35 31 37 33 34 35 
LABOV 1 - - - - - - - - - - - - - - - - - 
LABOV 2 - - - - - - - - - - - - - - - - - 
Mean 23 25 25 25 32 24 34 27 25 27 40 36 37 38 37 34 37 
Table 4.16 Results for LDA 7: percent of speakers classified into the correct region on the 
basis of F0, F1, F2 and F3 at 50% of their monophthongal tokens, or 25% and 75% of their 
(semi)diphthongal tokens (two tokens per analysis for each speaker, except for /y/, where n is 
1). Chance level was 12.5%. 
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LDA 8: F1-F2 /a/ /ɑ/ /i/ /u/ /ɪ/ /ɔ/ /ɛ/ /ʏ/ /y/ mean /o/ /e/ /ø/ /œy/ /ɛi/ /ɔu/ mean 
HZ 17 22 17 25 22 20 28 18 21 21 36 30 33 29 30 28 31 
LOG 16 23 17 23 23 19 28 18 22 21 37 31 34 28 29 28 31 
BARK 17 23 18 23 23 20 28 18 22 21 37 31 33 29 29 28 31 
ERB 17 23 17 23 23 20 28 18 22 21 37 31 33 28 28 28 31 
MEL 17 22 17 23 23 20 28 18 21 21 37 31 33 28 30 28 31 
SYRDAL & 
GOPAL 

- - - - - - - - - - - - - - - - - 

BARK DIFF. 
METRIC 

- - - - - - - - - - - - - - - - - 

LOBANOV 24 22 20 24 31 18 38 20 21 24 33 35 37 32 33 32 34 
LOBANOV 
BARK 

24 23 18 26 33 18 38 20 22 25 34 35 37 31 33 32 34 

GERSTMAN 15 26 20 26 30 20 30 24 22 24 34 29 34 33 29 32 32 
CLIHi4 20 21 23 25 29 20 36 18 21 24 33 32 33 30 33 33 32 
WATT & 
FABRICIUS 

18 25 18 22 23 23 30 25 25 23 36 36 34 33 33 33 34 

MOD. WATT 
& FABRICIUS 

18 26 16 22 25 26 28 20 23 23 35 35 33 32 33 32 33 

CLIHs4 21 23 16 20 25 19 28 19 25 22 31 32 30 33 31 28 31 
NORDSTRÖM 
&LINDBLOM 

20 23 17 25 25 21 29 23 24 23 36 34 34 33 31 30 33 

MILLER - - - - - - - - - - - - - - - - - 
LABOV 1 19 21 21 23 30 19 31 20 22 23 33 32 31 31 28 34 32 
LABOV 2 18 22 18 21 29 21 33 21 22 23 33 33 32 30 28 33 32 
Mean 19 24 18 23 26 20 31 20 22 23 35 32 33 31 31 31 32 
Table 4.17 Results for LDA 8: percent of speakers classified into the correct region on the 
basis of F1 and F2 at 50% of their monophthongal tokens or 25% and 75% of their 
(semi)diphthongal tokens (two tokens per analysis for each speaker, except for /y/, where n is 
1). Chance level was 12.5%. 
 
Finally, it can be seen that LOBANOV and LOBANOV BARK preserved and even 
slightly enhanced sociolinguistic differences. Of the other procedures, only 
SYRDAL & GOPAL yielded a decrease of the success rate. The finding that 
LOBANOV preserved sociolinguistic information is noticeable, as Adank et al. 
(2004) found that this procedure removed a small part of the sociolinguistic 
variation. 
 Table 4.17 gives the results of LDA 8, in which only F1 and F2 of the vowel 
tokens were entered as predictors. A comparison of Table 4.16 and 4.17 reveals that 
the success rates have dropped, though not dramatically. For the monophthongs, the 
average decrease is 4% and for the (semi)diphthongs, it is 5%. This suggests that F1 
and F2 carry most of the regional differences in our data. 
 The results for LDA 8 show globally the same patterns as the results for LDA 7. 
However, it shows more clearly that the point vowels /i/ and /a/, and /ɔ/ and /ʏ/ 
hardly displayed regional differences. /ɪ/ and /ɛ/ again stood out as carrying most 
regional variation, in addition to /o/. Moreover, it is confirmed that LOBANOV and 
LOBANOV BARK preserved sociolinguistic differences in our data well. For the 
(semi)diphthongs, WATT & FABRICIUS performed as well as these two methods. 
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4.3.4.4 Summary of the LDA results 
 
In the previous sections, we have presented the results for the LDAs that compared 
the seventeen normalization procedures with respect to the preservation of phonemic 
and sociolinguistic variation and the reduction of anatomical variation in the 
formants and F0. Table 4.18 gives a summary of these results of the LDAs. It ranks 
the different normalization procedures on the basis of how well they preserved 
phonemic information (LDA 1), the extent to which they were able to remove 
anatomical information (LDA 2) and to preserve sociolinguistic differences (LDA 
8).  
 The normalization procedures in Table 4.18 were compared on the basis of how 
they performed for the F1 and F2 data only. This choice was justified by the fact 
that, apart from some exceptions, the normalizations showed no large differences 
between the respective LDAs for the assessment of phonemic, anatomical and 
sociolinguistic variation. As a consequence of this choice, SYRDAL & GOPAL, 
BARK DIFFERENCE METRIC and MILLER do not occur in the table. The first 
two of these methods were the worst in preserving phonemic variation, and 
MILLER behaved similarly to CLIHs4 in the analyses that employed all frequency 
measures, although MILLER performed better in removing anatomical variation in 
F0. 
 Table 4.18 thus shows the rankings of fourteen normalization techniques and the 
baseline procedure, for the monophthongs and (semi)diphthongs separately. The 
overall rankings do not differ much between the monophthongs and the 
(semi)diphthongs, which suggests that the method used for normalizing diphthongs 
has worked out well. 
The formant-intrinsic/vowel-intrinsic normalizations only improved, yet slightly, on 
the baseline procedure on the separation of vowel phonemes and on the reduction of 
anatomical differences. LOG was the best of these methods, followed by BARK and 
ERB. None of these normalizations performed worse than the baseline procedure in 
any way. 
 Adank et al. (2004) concluded that formant-intrinsic/vowel-extrinsic procedures 
are the best normalization techniques to be used in language variation studies. 
However, our results show that this conclusion should be nuanced. That is, Table 
4.18 shows that some of the formant-instrinsic/vowel-extrinsic techniques (i.e. 
GERSTMAN and (MODIFIED) WATT & FABRICIUS) yielded worse results than 
some of the formant-extrinsic/vowel-extrinsic methods (i.e. NORDSTRÖM & 
LINDBLOM, LABOV 1 and 2). There may be two reasons for this. First, the three 
formant-intrinsic methods use minima and maxima of formant values, which may be 
instable, since they can be the result of measurement errors. Moreover, the methods 
employ small numbers of vowels, which Adank (2003) showed to yield poorer 
results for vowel-extrinsic methods. On the other hand, the formant-extrinsic 
methods are also speaker-extrinsic, as they use either a reference value of F3 of 
other speakers to normalize F1 and F2 values or a grand log-mean. The speaker-
extrinsicity may also explain why these methods yield better results than formant- 
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 Monophthongs (Semi)diphthongs 
 LDA1 LDA2 LDA8 Rank LDA1 LDA2 LDA8 Rank 
HZ 15 12 11 15 14 14 10 14 
LOG 11 12 11 11 11 10 10 10 
BARK 12 11 11 11 11 11 10 12 
ERB 12 12 11 13 11 11 10 12 
MEL 12 12 11 13 14 14 10 14 
LOBANOV 1 1 2 2 1 2 1 1 
LOBANOV BARK 1 1 1 1 1 3 1 2 
GERSTMAN 8 7 2 6 6 7 6 9 
CLIHi4 3 1 2 3 3 1 6 3 
WATT & 
FABRICIUS 

6 7 5 7 6 9 1 7 

MODIFIED WATT 
& FABRICIUS 

7 9 5 9 6 8 4 8 

CLIHs4 10 10 10 10 10 11 10 10 
NORDSTRÖM & 
LINDBLOM 

8 5 5 7 6 4 4 4 

LABOV 1 4 6 5 5 5 4 6 6 
LABOV 2 4 1 5 4 4 4 6 4 
Table 4.18 Rank scores for the acoustic comparisons for each normalization procedure. The 
columns of LDA 1 give the rank scores for the success in preserving phonemic variation, the 
columns of LDA 2 give the rank scores for the success in minimizing anatomical variation, 
and the columns of LDA 8 show the rank scores for the success in preserving sociolinguistic 
variation. The “Rank” column gives the overall result. 
 
extrinsic CLIHs4. However, NORDSTRÖM & LINDBLOM did not outperform 
CLIHs4 and GERSTMAN in Adank et al. (2004). They mainly compared the 
normalizations on the basis of F0 through F3, which has probably led to the 
difference in results between their and our study. 
 Nonetheless, the result of Adank et al. (2004) is confirmed that at least some of 
the formant-intrinsic/vowel-extrinsic procedures perform better than any of the other 
procedures. That is, the three best procedures were LOBANOV, LOBANOV BARK 
and CLIHi4. For both the monophthongs and the (semi)diphthongs, they formed the 
top three in reducing anatomical differences, while retaining phonemic differences. 
Different from Adank et al.’s study, they also slightly improved on the baseline 
procedure in showing sociolinguistic differences (i.e. Adank et al. found a decrease 
in performance). The difference in the use of frequency measures probably plays a 
role in this. Moreover, the use of (semi)diphthongal vowels to compute the means 
and standard deviations, which were used in the normalization equations, was 
different from Adank et al’s approach, who employed only formant values of 
monophthongs. Following Adank et al., the best three normalizations were evaluated 
more thoroughly using multivariate analyses. This evaluation will be described in 
the following section. 
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4.3.4.5 Further evaluation of the three best procedures 
 
For a more thorough comparison of the three normalizations, a multivariate analysis 
of variance (MANOVA) was conducted. Whereas LDA can be used to focus at one 
factor at a time (i.e. gender, region or age), MANOVA can be used to estimate the 
relative proportion of variance in the data corresponding to several factors and their 
interactions. 
 In the present section, the first two series of MANOVAs are described. For the 
sake of comparability, the set-up of Adank et al. (2004) was copied. In these first 
series of MANOVAs, the effect of the normalizations on the complete vowel system 
was tested. Gender, community, region (nested under community), age and the 
vowel category were used as independent variables. The raw frequency values or the 
values transformed by LOBANOV, LOBANOV BARK or CLIHi4 were entered as 
dependent variables. It was decided only to test F1 and F2, because the MANOVAs 
in Adank et al. (2004) indicated that more variation can be attributed to the factor 
vowel and that more regional variation is found for these formants than when F0 and 
F3 are added as dependent variables30. 
 The MANOVAs were run for the monophthongs and (semi)diphthongs 
separately, as for the monophthongs the formant values at the vowel’s midpoint 
were used, and for the (semi)diphthongs the values at 25% and 75% were used. 
Wilk’s Lambda was used to estimate the significance of the effects of the dependent 
variables (p≤.012, i.e. p<.05 Bonferroni corrected for four analyses).  
 The results of the analyses are presented in Table 4.19. The table gives the partial 
η2 values of the significant effects. The partial η2 value expresses the proportion of 
the total variation in the dependent variable(s) that is explained by the variation in 
the independent variable. Thus, a higher partial η2 reflects a stronger effect of the 
independent variable. In the present section, the main focus is on the strong effects 
(partial η2 >.10). A normalization procedure is considered effective if it preserves 
differences between vowels (i.e. strong main effects of vowel), it minimizes strong 
main effects of gender (i.e. it removes anatomical differences) and it retains or 
increases the number of strong region or community effects (i.e. it preserves 
sociolinguistic differences). 
 For the monophthongs, four strong effects were found for the raw values, i.e. 
main effects of vowel and gender, and interaction effects of vowel×region and 
vowel×gender31. The effect of vowel indicates that (raw) F1 and F2 differed greatly 
between the monophthongs. All three normalization procedures preserved and 
increased the strength of this effect. The gender effect indicates that the F1 - F2 
plane differed strongly between males and females. The normalization procedures 
removed this strong effect and therefore proved to be able to remove anatomical 
differences. Moreover, the vowel×gender effect indicates that gender differences  
 

                                                
30 This result was checked and confirmed for our data. 
31 In this section, only partial η2 values will be reported, since our main purpose was to 
compare the strength or presence of significant effects in the raw and normalized data. 
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Monophthongs (Semi)diphthongs Partial η2 

HZ LOB LOB 
BARK 

CLIH HZ LOB LOB 
BARK 

CLIH 

Vowel .932 .950 .950 .942 .728 .779 .788 .766 
Region .036 .064 .059 .049 .143 .126 .116 .111 
Gender .560 .011 .008 - .642 .049 .045 .016 
Age - - - - .012 .011 .012 .008 
Vowel × region .160 .226 .215 .169 .154 .162 .166 .177 
Vowel × gender .187 .027 .026 .049 .114 .017 .020 .057 
Vowel × age - .007 - - .008 .008 .008 .010 
Region × gender .014 - - - .029 .010 .011 .016 
Region × age .022 - - - .014 .009 .009 .007 
Gender × age - - - - .019 .010 .010 .011 
Vowel × region × gender .038 .030 - .034 .036 .027 .026 .031 
Vowel × gender × age - - - - - - - .007 
Table 4.19 Results for the four MANOVAs, for the monophthongs and the (semi)diphthongs 
separately: partial η2 is given for each significant factor (p<.012, Bonferroni corrected). For 
the monophthongs, (un)normalized F1 and F2 at 50% were entered as dependent variables, 
for the (semi)diphthongs (un)normalized F1 and F2 at 25% and 75%. The number of tokens 
for the monophthongs is 2,720, for the (semi)diphthongs it is 1,920. 

 
were not equal across vowels. That is, as mentioned above, high vowels may have 
showed smaller (or inversed) gender differences in F1 than low vowels (e.g., Pols 
1977). The interaction effect can be interpreted as an anatomical difference, but it 
can also be explained by a sociolinguistic difference, in that women tried to make 
their phonological space wider, and therefore lower F1 of the high vowels and 
increase the F1 of low vowels (for a discussion of both views, see for instance 
Rosner and Pickering 1994:49-73). The removal of such an effect can be evaluated 
positively (i.e. removal of anatomical variation) or negatively (i.e. removal of 
sociolinguistic variation). However, whether positive or not, all three normalization 
procedures remove the strong interaction. Finally, the interaction of vowel×region 
indicates that regional differences were not equal across vowels. This is in line with 
the finding that for /ɪ/ and /ɛ/, we were better able to predict the region of origin of 
speakers than, for instance, for /i/. This effect thus should be retained, and this is 
indeed the case for the three procedures. In addition, LOBANOV and LOBANOV 
BARK increase the strength of the effect. 
 For the (semi)diphthongs, similar results were found, although more weak 
interactions showed up than for the monophthongs. Moreover, a strong effect of 
region was found across all four procedures, which indicates that the 
(semi)diphthongal system differs between regions. The vowel effect was somewhat 
weaker for (semi)diphthongs, which indicates that there was more overlap between 
the different vowels. This is not unexpected, as the long mid vowels /e, o, ø/ cover 
in part approximately the same areas as their diphthongal counterparts /ɛi, œy, ɔu/, 
respectively. 
 In sum, the results did not distinguish much between the normalizations in how 
they transformed the vowel systems as a whole. Therefore, a new series of 
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MANOVAs was run for each vowel separately, using the same configuration as 
described above (here, p<.001, Bonferroni corrected for the large number of 
analyses). For obvious reasons, the vowel was not used as an independent variable 
anymore. In the discussion below, the focus will be on the strong effects again. 
 The results for the monophthongs are displayed in Table 4.20. The table gives the 
partial η2 values for the significant effects. Moreover, it gives the total number of 
strong effects that have been found for region, community and gender (i.e. in the 
lower part of the table). The raw values showed clear anatomical effects, as for all 
vowels a strong effect of gender was found. Most of these effects were removed by 
the normalization procedures, of which CLIH was able to remove the most of the 
strong gender effects. A closer inspection of the preserved gender effects shows that 
CLIHi4 had difficulties removing anatomical variation from the low vowels (i.e. /a/ 
and /ɑ/), whereas LOBANOV and LOBANOV BARK were showing difficulty 
removing this variation from the higher vowels. As for the geographical (i.e. region 
and community) effects, LOBANOV performed the best, as it yielded more strong 
community effects than CLIHi4 and more strong region effects than LOBANOV 
BARK and CLIHi4. 
 For the monophthongs, LOBANOV BARK and LOBANOV were in balance. 
The former tended to be better in removing gender differences, whereas the latter 
tended to be better at preserving geographical differences. Between CLIHi4 and the 
other procedures, no such balance showed up, as the former did a good job in 
removing gender differences, but it was clearly outperformed by LOBANOV and 
LOBANOV BARK in finding geographical differences. 
 The results for the (semi)diphthongs are shown in Table 4.21. The MANOVAs 
were run for the onsets and offsets separately. The results show quite a different 
pattern than the results for the monophthongs. First, it can be seen that CLIHi4 
performed poorly in removing gender differences in (semi)diphthongs. This can be 
interpreted in two ways. On the one hand, the gender differences could be related to 
anatomical differences. Then, CLIHi4 has failed to remove these differences. On the 
other hand, it is hypothesized in the literature that women lead changes in 
Netherlandic Dutch in which the long mid vowels diphthongize and become more 
open at the onset, and in which also diphthongs become more open at their onset 
(e.g., Stroop 1998). For Flemish Dutch, no such claims have been made. It may thus 
be expected that the normalized F1 values for the (semi)diphthongs are higher for 
women than for men. However, for /e/ and /ø/, women showed lower F1 values at 
the onset when they were normalized by CLIHi4. In contrast, only for /ɔu/ higher 
onset F1 values for women were found. Overall, it cannot be judged unambiguously 
without auditory transcriptions whether sociolinguistic differences were preserved 
by CLIHi4. However, at least for the long mid vowels, the normalized values seem to 
contradict the hypothesis from the literature. 
 Table 4.21 also shows that LOBANOV BARK found more strong gender 
differences than LOBANOV. Finally, it shows that CLIHi4 yielded more 
geographical effects at the offset than the other two normalizations. For the onset, 
the three procedures perform equally well. 
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Partial η2

  Factor HZ LOB LOB 
BARK 

CLIHi4 

/a/ Region .061 .054 .054 .062 
 Community  .136 .152 .074 
 Gender .691 .057 .049 .251 
/ɑ/ Region .079 .064 .066 .071 
 Community .061    
 Gender .495   .156 
/i/ Community .048   .049 
 Region  .082 .077 .077 
 Gender .679 .111 .071 .069 
/u/ Region .082 .122 .123 .094 
 Community .120 .231 .225 .160 
 Gender .214 .149 .113 .063 
/ɪ/ Region .150 .254 .236 .183 
 Community .205 .478 .466 .320 
 Gender .703   .073 
 Region*gender .055    
/ɔ/ Region .112 .070 .069 .078 
 Community  .069 .051  
 Gender .406 .226 .184 .055 
/ɛ/ Region .310 .381 .384 .374 
 Community .216 .439 .432 .353 
 Gender .664    
 Region*gender .064    
 Region*age .065    
/ʏ/ Region .091 .105 .099 .094 
 Community .057 .163 .140 .125 
 Gender .676    
 Region*age .058    
/y/ Community .250 .172 .182 .271 
 Gender .552 .211 .148  

Region 3 5 4 2 
Community 4 6 6 5 

Total 

Gender 9 4 3 2 
Table 4.20 Results for the MANOVAs for each monophthong separately: partial η2 is given 
for each significant factor (p<.001). The last three rows give the total number of strong 
region, community and gender effects for the baseline procedure and the normalization 
procedures. 
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Onset Offset Partial 
η2

  
Factor 

HZ LOB LOB  
BARK CLIHi4 HZ LOB LOB  

BARK CLIHi4 

/o/ Region .139 .103 .110 .121 .064 .079 .075 .064 
 Community .500 .428 .457 .511 .107 .068 .082 .166 
 Gender .206 .068 .093 .237 .288 .086 .104 .168 
 Age .065        
/e/ Region .159 .176 .180 .163 .077 .079 .087 .087 
 Community .363 .330 .334 .345 .079 .078 .067 .134 
 Gender .709 .109 .088 .211 .721 .047  .126 
/ø/ Region .187 .188 .186 .179 .136 .121 .118 .120 
 Community .334 .293 .305 .311 .139 .142 .140 .188 
 Gender .706 .090 .103 .143 .593    
 Region*age .076        
/œy/ Region .146 .148 .144 .123 .136 .136 .145 .140 
 Community .339 .259 .259 .287 .430 .435 .450 .472 
 Gender .701 .080 .113 .127 .528    
 Age      .050 .048  
 Community*gender .092   .068     
/εi/ Region .118 .134 .140 .144 .089 .091 .099 .101 
 Community .463 .408 .411 .454 .138 .125 .118 .200 
 Gender .691   .142 .669   .064 
 Community*gender .125   .106     
/ɔu/ Region .171 .164 .166 .166 .063 .075 .075 .070 
 Community .298 .282 .275 .338    .067 
 Age        .046 
 Gender .462   .102 .158   .100 
 Community*gender .097 .055 .055 .098     
Total Region 6 6 6 6 2 2 2 3 
 Community 6 6 6 6 4 3 3 5 
 Gender 6 1 2 6 6 0 1 3 
Table 4.21 Results for the MANOVAs for the onset and offset of each (semi)diphthong 
separately: partial η2 is given for each significant factor (p<.001). The last three rows give the 
total number of strong region, community and gender effects for the baseline procedure and 
the normalization procedures 
 
Overall, the results indicate that LOBANOV is the best normalization procedure 
over the monophthongs and diphthongs. It outperformed CLIHi4, which preserved 
gender differences in the (semi)diphthongs. However, Nearey’s procedure 
succeeded in the removal of most anatomical variation in the monophthongs, 
though, at the cost of regional variation. LOBANOV BARK also performed slightly 
worse than LOBANOV in minimizing anatomical differences. In addition, the Bark  
version yielded less regional effects and the procedure requires an extra step in the 
normalization, i.e. the transformation of Hertz values to Bark. For these reasons, 
LOBANOV is assumed the best normalization procedure and will be used to 
normalize formant values in the remainder of this study.  
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4.3.5 Conclusions 
 
In this section, seventeen normalization procedures were evaluated with respect to 
their suitability for sociophonetic studies of vowel variation. In these studies, it is 
required that a normalization procedure meets three criteria. First, the procedure 
should preserve phonemic differences. Second, it should remove anatomical 
differences and, third, it should preserve sociolinguistic differences. 
 In earlier studies, it was found that formant-intrinsic/vowel-extrinsic methods are 
the most powerful procedures with respect to (some of) the three criteria (Section 
4.3.3). None of these studies tested the normalization of diphthongs. In the present 
study, these vowels were also taken into account. Moreover, some recently proposed 
procedures (e.g. (MODIFIED) FABRICIUS & WATT, LABOV 1 and 2) were 
included in the present study. 
 Despite the fact that diphthongs were included in the comparison of the 
normalizations, the results were generally the same as in previous studies. That is, 
LDA tests revealed that the best three normalizations were formant-intrinsic/vowel-
extrinsic, i.e. LOBANOV, LOBANOV BARK and CLIHi4, although also some 
formant-extrinsic/vowel-extrinsic performed well (i.e. LABOV 1 and 2, 
NORDSTRÖM & LINDBLOM). The results indicate that simple procedures, like 
LOBANOV prevail over procedures, which do not seem to add more than 
complexity (e.g., compare CLIHi4 and LABOV 1, or LOBANOV and LOBANOV 
BARK). 
 The main conclusion therefore is to keep the normalization simple and to use one 
of the vowel-extrinsic/formant-intrinsic and speaker-intrinsic procedures. Of these 
procedures, LOBANOV stands out, mainly because it is best in dealing with the 
normalization of diphthongs. This method will therefore be used in the rest of this 
study. 
 
 
4.4 The temporal representation of vowels  
 
4.4.1 Introduction 
 
So far, we have shown how to obtain formant measurements and that, for 
sociophonetic studies of vowel variation, LOBANOV is the best method to 
normalize formant values. In this section, the temporal representation of vowels in 
the context of a sociophonetic study of vowel variation is investigated. That is, it is 
investigated whether it is better to represent vowels by the means of one or two time 
points or by the dynamics of their formant trajectories. To this end, three approaches 
to represent vowels by formant values were compared. In the first approach, the 
target approach, monophthongs are represented by formants at the vowel’s temporal 
midpoint, and (semi)diphthongs by formants at their onset (at 25% of the vowel’s 
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duration) and their offset (75%)32. In the second approach, the time points approach, 
monophthongs and (semi)diphthongs are represented by vowels at more than one or 
two time points, respectively. The third approach, the regression approach, fits 
polynomial regression equations to formant contours and uses the regression 
coefficients to describe the development of the formants over time. The second and 
third approaches are dynamic approaches.  
 To evaluate which method is best in the sociophonetic study of vowel variation, 
it was investigated to what extent the regional origins of speakers can be predicted 
on the basis of either (relatively) steady-state formant values or formant dynamics in 
highly monitored Standard Dutch (i.e. in word list reading). In a reading task, the 
differences between groups of speakers, such as speakers from different regions, are 
smaller than in spontaneous speech (e.g., Labov 1972, 2001). Interestingly, it has 
been reported that in carefully articulated speech (i.e. reading style) vowels show 
more formant movement than in spontaneous speech (Ferguson and Kewley-Port 
2002). Therefore, the former would be the most likely style to investigate regional 
differences in dynamics of vowels, even though it is a speech style where relatively 
little sociolinguistic variation is expected. 
 The structure of the third and last part of this chapter is as follows. In Section 
4.4.2, it will be summarized which methods have been used in phonetics and 
sociolinguistics in the recent past. The three approaches’ methodologies will be 
outlined in 4.4.3. Section 4.4.4 presents the results of the comparison of the different 
approaches and Section 4.4.5 discusses them. Section 4.4.6 gives a brief summary of 
Section 4.4. 
 
 
4.4.2 Vowel representations in the literature 
 
4.4.2.1 Monophthongs 
 
In both phonetics and variationist studies in sociolinguistics33 it is common practice 
to describe monophthongs acoustically with only one value per formant, being either 
a mean formant value (e.g., Van Son and Pols 1990) or a formant value at a given 
point in time. This is because monophthongs are considered to be stationary vowels 
(Ladefoged and Maddieson 1996). Even though using a single value is a practical 

                                                
32 A monophthong is defined as a vowel that has only one steady state, or target configuration 
(Harrington 2010; Clark et al. 2007; Laver 1994). Harrington (2010) defines a vowel target as 
“a single time point that in monophthongs typically occurs nearest to the vowel’s temporal 
midpoint, or a section of the vowel (again near the temporal midpoint) that shows the smallest 
degree of spectral change and which is part of the vowel least influenced by [...] contextual 
effects.” A diphthong is defined as a vowel that exhibits two targets (Harrington 2010; Clark 
et al. 2007; Laver 1994) that differ from each other (Ladefoged and Maddieson 1996). The 
second target is less stable due to contextual influence and undershoot (Harrington and 
Cassidy 1999; Gay 1968).  
33 In the following, when we refer to variationist studies, we mean variationist studies in 
sociolinguistics. 
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way of representing vowels, it remains questionable whether it is the best method 
for vowel descriptions. In this study, we will argue for the use of dynamic 
approaches in variationist studies for representing both monophthongs and 
diphthongs. 
 For monophthongs, there are five commonly used methods of selecting a single 
time point at which to measure formants (see Harrington 2010; Harrington and 
Cassidy 1999; Van Son and Pols 1990). The first method measures formants at the 
point in time where the vowel reaches its maximum intensity, which is considered 
the moment at which the jaw is maximally opened (Ladefoged 2003). Although this 
method is unambiguous, it is not useful for high vowels for which the mouth has to 
be relatively closed, since a closed vowel has a relatively low intensity. The target in 
high vowels does therefore not necessarily co-occur with the point of maximum 
intensity. 
 The second method is to measure formants at the point where the vowel’s F1 
reaches its maximum or minimum. Also this approach assumes that at that point, i.e. 
of maximum F1, the mouth is maximally opened. One would therefore expect, for 
the open vowels at least, to obtain approximately the same time points as for the 
maximum intensity, i.e. the first method (Rietveld and Van Heuven 2001:151)34. 
The maximum F1 method is of course not suitable for high vowels, but there the 
minimum F1 method can be applied. An advantage of this method is its 
unambiguity, but it has the drawback that it sometimes cannot differentiate vowels 
that show the maximum value at different time points (see Di Benedetto 1989, for 
American English [ı] and [ɛ]). Moreover, the choice of method for the mid vowels is 
less straightforward, since it is not clear whether the mouth has to be maximally 
opened or maximally closed (or minimally opened). 
 The third method measures formants at the maximum of F2 for front vowels and 
the minimum of F2 for back vowels. This method has similar arguments for and 
against as the second one. 
 The fourth method takes the temporal midpoint of the vowel as the point of 
measurement, which is assumed to be close to the vowel target (Harrington 2010; 
Harrington and Cassidy 1999:60). This method is at present very common in 
sociophonetic studies on vowel variation (e.g., Jacobi 2009; Adank et al. 2007; 
Torgersen and Kerswill 2004) and in phonetics (e.g., Rosner and Pickering 1994). 
At least it is the easiest method to apply and it is a consistent method to compare 
vowels within and between varieties. However, this method is obviously unable to 
detect diphthongizing changes at the onset and offset of vowels. 

                                                
34 For the monophthongs in the data of this study, we checked whether this was true. A 
Repeated Measures ANOVA with ‘type of maximum’, i.e. maximum of F1 or intensity, as 
between-subjects factor revealed that only for /a/ the time point of maximum F1 and the time 
point of maximum intensity did not differ significantly. We may therefore conclude that the 
abovementioned claim is only true for the most open vowel of Dutch, which accordingly 
shows the highest F1. Furthermore, only for /i/ a weak positive correlation between the two 
time points was found (r = .199). This result indicates that the glottal source is not constant 
throughout the vowel, since at a constant source, the maximum F1 and intensity would 
coincide. 
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 The fifth method combines the second and third method. In what might be called 
the seminal work for variationists, Labov et al. (2006) measured F1 and F2 of most 
short vowels and many long upgliding vowels at the maximum of F1. For the 
ingliding vowels, where the tongue reached a maximum fronted position and 
subsequently moved away from it, formant values were obtained at the F2 
maximum. For vowels that moved to and from a maximum backed position were 
measured at minimum F2. In the case of a steady state in F1, the F2 was sometimes 
used to find a point of measurement, e.g. where F2 was furthest away from 
consonant transitions. Also Fabricius (2007) combined the second and the third 
method. She used different methods for high front vowels (F2 maximum), open 
vowels (F1 maximum) and high back vowels (F2 minimum). In addition, in the case 
of no clear maxima or minima, formants were obtained at the vowel’s midpoint. A 
major drawback for methods that incorporate maxima of F1 and F2 as criteria is that 
maxima of F1 and F2 generally do not occur at the same time within a vowel 
(Harrington and Cassidy 1999; Di Benedetto 1989). For instance, in the case of 
Labov et al. (2006) a vowel might be both upgliding and ingliding, thus showing 
both a maximum F1 and F2. It is then up to the researcher to decide which point is 
the most representative one, which may lead to biased results. 
 In addition to these methods and the method that averages the formant value over 
the vowel duration, Van Son and Pols (1990) test a method that takes the formants 
from the most stable part of the vowel realization. In their comparison of normal rate 
and fast rate speech, in over 25 percent of the cases there were differences between 
the methods in which formant differences across speech rates were significant. 
However, Van Son and Pols (1990:1692) conclude that the different measuring 
methods do not differ too much and that “the method that is most convenient can be 
used”. Yet, as already noted, the choice of method affects the results, since “the 
frequencies of F1 and F2 can vary greatly over the duration of a vowel, so the 
resulting measurements will also vary depending on where in the signal they are 
taken” (Milroy and Gordon 2003:148). 
 In most variationist studies, monophthongs are measured at only one time point 
(for an overview of vowel variation studies, see Thomas 2002, 2007). At the NORM 
website (Thomas and Kendall 2007-2009), researchers can input one value per 
formant per token, although they are offered the option to add a value for a glide, “if 
any”35 is present. Labov et al. (2006:38) did not find it necessary to include glide 
values in most cases, but prefer a code for glides in the comments that are attached 
to the target measurements. Thus if variationists decide to follow Labov, the pioneer 
of the use of vowel formant analysis in the field (Thomas 2007), they run the risk of 
missing crucial information in, for instance, changes that involve the emergence of 
diphthongs. 
 In contrast to most variationists, some forensic linguists use formant dynamics 
for monophthongs successfully, amongst others for speaker recognition (e.g., 
McDougall and Nolan 2007). In phonetics, dynamic vowel descriptions are 

                                                
35 See http://ncslaap.lib.ncsu.edu/tools/norm/norm1_help.php, section Preparing Your Data. 
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sometimes preferred over single time point descriptions (e.g, see below), but often 
formant dynamics are ignored in monophthongs. 
 There are several arguments for the incorporation of vowel dynamics into 
variationist studies. First, a study that represents a vowel with a single time point 
leaves out possible important (socio)linguistic variation. For instance, Clopper et al. 
(2005:1674) note that “a preliminary inspection of the trajectories suggests that 
additional variation may also be present in how talkers from different regions 
manipulate spectral change to maintain vowel contrasts”. Hillenbrand et al. 
(2001:758) show that the vowel category of a monophthong can be predicted more 
successfully when using formant values from two time points in a token than when 
only the formant values at the steady state are taken as predictors (see also Neel 
2008)36. Their finding suggests that there is additional information about the vowel 
quality at other points than the steady state. Accordingly, it might be hypothesized 
that there are more phonetic patterns present in monophthongs that can contribute to 
distinguishing speakers than those patterns found at the target. 
 Another argument for the incorporation of vowel dynamics in sociolinguistic 
studies is that in many of those studies formant measurements are matched with 
auditory transcriptions. It is not clear whether a single point of measurement yields 
the optimal, if it even exists, representation of the monophthong for such 
transcriptions. Needless to say, a transcriber judges a vowel token by listening to the 
entire token, not just by listening to, for instance, the steady state. In accordance 
with this, it has been argued that dynamic characteristics are more important to 
vowel perception (Milroy and Gordon 2003:150; Strange 1989:2148). 
 To summarize, although many recent (socio)phonetic studies have been 
concerned with finding an optimal time point in monophthongs to measure 
formants, it is argued that describing monophthongs in terms of more dynamic 
representations is more fruitful. 
 
 
4.4.2.2 Diphthongs 
 
For diphthongs, the situation is slightly different, as most recent phonetic and 
variationist studies represent these vowels by formant values at two time points, at 
the onset and at the offset of the vowel (e.g., Harrington 2010; Jacobi 2009; Adank 
et al. 2007; Clopper et al. 2005), or by an onset value and a glide value (Thomas and 
Kendall 2007-2009; Thomas 2003; Van Heuven et al. 2002). Yet, some researchers 
still select one time point to represent diphthongs (e.g., Labov et al. 2006; Labov 

                                                
36 A different result is given by Harrington and Cassidy (1994) who found that monophthongs 
in Australian English do not benefit from a three time point representation compared to a 
single time point representation. The difference in results might be due to a difference in 
method. Whereas Hillenbrand et al. use the first three formants to represent monophthongs, 
Harrington and Cassidy use spectral bands ranging from 300 to 5250 Hz. The former 
therefore seem to include a considerable amount of redundant information, i.e. information 
that does not improve vowel recognition, while the latter only use formants that have been 
shown to be of crucial importance for vowel distinctions (Harrington 2010). 
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1994). Still, as diphthongs are conceived of to have a dynamic nature (Holbrook and 
Fairbanks 1962), more studies take this dynamicity into account than studies on 
monophthongs, i.e. diphthongs are represented with more than two time points (see 
Peeters 1991). 
 Most of these studies focus on vowel dynamics in relation to perception (e.g. 
Weismer and Berry 2003; Jacewicz et al. 2003; Nábĕlek and Ovchinnikov 1997), or, 
sporadically, other subjects (e.g., forensic linguistics, Rose 2006). By contrast, 
variationist studies only occasionally incorporate diphthong formant dynamics. For 
instance, Weil et al. (2000) tried to identify the acoustic correlates of style-shifting 
between Southern English and Standard American English by comparing formant 
values at five points in /ɛi/ and /aɪ/. More recently, Jacobi (2009) looked into 
differences in spectral change in the Dutch diphthong /εi/, and compared speakers 
who use a conservative variant of the diphthong and speakers who use an innovative 
variant, with a lowered onset closer to /a/. She found, only using a sample of twelve 
speakers, that those using the new variant show a constant increase in height and a 
constant fronting over the duration of the vowel, whereas the other speakers started 
backing the vowel again after the vowel’s temporal midpoint. 
 In sum, most phonetic and variationist studies on diphthongs measure formants at 
at least two points in the vowel, consequently capturing spectral change within these 
vowels. Yet, as for monophthongs, important spectral information might be 
overseen in this way (Ladefoged 2003:134), which seems to be supported by 
forensic linguistic studies (Rose 2006) and by some phonetic studies (e.g., Peeters 
1991). In comparing German, Dutch and English diphthongs, Peeters showed that 
/ai/ and /au/ could not be distinguished on the basis of onset and offset formant 
values, whereas they were perceptually clearly different. Information on the 
dynamics of formants eventually showed how the diphthongs differed across 
languages. For a comparison of varieties within a language, inclusion of more than 
two measurement points for diphthongs seems therefore crucial (see Jacobi 2009).  
 
 
4.4.2.3 Conclusion 
 
Most variationist studies use, just as most phonetic studies, single time point 
representations for monophthongs and two time point measurements for diphthongs 
(hence, target approaches).  However, it appears that approaches that incorporate 
(more) information about vowel dynamics (hence, dynamic approaches), as used in 
forensic linguistics, are needed in order to give a fuller view of the sociolinguistic 
variation in vowel system of a certain community. Two such dynamic approaches 
will be compared with the target approaches. The first of these, the time points 
approach, measures vowels at more than one (for monophthongs) or two time points 
(for diphthongs). The second, the regression approach, fits polynomial regression 
equations to formant contours and uses regression coefficients to describe the 
development of the formants over time. 
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4.4.3 Three approaches for the temporal representation of vowels 
 
In the present section, an outline of three approaches to represent vowels in time is 
presented. In the next section, these approaches are compared to each other. The 
vowel tokens in the comparisons are taken from the s-words only (Section 4.2.2.1). 
Only normalized F1 and F2 are used to represent vowels. The formant values were 
normalized using LOBANOV (see Section 4.3.3 for a description). 
 The first approach, the target approach, employs formant values taken from 
vowel’s midpoint to represent monophthongs, and values taken from the onset 
(25%) and offset (75%) of a vowel to represent (semi)diphthongs. Two dynamic 
approaches will be compared to the target approach, namely the time points 
approach and the regression approach. The time points approach employs formant 
values from more than one or two time points to represent a monophthong or 
(semi)diphthong, respectively. The regression approach quantifies dynamic 
differences between speakers by fitting polynomial equations to formant contours 
and using the regression coefficients as predictors in the discriminant analysis (cf. 
McDougall and Nolan 2007). In the present study, a regression method was used to 
fit the F1 and F2 contour of each token to each of a linear (using two parameters; 
equation (29)), quadratic (three parameters; equation (30)) and cubic polynomial 
(four parameters; equation (31)). The advantage of cubic polynomials is that they 
are able to capture asymmetries in the formant movement. To the contrary, quadratic 
regressions can only adequately describe formant contours, which show symmetrical 
rates of change before and after the maximum or minimum formant value. 

 
(29)  y = a0 +  a1t  
(30)  y = b0

 + b1t + b2t2 

(31)  y = c0 + c1t + c2t2 + c3t3 

 
In the equations, y represents the normalized formant value, t is the time point, and 
a0, a1 and b0, b1, b2 and c0, c1, c2, c3 are the regression coefficients that were entered 
as predictors in the analysis for the linear, quadratic and cubic regression, 
respectively. The first time point was coded -3 and the last (i.e. seventh) time point 
was coded 3, such that the vowel’s midpoint was 0. Thus, the constant (i.e. a0, b0 or 
c0) was made equal to the estimated value at the vowel’s midpoint (t = 0). 
 Figure 4.2 provides an example of the method. The observed (unnormalized) F2 
values of a token of /u/, uttered by a young male speaker from N-M are represented 
by open triangles. The corresponding fitted regression equations, visualized in the 
graph, are given in (32)-(34). 
 
(32)  y = 791 + 34.4t 
(33)  y = 726 + 34.4t + 16.4t2 
(34)  y = 726  + 21.4t + 16.4t2+ 1.9t3 
 
As is clearly visible in Figure 4.2, the quadratic (R=.978) and the cubic estimates 
(R=.992) exhibit a better fit to the F2-contour than the linear regression (R=.584). 



FORMANT MEASUREMENTS AND NORMALIZATION METHODS 

 

129 

 

 
Figure 4.2 The observed F2 values (triangles), fitted by the linear (stars), quadratic (squares) 
and cubic (circles) regressions of the vowel /u/, uttered by a young male speaker from N-M. 
 
In the current study, the initial consonant of the words is not constant across the 
words. The different consonants may have different effects on the formant 
trajectories, which will bias the results. For instance, Dutch /ɣ/ is known to exhibit 
strong regional variation (Van der Harst and Van de Velde 2007). Van der Harst et 
al. (2007) determined the resonance frequency (Fres) of 320 (palato-velar, velar and 
uvular) tokens of /ɣ/ of the same speakers as in the present study and showed that 
this measure provides an effective tool for describing regional differences in the 
pronunciation of the fricative. In the current study, a comparison was made between 
the resonance frequencies obtained by Van der Harst et al. (2007) and the formant 
frequencies of /ɑ/ in gas /ɣɑs/37. This yielded no significant correlations between F1 
and Fres, but weak significant correlations (p<.05) between F2 and Fres at the 12.5% 
(r=.35) and 25% (r=.25) time point. At the vowel’s midpoint, no significant 
correlation was found, which suggests that the influence of the preceding consonant 
is minimal at that point. 
 Since at the most extreme time points (i.e. -3 and 3) the influence of the 
surrounding consonants is largest, it was decided to exclude these time points in 
order to minimize coarticulatory effects. Hence, calculations of the regression 
equations were based on the formant values from the 25% time point to the 75% 
time point (i.e. -2 and 2 in Figure 4.2). 
 
 
 
 

                                                
37 In Van der Harst et al. (2007), /ɣ/ occurred in a nonsense word, namely guize /ɣœyzə/. 
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4.4.4 The approaches compared 
 
4.4.4.1 Target approach 
 
Linear discriminant analyses (LDAs) were conducted to establish how well regions 
could be discriminated on the basis of various combinations of acoustic 
measurements. First, F1 and F2 values at the temporal midpoint of all monophthong 
vowel tokens in the s-words were entered as predictors (i.e. the total number of 
predictors per vowel was 160). Unless stated otherwise, the enter method was 
applied. In the next step, F1 and F2 values at the onset and offset of all 
(semi)diphthongal tokens were entered as predictors (i.e. the total number of 
predictors was 320). The results of these LDAs are shown in Table 4.22. The LDAs 
were carried out for each vowel separately, but also for all monophthongs or all 
(semi)diphthongs at once. 
 The results show that all success rates were above chance level (12.5%). The 
front vowels /ɪ/ and /ε/ outperformed the other monophthongs in predicting the 
correct region of origin of our 160 speakers, with success rates of 32.5 and 45%, 
respectively. In contrast, /i/ hardly showed regional 
variation. When all monophthongs were combined, almost two third of the speakers 
were classified correctly. 
 Figure 4.3 plots the normalized mean values of all monophthongs at their 
midpoint for all eight regions. It is striking to see that the three Dutch regions N-R, 
N-N and N-M cluster for almost all vowels. In addition, the Flemish region F-B 
sometimes (e.g., for /ε/) tends to be close to these regions, whereas in some cases 
(e.g., also for /ε/) N-S appears to behave like a Flemish region. 
 Table 4.22 further shows that for the individual (semi)diphthongs, only 
negligible differences between the vowels were found. When all (semi)diphthongs 
were combined, over two third of the speakers was classified into the correct region. 
Figure 4.4 gives the mean normalized formant values at the 25% and 75% time point 
of all long mid vowels for all regions. Figure 4.5 plots the mean normalized formant 
values at 25% and 75% of all diphthongs for all regions.  
 As the regions N-R, N-N and N-M clustered for the monophthongs, they did the 
same for the formant values at the onset of the (semi)diphthongs. A similar remark 
could be made about the values at 75%, although not as strongly as for the values at 
25%. For the diphthongs, F-B again seems to behave differently from the other 
Flemish regions, as its onset values are closer to the Dutch regions than to the 
Flemish ones. 
 To summarize, the results in Figures 4.3 to 4.5 suggest that the Dutch regions N-
R, N-M and N-N cluster, whereas N-S shows more Flemish behavior. F-B floats 
somewhat in between Flanders and The Netherlands. In order to see whether this is 
true for the whole (monophthongal) vowel system, the confusion matrix for the 
LDA on the basis of all monophthongs’ 50% measurements was analyzed (Table 
4.23). The matrix shows which speakers were classified into their region of origin 
(i.e. the original and predicted region match) and which were not. 
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Vowel Success (%) Vowel Success (%) 
/a/ 22.5 /o/ 33.1 
/ɑ/ 24.4 /e/ 35.6 
/i/ 18.1 /ø/ 27.5 
/u/ 24.4 /œy/ 36.3 
/ɪ/ 32.5 /εi/ 33.8 
/ɔ/ 24.4 /ɔu/ 35.6 
/ɛ/ 45.0   
/ʏ/ 28.1   
All 65.0 All 72.5 

Table 4.22 Success rates for the prediction of region of origin of speakers, split up per vowel. 
On the left side the success rates for monophthongs are given for LDAs with F1 and F2 at the 
vowel’s midpoint as predictors. On the right side the success rates for the (semi)diphthongs 
are given for LDAs with F1 and F2 at the vowel’s onset and offset as predictors. 
 
 

 
Figure 4.3 Mean values of normalized F1 and F2 at the midpoint of the eight monophthongs 
in the s-words, split up by region.  
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Figure 4.4 Mean values of normalized F1 and F2 at the onset and offset of all long mid 
vowels in the s-words, split up by region.  

 
Figure 4.5 Mean values of normalized F1 and F2 at the onset and offset of all diphthongs in 
the s-words, split up by region. 
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Predicted group membership  

N-R N-M N-N N-S F-L F-W F-E F-B 
N-R 12 6 2 - - - - - 
N-M 3 12 3 - - 1 - 1 
N-N 2 2 15 - - - - 1 
N-S - - - 14 4 1 1 - 
F-L - 1 - 2 11 2 3 1 
F-W - - - 1 4 12 - - 
F-E - - - 1 1 3 14 1 

Original 

F-B 1 1 1 - - 3 - 14 
Table 4.23 Confusion matrix for the LDA in which the region of origin of speakers (N=160) 
was predicted on the basis of F1 and F2 at the midpoint of the monophthongs. The success 
rate is 65%. 

 
 

Predicted group membership  
N-R N-M N-N N-S F-L F-W F-E F-B 

N-R 14 2 3 - - - - 1 
N-M 2 14 3 - - - - 1 
N-N 4 4 12 - - - - - 
N-S 1 1 - 15 - - 2 1 
F-L - - - - 13 2 1 4 
F-W - 1 - - 2 14 2 1 
F-E - - - 1 1 1 16 1 

Original 

F-B - - - - 2 - - 18 
Table 4.24 Confusion matrix for the LDA in which the region of origin of speakers (N=160) 
was predicted on the basis of F1 and F2 at the onset and offset of the (semi)diphthongs. The 
success rate is 72.5%. 

 
The matrix seems to confirm the picture that was given above. Speakers from  
N-R, N-M and N-N that were erroneously classified, were in 86% of the cases 
classified in one of these three regions. This indicates that these regions are difficult 
to keep apart on the basis of steady state measurements in monophthongs, but that 
they are easy to distinguish from the other regions. This is confirmed by the fact that 
in only four cases (out of 56 misclassifications) speakers from the regions N-S, F-L, 
F-W, F-E and F-B were classified into N-R, N-M or N-N. None of these four 
speakers were from N-S, indicating a clear split in The Netherlands. Three of those 
four misclassified speakers are from F-B, which is in line with the results in Figures 
4.3 to 4.5. In addition, three speakers from N-R, N-M and N-N were classified into 
one of the other regions. Finally, as for N-R, N-M and N-N, it is difficult to 
distinguish the other regions on the basis of steady state values. 
 For the (semi)diphthongs, a similar picture was obtained (Table 4.24). Most 
speakers from N-R, N-M and N-N (i.e. 90%) that were misclassified, were classified 
into one of these regions. The two speakers that were not classified as being from 
these regions were appointed to F-B. The latter region appears to be more distinct 
from the other regions than for the monophthongs. 
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 Overall, the results for the target approach show that at the given time points, 
there is a considerable amount of regional variation, even in the highly monitored 
word list reading task. However, in particular for the monophthongs, there are two 
groups of regions within which steady state regional differences are not clearly 
observable. In the next section, it will be investigated whether more regional 
differences are traceable in dynamic representations of vowels. 
 
 
4.4.4.2 Dynamic approaches 
 
In order to compare the target approach to the dynamic approaches, a new series of 
LDAs was conducted, in which the region of origin of speakers was predicted on the 
basis of F1 and F2 values. Table 4.25 gives an overview of the success rates. The 
results for the target approach and the two dynamic approaches are given for the 
monophthongs, for the (semi)diphthongs and for all vowels together. Only the 
success rates for the analyses in which formant values of all vowels within a 
category (i.e. monophthong, (semi)diphthong, or all vowels) were entered together, 
are given. The results for the target approaches that are not commonly used for the 
given vowel category are given in parentheses. In addition to the success rates, the 
table gives the number of predictors per vowel token (i.e., k) and the total number of 
predictors that were entered (n). For instance, for the linear regression approach, two 
coefficients (or parameters) per formant were used to describe the formant contour 
of vowel tokens (see equation (29)). There are two formants, thus k is 4, and 
fourteen vowels in total, so n for all vowels is 56.  
 
 

Predictors k n A n M n D 
50% 2 28 77.5 16 65.0 12 (56.3) 

25-75% 4 56 93.1 32 (78.1) 24 72.5 
25-50-75% 6 84 98.1 48 90.6 36 80.0 

25-37.5-50-62.5-75 10 140 100 80 96.3 60 96.3 
All 14 196 100 112 100 84 99.4 

Linear38 4 56 93.8 32 80.0 24 77.5 
Quadratic 6 84 98.8 48 90.0 36 86.3 

Cubic 8 112 99.4 64 95.6 48 88.1 
Table 4.25 Success rates (in %) in predicting the region of origin of speakers in LDAs, for 
target approaches and dynamic approaches, for all vowels (A), monophthongs (M) and 
(semi)diphthongs (D). ‘k’ gives the number of predictors per vowel token, ‘n’ the total 
number of predictors used in the analysis.  
 

                                                
38 Two speakers, one young male from N-M and one young male from N-N, showed no F1 
movement over time in /i/ or /ɑ/, respectively. Therefore, no regression line could be 
estimated for these formants. The missing constants for these formants were replaced by the 
normalized observed formant value, and the other coefficients were set to 0. The maximum 
shift in success rate due to these two replacements was 0.7%. 
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 The results in Table 4.25 reveal several differences. First, it is clear that the 
steady state approaches did less well than the dynamic approaches. For the 
monophthongs, the inclusion of more than one time point gave an improvement of at 
least 13%, which could even rise to the full 35%. The regression approach gave 
similar improvements. For the (semi)diphthongs, an increase of between 7.5% and 
27% was visible for the time points approach, if the commonly used target approach 
was taken as a starting point. Note that if one time point was taken (cf. Labov et al. 
2006), only 56% of the speakers would be correctly classified. The regression 
approach led to increases of 2 to 14%. When the two vowel categories were taken 
together, the lower boundary of success rates would increase to 77.5%, whereas the 
inclusion of more time points or the regression approach led to (near) perfection. 
 Furthermore, at first sight, the time points approach seemed to perform better 
than the regression approach, in particular when all time points were included. 
However, as McDougall and Nolan (2007) note, the number of predictors should be 
limited. When all time points were used in the analysis, there was a total number of 
112 predictors for the monophthongs and 84 predictors for the long mid vowels and 
diphthongs39. If only three time points were used, we still obtained excellent results, 
with only 48 and 36 predictors for the monophthongs and (semi)diphthongs, 
respectively. 
 Finally, the two dynamic approaches yielded approximately the same results, if 
we, just for now, ignore the approach that includes all time points. For 
monophthongs, the quadratic fit performed as good as the time points approach that 
used the exact same number of predictors. For the (semi)diphthongs, the quadratic 
and the cubic approach even performed somewhat better, although the latter 
approach included more predictors. When the two vowel categories are combined, 
the quadratic approach and the time points approach yielded similar results. 
 To compare the results of the dynamic approaches to the result of the target 
approach, Table 4.26 shows the confusion matrix that is the result of the LDA for 
the quadratic regression approach for monophthongs. The table is consistent with  
 
 

Predicted group membership  
N-R N-M N-N N-S F-L F-W F-E F-B 

N-R 18 2 - - - - - - 
N-M - 19 1 - - - - - 
N-N 2 - 18 - - - - - 
N-S - - - 18 2 - - - 
F-L 1 - - - 15 2 1 1 
F-W - - - - - 18 1 1 
F-E - - - - 1 1 18 - 

Original 

F-B - - - - - - - 20 
Table 4.26 Confusion matrix for the LDA in which the region of origin of speakers (N=160) 
was predicted for the quadratic regression approach for monophthongs. The success rate is 
90%. 

                                                
39 Seven time points * two formants * (eight monophthongs or six (semi)diphthongs)  
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some of the previous results for the target approach (e.g., Table 4.23). First, N-R,  
N-M and N-N behaved as a separate group, as their speakers were never classified 
into one of the other regions. Moreover, in only one of the 11 misclassifications of 
speakers from the other regions, the speaker was assigned to N-R, N-M or N-N. 
Second, the split within the Netherlands remained intact, since none of the speakers 
from N-S was assigned to the N-R, N-N or N-M, neither the other way around.  

 However, the most striking result is that although the steady state formant values 
of the latter regions clustered (cf. Figure 4.3), these regions can be well 
distinguished on the basis of the dynamic characteristics of the monophthongs. Yet, 
as pointed out before, the number of predictors used in the analysis to obtain this 
result is high (cf. Table 4.25). Given the high number of predictors and the near 
perfect scores of the analyses that used 56 predictors or more, it is reasonable to 
assume that a considerable number of predictors are (fairly) redundant in 
distinguishing regional accent varieties of Standard Dutch. In order to filter out these 
predictors a series of stepwise LDA was carried out on the data. 

 
 
4.4.4.3 Stepwise LDA 
 
Thus to see whether we could remove some predictors, without losing too much 
predictive power, six stepwise LDAs were conducted, using the Wilks’ Lambda 
method. In this method, at each step the predictor was selected that minimized 
Wilks’ Lambda40. In addition, a variable was selected for the analysis when the 
significance level of its F-value was less than .01. It was removed when the 
significance level was higher than .05. For each target and each dynamic approach, 
one stepwise LDA was carried out. 
 The results of the LDAs are given in Table 4.27. A comparison of the results in 
this table with the results for all vowels in Table 4.25 yields some interesting 
findings. First, it can be seen that for all approaches the number of predictors has 
dropped considerably. For instance, for the quadratic approach the number of 
predictors decreased from 84 to 11. Similarly, the success rate has dropped for all 
methods, ranging from 18 to 30%. Second, it still holds that dynamic approaches 
resulted in a better discrimination of regions. Moreover, the time points approach 
gave to the best results. If the five time points from the onset to the offset were 
entered as predictors, the success rate mounted to 86.9% on the basis of 17 selected 
predictors. This success rate dropped if the more extreme time points were included 
in the analysis (see ‘All’ in the table). This suggests that formant transitions, either 
influenced by coarticulation or not, block the recognition of regional variation in the 
pronunciation of vowels. 
 

                                                
40 Wilks’ Lambda (Λ) gives an estimate of the unexplained variance. It is defined as the ratio 
of two determinants of matrices, as in the formula Λ = |E| / (|B+E|), where Matrix B gives the 
sums of squares of the between-group scores, and E the error-variance (Rietveld and Van 
Hout 2005:176).  
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Time points Predictors k n All 
1 50% 28 8 59.4 
2 25-75% 56 11 68.8 
3 25-50-75% 84 9 68.1 
5 25-37.5-50-62.5-75 140 17 86.9 
7 All 196 14 78.8 
 Linear 56 12 71.9 

Infinite Quadratic 84 11 68.8 
 Cubic 112 12 74.4 

Table 4.27 Success rates (in %) in predicting the region of origin of speakers in the stepwise 
LDAs. ‘k’ refers to the number of possible predictors, ‘n’ to the number of predictors selected 
for the analysis. 
 
 

 25 to 75 Cubic  25 to 75 Cubic 
1 F1 50% /ε/ constant F1 /ε/ 10 F2 75% /ɪ/ constant F1 /εi/  
2 F2 50% /ε/ constant F2 /ε/ 11 F1 37.5% /εi/ constant F2 /εi/ 
3 F2 25% /εi/ constant F2 /ø/ 12 F1 75% /i/ constant F1 /e/ 
4 F2 50% /ø/ b2 F2 /ɪ/ 13 F1 50% /ɔu/ 
5 F2 75% /ɔ/ b1 F2 /ɑ/ 14 F2 75% /u/ 
6 F2 25% /ɑ/ b1 F2 /u/ 15 F2 62.5% /ɑ/ 
7 F2 37.5% /e/ constant F2 /o/ 16 F2 75% /a/ 
8 F2 75% /o/ b2 F2 /o/ 17 F1 50% /εi/ 

 

9 F2 62.5% /ɪ/ constant F2 /e/ 

       

Table 4.28 Predictors for the LDAs of the approach that includes all time points from 25% to 
75% (’25 to 75’), and the cubic regression approach. Predictor 1 is the strongest predictor, 
predictors 17 (25 to 75) and 12 (cubic) are the weakest ones. 
 
 Table 4.28 offers an overview of the predictors that were selected in the LDA for 
the two most successful approaches (excluding ‘All’, as the regression approaches  
did not employ the extreme time points): the approach that includes all time points 
from the 25% to 75% time point (’25 to 75’), and the cubic regression approach. For 
the first approach the time points are given in percentages. The strongest predictors 
are listed on the first line, the weakest predictors on the 17th and 12th line, 
respectively. 
 The predictors for the two approaches had considerable commonalities. In the 
first place, it is again clear that /ε/ showed the strongest regional variation, as for 
both approaches F1 and F2 at the midpoint of /ε/ were the strongest predictions. 
Similarly, F2 at the midpoint of /ø/ played a large role in both predictions, as well as 
change in F2 in /ɑ/, as can be deduced from the predictors 6 and 15 for ’25 to 75’ 
and predictor 5 for the cubic approach. Remember that the latter indicates the slope 
of the formant contour, and that, if a formant (here F2) exhibits regional variation at 
one or more time points, this could lead to regional variation in slope. Other 
(weaker) similarities can be found for /e/, /ɪ/, /u/ and (F1 of) /εi/. 
However, there were also some differences. For instance, F2 at the onset (25%) of 
/εi/ and F2 at 75% for /ɔ/ in ’25 to 75’ did not have a corresponding predictor in the 
cubic analysis. A regional difference in the onset did thus not necessarily mean a  
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Figure 4.6 Mean estimated values of F2 for /εi/ in an s-word, for the cubic regression, split by 
region.  

 
significant regional difference in slope. Thus, for instance for /εi/, although F-B 
tends to have a more gentle slope than the other regions (Figure 4.6), this parameter 
was not distinctive enough to be selected in the LDA. In contrast, the differences at 
the onset seem clearly significant. 

 Finally, it was checked whether duration played a role in the formant values. It 
could be hypothesized that longer durations underlie longer glides, leading to more 
(or less) extreme formant values at the offset of vowels. To test this hypothesis, a 
series of fourteen ANOVAs was run (one per vowel), with community, region 
(nested under community), gender and age as independent variables, and duration as 
the dependent variable (p<.004, i.e. p<0.05, Bonferroni corrected for fourteen 
analyses). The results are shown in Table 4.29. 

 Only for /a, i, u/ strong durational effects were found for region. Of these vowels, 
offset formant values were entered as predictors in the LDA for ’25 to 75’, in the 
case of  /i/ (F1), /u/ (F2) and /a/ (F2). For the two high vowels, there seems to be an 
influence of duration, although this is not apparent for all regions. For instance, for 
/i/, F-B has a lower (i.e. more extreme) F1 at the offset than F-E, in combination 
with a longer duration. However, the durational difference was also found between 
F-B and F-W, whereas F1 did not differ at the offset. Moreover, only weak 
significant correlations between duration and formant value at the offset were found 
for /ɪ/ (Pearson’s r =.24), /u/ (r = -.24) and /ɛ/ (r = .18), as can be seen in Table 4.30.  
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monophthongs  
/a/ /ɑ/ /i/ /u/ /ɪ/ /ɔ/ /ɛ/ /ʏ/ 

community  .114  .064 .313 .349 .404 .400 
region .174  .188 .166     
gender .070      .082  
age         
 (semi)diphthongs 
 /o/ /e/ /ø/ /œy/ /εi/ /ɔu/   
community         
region         
gender .117 .089 .101 .083  .071   
age         

Table 4.29 Partial η2 for the significant effects (p<.004) for the ANOVAs on duration for all 
vowels in the s-words.  

  
 

 F1 F2  F1 F2 
a .072 .142 ʏ -.029 .149 
ɑ .013 .141 o .041 -.062 
i -.003 -.027  e -.127 .037 
u -.088 -.244* ø -.047 .064 
ɪ -.053 .244* œy -.061 .076 
ɔ .068 .118 ɛi -.022 -.027 
ɛ .032 .181* ɔu -.013 -.089 

Table 4.30 Pearson’s correlations of the vowel’s duration with normalized F1 and F2 at the 
offset (75%).  Significant correlations (p<.05) are indicated by a star. 
 
Thus, overall, it seems safe to conclude that duration plays a minor role in the 
regional variation of formant values. 
 In sum, the stepwise LDAs confirm that a better description of regional variation 
will result from dynamic approaches than from target approaches. Moreover, the 
stepwise LDA proves to be an effective method in filtering out redundant predictors. 
The best result was obtained for the method that included all time points from the 
25% to the 75% time point, with considerably less predictors than in the enter 
method (17 vs. 140) and a small drop in success rate (13%). The confusion matrix 
for this method is shown in Table 4.31. Note the resemblance with Table 4.26, 
which was the result of the enter LDA for the quadratic regression for 
monophthongs. Again, there was a split in the Netherlands. However, within the  
N-R, N-N, N-M, more confusions surfaced in the stepwise LDA. Therefore, it seems 
as if the stepwise method has cancelled out some of the regional cues for this area, 
although it showed the same pattern.   
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Predicted group membership  
N-R N-M N-N N-S F-L F-W F-E F-B 

N-R 17 - 3 - - - - - 
N-M 1 18 1 - - - - - 
N-N 2 3 15 - - - - - 
N-S - - - 17 1 - 2 - 
F-L 1 - - - 18 - - 1 
F-W - - - - 2 18 - - 
F-E - - - - 1 1 17 1 

Original 

F-B - - - - - - 1 19 
Table 4.31 Confusion matrix for the LDA in which the region of origin of speakers (N=160) 
was predicted on the basis of F1 and F2 for ’25 to 75’. 
 
 
4.4.5 Discussion 
 
Three approaches to represent vowels by formants were compared, namely the 
target approach, which measures formants at the vowel’s temporal midpoint of 
monophthongs, and at the 25% and the 75% time point of (semi)diphthongs, the 
time points approach, which measures vowels at more than one or two time points, 
respectively, and finally, the regression approach that fits polynomial regression 
equations to formant contours and uses the regression coefficients to describe the 
development of the formants over time. The second and third approaches were 
called dynamic approaches. 
 The comparisons clearly suggested that even for monophthongs it is necessary to 
incorporate investigations of formant dynamics in variationist studies. That is, 
dynamic approaches showed more regional differences than target approaches. This 
is in accordance with findings from studies in perception that showed the 
importance of dynamics in vowel recognition (e.g., Strange 1989), and with 
anecdotal evidence and suggestions from sociolinguistic studies (e.g., Jacobi 2009; 
Clopper et al. 2005). 
 Although the results were successful in showing the importance of dynamics to 
variationist studies, the method applied here also uncovered some methodological 
issues. Those issues will be discussed in the remainder of this section. 
 In Section 4.4.4.3, a stepwise LDA was performed in order to filter out those 
variables that showed the strongest regional variation. Two serious drawbacks of 
this method can be noted. First, for variables that show a similar regional pattern, 
e.g., vowels in a chain shift, only one will be selected by the stepwise LDA, since 
the inclusion of the second variable will not improve the success rate. Furthermore, 
the perfect score for the LDA using the enter method suggests that there is more 
regional variation that has not been captured by the stepwise LDA (Table 4.25). The 
regional information that is lost could be more subtle information of which the 
researcher previously has not been aware. The variables showing more subtle 
variation might be interesting variables to investigate in attitudinal and perceptional 
studies and could perhaps explain more of the variation in those studies. Therefore, 
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it might be worthwhile to loosen up the restrictions of the stepwise LDA in order to 
discover these variables. 
 Two dynamic approaches stood out from the rest. The time points approach that 
included all time points from the 25% to the 75% time point was by far most 
successful in uncovering a high amount of regional differences with a relatively low 
number of predictors. The best regression approach was the cubic approach. When 
we compared the time points approach and the regression approach with respect to 
where, i.e. in which segments, they found regional differences, we found many 
similarities (cf. Table 4.28). This indicates that the two approaches largely did the 
same thing. 
 However, the results suggested that the cubic regression approach did not capture 
regional differences as well as the other approach. For instance, the cubic approach 
can only reveal regional differences at one time point, i.e. the vowel’s midpoint (the 
constant), and not, as the other approach, at other time points. This can be seen in 
Table 4.28, where the cubic approach incorporates a regional effect for F2 in /e/ at 
the midpoint, whereas the time points approach uses an effect for this formant /e/ at 
37.5% of the duration of the vowel. For the cubic approach, the regional effect 
might thus be attenuated as the strongest effect appears somewhat earlier. Thus, it 
may be concluded that the time points approach outperforms the regression 
approaches. 
 A serious drawback of the dynamic approaches is that a lot of measurements 
were needed to obtain the results presented here. An alternative and more 
economical approach is one that includes time points at the onset, offset and 
midpoint. The maximum success rate for the LDA using the enter method may then 
be only slightly lower (cf. Table 4.25). In the stepwise method, however, the success 
rate dropped 30%, although this result was still better than for the target approach. 
Thus, by using less time points you again take the risk of missing (socio)geographic 
information. 
 A final issue that has to be resolved is the issue of coarticulation. In the current 
study we have tried to avoid coarticulatory effects of the surrounding consonants on 
the formant values, by excluding the formant values at the extreme time points. Still, 
the results indicated some influence of the preceding consonant. As has been 
mentioned before, /ɣ/ differs in pronunciation across regions (Van der Harst and 
Van de Velde 2007). This consonant occurred in the present study in gas /ɣɑs/, and 
thus might have introduced regional differences in /ɑ/, although Adank et al. (2007) 
has already found some regional effects in the F2 of this vowel (in /sɑs/. As has 
been shown in Section 4.4.3, there is a correlation between F2 of /ɑ/ at the onset and 
Fres of /ɣ/. This might explain the inclusion of F2 at the onset and the b1 coefficient 
as a predictor in the stepwise LDA analysis for the all inclusion approach and the 
cubic regression approach, respectively (Table 4.28). It is therefore necessary to 
account for consonantal context in able to rule out biases caused by it.  
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4.4.6 Summary 
 
For the (socio)phonetic description of vowel variation, most studies have used 
formant values from one or two time points to represent monophthongs and 
(semi)diphthongs respectively. In addition, some studies (e.g., Labov et al. 2006) 
used only time point to describe diphthongs. In the present section, it was tested 
whether it makes a difference to use such target representations or dynamic 
representations in a variationist vowel study. 
The following conclusions were drawn: 
 
1. Dynamic approaches yield a more complete picture of variation than target 

approaches, even in the case of monophthongs, and are therefore recommended 
in variationist studies. 

2. The time points approach, which takes all time points from 25 to 75% revealed 
most regional variation. The best regression approach was the cubic approach. 

3. Dynamic approaches are sensitive to coarticulation. The phonological context 
of the vowels needs therefore to be controlled for. 

 
 
4.5 Conclusion  
 
At the beginning of this chapter, it was pointed out that the solution of the vowel 
space paradox cannot be attained without a proper acoustic analysis. Such an 
analysis was conceived to ultimately yield measures that offer an optimal 
description of the variation under investigation.  
 In this chapter, we focused on three important considerations. Each of them is 
discussed in a separate section and it was investigated on the basis of the word list 
data what choices would yield the best results for the sociophonetic study of vowel 
variation. 
 The first consideration concerned investigating which method was most 
successful in obtaining accurate formant measurements. Although most 
(socio)phonetic studies use a fixed number of LPC coefficients across speakers and 
vowels to measure formants, it was shown that it is better to use a variable number 
of coefficients, as a function of the speaker and the vowel. To further improve the 
measurements and remove most of the errors, only outliers in formant change 
between time points and outliers in formant values at different time points had to be 
checked. 
 The second consideration concerned choosing a normalization procedure that 
performed best at preserving phonemic and sociolinguistic variation and at 
minimizing anatomical variation. In line with Adank et al. (2004), it was found that 
vowel-extrinsic/formant-intrinsic procedures outperform other procedures. Among 
the former procedures, LOBANOV yielded the best results, for both monophthongs 
and (semi)diphthongs. 
 The third consideration concerned choosing the best temporal representation of 
vowels for a sociophonetic study on vowel variation. It turned out that dynamic 
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representations show regional variation more accurately than target representations. 
Dynamic representations may therefore be used to uncover sociolinguistic 
differences that remained unnoticed before. However, the precise effect of 
coarticulation of surrounding consonants on the dynamic vowel representation is 
still unclear. 
 Given these results, it is recommended for a sociophonetic study of vowel 
variation to follow the following minimal requirements. If there is enough time, 
adjust the number of LPC coefficients to the speakers in measuring formants, but at 
least take the time to check the outliers to remove most of the errors. Note that for 
the successful detection of errors through outliers, formants need to be measured at 
several time points. Next, use LOBANOV, as it has been shown to yield the best 
results, but use other another normalization procedure if there are good reasons (e.g., 
because a similar comparison as in the present study was done) to assume that it 
yields better results than LOBANOV for your data. Always make sure that the 
normalized data do not reflect artifacts of the normalization, e.g., by comparing 
results of analyses with the raw data. 
 As for the third consideration, the reader is recommended to be cautious in cases 
where the phonological context is not constant across vowel tokens, since there is 
evidence that coarticulatory effects interfere with regional variation patterns in the 
vowel dynamics. We will further elaborate on that matter in the following chapter. 
 Due to the possible influence of the (changing) surrounding consonants, it was 
decided to be better safe than sorry, thus to investigate regional variation in the 
targets (i.e. the midpoint of monophthongs, and the onset and offset of diphthongs). 
For the investigation of vowel spaces, it is also common to use only one time point 
per vowel, thus that part of our research is not hampered by our decision. For the 
spontaneous speech data (see Chapter 6), the recommendations presented here are 
followed. 





CHAPTER 5 
 

THE PROBLEM OF COARTICULATION 
THE WORD LIST DATA 

 
 
 
 
5.1 Introduction 
 
In the previous chapter, three methodological phonetic aims were successfully dealt 
with in order to obtain formant values for the description of vowel variation. In the 
present chapter, the main aim is to investigate the influence of coarticulation on 
vowel pronunciations, hence on the formant values. For the word list data in the 
present study two phonological contexts were selected, from which vowels were 
taken for analysis, i.e. a context with /s/ and a context with /t/ following the vowel. 
The exact set of words that was selected from the word list is described in Section 
5.2. 
 Coarticulatory effects need to be controlled for in a study such as the present one, 
i.e. one with varying contexts, since different contexts tend to influence vowels 
differently (e.g., Hillenbrand et al. 2001; Rosner and Pickering 1994; Lindblom 
1963). This may in turn lead to differences in vowel reduction (cf. Moon and 
Lindblom 1994), which for the study of the vowel space paradox is an unwelcome 
effect. 
 In addition to the differences due to coarticulation, we are interested in 
sociogeographic differences in the word list data. In Section 2.2.3, it was argued that 
the word list reading task would yield a high level of speech monitoring. Most 
commonly, such a task yields more standard forms of linguistic variables than non-
standard forms, and it yields few and small intergroup differences. In the current 
study, we would thus expect regional differences between the speakers in the word 
list reading task to be small, since speech containing no or little regional traces is 
considered most standard for Dutch (cf. Van Haeringen 1924; Smakman 2006). That 
is not to say that we expect systematic regional differences in the word list reading 
task to be absent. In fact, other studies have shown that standard varieties allow for 
regional variation in reading tasks to occur (e.g., Boberg 2009; Adank et al. 2007). 
 Thus, whereas this chapter primarily investigates coarticulatory effects, it also 
describes sociogeographic variation in word list reading. The word list results, 
which incorporate duration, F1 and F2, will be discussed in Section 5.3. Although 
most analyses on the formants employ values at the target positions (i.e. mid point, 
onset and offset), it will also be investigated whether the change in context 
influences the dynamics of the formants (cf. Hillenbrand et al. 2001). In Section 5.4 
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the results will be discussed and related to the aim to uncover coarticulatory effects. 
In Section 5.5 the main conclusions are presented. 
 
 
5.2 The selection of words  
 
As noted in the previous section, coarticulatory effects may negatively influence the 
results of this study. Therefore, the selection of words in which the vowels under 
investigation occurred requires extra care. The present section describes the 
selection and the reasons behind it. 
 As part of a larger interview, all participants had to read out two word lists, 
which in total consisted of 319 words (see Chapter 3 for more information on the 
speakers and setting of the interview). For this study, 29 monosyllabic words were 
selected in which a stressed vowel was followed by /s/ (henceforth ‘s-words’) or /t/ 
(henceforth ‘t-words’). This resulted in a total of 4640 vowel tokens: 29 words read 
by 160 speakers. 
 It was decided to keep the following consonant constant across vowels, as vowels 
tend to be more strongly influenced by following consonants than by preceding ones 
(e.g., Van Bergem 1995)1. The words that were selected are presented in Table 5.1. 
For every vowel, except /y/, one s-word and one t-word was selected. Due to a 
lexical gap in Dutch, no word with /y/ followed by /s/ could be selected2. 
 The /s/-context was selected for two reasons. First, the change in quality of a 
vowel caused by surrounding consonants is maximally reduced when these are 
alveolar (Van Hout et al. 1999). Second, the selection of /s/ enabled a more direct 
comparison with the results of the logatomes, which were all /sVs/-syllables (cf. 
Adank et al. 2007). 
 Since some vowels occurred only once in the /s/-context in the word list, the /t/-
context was selected as an additional context. It was decided to use that context for 
two reasons: (i) /t/ shares the alveolar place of articulation with /s/ and was therefore 
assumed to have a similar influence on the preceding vowels as /s/; (ii) it was the 
only context in which all vowels occurred. 
 For all vowels in the /t/- and /s/-context several words were available. Therefore, 
a further selection was made. The following criteria were used. First, only 
monosyllabic words were selected, since a syllable in a monosyllabic word tends to 
be longer than the same syllable in a disyllabic word, particularly when it is the first 
syllable of the word (e.g., Nooteboom 1995). Including disyllabic words for one 
vowel and monosyllabic words for the other could for instance lead to spurious 

                                                             
1 Ohde and Sharf (1975) and Van den Heuvel et al. (1996) conclude that the influence of a 
consonant on the vowel is larger from left to right than from right to left. However, they base 
their conclusion on CVCV words, in which the influence of the following consonant may be 
decreased by an intervening syllable boundary.  
2 Dutch given names, like Guus /ɣys/, Suus /sys/ and Truus /trys/, were not included in the 
word list.  
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intervocalic differences with respect to the degree of gliding, when shorter 
diphthongs have shorter glides3.  
 Second, we tried to keep s- and t-words containing the same vowel as 
comparable as possible. Hence, boot prevails over bloot, as boos was selected as an 
s-word. Finally, we tried to avoid words for which the vowel was preceded by a 
consonant that is known to show strong regional variation. For such words, regional 
differences in vowel quality might reflect regional differences in consonantal 
quality, which is of course an undesired effect. Hence, for instance, boos /bos/ 
‘angry’ was preferred to roos /ros/ ‘rose’, since /r/ shows considerable variation in 
place of articulation across regions in (Standard) Dutch (Sebregts f.c.; Tops 2009; 
Verstraeten and Van de Velde 2001). 
 Nevertheless, it was not always possible to exclude words with a preceding 
consonant that shows (strong) regional variation. As can be seen in Table 5.1 some 
vowels were preceded by /r/, namely in the case of riet and rat. The use of a uvular 
/r/ in Standard Dutch, which is common in N-S and to a lesser extent in N-M, N-R 
and F-L, may for instance cause a vowel to be retracted more, whereas an alveolar 
/r/, which in N-N and in the rest of Flanders is still considered the standard 
(Verstraeten and Van de Velde 2001)4, may cause a back vowel to front. 
 Another strong marker of regional origin that could not be excluded is /ɣ/, which 
occurred in gas (Van der Harst and Van de Velde 2007; Van der Harst et al. 2007).  
 
 

 Vowel s-word t-word 
/i/ kies /kis/ riet /rit/ 
/ɪ/ vis /vɪs/ fit /fɪt/ 
/ɛ/ zes /zɛs/ vet /vɛt/ 
/y/ - - fuut /fyt/ 
/ʏ/ zus /zʏs/ put /pʏt/ 
/u/ poes /pus/ voet /vut/ 
/ɔ/ vos /vɔs/ vlot /vlɔt/ 
/ɑ/ gas /ɣɑs/ rat /rɑt/ 

 
 
 
 

 
Monophthongs 

/a/ aas /as/ staat /stat/ 
/e/ mees /mes/ beet /bet/ 
/ø/ neus /nøs/ neut /nøt/ 

 
Long mid vowels 

/o/ boos /bos/ boot /bot/ 
/ɛi/ ijs /ɛis/ spijt /spɛit/ 

/œy/ huis /hœys/ fluit /flœyt/ 
 

Diphthongs 
/ɔu/ kous /kɔus/ fout /fɔut/ 

Table 5.1 Orthographic and phonological representation of the selected s- and t-words, given 
per vowel. 

                                                             
3 In contrast, Thomas (2000:2) reports that for American English /ai/ before a voiceless 
obstruent, in which the diphthong tends to be shorter than before a voiced obstruent, speakers 
tend to overdo the glide in order to compensate for the shorter duration of the diphthong. 
Hence, the glide in shorter /ai/ is stronger, i.e. covering a larger part of the height dimension, 
than the glide in longer /ai/. 
4 See also Tops (2009) for an elaborate description of the spread of uvular /r/ in Flanders. 
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In the Netherlands, the most frequent variant of /ɣ/ in Standard Dutch is the uvular 
voiceless fricative. However, in N-S the velar and palato-velar fricative occur most. 
The latter variant is also found in F-B and F-L, whereas the velar is the most 
frequent variant in Flanders as a whole. In F-W, the uvular variant is found, a clear 
hypercorrective form as in dialects often [h] is found, which is a variant that is not 
filtered out in the standard pronunciation of F-E (Van der Harst and Van de Velde 
2007:184). In the same way as for /r/, /ɣ/ might influence the pronunciation of the 
vowel. In the case of front variants (e.g., palato-velars), the vowel may be relatively 
front, whereas in the case of back variants (e.g., uvulars) the vowel may be 
somewhat retracted. 
 Some of the consonants show regional variation on other aspects than place of 
articulation, e.g., /z/ and /v/, and /p/, /t/ and /k/. The two fricatives are often 
pronounced without voice, which occurs more often in the Netherlands than in 
Flanders (Van de Velde 1996; Kissine et al. 2004). A difference in voicing of a 
consonant might result in an F1 difference in the adjacent vowel. That is, when the 
vowel is surrounded by voiced consonants, its F1 tends to be lower (Hillebrand et al. 
2001). Regional differences for the fricatives are, however, generally small. Yet, for 
/v/, 
N-N shows strong devoicing and F-W relatively weak devoicing, and N-S shows 
relatively more devoicing in /z/ than other regions.  
 Dutch plosives may be pronounced with aspiration, and /t/ sometimes with 
affrication (i.e. “wet t”) in Groningen, a part of N-N (Reker 2008:163). However, 
this was not found in our data. 
Moreover, /h/ is sometimes in F-W and occasionally in F-E, pronounced as [x], 
when speakers from these regions try to speak standard Dutch (Devos and 
Vandekerckhove 2005:41). Also, /h/ is often deleted in West-Flemish, East-Flemish 
and Brabantish dialects (De Wulf et al. 2005: map 214) and in tussentaal (‘inter 
language’ between dialect and standard; cf. Rys and Taeldeman 2007:7). Probably 
the deletion of /h/ will hardly affect the pronunciation of the vowel, as /h/ is 
conceived of as the voiceless counterpart of the following vowel (Ladefoged 
1975:34). 
 A final remark with respect to possible contextual influences concerns the word-
initial vowels, which sometimes are preceded by a glottal stop. Our impression is 
that this stop occurs mainly in the Netherlands, but it has also been reported to show 
up in the standard in Flanders too (Verhoeven 2005:244). Again, it is not clear what 
the consequence of the presence with respect to the absence of a glottal stop will be 
for the vowel quality. 
 In sum, many of the selected words contained a consonant preceding the vowel 
that could introduce regional variation in the vowel. In the interpretation of the 
results below, the possible consequences of the different consonantal variants will 
therefore be kept in mind. The expectation, however, is that the coarticulatory 
effects for the monophthongs will be minimal, as these vowels are represented by 
formant values at their midpoints. 
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5.3 Results 
 
In this section the results of our analyses will be presented. Every section will 
address the question whether there is influence of the phonological context, referred 
to as coda, and between-speaker factors on the vowel quality. Section 5.3.1 presents 
the results for vowel duration for all vowels. Section 5.3.2 discusses the spectral 
results for the monophthongs, followed by a description of the spectral results for 
the (semi)diphthongs in Section 5.3.3. The relation of the context to the dynamics of 
vowels is investigated in Section 5.3.4. In that section, the one of the regression 
approaches will be used (cf. Section 4.4). All of these sections, particularly Section 
5.3.4, comprise a long list of mainly coda effects. Section 5.4 aims to gain more 
insight in a general pattern by combining the coda results and finding a greater 
explanation for them. The section also discusses the between-subject differences, 
which are found in Section 5.3.1, 5.3.2 and 5.3.3. 
 All regional means (i.e. of the durations, raw and normalized F1 and F2) for the 
word list data that are used in the present section, can be found in Appendix A. 
There they are split up for vowel and coda. 
 
 
5.3.1 Duration 
 
In order to assess differences in vowel duration, first a repeated measures ANOVA 
was run with vowel duration as the dependent factor. The within-subject factors 
were vowel and coda (/t/ or /s/), and the between-subjects factors were community, 
region (nested under community), gender  
and age. Since /y/ did not occur in the set of s-words, this vowel was excluded from 
the analysis. Table 5.2 shows the results for the repeated measures ANOVA. The 
partial η2 values for the significant effects (p<.05) are given. These values reflect the 
strength of the effects. 
 For both of the within-subject factors, i.e. vowel (F5.441,696=2028.336, p=.000, 
Huynh-Feldt corrected) and coda (F1,128= 754.254, p=.000), significant differences 
were found. These effects indicate that there are strong durational differences 
between vowels and between following contexts. A post-hoc analysis of vowel 
differences revealed the following hierarchy, in which ‘>’ reflects ‘longer than’: 
 

/a/ > /ɛi/, /ɔu/ > /œy/ > /o/ > /e/, /ø/ > /ɛ/ > /ɑ/ > /u/, /i/, /ʏ/, /ɔ/ > /ɪ/ 
 
The hierarchy shows rough durational differences between three traditional subsets 
of vowels: the diphthongs are longest, followed by the long mid vowels and the 
monophthongs are shortest. Only /a/ forms an exception to this generalization. That 
the open monophthong was longer than other monophthongs follows the prediction 
by House and Fairbanks (1953), who found that vowel duration increases with 
vowel openness. The other monophthongs roughly followed this prediction as well. 
 The coda difference reveals that in s-words the vowel was considerably longer 
than in t-words (164 vs. 143 ms). In addition, a significant interaction was found for  
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Main η2 Two-way η2 Three-way η2 
Vowel .941 Vowel × coda .321 Vowel × gender × age .051 
Coda .855 Vowel × 

community 
.105 Vowel × coda × 

community 
.050 

Community .065 Vowel × region .140 Vowel × coda × region .076 
Gender .145 Vowel × gender .064   
  Vowel × age .021   
  Gender × age .032   
Table 5.2 Effects on vowel duration. Partial η2 (η2 in table) for each significant effect are 
given (p<.05). The total number of tokens was 4480: 160 speakers × 14 vowels × two codas.  
 
vowel × coda (F13,1664=60.595, p=.000). That effect revealed that the duration of 
vowels did not change consistently as a function of the phonological context, across 
vowels. Figure 5.1 nicely illustrates this effect by giving the mean durations of each 
vowel in the two contexts. For instance, there appeared to be no increase in duration 
of /i/ before /s/, whereas for all other vowels (except for /y/, for obvious reasons) 
this increase was apparent. Moreover, the difference between the mean vowel 
duration in s- and t-words did not seem to be equal (at least, in absolute duration) 
across vowels. For instance, the durational difference for /o/ and /ɔu/ appeared to be 
considerably smaller than for the other long vowels (see further below). 
 Among the between-subject factors, significant results were found for 
community (F1,128=8.873, p=.000) and gender (F1,128=21.698, p=.000). First, Flemish 
vowels were slightly shorter than Dutch vowels (149 and 157 ms, respectively). 
Second, women showed longer durations than men (159 vs. 147 ms). The interaction 
effect of gender × age (F1,128=4.197, p=.043) indicated that whereas the younger and 
older male speakers did not differ in duration (146 vs. 145 ms), the young females 
showed shorter vowel durations than the older ones (153 vs. 163 ms). 
 The significant interactions for vowel×community (F5.441,696=15.067, p=.000, 
Huynh-Feldt corrected), vowel×region (F32.647,696=3.475, p=.000, Huynh-Feldt 
corrected), vowel×gender (F5.441,696=8.681, p=.000, Huynh-Feldt corrected) and 
vowel×age (F5.441,696=2.756, p=.015, Huynh-Feldt corrected) indicate that duration 
was not affected in an equal way by community, region, gender and age across the 
different vowels. Moreover, the three-way interaction of vowel×gender×age 
(F5.441,696=6.914, p=.000, Huynh-Feldt corrected) indicates that for at least one of the 
vowels the age difference between males and females was different than in the other 
vowels. Finally, there were no two-way interactions between region or community 
with coda, which suggests that the effect of the following consonant was constant 
across regions and community. However, the three-way interactions for 
vowel×coda×community (F5.441,696=6.751, p=.000) and vowel×coda×region 
(F5.441,696=1.761, p=.000) suggest that for some vowels the influence of /s/ and /t/ is 
not the same. 
 



THE PROBLEM OF COARTICULATION: THE WORD LIST DATA 

 

151 

 
Figure 5.1 Means for duration (ms), for all 15 vowels separately in s-words (triangle) and t-
words (circle). Per vowel 320 tokens (i.e. 160 per coda) were used. For /y/, 160 tokens were 
used. A=/ɑ/, O = /ɔ/, EI = /ɛi/ and Au = /ɔu/.  
 
A closer look at the interactional differences that include vowel was taken by 
running a repeated measures ANOVA for each vowel separately, with coda as the 
within-subject factor. The between-subjects factors were community, region (nested 
under community), gender and age. In addition, an analysis for /y/ was run without a 
within-subject factor. Table 5.3 shows the partial η2-values of the significant effects 
(p<.003, i.e. p<.05, Bonferroni corrected for fifteen analyses). We will focus on the 
stronger effects (partial η2 > .10) below. 
 The analyses yielded some interesting results. First, all vowels5, except /i/, 
showed a shorter vowel duration before /t/ than before /s/, which explains the 
significant interaction for vowel and coda in Table 5.2. The result is completely in 
agreement with context-dependent durational differences found for American 
English vowels (House and Fairbanks 1953). Nooteboom and Cohen (1995:129-
131) suggest that vowels before fricatives are longer than before plosives, because 
making a full closure with the tongue for a stop is easier and less time-consuming 
than making a precise partial closure in order to cause friction. Since /i/ is the vowel  

                                                             
5 /ɪ/ (F1,128=99.694, p=.000), /ɛ/ (F1,128=240.728, p=.000), /ʏ/ (F1,128=488.513, p=.000), /u/ 
(F1,128=32.082, p=.000), /ɔ/ (F1,128=504.771, p=.000), /ɑ/ (F1,128=98.707, p=.000), /a/ 
(F1,128=329.427, p=.000), /e/ (F1,128=103.728, p=.000), ø (F1,128=445.017, p=.000), /o/ 
(F1,128=22.644, p=.000), /ɛi/ (F1,128=164.824, p=.000), /œy/ (F1,128=160.475, p=.000), /ɔu/ 
(F1,128=26.117, p=.000). 
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Vowel Cd C R G A Cd×C Cd×R G×A R×G 

/i/   .246       
/ɪ/ .438 .314    .123    
/ɛ/ .653 .376    .195    
/y/ - .269 .175   - -  .164 
/ʏ/ .792 .362    .236    
/u/ .200 .075     .172   
/ɔ/ .798 .364  .065  .174    
/ɑ/ .435 .217        
/a/ .720  .158 .109 .067     
/e/ .448   .131   .161   
/ø/ .777   .106    .069  
/o/ .150   .152      
/ɛi/ .563   .104      

/œy/ .556   .142    .083  
/ɔu/ .169   .146      

Table 5.3 Effects on vowel duration, for each vowel separately. Partial η2 are given for each 
significant effect (p<.003). There were 320 tokens per vowel, except for /y/ (n=160). Cd= 
coda, C=community, R=region, G=Gender, A=Age, - =not tested. 

 
closest to the place of articulation of /s/ and /t/, the difference in preparation time for 
the two consonants may have been neutralized.  
 Second, the monophthongs, except for /i/, /y/ and /a/, were longer in the 
Netherlands than in Flanders6.  Whereas /i/ and /a/ do not show a community 
difference, /y/ was longer in Flemish Dutch than in Netherlandic Dutch 
(F1,128=47.055, p=.000). This vowel has been reported as a long vowel in Flemish 
Dutch, but a short one, except before /r/, in Netherlandic Dutch (Verhoeven  
2005; Gussenhoven 1999). Van de Velde et al. (2004) report, for the logatomes also 
used in the present study, that /y/ in Flemish Dutch is longer than in Netherlandic 
Dutch, and particularly in F-E and F-W. In these regions, /y/ can be considered half-
long. The result of a Levene’s test on the duration of /y/ confirms that, in addition to 
the durational difference, within Flanders larger differences between speakers are 
found than in the Netherlands (F1,158=26.934, p=.000).  
 Third, females consistently showed longer durations for all (semi)diphthongs and 
/a/ and /ɔ/7, which is in line with previous findings (Quené 2008; Adank et al. 2007; 
Verhoeven et al. 2004), although Adank et al. (2007) found an effect of gender in all 
vowels. 

Fourth, strong interaction effects were found for coda×community, in /ɪ/ 
(F1,128=17.998, p=.000), /ɛ/ (F1,128=30.913, p=.000), /ʏ/ (F1,128=39.588, p=.000) and  
                                                             
6 /ɪ/ (F1,128=58.682, p=.000), /ɛ/ (F1,128=76.986, p=.000), /ʏ/ (F1,128=72.559, p=.000), /u/ 
(F1,128=10.308, p=.002), /ɔ/ (F1,128=73.254, p=.000), /ɑ/ (F1,128=35.429, p=.000). 
7 /ɔ/ (F1,128=8.946, p=.003), /a/ (F1,128=15.659, p=.000), /e/ (F1,128=19.371, p=.000), ø 
(F1,128=15.183, p=.000), /o/ (F1,128=22.988, p=.000), /ɛi/ (F1,128=14.903, p=.000), /œy/ 
(F1,128=21.103, p=.000), /ɔu/ (F1,128=21.922, p=.000). 
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Figure 5.2 Regional means of duration (ms), for all 15 vowels separately. Per vowel 320 
tokens (i.e. 40 per region) were used. For /y/, 160 tokens (i.e. 20 per region) were used. 
A=/ɑ/, O = /ɔ/, EI = /ɛi/ and Au = /ɔu/. The symbols for Dutch regions are dark grey and those 
for Flemish regions are white. The central region in each community is represented by a 
triangle pointing upward, the intermediate region by a square, and the peripheral regions by a 
circle or a triangle pointing downward. 

 
/ɔ/ (F1,128=26.962, p=.000), and for coda×region in /u/ (F6,128=4.447, p=.000). The 
effects of coda×community revealed that in the Netherlands the difference between 
the vowels in s-words and the vowels in t-words were larger than in Flanders. The 
coda×region effect shows that /u/ in s-words was only longer than in t-words in N-M 
and F-B. In Section 5.3.2 we will further investigate whether there is a relationship 
between these durational effects and the formant values. 
 Finally, strong regional effects were found for /i/ (F6,128=6.976, p=.000), /y/ 
(F6,128=4.510, p=.000) and /a/ (F6,128=3.993, p=.001) (see Figure 5.2, which gives the 
regional means per vowel). For each of these vowels, a post-hoc analysis was run in 
order to get further insight in the regional differences. For /i/, F-B showed a longer 
duration than N-S, F-W and F-E, while N-N, N-R and F-L yielded a longer vowel 
than F-E. For /a/, F-B was shorter than F-E and N-N. For /y/, a complex picture 
arose, which globally corresponds with the community difference which was 
reported earlier. First, in F-W /y/ was longer than in any other region, except F-L. 
The latter region showed longer /y/ than all Dutch regions. Finally, F-E had longer 
/y/ than N-S. As mentioned above, Van de Velde et al. (2004) already obtained a 
similar finding for /y/ in logatomes, although in their study F-E and F-W in 
particular showed longer /y/. In our study, F-W and F-L, i.e. the peripheral Flemish 
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regions, stand out in that respect. Several possible explanations for the deviant 
behavior of /y/ were given by the authors. Most words containing /y/ are loan words, 
in which the vowel is described as being half-long. It might be the case that for some 
regions, half-long /y/ is the only durational variant, whereas for other regions, there 
is a short variant which is used only for indigenous words, like fuut, and logatomes. 
 To conclude, our data showed that, in addition to the factor vowel, vowel 
duration was highly dependent on the following consonant. To a lesser extent, the 
speaker's gender and community played a role. Women were shown to have longer 
vowels than men and Dutch vowels were longer than Flemish vowels. In addition to 
these geographic differences, some regional differences occurred, i.e. for /i/, /y/ and 
/a/. Overall, the regions showed homogeneous behavior with respect to vowel 
duration, in particular within the Netherlands.  
 
 
5.3.2 Monophthongs (F1,F2) 
 
As shown in Chapter 4, Lobanov’s normalization procedure performs best in 
reducing anatomical differences and preserving phonemic and sociolinguistic 
variation. Therefore, all reported results on F1 and F2 will be based on normalized 
values. All analyses were also run on the raw data (see Chapter 4). Large differences 
in results only occurred for gender effects, i.e. they were significant for the raw data, 
but not so for the normalized data. Note that the normalized values were obtained on 
the basis of F1 and F2 values from vowels in both s- and t-words. Hence, the 
normalization procedure has had no effect on differences between the vowel 
occurrences in the s- and t-words. 
 For the monophthongs, only values from the vowel’s midpoint will be compared 
in the first place. Thus, even though one of the main conclusions of Chapter 4 was 
that a dynamic approach reveals more regional variation than a traditional approach, 
it is still preferred here to take the traditional approach for the main description of 
vowel variation in Standard Dutch. This is mainly because of the fact that we do not 
yet understand the dynamic nature of vowels in all its aspects. Moreover, the 
regression approach introduces some error, since the regression equations provide 
only an estimation of the formant contours, which hardly occurs with a perfect fit. 
We will nevertheless take a brief look into the dynamics of the vowels after the main 
description of vowel variation (Section 5.3.4). 
 Before the results for the formant data are presented and discussed, an important 
note has to be made concerning the interpretation of F1 and F2. Although there is a 
direct correspondence between F1 and vowel height and between F2 and tongue 
advancement, this correspondence is far from perfect (e.g., Rosner and Pickering 
1994:13; Stevens 1998). That is, both F1 and F2 are influenced by other articulatory 
aspects, such as the degree of lip protrusion, the degree of lip rounding8, the 
configuration of the speech channel and the degree of coupling of the source and 
filter in vowel production (Stevens 1998). Therefore, when relating F1 and F2 to 
vowel height and vowel fronting respectively, in this chapter and the following ones, 
                                                             
8 For F2, the influence of lip rounding is stronger than for F1 (Rosner and Pickering 1994:42). 
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we need to bear in mind that these relations are simplified. Hence, in addition, we 
need to consider other possible aspects influencing the formant values. 
 This section is structured as follows. First, we will explore our data for 
differences in the positioning of the vowels for F1 and F2 combined (5.3.2.1). 
Subsequently, we will describe for F1 (5.3.2.2) and F2 (5.3.2.3) separately the way 
the vowel positions differ. Factors for which significant differences were found for a 
particular vowel in the first of these sections (i.e. in a MANOVA) were examined 
further in the following ANOVAs. The factors for which no significant differences 
were found for a vowel in 5.3.2.1, were ignored for that particular vowel in the other 
two sections. 
 
 
5.3.2.1 F1 and F2 
 
To get an impression whether the vowel system as a whole differed between the 
codas, a repeated measures MANOVA was run with F1 and F2 at the vowel's 
midpoint as the dependent factors. The within-subject factors were vowel and coda 
(/t/ or /s/), the between-subjects factors were community, region (nested under 
community), gender and age. Since /y/ did not occur in the set of s-words, this 
vowel was excluded from the analysis. Table 5.4 shows the results for the analysis. 
The partial η2 values for the significant effects (p<.05) are given. In the rest of this 
chapter, the focus will be on the stronger effects (partial η2>.10). The significance of 
effects was signaled using Wilk's Lambda values. 
 As expected, vowel showed the strongest effect on F1 and F2 (F14,1790=5464.422, 
p=.000). This tells us that the vowels in general were well spread over the vowel 
space, without much overlap. The coda (F2,127=6.603, p=.002) seemed to be of less 
influence on F1 and F2 than on duration (cf. Section 5.3.1). However, the weak 
effect for coda only indicates that if coda /s/ is replaced by /t/ there is an overall 
change of F1 and F2 in the same direction. The stronger interaction effect of vowel 
and coda (F14,1790=43.315, p=.000) suggests that, more prominently, vowels differed 
in the way they were influenced by the following consonant9.  
 Two other strong main effects were found, for community (F2,127=70.277, 
p=.000) and region (F12,254=17.301, p=.000), which indicates that there were 
considerable geographic differences in the shape of the vowel system. The strong 
interaction effects of vowel×community (F14,1790=32.998, p=.000) and vowel×region 
(F84,1790=7.936, p=.000) suggest that community and regional differences were not 
the same across vowels. As the interaction of coda×community (F2,127=8.879, 
p=.000) indicates, the communities also differed with respect to how a change in 
coda affected the vowel system. 
 

                                                             
9 There was also a total of five significant three- and four-way weak interaction effects related 
to the factors vowel and/or coda, i.e. vowel×coda×community (F14,1790=1.921, p=.021), 
vowel×coda×gender (F14,1790=5.143, p=.000), vowel×community×gender (F14,1790=1.908, 
p=.022), vowel×coda×community×gender (F14,1790=2.836, p=.000) and 
vowel×coda×region×age (F14,1790=1.327, p=.028). These effects will not be dealt with here. 
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Main η2 Two-way η2 Three-way η2 Four-way η2 
Vowel .977 V × Cd .253 V × Cd × C .015 V × Cd × C × G .022 
Coda .094 V × C .205 V × Cd × G .039 V × Cd × R × A .059 
Community .525 V × R .271 V × C × G .015   
Region .450 V × G .055     
Gender .059 V × A .014     
  Cd × C .123     
Table 5.4 Effects on normalized F1 and F2 at the midpoint of the monophthongs. Partial η2 
(η2 in table) for each significant effect are given (p<.05). The total number of tokens was 
2560: 160 tokens per coda (2) per vowel (8). Cd= coda, C=community, R=region, G=Gender, 
A=Age. 

 
 Moreover, the weak main effect for gender (F2,127=4.013, p=.020) suggests that 
there was a slight difference between the vowel systems of males and females. 
Again, the gender effect was not equal in size or direction for all monophthongs, 
given the vowel×gender effect (F14,1790=7.462, p=.000). Similarly, the vowel×age 
effect (F14,1790=1.827, p=.030) suggests that not the same age differences were found 
across monophthongs.  
 Following the first analysis, a series of nine repeated measures MANOVAs was 
conducted (one for each vowel) with normalized F1 and F2 at midpoint of the vowel 
as the dependent variables, the within-subjects factor coda and the between-subjects 
factors community, region (nested under community), gender and age. Table 5.5 
gives the partial η2 values of the significant effects (p<.005, after Bonferroni 
correction for the nine analyses).  
 The strong effect of coda becomes clear from the results: only the position of /ɔ/ 
(and /y/, for which the effect of coda could not be tested) was not affected by the 
following consonant (see Figure 5.3). As we will see below, the front vowels /i/ 
(F2,127=34.436, p=.000), /ɪ/ (F2,127=91.573, p=.000), /ʏ/ (F2,127=72.987, p=.000) and 
/ɛ/ (F2,127=17.876, p=.000) were influenced on the height dimension by the coda, and 
all, except /ɛ/, changed the place of constriction (i.e. F2) as a function of coda. The 
low back vowels /a/ (F2,127=25.249, p=.000) and /ɑ/ (F2,127=7.743, p=.001) differed 
in height between the two codas and /u/ (F2,127=63.338, p=.000) in place of 
constriction.  
 As for the between-subjects factors, gender effects occurred for the high vowels 
/i/ (F2,127=13.641, p=.000), /y/ (F2,127=16.995, p=.000) and /u/ (F2,127=20.537, 
p=.000), and for the non-high vowels /ɔ/ (F2,127=33.287, p=.000) and /a/ 
(F2,127=8.915, p=.000). All of these vowels were affected by gender in F1, whereas 
only /y/ and /ɔ/ showed also gender differences in F2 (cf. Figure 5.4). 
 Geographic differences showed up for community within all monophthongs, 
except /i/ and /ɑ/ (see Figure 5.5). The front vowels /ɪ/(F2,127=110.254, p=.000) and 
/ɛ/ (F2,127=71.334, p=.000) were most strongly affected by community. These vowels 
and /ʏ/ (F2,127=29.139, p=.000), /u/ (F2,127=39.985, p=.000) and /a/ (F2,127=24.500,  
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Vowel Cd C R G A Cd×C C×G Cd×R×A 
/i/ .352  .148 .177     
/ɪ/ .591 .635 .371      
/ɛ/ .220 .529 .470    .112  
/y/ - .172  .211  -  - 
/ʏ/ .535 .315 .200   .083 .088  
/u/ .499 .386 .233 .244  .127  .120 
/ɔ/  .112 .110 .344     
/ɑ/ .109  .110      
/a/ .284 .278 .105 .123     

Table 5.5 Effects on normalized F1 and F2 at the vowel's midpoint, for each vowel separately. 
Partial η2 for each significant effect are given (p<.005). There were 320 tokens per vowel, 
except for /y/ (n=160). Cd= coda, C=community, R=region, G=Gender, A=Age, - =not tested. 
 
 

 
Figure 5.3 Means of F1 and F2 at the midpoint of the monophthongs, separately for the s-
words (circles) and t-words (triangles). Per vowel 320 tokens (i.e. 160 per coda) were used, 
except for /y/ (n=160). 
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Figure 5.4 Means of F1 and F2 at the midpoint of the monophthongs in both s- and t-words, 
separately for the males (circles) and females (triangles). Per vowel 320 tokens (i.e. 160 per 
gender) were used, except for /y/ (n=160). 

 
Figure 5.5 Means of F1 and F2 at the midpoint of the monophthongs in both s- and t-words, 
separately for the Netherlands (circles) and Flanders (triangles). Per vowel 320 tokens (i.e. 
160 per gender) were used, except for /y/ (n=160). 
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Figure 5.6 Regional means of F1 and F2 at the vowel's midpoint of the monophthongs in s- 
and t-words. Per vowel 320 tokens (i.e. 40 per region) were used, except for /y/ (n=160). The 
large circle demarcates the area in the vowel covered by /ɛ/. For an explanation of the choice 
of symbols, see Figure 5.2. 
 
p=.000) differed in height according to community. The front vowels /ɪ/, /ɛ/, /ʏ/, the 
high vowels /y/ (F2,127=13.187, p=.000) and /u/, and mid-back /ɔ/ (F2,127=8.008, 
p=.001) showed community differences in F2. 
 At the regional level, there were even more significant effects. Only /y/ did not 
show regional differences (see Figure 5.6. Figure A.1 in Appendix A plots the 
regional means for the raw data). Again, /ɪ/ (F12,127=12.482, p=.000) and /ɛ/ 
(F12,127=18.780, p=.000) showed the strongest geographic differences. For the back 
vowels /ɔ/ (F12,127=2.625, p=.003), /ɑ/ (F12,127=2.616, p=.003), /a/ (F12,127=2.485, 
p=.004) relatively weak effects of region were found, whereas /i/ (F12,127=3.663, 
p=.000) /ʏ/ (F12,127=5.295, p=.000) /u/ (F12,127=6.418, p=.000) are in between these 
two sets of vowels. All of these vowels, but /a/, show regional differences in 
fronting, whereas /i/, /ɪ/, /ɛ/, /ʏ/ and /a/ differed in height across regions. 
 For most of the vowels that showed regional variation, the Dutch regions N-R, 
N-M and N-N seemed not to differ from each other (cf. Figure 5.6). In the following 
two sections, this observation will be further explored and the interaction effects will 
be dealt with. 
 
 
5.3.2.2 F1 
 
In order to investigate the influence of the independent factors on F1, a series of 
nine repeated measures ANOVAs was conducted, one for each vowel. In these  
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 Cd C R G A Cd×R Cd×G Cd×C×G Cd×R×A 

/i/ .258  .144 .177      
/ɪ/ .577 .314 .396       
/ɛ/ .220 .251 .592   .132 .064   
/y/ -   .155  - - - - 
/ʏ/ .369 .173 .170    .063   
/u/  .189  .223     .157 
/ɔ/    .135      
/ɑ/ .108         
/a/ .151 .275 .152 .114   .077 .077  

Table 5.6 Effects on normalized F1 at the vowel's midpoint, for each vowel separately. Partial 
η2 for each significant effect are given (p<.005). There were 320 tokens per vowel, except for 
/y/ (n=160). Grey cells show significant effects for which no corresponding significant effects 
were found in the MANOVA (cf. Table 5.5). Cd= coda, C=community, R=region, G=Gender, 
A=Age, - =not tested. 
 
ANOVAs, with normalized F1 at the vowel’s midpoint as the dependent variable, 
the within-subjects factor was the coda and the between-subjects were community, 
region (nested under community), gender and age. Table 5.6 summarizes the results 
of these ANOVAs. It gives the partial η2 values of the significant effects (p<.005, 
after Bonferroni correction for the nine analyses). When differences are described, 
the terms ‘lower’ and ‘higher’ refer to the position of the tongue, hence not to F1 
values, unless the terms are directly followed by ‘F1’, as in ‘higher F1’.  
 Effects of coda were found for the front vowels /i/ (F1,128=44.499, p=.000), /ɪ/ 
(F1,128=174.443, p=.000), /ʏ/ (F1,128=74.831, p=.000) and /ɛ/ (F1,128=36.009, p=.000). 
These vowels, most strongly /ɪ/, showed a lowering effect before /t/. To a lesser 
extent, the low back vowels /a/ (F1,128=22.804, p=.000) and /ɑ/ (F1,128=15.531, 
p=.000) were higher before /t/ than before /s/. The high and mid vowel /u/ and /ɔ/ 
remained unchanged. 
 Clearly, the results suggest that the vowel's height was most affected by the 
following alveolar consonants for the vowels that share the place of articulation with 
these consonants, i.e. that are high and front. Possibly, the explanation of 
Nooteboom and Cohen (1995) given earlier, i.e. that it is easier to produce a stop 
than a fricative, could apply here. Thus, in the case of a fricative, a speaker needs to 
be careful making a constriction suitable to create friction. Therefore, it might be 
easier to have the articulator as close as possible to the place of constriction before 
the articulation of the fricative, so that the tongue does not have to move quickly to 
the place of constriction at the last moment, risking erroneous articulation of the 
fricative. 
 In addition, as we will see for F2, the difference could also be explained by a 
centralizing tendency in shorter vowels compared to longer vowels. This 
centralizing tendency with shorter vowel durations has been found in several studies 
in which the speaking rate and style was kept constant (cf. Section 2.3.1.1). 
 The gender effects of F1 were overall less strong than the coda effects and tended  
only to show up at the higher and lower extremes of the vowel space (Figure 5.4; 
Table 5.6). They occurred only for the high vowels /i/ (F1,128=27.488, p=.000), /y/  
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Vowel Regional differences 
/i/ F-E > F-B 
/ɪ/ F-W, N-S, F-E, F-L > N-R, N-M, N-N 

F-B > N-N 
/ɛ/ N-S > F-W, F-E, F-B, N-N, N-M, N-R 

F-L, F-W, F-E > F-B, N-N, N-M, N-R 
/ʏ/ F-W > N-M, N-R, N-N 

F-L, F-E > N-R, N-N 
/a/ F-W > N-M, N-S, N-R, N-N 

F-L > N-S, N-R, N-N 
F-E > N-N 

Table 5.7 Post-hoc results for regional differences for F1 at the vowel's midpoint. ‘>’ refers to 
a higher F1 value, i.e. a more open pronunciation. 
 
(F1,128=23.526, p=.000) and /u/ (F1,128=36.694, p=.000), the open vowel /a/ 
(F1,128=16.396, p=.000) and the mid vowel /ɔ/ (F1,128=20.002, p=.000). Only for the 
mid vowel, male speakers were found to have a more open pronunciation, whereas 
for the other vowels male speakers had a more closed pronunciation. In contrast, 
Pols (1977), who used Bark-normalized formant values, found women to have lower 
F1 values than men for the high vowels. As Lobanov’s normalization minimized the 
effect of gender (cf. Chapter 4), this difference in result cannot be attributed to a 
failure of the normalization procedure to remove anatomical differences. However, 
the difference could be explained by a difference in the regional origin between the 
speakers in our study and Pols’ study, which, however, does not give information 
about a speaker's origin.  
 For six of the monophthongs, strong geographic effects were found for F1 (cf. 
Figure 5.5 and 5.6, which plot the means of the communities and regions, 
respectively.). There were five main effects for community and five for region. For 
all of the monophthongs for which a community effect was found, i.e. for /ɪ/ 
(F1,128=58.714, p=.000), /ɛ/ (F1,128=42.856, p=.000), /ʏ/ (F1,128=26.749, p=.000) , /a/ 
(F1,128=48.621, p=.000) and /u/ (F1,128=29.875, p=.000), Flanders showed a more 
open pronunciation than the Netherlands. 
 In order to investigate the regional effects that were found for the front vowels 
/i/(F6,128=3.574, p=.003), /ɪ/ (F6,128=13.976, p=.000), /ɛ/ (F6,128=30.945, p=.000), /ʏ/ 
(F6,128=4.383, p=.000), and for back /a/ (F6,128=3.839, p=.001), a Tukey post-hoc test 
was run for each of these vowels. The post-hoc results are displayed in Table 5.7. 
The most striking result from these post-hoc tests is that two regions showed 
different behavior from the other regions within their community (see also Section 
4.4.4). N-S, in the first place, showed ‘Flemish’ (i.e. open) pronunciations of /ɪ, ɛ/. 
In the second place, F-B behaved more like a Dutch region, as it accorded in the 
more closed pronunciation with N-R, N-M and N-N for /ɛ/ and it showed a tendency 
to do so for /ɪ, ʏ, a/. In spite of these deviant behaviors, it still holds that there were 
strong differences between the Netherlands and Flanders for these vowels, as is 
shown in Table 5.5. Both communities showed a clear internal cluster of regions. In 
Flanders, no significant differences were found between F-W, F-E and F-L, and the 
same is true for the regions within the Dutch cluster N-R, N-M and N-N. 
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 The three-way interaction of coda×region×age for /u/ (F6,128=3.839, p=.001) is 
difficult to interpret, as there is a total of nine possible patterns that can be found in 
each region. That is, both older and younger speakers could show a difference 
between s- and t-words or /u/ could be more closed or more open before /t/ in one of 
the age groups, but not in the other. In the end, five out of nine patterns were 
found10. 
 The two weak coda×gender effects for /ɛ/ (F1,128=8.759, p=.004) and /ʏ/ 
(F1,128=8.659, p=.004) show that for the first vowel, men had a more open 
pronunciation before /t/ than before /s/, whereas for women a contextual difference 
was not found. For the second vowel, both genders showed a more open 
pronunciation in the t-word, but for the males the difference between the codas is 
larger. Perhaps this indicates that women tried to neutralize the coda effect for these 
vowels. 
 Peterson and Lehiste (1960) find that short American English open vowels have 
longer durations than short closed vowels. Later studies, however, failed to find such 
a clear pattern (e.g., Hillenbrand et al. 1995). It might be worth looking into this 
issue, for instance by investigating the correlation of duration and F1 for short 
vowels. More or less in accordance with the Peterson and Lehiste study, we found a 
moderate significant positive correlation (Pearson’s r=.622, p<.01). This thus 
suggests that with a longer duration the vowel reaches a more open pronunciation 
than with a shorter duration. Given the longer durations for the s-words, a higher F1 
in the vowels in these words would be expected. However, as discussed above (see 
also Figure 5.3), only the low back vowels show a more open pronunciation before 
/s/, whereas the front vowels show the exact opposite.  
 An analysis of the correlation coefficients for each monophthong separately 
suggests indeed that when the low (and) back vowels /a/ (r=.155; p=.005), /ɑ/ 
(r=.157; p=.005), /ɔ/ (r=.164; p<.01) were longer, they tended to be more open. In 
addition, for /ɪ/ (r=-.269; p<.001) and /ʏ/ (r=-.267; p<.001), it was found that if the 
vowel was longer, the vowel was more closed. These results suggest centralization 
in the case of shorter durations. 
 Our results also show that the correlation of openness with longer duration did 
not show up between speakers. Thus, it was not necessarily true that regions that 
showed a more open pronunciation for a certain vowel, had longer durations. This 
became clear when, for instance, the regional effects for the strongly regionally 
marked /ɪ/ and /ɛ/ were inspected: large regional differences in openness were found 
without durational differences.  
 
 

                                                             
10 In N-R, younger speakers showed a more closed /u/ before /t/, whereas for older speakers 
there was no difference for the coda. In N-N and F-L, the same was found for the younger 
speakers, whereas the older speakers showed a more open /u/ before /t/. For the other regions, 
the younger speakers did not change the degree of opening of /u/ according to the coda. In F-
E, the older speakers also did not change it, whereas for N-M and F-W the mouth was more 
open before /t/, and in N-S and F-B the mouth was more closed before /t/ among the older 
speakers. 
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5.3.2.3 F2 
 
Also for F2 as a dependent variable, a series of nine repeated measures ANOVAs 
was conducted, one for each vowel (the same method as for F1). Table 5.8 
summarizes the results of these ANOVAs. It gives the partial η2 values of the 
significant effects (p<.005, after Bonferroni correction for the nine analyses).  
 The effect found for coda is in line with the observation made before that the 
vowels in the /t/-context tend to centralize. The front vowels /i/ (F1,128=36.621, 
p=.000), /ɪ/ (F1,128=29.309, p=.000) and /ʏ/ (F1,128=81.918, p=.000) moved backward, 
whereas the back vowels /u/ (F1,128=127.345, p=.000) and /a/ (F1,128=14.905, p=.000) 
moved forward. Of the two back vowels, it is noteworthy that /u/ was strongly 
influenced by the following context, whereas the more central /a/ showed a 
relatively weak effect. In addition, note that /ɛ/ did not join the other front vowels, 
and that neither /ɑ/ or /ɔ/ joined the back vowels in their F2-movement. 
 The only significant interaction effect was found for coda×community for /u/ 
(F1,128=18.522, p=.000). It reveals that the difference between the two contexts was 
smaller in the Netherlands (-1.42 before /s/ and -1.28 before /t/) than in Flanders (-
1.30 before /s/ and -0.99 before /t/).  
 Only for two vowels, gender effects were found for F2. For /ɔ/ (F1,128=26.037, 
p=.000), a higher F2 was found for women, whereas for /y/ (F1,128=11.473, p=.001) 
the males showed a slightly more front pronunciation. 

A total of 13 geographic effects were found. Again, a very straightforward 
community pattern arose. Whereas the two highest (and most back) back vowels /u/ 
(F1,128=58.722, p=.000) and /ɔ/ (F1,128=15.548, p=.000) were more front in Flanders 
than in the Netherlands, the front vowels /ɪ/ (F1,128=211.125, p=.000), /ɛ/ 
(F1,128=123.074, p=.000) and /ʏ/ (F1,128=35.752, p=.000) were more backed. In 
addition to /i/, /y/ (F1,128=19.997, p=.000) did not behave like the other front vowels  

 
 

 Cd C R G A Cd×C 
/i/ .222  .198    
/ɪ/ .186 .623 .529    
/ɛ/  .490 .495    
/y/ - .135  .082  - 
/ʏ/ .390 .218 .257    
/u/ .499 .314 .335   .126 
/ɔ/  .108 .186 .169   
/ɑ/   .170    
/a/ .104      

Table 5.8 Effects on normalized F2 at the vowel's midpoint, for each vowel separately. Partial 
η2 for each significant effect are given (p<.005). There were 320 tokens per vowel, except for 
/y/ (n=160). Grey cells show significant effects for which no corresponding significant effects 
were found in the MANOVA (cf. Table 5.5). Cd= coda, C=community, R=region, G=Gender, 
A=Age, - =not tested. 
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Vowel Regional differences 

/i/ F-B, N-M > F-E 
/ɪ/ N-N, N-R, N-M > F-B, N-S, F-W, F-L, F-E 

F-B > F-L, F-E 
/ɛ/ N-M, N-N, N-R > F-B, F-L, N-S, F-W, F-E 

F-B, F-L > F-E 
/ʏ/ N-R, N-N > F-W, N-S, F-E, F-L 

N-M > N-S, F-E, F-L 
/u/ F-L > F-B, N-M, N-R, N-N 

F-E, F-W, N-S > N-M, N-R, N-N 
/ɔ/ F-W, N-N, F-L, F-B > N-M, N-R 

F-E > N-R 
/ɑ/ N-N > F-E, N-S 

Table 5.9 Post-hoc results for regional differences for F2. ‘>’ refers to a higher F2 value, i.e. a 
more front pronunciation. 
 
as it was more front in Flanders.  
 In order to investigate regional differences, a Tukey post-hoc test was run for /i/ 
(F6,128=5.282, p=.000), /ɪ/ (F6,128=23.942, p=.000), /ɛ/ (F6,128=20.950, p=.000), /ʏ/ 
(F6,128=7.374, p=.000), /u/ (F6,128=10.754, p=.000), /ɔ/ (F6,128=4.888, p=.000) and /ɑ/ 
(F6,128=4.374, p=.000), for which a significant effect of region was found. The 
results for the post-hoc comparisons were displayed in Table 5.9. Not surprisingly, 
as F1 and F2 are not independent of each other, the same two regions as for F1 
showed a deviant pattern from the pronunciation of the community (cf. Figure 5.6). 
N-S showed the ‘Flemish’ backness of /ɪ, ɛ, ʏ/ and the Flemish fronting of /u/. For 
Flemish Brabant the similarity was somewhat less convincing as it shows significant 
differences with N-R, N-M and N-N. In this sense, the region contrasted with N-S 
that did not show significant differences with F-L, F-W or F-E. Still, its 
pronunciation of /u/ tended to be closer to N-R, N-M and N-N for /ɪ, ɛ, u/. As for F1, 
the overall picture still contained clear differences between the Netherlands and 
Flanders. 
 Finally, it would also be interesting to investigate the relationship between 
duration and the F2 value. No significant correlation was found across all 
monophthongs (Pearson’s r =.026, p=.173). However, for /i/ (r=.152, p=.006), /ɪ/ 
(r=.393, p<.001), /ɛ/ (r=.236, p<.001), /ʏ/ (r=.361, p<.001) and /u/ (r=-.402; p<.001) 
significant correlations were found. The front vowels and the central vowel reached 
higher F2 values with longer durations and the back vowel reached a lower F2 
value. In other words, if we leave out the central vowel, this suggests that a longer 
duration facilitated a more extreme tongue position. 
 
 
5.3.3 (Semi)diphthongs: F1 and F2 
 
For the long mid vowels /e/, /ø/ and /o/, and the diphthongs /ɛi/, /œy/ and /ɔu/, the 
normalized formant values at the onset and offset are compared in this section. First, 
we will explore our data for differences in the positioning of the vowels for F1 and 
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F2 combined (5.3.3.1). Subsequently, we will describe for F1 (5.3.3.2) and F2 
(5.3.3.3) separately the way the vowel positions differ. 
 Factors for which significant differences were found for a particular vowel in the 
first of these sections (i.e. in a MANOVA) were further examined in the last two. 
The factors for which no significant differences were found for a vowel in 5.3.3.1, 
will be ignored for that particular vowel in the other two sections. 
 
 
5.3.3.1 F1 and F2 
 
To start with, a series of twelve repeated measures MANOVAs was conducted, two 
for each vowel, i.e. one for the onset and one for the offset. In these analyses, 
normalized F1 and F2 at the onset (i.e. at 25% of the duration of the vowel) or the 
offset (i.e. 75%) of the vowel were the dependent variables. The within-subjects 
factor was coda and the between-subjects were community, region (nested under 
community), gender and age. Table 5.10 summarizes the results of these 
MANOVAs. It gives the partial η2 values for the significant effects (p<.008, after 
Bonferroni correction for the six analyses at the onset or offset). In the description 
and discussion of the effects below, the focus will again be on the stronger effects 
(partial η2 >.10). 
 For five of the onsets and four of the offsets, a strong effect of coda was found. 
Only for /ø/ no significant effect for the onset was found. As will be shown below, 
/e/ (F2,127=88.449, p=.000) and /o/ (F2,127=43.167, p=.000) showed a coda effect in 
height at the onset, whereas /e/ also showed coda differences in advancement at the 
onset. As for the onset of /ɛi/ (F2,127=138.702, p=.000), /œy/ (F2,127=14.899, p=.000) 
and /ɔu/ (F2,127=21.165, p=.000) there were also coda differences in height and 
fronting.  
 The offsets of /ɔu/ and again /ø/ showed no effect of the coda. By contrast, the 
offset of /e/ (F2,127=16.249, p=.000) and /o/ (F2,127=78.438, p=.000) showed an effect 
of coda. As for their onsets, /e/ showed an effect of coda for both F1 and F2, and /o/ 
only for F1. The offsets of /ɛi/ (F2,127=44.052, p=.000) and /œy/ (F2,127=65.090, 
p=.000) differed between the two codas on both dimensions. In the following two 
sections, the abovementioned differences between s- and t-words in the onsets and 
offsets of the (semi)diphthongs will be furthered explored. 
 The gender differences were in general weaker (or absent) compared to the 
differences for the codas, except for the gender differences found for /ø/, since a 
coda difference was absent. For the long mid vowels /e/ (F2,127=12.970, p=.000), /ø/ 
(F2,127=10.088, p=.000) and /o/ (F2,127=7.483, p=.001), the onsets showed gender 
differences in height. For /e/ and /o/, and the diphthongs /ɛi/ (F2,127=5.698, p=.004) 
and /œy/ (F2,127=8.810, p=.000), there were also differences in fronting at the onset. 
At the offsets, only two gender differences were found, both in height, for /e/ 
(F2,127=6.703, p=.002) and /o/ (F2,127=15.307, p=.000). 
 Geographic differences for the (semi)diphthongs were numerous. Only the offset 
of the back diphthong did not show a community difference. Except for this case, 
the community effects were all stronger than the regional effects. Almost all  
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Normalized F1 and F2 - onset 

 Cd C R G A Cd×G Cd×C×A Cd×R×A C×G 
/e/ .582 .454 .271 .170      
/ø/  .393 .259 .137      
/o/ .405 .549 .171 .105  .181 .079   
/ɛi/ .686 .523 .210 .082      
/œy/ .190 .356 .219 .122      
/ɔu/ .250 .396 .239      .083 

Normalized F1 and F2 - offset 
 Cd C R G A Cd×G Cd×C×A Cd×R×A C×G 
/e/ .204 .147 .133 .095   .147     
/ø/   .209 .154           
/o/ .553 .154 .144 .194   .213     
/ɛi/ .410 .201 .153     .084     
/œy/ .506 .531 .182   .089       
/ɔu/     .119        .100    

Table 5.10 Effects on normalized F1 and F2 in the (semi)diphthongs. Partial η2 for each 
significant effect is given (p<.008). There were 320 tokens per vowel. Cd= coda, 
C=community, R=region, G=Gender, A=Age, - =not tested. 
 
community effects pointed in the same direction. The onsets of the long mid vowels 
/e/ (F2,127=52.790, p=.000), /ø/ (F2,127=41.153, p=.000) and /o/ (F2,127=77.184, 
p=.000) showed both F1 and F2 community differences. Their diphthongal 
counterparts, i.e. /ɛi/ (F2,127=69.688, p=.000), /œy/ (F2,127=35.105, p=.000) and /ɔu/ 
(F2,127=41.676, p=.000) respectively, replicated this. At the offsets of /e/ 
(F2,127=10.925, p=.000), /ø/ (F2,127=16.803, p=.000) and /o/ (F2,127=11.551, p=.000), 
height differences were found between Flanders and the Netherlands. In addition, 
the offset of /ø/ showed a difference in advancement. For the diphthongs, there was 
only a height difference for /ɛi/ (F2,127=16.012, p=.000), but for /œy/ (F2,127=72.005, 
p=.000), the communities differ in fronting. 
 Regional effects showed up in all (semi)diphthongs. Both the long mid vowels /e/ 
(F12,127=7.875, p=.000), /ø/ (F12,127=7.384, p=.000) and /o/ (F12,127=4.369, p=.000) 
and the diphthongs /ɛi/ (F12,127=5.637, p=.000), /œy/ (F12,127=5.949, p=.000) and /ɔu/ 
(F12,127=6.652, p=.000) show regional differences in height and fronting at the onset.  
 The strength of the regional effects for the offsets of /e/ (F12,127=3.249, p=.000), 
/ø/ (F12,127=3.845, p=.000) and /o/ (F12,127=3.550, p=.000) and the diphthongs /ɛi/ 
(F12,127=3.810, p=.000), /œy/ (F12,127=4.719, p=.000) and /ɔu/ (F12,127=2.857, p=.001) 
was lower than for the onsets. This might be attributed to the fact that only offset 
differences in F2 were found between the regions, whereas at the onset both F1 and 
F2 showed regional variation (see below). In the following two sections, these 
regional and other differences will be dealt with more thoroughly. 
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Figure 5.7 Means of normalized F1 and F2 at the onset and offset of /e, ø, o/ in s- and t-
words. Per vowel 320 tokens (i.e. 160 per coda) were used. 
 

 

 
 
 

Figure 5.8 Means of normalized F1 and F2 at the onset and offset of the diphthongs in s- and 
t-words. Per vowel 320 tokens (i.e. 160 per coda) were used. 
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5.3.3.2. F1 
 
A series of twelve repeated measures ANOVAs was conducted, i.e. two for each 
vowel (for the onset and offset). In these ANOVAs, with normalized F1 at the onset 
or the offset as the dependent variable, the within-subjects factor was the coda 
consonant and the between-subjects were community, region (nested under 
community), gender and age. Table 5.11 summarizes the results of these ANOVAs 
and it gives the partial η2 values for the significant effects (p<.008, after Bonferroni 
correction for the six analyses at the onset or offset) 
 In total, six strong effects were found for coda, that is for the onset of /e/ 
(F1,127=26.073, p=.000), /o/ (F1,127=83.365, p=.000), /ɛi/ (F1,127=15.602, p=.000) and 
for the offset /o/ (F1,127=155.847, p=.000), /ɛi/ (F1,127=21.258, p=.000) and /œy/ 
(F1,127=101.176, p=.000). The onsets of /e/, /o/, /ɛi/ and the offset of /o/ were lower 
in s-words than in t-words, whereas the offsets of /ɛi/ and /œy/ were higher (see 
Figure 5.7 and 5.8). Hence, four of these vowels (i.e. not /o/) showed a larger glide 
on the height dimension. It is noteworthy that, like for the monophthongs, the height 
of the (onset and/or offset of the) back vowels was influenced in a different way by 
the coda than the front vowels. 
 There are several explanations available for the behavior of the onsets and offsets 
of these vowels. Given the different phonological environments in s- and t-words, 
one would consider coarticulatory influences in the first place. Another explanation 
that up till now has remained implicit, lies in lexical diffusion (Labov 1994:421ff), 
i.e. that sound changes spread from word to word such that a vowel in some words 
shows a change, whereas the same vowel does not in other words. However, to our 
knowledge, there are, with one exception11, no studies or phonological or  
dialectological atlases that contrast any of the pairs of s- and t-words that were used 
in the present study. As a consequence, it is extremely difficult to test whether a 
difference is a result of lexical diffusion or of coarticulatory effects. In the first 
place, however, an attempt was made to explain F1, and later F2, differences in 
terms of coarticulation. In addition, the influence of durational differences will be 
briefly discussed. 
 In three vowels (i.e. /e, o, ɛi/), the onset in s-words is more open than the onset in 
t-words. Only for /ɛi/, an explanation can be found in the preceding consonant. In 
the s-word, a preceding consonant is lacking. Given the bilabial pronunciation of the 
onset consonant in the t-word (i.e. /p/), a slightly lower F1 at the onset was indeed 
expected (Stevens 1998:343). For all the two other vowels, it is difficult to see how 
the difference in the preceding consonant has played a role in this. For /e/, the 
difference between the bilabial consonants lies mainly in nasality. In /m/, the velum 
is opened, whereas in /b/ the velum is closed. The position of the tongue seems 
unaffected (Laver 1994:205ff). Moreover, the transition of oral stops and their nasal  
 
 
                                                             
11 Pols (1977) investigates the pronunciation of /ɪ/ in vis and fit, which were uttered by three 
male speakers. Two of them show a lower pronunciation of the vowel in the t-word, as has 
been found in our study (Pols 1977:86-88). 
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Normalized F1 - onset 

 Cd C R G A Cd×G Cd×C×G C×G 
/e/ .169 .297 .227 .101        
/ø/   .328 .134 .126        
/o/ .394 .423 .230 .058 .060 .181    
/ɛi/ .109 .345 .193        .055 
/œy/   .288 .256           
/ɔu/   .175 .197           

Normalized F1 - offset 
 Cd C R G A Cd×G Cd×C×G C×G 
/e/   .147   .083   .133     
/ø/ .057 .154         .055  
/o/ .549 .083   .121   .192    
/ɛi/ .142 .106       .083    
/œy/ .441       .086      
/ɔu/       .059         

Table 5.11 Effects on normalized F1 in the (semi)diphthongs: partial η2 for each significant 
effect is given (p<.008). There were 320 tokens per vowel. Grey cells show significant effects 
for which no corresponding significant effects were found in the MANOVA (cf. Table 5.9). 
Cd= coda, C=community, R=region, G=Gender, A=Age. 
 
counterparts are very similar (Reetz and Jongman 2009:197). For /o/, the onset 
consonant is the same in the t- and s-word. Overall, it seems unlikely that the F1 
differences in these vowels were caused by the preceding context. Therefore, the 
differences might be seen as anticipatory coarticulation. Since for a stop the tongue 
needs to make a full closure (i.e. it needs to attain maximum height), the vowel is 
somewhat moved up in anticipation of this. Although for /s/ the tongue needs to 
make a constriction, the tongue does not reach maximum height, and therefore the 
vowel is less high12. 
 At the offset, higher F1 values in the s-words were found for /o/. This can be 
explained by the difference at the onset for this vowel. That is, if speakers want their 
vowels to have the same quality in s-words as in t-words, they need to preserve the 
difference found at the onset. This is however not in line with the finding that for /o/ 
the effect has strengthened with respect to the onset, whereas for /e/ it has 
disappeared. For /o/, this was mainly due to the coda×gender effect (F1,128=30.455, 
p=.000) that is caused by the relatively open pronunciation of women at the offset of 
/o/ before /s/ (i.e. the glide is negligible, see Figure 5.913). However, another factor 
might be at play for /o/, namely word frequency. The s-word boos (‘angry’) is likely 
to be more frequent than boot (‘boat’) for our speakers, as it can be used both at 
work (i.e. teachers are quite often boos op iemand, ‘angry with someone’) and at 
home. Higher word frequency often causes vowels to reduce, both spectrally and in 
duration (Pluymaekers et al. 2005; Ernestus 2000; Van Bergem 1995). A  
                                                             
12 Then again we need an explanation for why this also affects /o/, as this a back vowel, and 
/s/ and /t/ are consonants articulated with the front part of the tongue. 
13 Note that at the onset, there was also a coda×gender effect (F1,128=28.257, p=.000) caused 
by the larger difference between the s-word and t-word for women than for men. 
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Figure 5.9 Normalized F1 values at the onset (time=25) and offset (time=75) of /o/, for males 
and females, for s- and t-words separately. 
 

 
Figure 5.10 Normalized F1 values at the onset (time=25) and offset (time=75) of /e/, for 
males and females, for s- and t-words separately. 
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comparison of the boos-boot pair with other word pairs indeed revealed that the 
durational difference was considerably weaker for /o/ than for other long vowels, 
except /ɔu/14. In addition, the glide of /o/ in the s-word was reduced, which is not 
found for the other long vowels (see Figure 5.7). The coda×gender effect might then 
be explained by a gender difference in the use of boos, as some studies show that 
women tend to use emotional vocabulary more often than men (e.g., Barbara 2008). 
However, the interaction effect did not surface for duration. 
 Also for /e/, a coda×gender effect (F1,128=19.624, p=.000) showed up, but here 
the females showed a smaller glide for the t-word, which caused the word difference 
at the offset to disappear, whereas for males this difference remained stable across 
the onset and offset (see Figure 5.10). It seems that the females tended to show 
similar behavior at the offset of /e/ as for the front high monophthongs, for which a 
lower tongue position was found in t-words. So, in conclusion, whereas men showed 
a stable glide across the two words containing /e/ and /o/, it appears that women 
changed their pronunciation. 
 For /ɛi/ and /œy/, the offset F1 was lower before /s/ than before /t/, suggesting 
that the mouth was more closed before /s/. None of these between-word differences 
had occurred at the onset, so we cannot use the argument of equal vowel quality (see 
above). However, the explanation can be found in the durations of the vowels. That 
is, for /ɛi, œy, ø/, a significant correlation was found between duration and F1 at the 
offset (Pearson’s r was -.129 for /ɛi/, -.244 for /œy/, and -.139 for /ø/), whereas for 
the other three (semi)diphthongs, there was no significant correlation. Since we 
know that the former vowels were longer before /s/ than before /t/ (see Table 5.3), 
we could infer that this longer duration led to a closer pronunciation at the offset. In 
other words, a longer duration gives more opportunity to the speakers to produce a 
longer glide15. All in all, it seems we could successfully explain the differences 
between s- and t-words. 
 As for the between-subjects effects, the effects for gender were in general not 
very strong, nor numerous (see Figure 5.11 and 5.12). At the onset, the vowels for 
which a gender effect was found, i.e. only the long mid vowels /e/ (F1,128=14.387, 
p=.000), /ø/ (F1,128=18.446, p=.000) and /o/(F1,128=7.861, p=.006), showed the same 
pattern. That is, for all these vowels men were having a more open pronunciation 
than women. For /e/ (F1,128=11.574, p=.001) and /o/ (F1,128=17.670, p=.000) men 
showed a more closed pronunciation at the offset. Overall, men thus showed longer 
glides than women in the long mid vowels, which is illustrated in Figure 5.11. 
 
                                                             
14 In the case of the diphthong, a word frequency effect also might have occurred, but in the 
opposite direction: kous (‘stocking’) is probably less frequent than fout (‘error’, ‘wrong’). In 
the Corpus of Spoken Dutch, fout is found eight times, whereas kous never occurs. Moreover, 
in a classroom setting, a word like fout would be expected to occur more than kous. However, 
the frequency effect did not result in vowel reduction. That is, since both /t/ and higher word 
frequency were expected to reduce vowel duration, it is surprising that the durational 
difference between the s- and t-word was actually smaller than in most other long vowels. 
Moreover, there was no spectral reduction in the glide in the t-word. 
15 Note that the F1 effect at the offset /ø/ is ruled out by the fact that no significant effect was 
found for the offset in the MANOVA for F1 and F2 in Section 5.3.3.1.  
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Figure 5.11 Means of F1 and F2 separately for the males (circles) and females (triangles), for 
onset and offset of the long mid vowels in the s- and t-words. Per vowel 320 tokens (i.e. 160 
per gender) were used. 
 

 
Figure 5.12 Means of F1 and F2 separately for the males (circles) and females (triangles), for 
the onset and offset of the diphthongs in the s- and t-words. Per vowel 320 tokens (i.e. 160 per 
gender) were used. 
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Figure 5.13 Means of F1 and F2 separately for the Netherlands (circles) and Flanders 
(triangles), for the onset and offset of the long mid vowels in s- and t-words. Per vowel 320 
tokens (i.e. 160 per gender) were used. 
 

 
Figure 5.14 Means of F1 and F2 separately for the Netherlands (circles) and Flanders 
(triangles), for the onset and offset of the diphthongs in s- and t-words. Per vowel 320 tokens 
(i.e. 160 per gender) were used. 
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Vowel F1-onset 

/e/ N-M > F-B, N-S, F-W, F-E, F-L 
N-N > N-S, F-W, F-E, F-L 
N-R > F-E, F-L 

/ø/ N-M > N-S, F-B, F-W, F-E, F-L 
N-R, N-N > F-B, F-W, F-E, F-L 

/o/ N-N, N-R, N-M > N-S, F-W, F-B, F-L, F-E 
/ɛi/ N-N, N-R, N-M, F-B, N-S > F-E, F-W, F-L 

/œy/ N-R, N-M, N-N > N-S, F-E, F-L, F-W 
F-B > F-L, F-W 

/ɔu/ N-R > N-S, F-E, F-L, F-W 
N-M, N-N, F-B > F-L, F-W 

Table 5.12 Post-hoc results for regional differences for F1 at the onset and offset. ‘>’ refers to 
a higher F1 value, i.e. a more open pronunciation. 
 
 Straightforward community effects were found at both the onset and offset of /e/ 
(onset F1,128=53.982, p=.000; offset F1,128=22.007, p=.000), /ø/ (onset F1,128=62.590, 
p=.000; offset F1,128=23.258, p=.000), /o/ (onset F1,128=93.966, p=.000; offset 
F1,128=11.544, p=.000) and /ɛi/ (onset F1,128=67.298, p=.000; offset F1,128=15.103, 
p=.000). For /ɔu/ (F1,128=27.128, p=.000) and /œy/ (F1,128=51.717, p=.000), there was 
only an effect at the onset. Note that for all of the vowels, the effects at the onset 
were stronger, as clearly shown in Figures 5.13 and 5.14. At both time points, the  
differences were highly systematic. In Netherlandic Dutch the onset was always 
lower than in Flemish Dutch. To the contrary, the offset was higher in the 
Netherlands than in Flanders. Thus, in the Netherlands stronger glides on the F1 
dimension were found (cf. Van de Velde 1996). 
 The regional differences again showed that the differences between the two 
communities were not that clear-cut as it seemed at first sight (see Table 5.12 for 
post-hoc comparisons of the regions). They showed up only at the onsets of all 
(semi)diphthongs: /e/ (F6,128=6.260, p=.000), /ø/ (F6,128=3.287, p=.005), /o/ 
(F6,128=6.356, p=.000), /ɛi/ (F6,128=5.086, p=.000), /œy/ (F6,128=7.323, p=.000) and 
/ɔu/ (F6,128=5.226, p=.000). The same two regions as for the monophthongs deviated 
from the community pattern (cf. Figure 5.15 and 5.16. Figures A.2 and A.3 in 
Appendix A plot the regional means for the raw data). First, N-S belonged for /o/ to 
the 'Flemish' group and for the other long mid vowels, it tended to do so. In the 
diphthongs, N-S was only in line with the other Dutch regions for the onset of /ɛi/, 
whereas it deviated from these regions for the onset of /œy/. Second, Flemish 
Brabant speakers tended to have open 'Netherlandic' onsets for the diphthongs. In 
spite of these deviant behaviors, overall community differences still hold. 
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Figure 5.15 Regional means of F1 and F2 at the onset and offset of /e,ø,o/ in s- and t-words. 
Per vowel 320 tokens (i.e. 40 per region) were used.  
 
 
 

 
Figure 5.16 Regional means of F1 and F2 at the onset and offset of the diphthongs in s- and t-
words. Per vowel 320 tokens (i.e. 40 per region) were used. 
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5.3.3.3 F2 
 
Twelve repeated measures ANOVAs were run for F2, with the same set-up as for F1 
(see 5.3.3.2). The partial η2 values for the significant effects (p<.008) are shown in 
Table 5.13. Differences in place of articulation of consonants particularly influence 
the F2 of the vowel (e.g., Yeou 1997, Rosner and Pickering 1994, Reetz and 
Jongman 2009). Therefore, we would not expect an effect for /e, ø, o/ (cf. Table 
5.1). However, the factor coda yielded an effect for the first of these vowels (F1,128= 
131.589, p=.000). In the s-word, /e/ was far more front than in the t-word (cf. Figure 
5.7). As the transitions for nasals and their oral counterparts were very similar 
(Reetz and Jongman 2009:197), the explanation was unlikely to be found in the 
difference between these consonants. Therefore, the explanation was sought in a 
difference in pronouncing /s/ and /t/. However, according to Vincent van Heuven 
(p.c.), /s/ in Netherlandic Dutch is pronounced further to the back than /t/, whereas 
in Flemish Dutch /s/ is more front. Moreover, Mees and Collins (1983:6) state that 
Netherlandic /s/ is rounded, which mainly is noticeable after rounded vowels. These 
two facts would predict that the F2 value of /e/ before /s/ in the Netherlands would 
be lower than before /t/, whereas the opposite was shown here. In addition, a factor 
which argues against the claim that /s/ or /t/ would play a differentiating role, is that 
the difference at the offset (i.e. closer to the consonant) is weaker for coda (F1,128= 
25.476, p=.000). 
 Another possible explanation might be found in the study by Klaassen-Don 
(1983) on Dutch. Her results suggest that /s/ did not influence the vowel, whereas /t/ 
did, since /s/ cannot be recognized on the basis of the preceding vocalic portion 
only, whereas recognition of /t/ is possible on the basis of the preceding vocalic  
 
 

Normalized F2 - onset 
 Cd C R G A Cd×G Cd×R×A Cd×C×G×A C×G 
/e/ .507 .422 .435 .148           
/ø/   .186 .391             
/o/   .481 .137 .089           
/ɛi/ .661 .495 .306 .081       .059   
/œy/ .167 .163 .188 .103   .059       
/ɔu/ .219 .367 .373           .056 

Normalized F2 - offset 
 Cd C R G A Cd×G Cd×R×A Cd×C×G×A C×G 
/e/ .166   .213          
/ø/     .276          
/o/     .151          
/ɛi/ .379   .249          
/œy/ .200 .480 .322          
/ɔu/            .142   

Table 5.13 Effects on normalized F2 in the (semi)diphthongs: partial η2 for each significant 
effect is given (p<.008). There were 320 tokens per vowel. Grey cells show significant effects 
for which no corresponding significant effects were found in the MANOVA (cf. Table 5.9). 
Cd= coda, C=community, R=region, G=gender, A=age, - =not tested. 
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portion (see also Wagner et al. 2006; Smits et al. 1996). 
 So, for /e/ this would mean that if the vowel was not influenced by the fricative, 
it could have started front, even though the fricative is relatively back. In contrast, 
/e/ before /t/ had to follow a route towards the place of articulation of /t/ which is 
progressively front when the end of the vowel comes nearer. Although this way of 
reasoning gives a reasonable explanation for the course of the vowel, it does not 
satisfactorily explain why /e/ starts at a position further back before /t/. 
 However, the behavior of /e/ at the onset has been observed in the front 
monophthongs /i, ɪ, ʏ/, which were also more back in the t-word. This was explained 
as a centralizing tendency, possibly correlated to a shorter duration, which might 
apply here too. As for the monophthongs, we find a non-significant, but positive 
correlation between F2 (at the onset) and duration of /e/ (r=.155; p=.06). This 
suggest that when /e/ gets longer, it tends to become more front (i.e. less central). 
The fact that the long mid vowels behaved like the monophthongs is not so 
surprising. That is, many of the regions showed rather monophthongal long mid 
vowels (cf. Figure 5.7). 
 For the diphthongs that showed a difference in onset and/or offset value, 
explanations were also sought in coarticulation (cf. Figure 5.8). For /ɛi/ (onset 
F1,128=249.988, p=.000; offset F1,128=78.182, p=.000) and /œy/ (onset F1,128=25.700, 
p=.000; offset F1,128=31.952, p=.000), onset and offset differences surfaced, 
whereas, for /ɔu/ (F1,128=35.821, p=.000), only at the onset a coda effect was found. 
Similar to /e/, the diphthongs showed a higher F2 value for an s-word than for a t-
word. If the preceding consonant exerted coarticulatory influence, then, for /ɛi/, we 
would expect a lower F2 value at the start of the vowel in the t-word, as /p/ is a 
labial sound and the onset might therefore be slightly labialized (cf. Stevens 
1998:343). This is indeed what we found. For the offset, the difference between the 
s- and t-word had become smaller, as the increase of F2 over the vowel duration 
before /t/ was stronger than for /s/. The difference may be explained by the attempt 
of the speaker to keep equal vowel quality across s- and t-words. In addition, the 
decrease of the difference can be explained by the fact that at 75% of the duration of 
the (in absolute terms shorter) vowel before /t/, the tongue is closer in time to the 
onset of the following consonant, than at 75% of the (longer) vowel before /s/. For 
/œy/, however, a more front onset might be expected for the t-word, as there the 
vowel was preceded by /l/, which is alveolar (Gussenhoven 1999). The diphthong in 
the s-word was preceded by /h/, which does not seem to have a considerable 
influence, as it is considered the voiceless counterpart of the following vowel 
(Ladefoged 1975:34). Note that /f/, which involves a labial articulation, might have 
played a role again. However, at the offset the difference was even stronger in favor 
of more fronting before /s/. For /ɔu/, finally, the expected effect found. The velar 
stop (i.e. /k/) causes the vowel to have a higher F2 at the CV-transition (Stevens 
1998:366), whereas /f/ hardly influences the following vowel (Stevens 1998:391). 
 Finally, for the influence of the following consonant, duration might have played 
a role. To investigate this, Pearson's r correlations between duration and the F2 value 
at the onset and offset were calculated. None of the significant correlations found 
was very strong. For the vowels showing a significant coda effect, a significant 
correlation was found. For /e/, F2 at the onset was higher for tokens with longer 
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duration (r=.155, p=.006). The same was true for the onset of /ɛi/ and /œy/ (r=.277, 
p=.000; r=.183, p=.001, respectively) and their offsets (r=.191, p=.001; r=.153, 
p=.006). These findings are in line with the result that s-words were longer than t-
words. For the first word type, higher F2 values were found than for the second one. 
Moreover, these findings accorded with the centralizing tendency of the high front 
monophthongs in the shorter t-words. A correlation that confirms the centralizing 
tendency in shorter vowels, is the weakest of all, i.e. for the onset of /ɔu/ (r=-.115, 
p=.040), which predicts that the shorter the vowel the higher the F2 value. Indeed, 
for this back diphthong, we found higher F2 values for the longer s-words. 
However, for the monophthongal low back vowels, no centralization tendency was 
found on the F2 dimension. Thus, again, context-induced duration differences 
seemed to play an important role. For gender, only two stronger effects were found, 
i.e. at the onset of /e/ (F1,128=22.164, p=.000) and /œy/ (F1,128=14.630, p=.000), in 
addition to two weak ones, i.e. at the onset of /o/ (F1,128=12.534, p=.001) and /ɛi/ 
(F1,128=11.355, p=.001). The effects show that women in general showed more 
peripheral articulations at the onset (Figure 5.11 and 5.12). For the front 
(semi)diphthongs, they used a more front position of the tongue, compared to men, 
whereas for the back long mid vowel, their tongue was more retracted at the onset.  
 For community, most strong effects were found at the onset (Figure 5.13 and 
5.14). All (semi)diphthongs showed community differences at the beginning of the 
vowel, as can be seen in Figure 5.13 and 5.14 for /e/ (F1,128=93.366, p=.000), /ø/ 
(F1,128=29.336, p=.000), /o/ (F1,128=118.865, p=.000), /ɛi/ (F1,128=125.681, p=.000), 
/œy/ (F1,128=24.932, p=.000) and /ɔu/ (F1,128=74.311, p=.000). The results all point in 
the same direction, namely that Flanders was situated more at the periphery of the 
vowel space for (semi)diphthongs: for the back vowels, the Flemish onsets were  
 
 
Vowel F2-onset F2-offset 

/e/ F-E > F-B, N-N, N-R, N-M 
N-S, F-W, F-L, F-B > N-N, N-R, N-M 

N-S > N-R, F-B 
F-E, F-W > F-B 

/ø/ F-E > N-S, F-B, F-W, F-L, N-R, N-N, 
N-M 
N-S > F-L, N-R, N-N, N-M 
F-B, F-W > N-M 

F-E > N-S, F-W F-B, F-L, N-M, N-N, 
N-R 
 

/o/ N-R > N-S, F-B, F-L, F-E, F-W 
N-N, N-M > F-B, F-L, F-E, F-W 
N-S > F-E, F-W 

N-S, N-R, F-B > F-W 

/ɛi/ F-L > N-S, F-B, N-R, N-M, N-N 
F-E, F-W > N-R, N-N, N-M 
N-S, F-B > N-M, N-N 

N-S > N-M, F-B, N-N, N-R 
F-W > F-B, N-N, N-R 

/œy/ F-E > F-B, N-S, F-L, N-R, N-M, N-N 
F-W > N-M, N-N 

F-W > F-L, N-R, N-N, N-M 
F-E, F-B, N-S, F-L > N-R, N-N, N-M 

/ɔu/ N-R, N-M > F-B, F-E, N-S, F-W, F-L 
N-N > F-E, N-S, F-W, F-L 
F-B > F-W, F-L 

- 

Table 5.14 Post-hoc results for regional differences for F2 at the onset and offset. ‘>’ refers to 
a higher F2 value, i.e. a more fronted pronunciation. 
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more retracted, whereas for the front vowels the Flemish onsets showed a more front 
pronunciation. In addition, the offset difference for /œy/ (F1,128=118.386, p=.000) is 
noteworthy, as the difference had increased at that time point in comparison to the 
onset. 
 Even more than for F1, regional effects showed up for F2, which is due to 
additional differences showing up at the offset (cf. Figure 5.15 and 5.16). At the 
onset, all (semi)diphthongs showed a regional effect: /e/ (F6,128=16.433, p=.000), /ø/ 
(F6,128=13.720, p=.000), /o/ (F6,128=3.383, p=.004), /ɛi/ (F6,128=9.394, p=.000), /œy/ 
(F6,128=4.938, p=.000) and /ɔu/ (F6,128=12.712, p=.000). At the offset, only a 
significant effect for the back diphthong was lacking: /e/ (F6,128=5.760, p=.000), /ø/ 
(F6,128=8.116, p=.000), /o/ (F6,128=3.781, p=.002), /ɛi/ (F6,128=7.082, p=.000) and /œy/ 
(F6,128=10.125, p=.000). 
 The regional differences were investigated further by doing post-hoc 
comparisons (cf. Table 5.14). As for the earlier results, it was clear that N-R, N-N 
and N-M formed a cluster on their own. At both the onset and the offset, they did 
not show significant differences between each other. As for the abovementioned 
Flemish cluster (i.e. F-L, F-E and F-W), there were more differences in these post-
hoc analyses. For the onset, this was due to fronting in F-E for /ø/ (onset and offset) 
and /œy/ (onset). F-B this time behaved more like a Flemish region. For the onset, it 
showed congruent behavior with F-L and F-W for all (semi)diphthongs, except for 
/ɔu/, for which it is similar to F-E. For the offsets, however, F-B grouped with N-R, 
N-M and N-N, except for the distinct offset of /œy/. Finally, N-S again mainly 
behaves like a Flemish region, in particular for the onset of /e, ø, ɔu/ and the offset 
of /ɛi, œy/. In other words, only for /o/, N-S showed more Dutch-like behavior. 
 To conclude with, some (weak) interaction effects were looked into more closely. 
First, there was a weak community×gender effect for the onset of /ɔu/ (F6,128=7.548, 
p=.007). For this vowel, the females showed a more front pronunciation in the 
Netherlands, whereas in Flanders the male speakers fronted the onset more. 
 Finally, a strong coda×region×age effect for the offset of the back diphthong was 
found (F6,128=3.518, p=.003). Nine patterns were again possible16, of which six were 
found17.  

 
 
 
                                                             
16 For every region, both for the younger and the older speakers, three outcomes could be 
found when comparing s- and t-words. First, there may be no difference in the offset of the 
diphthongs between the two words. Second, the s-word may have had a more front offset, and 
third, the s-word may have had a more back offset. 
17 In most regions (N-R, N-M, N-N, F-L and F-B) younger speakers showed a more back 
offset in s-words than in t-words. However, in N-R and N-M the older speakers did not show 
a difference between the two words, whereas in N-N and F-L the older speakers showed the 
opposite pattern to the younger speakers, and in F-B the older speakers showed the same 
pattern. In N-S, both younger and older speakers showed a more front offset in s-words, 
whereas in F-W, only the older speakers yielded this difference. The younger speakers in F-W 
did the opposite. In F-E, there was no difference between the offset of the diphthong before 
/s/ and before /t/. 
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5.3.4 Coda differences in dynamic representations 
 
So far, the influence of the consonantal context has only been investigated at the 
target positions, i.e. at the midpoint, onset or offset. In Section 4.4, it was observed 
that more regional information was revealed when the dynamics of the formant 
contours was taken into account. The best performing regression approach in this 
respect was the cubic regression approach. In the present section, it is therefore 
investigated how the phonological context of the vowel influenced the formant 
dynamics of the middle part of the vowel, using the cubic regression approach. 
Other effects than main effects for coda and interaction effects of vowel and coda 
will not be discussed in this section. 
 For the sake of clarity, the basic formula of the cubic regression is reproduced in 
(1), in which Fi represents formant i, t is the time point, b0 is the constant, and b1, b2 
and b3 are the coefficients that tell how Fi changes with t.  
 
(1)   Fi = b0 + b1t + b2t2 + b3t3 
 
In the present study, t ranged from -2 to 2, which represented the time range from 
25% to 75% percent of the duration of the vowel. Thus, the most extreme time 
points were excluded, in order to reduce the strongest effect of coarticulation and 
see whether the middle part of the diphthong was influenced. The midpoint was 
represented by the constant, which is a value equal to Fi at time point 0. 
 To start with, an overall repeated measures MANOVAs was conducted to get a 
first impression of the influence of coda on the dynamics of the complete vowel 
system. Again, /y/ was excluded from the analysis, as it did not occur before /s/. In 
the MANOVA, the coefficients b0, b1, b2 and b3 for both F1 and F2 were the 
dependent variables. The within-subjects factors were coda and vowel and the 
between-subjects were community, region (nested under community), gender and 
age. Table 5.15 summarizes the results of this MANOVA. It displays the partial η2 
values of the significant effects (p<.05). In the description and discussion of the 
effects below, only (strong) coda effects are discussed. 
 

Main η2 Two-way η2 Three-way η2 Four-way η2 
Vowel .735 V × Cd .167 V × C × G .015 V × Cd × C × G .011 
Coda .758 V × C .124 V × C × A .011 V × Cd × G × A .011 
Community .495 V × R .134 V × Cd × G .022   
Region .100 V × G .030 V × Cd × C .018   
Gender .281 V × A .014 V × Cd × R .051   
  Cd × C .253 Cd × C × G .118   
  Cd × G .160     
  Cd × A .120     
  C × G .145     

Table 5.15 Effects on regression coefficients of F1 and F2: partial η2 (η2 in table) for each 
significant effect (p<.05). The total number of tokens is 4480: 160 tokens per coda (2) per 
vowel (14).  
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 In total, the overall analysis yielded eleven significant effects in which coda 
played a role. The strongest of these was the main effect for coda (F8,121=47.257; 
p=.000), which suggests that coda has a strong overall influence on the formant  
dynamics. The strong interaction effect of vowel×coda (F104,11422=25.930; p=.000, 
adapted for sphericity) indicates that coda showed a different effect on the different 
vowels. 
 Subsequently, a series of fourteen repeated measures MANOVAs was conducted, 
one for each vowel. In these MANOVAs, the regression coefficients for F1 and F2 
were the dependent variables, the within-subjects factor was the coda consonant and 
the between-subjects are community, region (nested under community), gender and 
age. Table 5.16 shows the results of these MANOVAs. It gives the partial η2 values 
for the significant effects (p<.004, after Bonferroni correction for the fourteen 
analyses). 
 The vowel×coda effect in the previous MANOVA can be partially explained by 
the absence of a coda effect for /ø/. In line with earlier findings in this chapter, the 
high front monophthongs /i/ (F8,121=31.920; p=.000) , /ɪ/ (F8,121=41.680; p=.000) and 
/ʏ/ (F8,121=62.741; p=.000) showed the strongest coda effect of all monophthongs. In 
addition, the dynamics of front /e/(F8,121=30.396; p=.000) and /ɛi/ (F8,121=33.121; 
p=.000) showed similar strong coda effects, which to a lesser extent is true for /ɛ/ 
(F8,121=18.490; p=.000) and /œy/ (F8,121=24.730; p=.000). Of the back vowels, /u/ 
(F8,121=30.480; p=.000) and /o/ (F8,121=26.175; p=.000) were most strongly 
influenced by coda, followed by /a/ (F8,121=23.589; p=.000), /ɑ/ (F8,121=18.906; 
p=.000) and /ɔ/ (F8,121=22.372; p=.000). Compared to the other vowels, /ɔu/ 
(F8,121=9.772; p=.000) showed only a weak coda effect. These results suggest that 
following alveolar consonants influence the formant patterns of the front vowels 
most. 
 
 

Vowel Cd C R G A Cd×G Cd×C Cd×R Cd×G×A 
/i/ .678  .107 .275 .171  .251   
/ɪ/ .734 .657 .219 .173   .208 .099  
/ɛ/ .550 .535 .251   .189 .181   
/ʏ/ .805 .346 .127 .274  .258    
/u/ .668 .488 .155 .355   .293   
/ɔ/ .597 .252 .104 .417     .165 
/ɑ/ .556 .262 .100   .166  .109  
/a/ .609 .398  .219      
/e/ .668 .603 .153 .250  .167    
/ø/  .540 .146 .260      
/o/ .634 .628 .135 .309 .181 .303    
/ɛi/ .699 .623 .147   .181    

/œy/ .621 .620 .150 .198      
/ɔu/ .393 .436 .175       

Table 5.16 Effects on the regression coefficients of F1 and F2, for each vowel separately: 
partial η2 for each significant effect (p<.004). There were 320 tokens per vowel. Cd= coda, 
C=community, R=region, G=gender, A=age. 
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 In the following two sections, the abovementioned effects will be discussed in 
more detail. The factors, for which no significant differences were found for a vowel  
in the previous MANOVA, will be ignored for that particular vowel in the sections 
below. 
 
 
5.3.4.1 Dynamics of F1 
 
In the first place, the F1 contour of each vowel was analyzed as a whole, i.e. for all 
four coefficients. Subsequently, for the F1 contours that showed significant coda 
effects, we try to pin down which of the coefficients was affected. Thus, two series 
of analyses of variance were conducted. 
 The first series of the two was a series of fourteen repeated measures 
MANOVAs, with the regression coefficients for F1 as the dependent variables and 
the within-subjects factor coda. The between-subjects factors were community, 
region (nested under community), gender and age. Table 5.17 shows the results of 
these MANOVAs. It gives the partial η2 values for the significant effects (p<.004, 
Bonferroni corrected for fourteen analyses). 
 The results show a lot of similarities with the results of the MANOVA for both 
F1 and F2 (cf. Table 5.16). Again for all vowels, but /ø/, an effect of coda was 
found. In the present MANOVA, however, the inter-vowel differences in the 
strength of the coda effect tended to be somewhat larger. The vowels /ɪ/ 
(F4,125=63.473; p=.000), /o/ (F4,125=46.760; p=.000), /ʏ/ (F4,125=41.465; p=.000), /œy/ 
(F4,125=37.375; p=.000), /a/ (F4,125=38.476; p=.000) and /ɑ/ (F4,125=31.768; p=.000) 
showed the strongest effect of coda on the height dimension. For the monophthongs 
/ɛ/ (F4,125=25.938; p=.000), /ɔ/ (F4,125=23.871; p=.000) and /i/ (F4,125=19.014;  
 
 
Vowel Cd C R G A Cd×G Cd×C Cd×R Cd×C×G Cd×G×A C×G 

/i/ .378  .094 .242        
/ɪ/ .670 .361 .164 .145        
/ɛ/ .454 .276 .245   .129  .087    
/ʏ/ .570 .188 .094 .220  .223      
/u/ .267 .335 .095 .289       .115 
/ɔ/ .433   .176        
/ɑ/ .504           
/a/ .552 .318 .090 .201  .138   .134   
/e/ .194 .470 .111 .188  .134      
/ø/  .490 .090 .231        
/o/ .599 .555 .098 .234  .273      
/ɛi/ .322 .448 .100   .161      

/œy/ .545 .325 .091         
/ɔu/ .204 .277 .111 .144        

Table 5.17 Effects on the repeated measures MANOVA for the regression coefficients of F1, 
for each vowel separately: partial η2 for each significant effect (p<.004). There were 320 
tokens per vowel. Cd= coda, C=community, R=region, G=gender, A=age. Grey cells show 
significant effects for which no corresponding significant effects were found in the 
MANOVA of Table 5.15 
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p=.000), and the (semi)diphthongs /ɛi/ (F4,125=14.812; p=.000), /ɔu/ (F4,125=8.027; 
p=.000) and /e/ (F4,125=7.521; p=.000) less strong effects were found. 
 The second series of the analyses consisted of fourteen times four ANOVAs. 
That is, for every coefficient a repeated-measures ANOVA was run. In every 
ANOVA, one of the regression coefficients was the dependent variable, and the 
within-subject and between-subjects variables were the same as in the previous 
analysis. Table 5.18 shows the results of these ANOVAs for the factor coda. It gives 
the partial η2 values for the significant effects (p<.001, Bonferroni corrected for the 
number of analyses).  
 For the monophthongs, the first coefficient b0 (i.e. the constant) was expected to 
show the same effects as the F1 value at the vowel’s midpoint, as b0 is an estimation 
of this value. The b0 differences for the monophthongs indeed showed similar effect 
sizes and they pointed in the same direction as the differences at the vowel’s 
midpoint (cf. Figure 5.3 and Table 5.6). Thus, /i/ (F1,128=43.559; p=.000), /ɪ/ 
(F1,128=185.161; p=.000), /ʏ/ (F1,128=76.010; p=.000) and /ɛ/ (F1,128=41.696; p=.000) 
were lower before /t/ than before /s/, whereas /a/ (F1,128=27.069; p=.000) and /ɑ/ 
(F1,128=18.846; p=.000) were higher at the vowel’s midpoint (cf. Figure 5.3). 
 For /e/ (F1,128=20.151; p=.000) and /o/ (F1,128=80.529; p=.000), coda differences 
similar to coda differences at the onset, and at the offset of /o/, are found. Thus, both 
vowels showed a more open pronunciation at the constant before /s/. For /œy/ 
(F1,128=45.444; p=.000) and /ɔu/(F1,128=26.143; p=.000), the opposite of the long mid 
vowels is found. Thus, for these diphthongs a more open pronunciation was found 
before /t/. Both diphthongs did not show an onset coda effect for F1, and only /œy/ 
showed a similar effect at the offset (cf. Table 5.10). This suggest that in the t-word 
the tongue height in /ɔu/ increased more slowly in the first part than in the s-word, 
whereas in the second part it increased more quickly. This difference will be 
explained in the description of the b2 effects below. 
 
 

Vowel b0 b1 b2 b3 s-word t-word 
/i/ .254    -1.37 - 0.02t - 0.00t2 - 0.00t3 -1.25 - 0.05t - 0.01t2 - 0.00t3 
/ɪ/ .591    -0.61 - 0.00t - 0.02t2 - 0.00t3 -0.33 - 0.02t - 0.02t2 - 0.00t3 
/ɛ/ .246   .084  0.33 + 0.02t - 0.05t2 + 0.01t3  0.51 + 0.02t - 0.05t2 - 0.01t3 
/ʏ/ .373 .100   -0.51 + 0.01t - 0.02t2 + 0.00t3 -0.32 - 0.02t - 0.02t2 - 0.00t3 
/u/     -1.13 - 0.07t - 0.00t2 - 0.00t3 -1.14 - 0.04t - 0.01t2 + 0.00t3 
/ɔ/  .209   -0.01 + 0.00t - 0.02t2 - 0.00t3 -0.05 - 0.07t - 0.02t2 + 0.00t3 
/ɑ/ .128  .352   1.22 - 0.02t - 0.00t2 + 0.01t3 1.05 - 0.01t - 0.06t2 + 0.01t3 
/a/ .175  .170   2.32 - 0.04t - 0.00t2 - 0.01t3 2.08 - 0.02t - 0.04t2 - 0.00t3 
/e/ .136    -0.50 - 0.11t - 0.01t2 + 0.00t3 -0.61 - 0.10t - 0.01t2 + 0.01t3 
/ø/     -0.44 - 0.12t - 0.02t2 + 0.00t3 -0.43 - 0.11t - 0.02t2 + 0.00t3 
/o/ .386  .115  -0.20 - 0.06t + 0.00t2 + 0.00t3 -0.40 - 0.09t - 0.02t2 + 0.00t3 
/ɛi/   .093   0.35 - 0.44t - 0.03t2 + 0.01t3  0.46 - 0.41t - 0.06t2 + 0.02t3 

/œy/ .262 .270 .133   0.47 - 0.55t - 0.03t2 + 0.03t3  0.71 - 0.39t - 0.06t2 + 0.01t3 
/ɔu/ .170  .144   0.45 - 0.51t - 0.04t2 + 0.02t3  0.65 - 0.57t - 0.08t2 + 0.04t3 

Table 5.18 Partial η2 for the significant effects (p<.001)  in the repeated measures ANOVA 
for F1, split up for vowel and regression coefficient. The number of tokens per vowel and 
coefficient is 320. The last two columns show the cubic regression equation for the s-word 
and t-word, respectively.  
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 Overall, the similarities between the b0 effects and the earlier effects at the 
vowel’s midpoint for coda indicate that the cubic regression yielded a reliable 
estimation of the F1 contour. Therefore, it seemed safe to further investigate the 
formant contour. For /ʏ/ (F1,128=14.206; p=.000), /ɔ/ (F1,128=33.802; p=.000) and 
/œy/ (F1,128=47.386; p=.000), significant coda differences in b1 were found. This 
effect indicates that the height of the two monophthongs before /s/ slightly 
decreased over duration, whereas before /t/ height increased. Figure 5.17 and 5.18 
show us that /ɔ/ and /ʏ/ before /s/ start with a lower F1. In the case of /ɔ/, this may 
be explained by the preceding consonant, which is a labial (i.e. /v/) which tends to 
cause F1 to be slightly lower at the onset (Stevens 1998:343). As for /ʏ/, that was 
also preceded by a labial (i.e. /p/), no such effect was found. However, as noted 
before, a centralization effect might be at play in the t-word. This is supported by the 
fact that the vowel in the t-word was considerably shorter, which would go hand in 
hand with centralization in lax vowels (Moon and Lindblom 1994)18. In addition to 
 The differences between the monophthongs and (semi)diphthongs in this respect 
might again be an effect of the shorter duration of the vowels before /t/. In the case 
of the monophthongs, the tongue quickly needs to reach the target position and then 
to go back to produce the stop. In the case of the (semi)diphthongs, there may be a 
target in a similar way. Peeters (1991:162) reports that the ‘optimal’ Dutch /ɔu/, if 
its length is 240 ms, consists of a steady state in at least the first third of the vowel, 
followed by a long glide and a short steady state. It might the case that for this 
diphthong, a steady onset of fixed duration is more important than a steady state of 
approximately 30%. So, if we assume that the steady-state of /ɔu/ needed to last for 
80 ms, then for the t-word (208 ms) this was at 38% of the duration, thus just after 
the third time point (t=-1 in Figure 5.21), whereas for the s-word (220 ms), this was 
at 36%, just before the third time point. Hence, it might  

 
Figure 5.17 Dynamic formant contours of F1 in /ɔ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 

                                                             
18 Note, however, that we did not find a significant correlation between the duration and F1 of 
/ʏ/ when the data from both s- and t-words were taken. 
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Figure 5.18 Dynamic formant contours of F1 in /ʏ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 

 
Figure 5.19 Dynamic formant contours of F1 in /œy/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 

 
Figure 5.20 Dynamic formant contours of F1 in /ɑ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 



CHAPTER 5 

 

186

 

 
Figure 5.21 Dynamic formant contours of F1 in /ɔu/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 
the onset difference, the higher slope seemed to be caused by a more rapid closing 
movement towards /t/, which is what we predicted on the basis of the difference of 
care needed for the pronunciation of /s/ and /t/. Moreover, the higher rate of 
movement before /t/ compared to the token before /s/, could also be explained by the 
fact that after the 75% point (i.e. the point which is the end point of the estimated 
formant contour) a relatively short time was left to make a full closure for the stop. 
In the s-word, more time was left to make a constriction, which did not make a 
quick change necessary. 
 Finally, for /œy/, height increased less before /t/ than before /s/, which combined 
with a shorter duration before /t/, led to a lower offset (Figure 5.19). However, also 
note the ‘slow start’ of the diphthong before /t/. This difference will be explained 
below. 
 The b2 effects were more numerous than the b1 effects, and they showed up 
mainly at the back of the vowel space and in the diphthongs (and, again, most 
strongly for the back diphthong). All effects revealed that for the t-word, b2 was 
lower than in the s-word. What does this tell us? 
 Figure 5.20 shows the F1 contour for /ɑ/ before /s/ and /t/ (F1,128=69.626; 
p=.000). In addition to a height difference (see above), there was a clear difference 
in ‘peakedness’. In other words, whereas the contour for the vowel in s-words was 
rather flat, it showed a peak in the contour for the /t/-word, seemingly in order to 
compensate for the F1 difference with the s-word. So, for /ɑ/ and /a/ (F1,128=26.167; 
p=.000) before /t/, the tongue went from a higher position into a lower position and 
then moved back towards a higher position. 
 For vowels showing a glide, i.e. /o/ (F1,128=16.662; p=.000), /ɛi/ (F1,128=13.070; 
p=.000), /œy/ (F1,128=19.592; p=.000) and /ɔu/ (F1,128=21.566; p=.000), this 
interpretation is somewhat too simplistic, as Figure 5.19 shows for /œy/ and as 
Figure 5.21 does for /ɔu/. For both diphthongs, the upgliding movement of the  
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Figure 5.22 Dynamic formant contours of F1 in /ɛ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 
tongue started slower before /t/ than before and then increased in speed, whereas 
before /s/, the start was much quicker.be that F1 in the s-word remained stable until 
just before the third time point and then dropped, which cannot be seen in our graph. 
If we apply the same reasoning to the other diphthongs, then we have an explanation 
for the b2 difference for coda for these vowels. If we want to test this explanation, it 
is needed to measure at more time points in smaller intervals (e.g. at 5-10% 
intervals). 
 Finally, an effect for b3 is found for /ɛ/ (F1,128=11.740; p=.001). Figure 5.22 
shows that this effect can be interpreted as a subtle difference in skewing. Whereas 
the contour before /s/ is left-skewed (i.e. tongue height decreases faster on the left 
side than it increases on the right side), it is right-skewed (i.e. tongue height 
decreased slower on the left side than it increased on the right side) before /t/. This 
difference might be explained by a combined difference in height and duration. 
Whereas /ɛ/ before /t/ was lower than before /s/19, the tongue also had shorter time, 
after reaching the (lower) target to reach the place of articulation for the stop, which, 
in addition, is higher than the place of articulation for the fricative. Moreover, as we 
have noticed before, /s/ requires a more precise articulation than /t/. Therefore, it 
may be preferred for the tongue to approach the place of articulation more slowly in 
the case of the fricative. 
 Overall, the differences found here can be reasonably well explained, mainly 
using the argument of onset and durational differences, which seem mainly due to a 
coda difference. In addition, Table 5.18 shows some recurring patterns. For instance, 
the (semi)diphthongs all showed a negative b1 and b2

20. A weaker similarity was 

                                                             
19 This difference cannot be explained by the preceding consonant, as both /v/ and /z/ have a 
minimal lowering effect on F1 at the onset of the vowel (Stevens 1998:391,399). 
20 This did not apply to /o/ in boos. However, as has been noted in 5.3.3.2, this word was 
rather exceptional as it is high frequent and as /o/ in this word therefore had a relatively short 
duration and glide in F1. 
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found between /u/ and /ɔ/, which both displayed an increase in height over duration 
(i.e. a negative b1). Most of these observations had not been made without the 
regression coefficients, which thus argues for the use of them. 
 
 
5.3.4.2 Dynamics of F2 
 
For F2, the same procedure was followed as for F1. So, first a series of MANOVAs 
is carried out in which all regression coefficients of F2 were the dependent 
variables, and then a series of four times fourteen ANOVAs was conducted for the 
separate coefficients. For details of the analyses, the reader is referred to the 
previous section. 
 In the first series of analyses (Table 5.19), an effect of coda was again found for 
every vowel, but /ø/. For /i/ (F4,125=56.580; p=.000), /ʏ/ (F4,125=79.590; p=.000), /u/ 
(F4,125=46.352; p=.000), /e/ (F4,125=42.497; p=.000), /ɛi/ (F4,125=63.690; p=.000) and 
/ɔu/ (F4,125=15.416; p=.000), a stronger effect of coda was found for F2 than for F1. 
For /ɪ/ (F4,125=28.892; p=.000), /ɛ/ (F4,125=6.091; p=.000), /ɑ/ (F4,125=9.942; p=.000), 
/a/ (F4,125=6.648; p=.000), /o/ (F4,125=5.751; p=.000), /œy/ (F4,125=12.130; p=.000) 
and only slightly for /ɔ/ (F4,125=26.896; p=.000), a weaker coda effect showed up for 
F2. 
 The second series of analyses yielded more b1 and b2 effects for F2 than for F1 
(see Table 5.20 for the F2 effects). Again, the b0 effects for the monophthongs 
closely resembled the effects found in the analyses of F2 at the vowel's midpoint (cf. 
Section 5.3.2.3). Compared to these analyses, the relatively weak effect found at the 
midpoint of /a/ (partial η2=.104) did not show up at b0. Thus, for b0 of /i/  
 
 

Vowel Cd C R G A Cd×G Cd×C Cd×R Cd×R×A C×G 
/i/ .644      .183    
/ɪ/ .480 .629 .235     .092   
/ɛ/ .163 .496 .220    .156    
/ʏ/ .718 .254 .120        
/u/ .597 .361 .143    .274    
/ɔ/ .463 .193 .101 .236       
/ɑ/ .241 .256 .102     .090   
/a/ .175          
/e/ .576 .516 .178 .153       
/ø/  .209 .147        
/o/ .155 .499 .109 .119 .128      
/ɛi/ .671 .513 .154        

/œy/ .280 .523 .154 .118  .125     
/ɔu/ .330 .364 .184      .088  

Table 5.19 Effects on the repeated measures MANOVA for the regression coefficients of F2, 
for each vowel separately: partial η2 for each significant effect (p<.004). There were 320 
tokens per vowel. Cd= coda, C=community, R=region, G=gender, A=age. Grey cells show 
significant effects for which no corresponding significant effects were found in the 
MANOVA of Table 5.15 
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(F1,128=41.204; p=.000), /ɪ/ (F1,128=33.127; p=.000), /ʏ/ (F1,128=80.281; p=.000) and 
/u/ (F1,128=151.433; p=.000) an expected coda effect was found. The front vowels 
were more advanced before /s/, whereas the back vowel was more retracted before 
/s/. Also for /e/ (F1,128=99.875; p=.000), /o/ (F1,128=18.133; p=.000), /ɛi/ 
(F1,128=130.231; p=.000) and /œy/ (F1,128=20.676; p=.000), such an effect surfaced. 
Again, the front vowels were more front before /s/, and the back vowel was more 
back. For these front (semi)diphthongs, the same was found at the onset and offset. 
Overall, this suggests that /t/ enhanced vowel centralization, or reduction, whereas 
vowels before /s/ were more dispersed. 
 Differences for b1, which implies that there was at least a (minor) glide before 
one of the two codas, were mainly found for the monophthongs. This may strike as a 
remarkable result, as the (semi)diphthongs were the vowels comprising glides. 
However, the (semi)diphthongs were prominently gliding up, meaning that the 
glides mainly occur on the F1 dimension. Hence, monophthongs were free to glide 
on the F2 dimension, without the risk of being confused with (semi)diphthongs. 
 Table 5.19 shows that particularly the back vowels showed a stronger F2 slope 
(i.e., glide) than /o/. The diphthongs yet showed a stronger glide for F2 than the 
monophthongs. Coda effects in slopes occurred for /i/ (F1,128=10.803; p=.001), /ɪ/ 
(F1,128=12.927; p=.001), /ʏ/ (F1,128=33.861; p=.000), /u/ (F1,128=30.358; p=.000), /ɔ/ 
(F1,128=46.883; p=.000) and /e/ (F1,128=13.264; p=.000). For /i/, /u/ and /e/, the effect 
indicates that the glide to a more front position was stronger before /t/ than before 
/s/. For /u/, it appears that centralization in /t/ thus got stronger over time before /t/ 
than for /s/, which may be explained by the rounding of /s/ which impedes the  
 
 

Vowel b0 b1 b2 b3 s-word t-word 
/i/ .244 .078 .412   1.63 + 0.01t - 0.01t2 - 0.00t3 1.50 + 0.05t - 0.04t2 + 0.00t3 
/ɪ/ .206 .092    0.86 + 0.02t - 0.01t2 - 0.00t3 0.77 - 0.00t - 0.01t2 + 0.00t3 
/ɛ/   .125   0.41 - 0.01t - 0.00t2 + 0.00t3 0.42 - 0.01t - 0.01t2 + 0.00t3 
/ʏ/ .385 .209 .095   0.07 - 0.01t + 0.01t2 - 0.00t3 -0.05 - 0.03t - 0.00t2 + 0.00t3 
/u/ .542 .192    -1.36 + 0.07t + 0.03t2 + 0.01t3 -1.13 + 0.13t + 0.03t2 - 0.00t3 
/ɔ/  .268    -1.39 + 0.02t + 0.01t2 - 0.00t3 -1.37 - 0.03t + 0.01t2 - 0.00t3 
/ɑ/   .143   -0.74 - 0.04t + 0.01t2 - 0.00t3 -0.74 - 0.06t - 0.00t2 - 0.00t3 
/a/      -0.14 - 0.03t - 0.00t2 + 0.00t3 -0.10 - 0.04t - 0.01t2 - 0.00t3 
/e/ .438 .094    1.49 + 0.07t - 0.01t2 - 0.00t3 1.35 + 0.10t - 0.01t2 - 0.00t3 
/ø/      0.22 + 0.02t + 0.02t2 - 0.00t3 0.24 + 0.01t + 0.01t2 + 0.00t3 
/o/ .124     -1.34 - 0.02t + 0.01t2 + 0.00t3 -1.38 - 0.03t + 0.02t2 + 0.00t3 
/ɛi/ .504     1.05 + 0.15t + 0.01t2 - 0.01t3 0.87 + 0.16t + 0.00t2 - 0.00t3 

/œy/ .139     0.14 + 0.09t + 0.02t2 + 0.00t3 0.08 + 0.09t + 0.01t2 - 0.00t3 
/ɔu/   .208  -1.02 - 0.14t + 0.01t2 + 0.01t3 -0.98 - 0.12t - 0.01t2 + 0.01t3 

Table 5.20 Partial η2 for the significant effects (p<.001)  in the repeated measures MANOVA 
for F2, split up for vowel and regression coefficient. The number of tokens per vowel and 
coefficient is 320. The last two columns show the cubic regression equation for the s-word 
and t-word, respectively.  
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(acoustic) centralization of /u/, whereas unrounded /t/ is not able to do so21. 
 For /i/ and /e/, the stronger glide to the front might be explained as a 
compensatory effect of the difference at the onset. In the case of /i/ this onset 
difference may have been caused by preceding /k/, which causes F2 to increase at 
the onset (Stevens 1998:366). So, whereas both /i/ and /e/ started with a lower F2 
before /t/, speakers tried to compensate for this difference by moving the tongue 
frontward at a faster rate before /t/ (for /i/, see Figure 5.23). As a consequence, the 
difference at the midpoint was smaller than at the onset.  
 The glides in /ɔ/ and /ɪ/ showed a different pattern, as the tongue is moving 
frontwards in the s-word and (slightly) backwards in the t-word. Contrary to /u/, 
there was no sign of unrounding in /ɔ/ before /t/. By contrast, the difference in 
contour between the /s/ and /t/ may have been caused by the preceding consonant. 
As /ɔ/ before /t/ was preceded by an /l/ (i.e. in vlot), which in Dutch is often alveolar 
(Gussenhoven 1999; though it can be velar, Van Reenen and Jongkind 2000), it 
started more front (see Figure 5.24). In the s-word (vos), the vowel was preceded by 
/v/, which is a labiodental sound and does not involve the tongue. Therefore, the 
vowel could have started at a more back position and move a bit front for the 
pronunciation of the consonant. As said before, /ɪ/ showed the same pattern. 
However, in the t-word, there was a similar preceding segment as in the s-word. 
Still, /v/ may have caused the vowel to have a slightly lower F2 at the onset, as for 
both /ɪ/ and /ɔ/ a b1 of 0.02 was found. This is in line with the observation of Stevens 
(1998:391) that the F2 of the vowel starts somewhat lower following a labial (or 
labiodental) fricative. However, the effect should be larger for front vowels, and it 
should not make a difference whether the preceding vowel is /f/ or /v/.  

                                                             
21 However, this does not explain the coda×community effect found for /u/ (F1,128=18.885; 
p=.000), which reveals that in Flanders b1 was much higher in the t-word than in the s-word 
(.17 vs. .07), whereas no such difference was found in the Netherlands (.09 vs. .08). This 
might have been caused by unrounding in Flanders, a mechanism that has been signaled in 
Flemish dialects (e.g., De Tier and Vandekerckhove 2003) and also in the standard language 
(Du Bois 1994:79). 

The present study thus shows that /u/ is rather instable. An explanation for the 
community-independent instability of /u/ can also be found in the following /t/ and /s/. It has 
been reported in several studies that /u/ shows steady fronting in an alveolar context (e.g. 
Hillenbrand et al. 2001, Van den Heuvel et al. 1996), which makes it nearly impossible to 
find a steady state in /u/ in this context (Ohde and Sharf 1975). Van den Heuvel et al. 
(1996:127) propose that the sensibility of /u/ to this context is due to the involvement of 
tongue tip movement: “It can be put forward that due to its sluggishness the tongue-tip dwells 
at the alveolar ridge for some time during the realisation of /u/. This leads to an apicalisation 
of /u/. As a result, the frontal mouth cavity is kept relatively small, which leads to a relatively 
high F2-value.” 
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Figure 5.23 Dynamic formant contours of F2 in /i/ before /s/ (triangles) and /t/ (circles), for all 
speakers. 

 

 
Figure 5.24 Dynamic formant contours of F2 in /ɔ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 

 
Figure 5.25 Dynamic formant contours of F2 in /ʏ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
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Figure 5.26 Dynamic formant contours of F2 in /ɔu/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
 

 
Figure 5.27 Dynamic formant contours of F2 in /ɛ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 

 
Figure 5.28 Dynamic formant contours of F2 in /ɑ/ before /s/ (triangles) and /t/ (circles), for 
all speakers. 
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Finally, the coda difference for b1 in /ʏ/ shows that the tongue moved more strongly 
backwards before /t/ than before /s/, although the effect is weak (see Figure 5.25). A 
reasonable explanation for this difference is found in that the onset value of F2 
before /t/ was lowered by the preceding /p/ (Stevens 1998:343), which, if the 
speaker wanted /ʏ/ to have the same quality before /t/ as before /s/, urged the speaker 
to front the vowel before /t/. 
 A fairly strong b2 effect showed up for /i/, yielded by a more 'peaky' formant 
contour before /t/ than before /s/ (Figure 5.23). Again, this effect might be explained 
as a compensatory movement for the difference in backing at the onset. Before /t/, 
the speaker tried to compensate for this in a quick fronting movement, causing b2 to 
be more negative. In the cases of /ɔu/ (F1,128=33.662; p=.000), /ɛ/ (F1,128=18.240; 
p=.000), /ʏ/ (F1,128=13.412; p=.000) and /ɑ/(F1,128=21.344; p=.000), b2 differences 
were mostly small. 
 As for the diphthong (Figure 5.26), the F2 at the onset of the s-word was 
somewhat lower, which was probably due to preceding /k/ (Stevens 1998:366), 
whereas /f/ hardly had an effect on F2 of back vowels (Stevens 1998:391). However, 
note that the same explanation for onset stability might apply here as for F1. The 
positive 'peak' at the start (i.e. b2 is negative) caused the diphthong before /t/ to come 
in the same track as the vowel before /s/. At the end of the vowel, the tongue seemed 
to move more slowly towards /s/, which again is in line with the hypothesis of /s/ 
requiring more precision to be produced. Moreover, the difference in spectral 
change rate might be caused by the shorter time that was left for the vowel to the 
onset of /t/. 
 For /ɛ/, the effect can be partially explained by a difference in the onset. As we 
have seen for /ɔ/ and /ɪ/, preceding /v/ causes the vowel to have a slightly lower F2 
at the onset. At the vowel’s midpoint, the same position was attained in the t- and s-
word (Figure 5.27). At the offset, however, the vowel in the t-word backs a bit, 
which made the formant contour more peaked than the steady decreasing F2 contour 
before /s/. 
 For /ɑ/ (Figure 5.28) and /ʏ/ (Figure 5.25), the vowel in the s-word ended with a 
higher F2 than in the t-word, which is the opposite of what is predicted by Stevens 
(1998:399). However, in the case of the front vowel, the difference in b2 can be 
explained by the preceding consonant. In the /t/-word, /p/ may have lowered the F2 
onset of /ʏ/ (Stevens 1998:343), whereas alveolar /z/ may have caused the vowel to 
increase its F2 onset value (Stevens 1998:399). The speaker tried to compensate for 
this difference by increasing F2 in a linear fashion, while he also aimed for /t/. 
 To conclude with, we compared the formant contours of the different vowels 
with each other. It seems justified to conclude on the basis of the regression 
coefficients that the back vowels tend to be more dynamic than the other vowels. 
This does, however, not imply that the back vowels are moving more front during 
the vowel. Overall, a centralizing tendency was apparent in the monophthongs 
before /t/, which speakers seem to try to minimize in many cases (e.g. /ɔ/ and /i/). 
For the diphthongs, a centralization effect was less visible. 
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5.4 Discussion 
 
In this chapter, the pronunciation of the Standard Dutch vowels in word list reading 
was described. Many sociogeographic differences were found, which will shortly be 
summarized below (Section 5.4.2). However, the major focus in this chapter was to 
investigate and explain differences in vowel articulation (or, in the acoustic 
measures) due to contextual differences. They will be discussed first in Section 
5.4.1, with the aim to find general patterns. 
 
 
5.4.1 Phonological context 
 
In section 5.2, it was pointed out that it is important to keep the phonological context 
as constant as possible. For the word list data, it was chosen to apply this in 
particular to the context following the vowels under investigation, since the 
following context influences the vowel more than the preceding one (e.g., Van 
Bergem 1995). Since the logatome vowels were followed by /s/, s-words were 
selected in the first place. In addition, alveolar /t/ was selected, mainly because it 
was thought that the difference in influence of /t/ and /s/ would be small. 
 Nonetheless, this difference in coda seemed to be the source of several 
differences in the pronunciation of vowels. The most stable result was that the coda 
seemed to influence the duration of the vowels. Except for /i/, all vowels showed a 
shorter duration before a plosive than before a fricative. Nooteboom and Cohen 
(1995:129-131) argue that a vowel is shorter before a plosive then before a fricative,  
because making a full closure with the tongue is easier than making a partial closure 
and therefore takes less time. Given that the consonants in general have the same 
influence in all regions and all vowels, this explanation seems plausible for our 
study. 
 Phonological context probably did not offer the only explanation for differences 
in pronunciation. That is, lexical frequency was suggested to play a role as well. For 
instance, in the case of /o/, the higher frequency of the s-word boos appeared to 
reduce /o/.  
 Table 5.21 provides a summary of all coda effects found for F1 and F2, and the 
explanations that have been proposed for these effects. The table gives a description 
of the phenomena found before /t/ that were not found before /s/. In the case of the 
monophthongs, the differences for the b0 coefficients were left out, since they were 
generally the same as the effects at the vowel’s midpoint. 
 Roughly, three groups of explanations can be distinguished in the table. These 
groups are given below, illustrated by some examples. In Table 5.21 each 
explanation will be labeled (e.g., ‘ii.a’) according to which group and which case of 
the overview below they belong: 

 
i. ‘Pure’ coarticulatory explanations, i.e. explanations that assume that the 

acoustic form of a vowel is directly influenced by an adjacent consonant.  
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a. Formant differences are the direct consequence of differences in onset 
consonants. For instance, for /ɔu/ it was found that /k/ increased F2 at 
the onset. In six of the fourteen vowels, a similar type explanation was 
given.  

b. In the case of the long mid vowels, at least in some regions, differences 
in height at the onset can be attributed to the height of the following 
consonants. For instance, /e/ requires a glide, which however cannot be 
too long (or too short)22. Therefore, it is required to anticipate the 
height of /t/, which is greater than for /s/.  

c. It requires more precision to articulate /s/ than to articulate /t/ 
(Nooteboom and Cohen 1995). This difference in ease of articulation 
for instance appeared to cause the tongue to approach the place of 
constriction for the consonant at a slower speed in the case of /s/. 
Moreover, in some of the front vowels it seemed to be the case that in 
the s-word the tongue position in the vowel was higher such that it was 
not necessary to approach the place of articulation of /s/ too quickly. 

ii. Duration-related explanations, i.e. explanations that related the longer duration 
of vowels before /s/ than before /t/ to formant (contour) differences.  

a. The centralization tendency found for some vowels is duration-related 
(cf. Moon and Lindblom 1994). For these vowels, a significant 
correlation was found between duration and the formant value. For 
instance, /ɪ/ is more back when its duration is shorter. As /t/ generally 
causes the vowel to be shorter, centralization occurs more before /t/ 
than before /s/ (i.e. ‘indirect coarticulation’). The decrease of F2 with 
shorter durations in front unrounded vowels may be related to the 
suggestion that lip-spreading is inhibited at fast speech rates (Rosner 
and Pickering 1994:343). 

b. Longer durations enhance stretching of glides. We did not observe, as 
Thomas (2000) did, exaggerated compensatory behavior in shorter 
(semi)diphthongs, in the sense that longer glides were found.  

c. Dutch steady-states require a fixed absolute duration (i.e. reduction 
causes the speaker to cut in the glide). This would explain the effect in 
b2 of /ɔu/. In the regression approach the interval between two time 
points is not equal in absolute duration, when the duration of the vowel 
changes. This may result in different estimated contours, when the 
steady-states have the same absolute duration. 

iii. Non-durational centralization- or reduction-related explanations. 
Vowels centralize more before /t/ than before /s/. In the case of some centralization 
effects, it was not sure whether they are duration-dependent. Therefore, the 
explanation for differences in vowel position in these cases forms a separate group. 
However, as these effects ran parallel to the centralization effects for similar vowels 
(e.g., /i/ shows centralization in a similar way as other front vowels that show 

                                                             
22 Here also sociolinguistic factors might be at play. Glides that are too long do not seem to be 
accepted (see Chapter 7). 
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duration-dependent centralization), it may be assumed that also these centralization 
effects were an indirect effect of the coda. 

a. Speakers compensate for centralization. For instance, where /i/ was 
more centralized (i.e. backed and lowered) during the whole vowel 
before /t/, this effect was partially compensated for by a quick 
movement toward the front. In the case of /i/, in articulatory terms, the 
lack of spreading of the lips may have been compensated for by more 
extreme fronting of the tongue. 

b. Speakers try to keep ‘relative vowel qualities’ equal across s- and t-
words. For instance, in /œy/, F2 for the t-word was lower at the onset 
than in the s-word. When the speaker tries to attain the same value as 
in the s-word at the offset, the F2 glide may sound overdone. This 
argument overlaps with argument i.b. 

c. Higher word frequency causes vowels to reduce (e.g., Ernestus 2001; 
Van Bergem 1995). This was argued to be the case for /o/, for which 
the s-word was more frequent than the t-word. 

 
 

 Coda differences Explanation 
/i/ 1. Higher F1 at 50% 

 
 
 
2. Lower F2 at 50% 
3. Higher increase of F2 
4. More peaked F2 
    contour 

1. - Centralization (iii.a) 
    - Ease of articulation for /t/ compared to precise articulation of  
      /s/ (i.c) 
 
2. Centralization (iii.a) 
3. Compensation for centralization in the Netherlands (iii.b) 
4. Compensation for centralization (iii.b) 

/ɪ/ 1.  Higher F1 at 50% 
 
 
2. Lower F2 at 50% 
3. Decrease of F2 vs. 
    increase before /s/ 

1. - Duration-related centralization (ii.a) 
    - Ease of articulation for /t/ compared to precise articulation of  
      /s/ (i.c) 
2. Duration-related-centralization (ii.a) 
3. Lowering effect of /v/ at the onset in s-word (i.a)? 

/ɛ/ 1. Higher F1 at 50% 
 
 
2. Right-skewed F1 
    contour 
 
3. Peak in F2 contour 

1. - Centralization (iii.a) 
    - Ease of articulation for /t/ compared to precise articulation of  
      /s/ (i.c) 
2. - Shorter duration (ii) 
    - Slower approach to place of articulation of C due to ease of 
      articulation for /t/ compared to precise articulation of /s/ (i.c)    
3. - Lower onset F2 in t-word due to /v/ (i.a) 
    - Compensation for lower F2 at onset (iii.b) 

/ʏ/ 1. Higher F1 at 50% 
 
 
2. Lower F2 at 50% 
3. Decreasing F1 vs.  
    increasing F1 for /s/ 
 
4. Stronger decrease F2  
 
5. Less peaked F2  
    contour 

1. - Duration-related centralization (ii.a) 
    - Ease of articulation for /t/ compared to precise articulation of  
      /s/ (i.c) 
2.   Duration-related centralization (ii.a) 
3. - Centralization at the onset (ii/iii.a) 
    - Faster movement towards /t/ due to difference in   
      precision required for the articulation of /s/ and /t/ (i.c) 
4. - Lowering effect of /p/ at the onset in t-word (i.a) 
    - Compensation for lower onset (iii.b) 
5. - Lowering effect of /p/ at the onset in t-word (i.a) 
    - Compensation for lower onset, while aiming for /t/ 
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/u/ 1. Higher F2 at 50% 
 
2. Higher increase of F2 

1. - Duration-related centralization (ii.a) 
    - Unrounding before /t/? (iii.a) 
2. Unrounding before /t/ in Flanders? 

/ɔ/ 1. Decreasing F1 vs.  
    increasing F1 for /s/ 
2. Decrease of F2 vs. 
    increase before /s/ 

1. Lowering effect of /v/ at the onset in the s-word (i.a) 
 
2. Lowering effect of /v/ at the onset in the s-word (i.a) 

/ɑ/ 1. Lower F1 at 50% 
2. Peak in F1 contour 
3. Peak difference F2 

1. Duration-related centralization (ii.a) 
2. Compensation for centralization (iii.b) 
3. ? 

/a/ 1. Lower F1 at 50% 
2. Higher F2 at 50% 
3. Peak in F1 contour 

1. Duration-related centralization (ii.a) 
2. Centralization (iii.a) 
3. Compensation for centralization (iii.b) 

/e/ 1. Lower F1 at 25% and b0 
2. Lower F2 at 25% and b0 

3. Lower F2 at 75%  
4. Higher increase of F2 

1. Anticipation to height of /t/ (i.b) 
2. Duration-related centralization (ii.a) 
3. Centralization (iii.a) 
4. Compensation for centralization (iii.b) 

/ø/ - - 
/o/ 1. Lower F1 at 25% and b0 

2. Lower F1 at 75% 
3. Peak in F1 contour 
 
4. Higher F2 at b0 

1. Word frequency (iii.d) and/or anticipation to height of /t/ (i.b) 
2. Word frequency (iii.d) 
3. - Proportional longer steady-state due to shorter duration (ii.c) 
    - Word frequency (iii.d) 
4. Centralization (iii.a) 

/ɛi/ 1. Lower F1 at 25% 
2. Higher F1 at 75% 
3. Lower F2 at 25%  
 
4. Lower F2 at 75% and b0 

 
5. Peak in F1 contour 

1. Lowering effect of /p/ vs. empty onset before /s/ (i.a) 
2. Shorter duration before /t/ (ii.b) 
3. - Lowering effect of /p/ vs. empty onset before /s/ (i.a) 
    - Duration-related centralization (ii.a) 
4. - Equal vowel quality (iii.d) 
    - Duration-related centralization (ii.a) 
5. Proportional longer steady-state due to shorter duration (ii.c) 

/œy/ 1. Higher F1 at 75% and b0 

2. Lower F2 at 25% 
3. Lower F2 at 75% and b0 

 
4. Slower decrease F1 
5. Peak in F1 contour 

1. Shorter duration before /t/ (ii.b) 
2. Duration-related centralization (ii.a) 
3. - Equal vowel quality (iii.d) 
    - Duration-related centralization (ii.a) 
4. Proportional longer steady-state due to shorter duration (ii.c) 
5. Proportional longer steady-state due to shorter duration (ii.c) 

/ɔu/ 1. Higher F2 at 25% 
 
2. Higher F1 at b0 

3. Peak in F1 contour 
4. Peak difference F2 
   contour 

1. - F2 increased by /k/, vs. negligible effect of /f/ (i.a) 
    - Duration-related centralization (ii.a) 
2. Result of 3. (ii.c) 
3. Proportional longer steady-state due to shorter duration (ii.c) 
4. - Proportional longer steady-state due to shorter duration (ii.c) 
    - Lower F2 in t-word, due to /k/ in s-word (i.a) 
    - Faster movement towards /t/ due to difference in   
      precision required for the articulation of /s/ and /t/ (i.c) 

Table 5.21 Coda effects split up per vowel: the second column gives an overview of the 
characteristics of the formant values of the vowel before /t/ that differ from the characteristics 
of the formant values before /s/. The third column provides the explanations given in this 
chapter for the formant differences. The labels (e.g., iic) refer to the explanations given in the 
text. 
 
The large typology above seems to provide reasonable explanations for the 
differential behavior of vowels across those contexts. In many cases where several 
explanations are available at the same time, it is however impossible to decide 
whether one of the factors or more than one are actually at work. 
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 It seems however clear that both centralization and coarticulation manifest 
themselves in our data. Whereas coarticulation shows up most clearly in the 
influence of the preceding consonant, centralization seems to be mainly an influence 
of the following consonant. This may of course be due to our set-up: the influence of 
the onset varied more than the offset, thus showed clearer instances of 
coarticulation. Contrary to the claim of Moon and Lindblom (1994), vowel 
reduction, or centralization, does not seem to be identical to coarticulation. This can 
for instance be observed in the case of /ɪ/, which becomes more back before /t/. 
 However, our data do accord with Moon and Lindblom’s claim that 
centralization is related to shorter durations. For instance, for the monophthongs /a/ 
and /ɑ/, the longer duration comes with a more open pronunciation, /i/, /ɪ/, /ɛ/ and /ʏ/ 
are more front, and /u/ is more back with a longer duration. In other words, with 
shorter durations, monophthongs tend to centralize, which is also in line with 
findings of Van Bergem (1995). 
 Crucially, the differences caused by the coda differences were generally small 
(cf. Figures 5.3, 5.7 and 5.8)23. Therefore, these contexts appear suitable for the 
comparison with the logatomes. Moreover, given the high frequency of these 
contexts in Dutch, they are also good candidates for the selection of words from 
spontaneous speech recordings (cf. Section 6.2). 
 
 
5.4.2 Geographic differences 
 
Another argument for the use of s- and t-words is that, in spite of the influence of 
phonological context and the formality of the task, a large amount of geographic 
differences showed up systematically over s- and t-words. That is, significant 
interactions of coda×region were absent and coda×community effects were hardly 
found. In fact, only for F2 of /u/24, it was found that Flanders and the Netherlands 
showed different influences of /s/ and /t/. In Flanders, in particular, /u/ shifted more 
to the front before /t/. This might be an effect of unrounding, which is often found in 
a considerable amount of Flemish dialects (cf. De Tier and Vandekerckhove 2003), 
but also in the standard variety (Du Bois 1994).  
 Since one of the aims of the present study was to give a description of geographic 
variation in Standard Dutch, a brief overview of the geographic differences that 
were found in the present chapter is given here. At the level of community, we have 
observed considerable differences. First, Flemish Dutch monophthongs, except for 
/i, y, a/, were shorter than their Netherlandic Dutch counterparts. The exceptional 
status of /y/ has been explained by the fact that it is mainly used in loan words (Van 
de Velde et al. 2004). Similar results were found by Adank et al. (2007) in the 

                                                             
23 For instance, average F1 differences in the monophthongs ranged from 1 Hz (for /u/) to 41 
Hz (for /ɪ/), and seven of eight average F2 differences ranged from 6 Hz (for /ɑ/) to 62 Hz (for 
/i/). Only for F2 of /u/ a large difference was found, i.e. 115 Hz. 
24 For /ʏ/, a weak interaction of coda×community was found for the MANOVA. In the 
ANOVAs, no such significant interaction was found (see Table 5.6 and 5.7). 
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logatomes of the non-central regions. However, they did not find a weak community 
difference for /u/. 
 The durational differences as observed by the present study and Adank et al. are 
not in accordance with the findings of Verhoeven et al. (2004) and Quené (2008). 
They found shorter syllable durations for the Dutch than for the Flemish in 
spontaneous speech. A possible explanation for this difference is that in a reading 
task, the Dutch pay extra care to their pronunciation, whereas in spontaneous speech 
they dare to abandon this care. To the contrary, due to their linguistic insecurity with 
respect to the use of the standard (cf. Smakman 2006), the Flemish speakers do not 
wish to shift away from their careful style too much, hence they speak relatively 
slowly. 
 Differences vowel quality that can be interpreted as a difference in centralization 
between the communities manifest themselves in the more front position of /u/ and 
/ɔ/ in Flanders, and the more retracted position of /ɪ/, /ɛ/ and /ʏ/ and the more open 
position of /a/ compared to the position of these vowels in the Netherlands. Hence, 
on the F2 dimension, the Flemish vowel space was smaller than the Netherlandic 
vowel space, which supports the idea that the Netherlandic speakers pay extra care 
to their speech (cf. Section 2.3). However, the fact that /a/ is more open in Flanders 
contradicts this suggestion. 
 For the logatomes, Adank et al. (2007) only finds the same results for /ɪ, ɛ, u/ in 
the non-central regions and for /u/ in the central regions of the two communities. It 
is interesting to note that the results for these vowels, i.e. /ɪ, ɛ, u/, show the strongest 
community effects in our study. The other effects might have disappeared due to 
methodological differences. 
 One of these differences is the used p-value. Adank et al. applied a p-value of 
<.001, whereas in the current study a value of <.005 was used. However, all of the 
differences found here are below the p-value of Adank et al. A second difference is 
that Adank et al. conduct separate analyses for the central and non-central regions, 
whereas our study performs one analysis of variance for all regions combined. 
Finally, the difference in results could as well be explained by a difference in the 
reading task. Whereas in the logatomes the attention of the speakers was drawn 
towards the pronunciation of the vowel, in the word list the attention is drawn to the 
word as a whole. Therefore, in the first case the vowel might even reach a more 
standard level than in the word lists, which would result in smaller regional 
differences. 
 Other community difference which seem not directly related to a difference in 
centralization is the more open pronunciation of /ɪ, ɛ, ʏ, u/ in Flanders, and the more 
advanced position of /y/ in this community. Of these differences, only the more open 
pronunciation of /ɪ/ has also been found by Adank et al. (2007). Again, in our study, 
this vowel showed the strongest effect within the subset of these vowels.  
 Two other important community differences have often been reported in the 
literature. The first one concerns the stronger diphthongization of the long mid 
vowels in Netherlandic Dutch than in Flemish Dutch (Van de Velde 1996; 
Verhoeven 2005). Moreover, the diphthongs in the Netherlands show a lower onset, 
which has been referred to as a Polder Dutch characteristic (e.g., Jacobi 2009). For 
all (semi)diphthongs in the present study, the higher degree of diphthongization 
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manifested itself mainly in the degree of openness. This has also been reported in 
the literature. However, the present study shows that the (semi)diphthongs also 
differed on the front-back dimension between the communities. The onsets of the 
front vowels were more backed, whereas the onsets of the back vowels were more 
front in the Netherlands. At the offset of /œy/, an additional strong community 
difference surfaced. The diphthong’s offset was more front in Flanders than in the 
Netherlands. The phenomenon of a more front offset of /œy/ has not been 
completely unnoticed, since some phoneticians transcribe the vowel as /œi/ (e.g., 
Vieregge 1985). 
 That other differences on the front-back dimension have been less (or not) 
reported in the literature, has got probably to do with the prominence of change on 
the F1 dimension, which will most probably mask smaller changes over F2 in 
perception. Adank et al. (2007) do not report strong community differences, as they 
only tested on F1 and F2 differences in (semi)diphthongs between the eight regions. 
Thus, they did not include community as a separate factor. 
 At the regional level, lots of significant differences were found. As Van de Velde 
et al. (1997) noted, and which Adank et al. (2007) observed as well, there were less 
regional differences in the vowels of Standard Dutch in Flanders than in the 
Netherlands. This is also true for this study, which is entirely due to the distinct 
behavior of N-S from the other regions. In fact, if we sum all the post-hoc 
differences found in this chapter for the regions, N-S differs more from the other 
Dutch regions than it does from the Flemish regions. The three Dutch regions, N-R, 
N-N and N-M formed a tight cluster, since N-R and N-M did not differ with respect 
to any vowel, and N-N was only different from these regions with respect to the 
pronunciation of /ɔ/. 
 Also within Flanders a cluster of three regions appeared to be present, 
comprising F-W, F-E and F-L. Whereas F-E and F-L differed with respect to three 
vowels (i.e. /ɛ, ø, œy/) in F2, F-W and F-E (/ø/) and F-W and F-L (/œy/) differed 
only in the case of one vowel. Adank et al. (2007), however, found that F-W and F-
L differed with respect to the shape of the vowel system. Unfortunately, they did not 
deal with the question which and how many vowels caused this vowel space 
difference. Finally, F-B was different from these regions in several respects, but 
differed more from F-E and F-W than from F-L, which was in accordance with the 
observation of Adank et al. (2007) that F-B differs only in the shape of the overall 
vowel space from F-E and F-W, but not from F-L. 
 To conclude with, we will briefly touch upon the subject of varieties that have 
been claimed to gain ground at the supraregional level in the Netherlands25. In the 
Netherlands, Polder Dutch has been claimed to be used mainly by young successful 
and high-educated women (e.g., Stroop 1998). The variety is characterized mainly 
by the open onsets of diphthongs. In the present chapter, however, no community-
specific gender differences were found, nor were there any indications of apparent 

                                                             
25 In Flanders, a variety that recently emerged is tussentaal (‘interlanguage’), which is 
situated between dialects and the standard language. However, Jaspers (2001) predicts that 
tussentaal will replace the standard in some domains. It is, however, mainly an informal 
variety, thus it will not be discussed here. 
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time differences. The word list reading task thus did not lend support to the use of 
the two newly emerged varieties. 
  
  
5.5 Conclusions 
 
In the present chapter, two aspects in the word list reading task were investigated. 
First, and primarily, the influence of coarticulation was investigated. Second, we 
wanted to describe the sociogeographic variation present in the reading task. 
 Although the coarticulatory effects were numerous, they did not yield large 
differences. It was found that the following /t/ induced shorter vowel durations, 
which in turn tended to elicit vowel centralization compared to the /s/-context. 
However, it was found that the context-related variation was generally small, which 
may partially be attributed to compensatory behavior. Moreover, coda differences 
were constant across regions and communities. Therefore, it can be concluded that 
the two contexts are suitable contexts to use for the comparison of the different 
speech styles. Therefore, these contexts will be used as a basis for the selection of 
vowel tokens for the analysis of spontaneous speech, in the next chapter. 
 As for the sociogeographic variation, it has been shown that the standard 
language in spontaneous speech is far from free of regional differences (cf. 
Smakman 2006). Flemish and Netherlandic Dutch were clearly differentiated by the 
vowel data. Most strikingly, two regions sometimes crossed the border. That is, for 
many vowels N-S showed more similarities with Flemish regions than with Dutch 
regions, and F-B sometimes behaved more like a Dutch region.  
 In the next chapter, we will investigate whether the differences between N-S and 
N-R are similar in spontaneous speech and whether, in contrast to the present 
chapter, we find evidence of the occurrence of Polder Dutch features in our 
speakers.  





CHAPTER 6 
 

SPONTANEOUS SPEECH 
 
 
 
 
6.1 Introduction 
 
Spontaneous speech is defined as speech that is unscripted and unprepared to a large 
extent. That is, opposed to a reading task, the speaker does not receive external input 
of what he should say, but he has to form the message he wants to convey on his 
own at the spot (cf. Section 2.2.3). Since the speaker is primarily involved in 
formulating and conveying messages to the interviewer and since the latter does not 
attempt to draw attention to pronunciation, it is expected that his attention paid to 
speech is considerably lower than in the reading tasks. 
 In the present chapter, the spontaneous speech data will be described. Only the 
spontaneous speech of a subset of speakers was investigated. In Section 6.2, the 
selection of the regions of these speakers (i.e. N-R and N-S) and the speech material 
is described. In Section 6.3 it is investigated first whether the coda influences the 
pronunciation of the vowels. In the second part of that section, the sociolinguistic 
differences found are presented. Section 6.4 summarizes and discusses the 
sociolinguistic differences, with an emphasis on sound change and Polder Dutch. In 
the same section, a new explanation for the differences between the N-R and N-S 
vowel system is proposed. Finally, Section 6.5 briefly summarizes the chapter and 
presents the conclusions. 
 
 
6.2 Speech material 
 
In the present section the selection of the spontaneous speech material is explained. 
For time reasons, it was decided to restrict the number of speakers for the analysis of 
the spontaneous data. The selection of the regions from which the speakers are taken 
will be discussed in Section 6.2.1. In Section 6.2.2 the selection of vowel tokens is 
described. Section 6.2.3 introduces the method used for the acoustic measurements. 
 
 
6.2.1 Selection of regions 
 
It was decided to select two Netherlandic regions for the analysis of spontaneous 
speech: the central region N-R and the peripheral region N-S. These regions were 
selected on the basis of sociolinguistic criteria. N-R constitutes the cultural centre 
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with which Standard Dutch is associated. Moreover, the dialects spoken in this 
region show the smallest linguistic distance with Standard Dutch of all regions in the 
Dutch language area (Van Bezooijen and Heeringa 2006; Hoppenbrouwers and 
Hoppenbrouwers 2001). It may therefore be expected that the differences between 
the highly monitored reading tasks and the less monitored spontaneous speech, in 
which regional features are expected to show up more frequently, will be small for 
the N-R speakers. 
 To the contrary, local varieties spoken in N-S exhibit large linguistic distances 
with Standard Dutch (Van Bezooijen and Heeringa 2006; Hoppenbrouwers and 
Hoppenbrouwers 2001; Van Hout and Münstermann 1981). Moreover, in 
comparison with dialects in N-R, dialects in N-S still hold a strong position (Van de 
Velde et al. 2008; Hagen 1989). A study by Driessen (2005) on dialect use among 
children and their parents shows that the level of dialect use remains stable in N-S 
compared to other Netherlandic regions. Finally, in other studies that employ the 
same speakers as the present study and in the current study, it has already been 
shown that N-S differs more from N-R in the pronunciation of Standard Dutch in 
reading tasks than N-N and N-M (Van de Velde et al. 2010, to appear; Adank et al. 
2007; Chapter 5)1. For spontaneous speech, it has been found that the regional 
accents of the teachers from N-S and N-R are easily distinguished by laymen 
(Grondelaers et al. 2010; Rotteveel 2007)2. For instance, Rotteveel (2007) finds that 
laymen recognize the regional origin of N-S speakers in 84.1% of the cases, against 
lower scores for N-R (58.4%), N-N (54.8) and N-M (29.3%). 
 From the selected regions (i.e. N-R and N-S), only the younger speakers were 
included, since they are assumed to reflect the present-day variation patterns. Thus, 
in total the spontaneous speech of 20 speakers was investigated in this study. From 
each region, there were 5 male speakers and 5 female speakers. 
 
 
6.2.2 Selection of vowel tokens 
 
The aim in the teacher project that this study is part of, was to record a minimum of 
15 minutes of spontaneous speech per speaker. Table 6.1 shows that for two of the 
selected speakers, this minimum is not met, particularly in the case of a female from 
N-S (i.e. N-Sf5). For this speaker, it will be hard to find a sufficient number of 
tokens for each vowel. 
 Each of the recordings was incorporated in the Spoken Dutch Corpus (Oostdijk 
2002) and transcribed orthographically (for the guidelines of the transcription, see  

                                                             
1 For both the word list and the logatomes, distances between the pronunciations of the 
vowels in N-R and the pronunciations of these vowels in the other Netherlandic regions were 
computed. These results confirmed that N-S differs most from N-R in Standard Dutch. The 
results will not be reported here. 
2 These laymen may of course have relied upon more cues than only vowel features. For 
instance, it has been found that speakers from N-R show a higher speech rate than those from 
other regions (Quené 2008). Moreover, there are clear regional differences in the 
pronunciation of consonants (e.g. Van der Harst et al. 2007). 
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Speaker Length (mm:ss) Speaker Length (mm:ss) 
N-Rm1 15:52 N-Sm1 18:13 
N-Rm2 15:28 N-Sm2 13:38 
N-Rm3 14:49 N-Sm3 17:23 
N-Rm4 15:06 N-Sm4 16:06 
N-Rm5 19:30 N-Sm5 15:48 
N-Rf1 16:06 N-Sf1 16:21 
N-Rf2 16:39 N-Sf2 16:43 
N-Rf3 15:39 N-Sf3 15:18 
N-Rf4 16:15 N-Sf4 17:44 
N-Rf5 16:34 N-Sf5 7:04 

Table 6.1 Length in minutes and seconds (mm:ss) of the spontaneous speech parts, for each of 
the 20 speakers (‘N’ = the Netherlands; ‘R’= central region Randstad; ‘S’ = peripheral region 
south; ‘m’ = male; ‘f’ = female). 
 
Goedertier et al. 2000). The orthographic transcription was used to trace candidate 
vowel tokens for the description of spontaneous speech. 
 The aim was to extract five tokens per vowel for each speaker from the 
spontaneous fragments. It is a well-known problem in the study of speech that some 
speech sounds occur not as frequently as others do in uncontrolled (i.e. spontaneous) 
speech. For instance, Van de Velde (1996) hardly found instances of /ø/ in his 
recordings of Standard Dutch. Moreover, the vowels are not equally distributed over 
different phonological contexts (e.g., Van de Velde 1996; Labov 1994). Therefore, it 
is difficult to obtain a balanced data set with equal numbers of vowels distributed 
neatly over different contexts. 
 In the present study it was yet the aim to obtain a set of vowel tokens that is 
maximally balanced. That means that we tried to have the same amount of tokens 
per vowel in the same phonological contexts across speakers. As a consequence, we 
had to introduce some restrictions on the tokens to be included in this study. 
 In addition to obtaining a balanced data set, we would like to compare the results 
for the spontaneous speech with the results for the read speech. Therefore, we aimed 
to select vowel tokens from the same or at least comparable phonological contexts. 
As for the logatomes, the coda was /s/ and for the word lists, the coda was /s/ or /t/. 
As /t/ is by far more frequent as a following consonant than /s/ in Dutch, we first 
tried to fill our data set with vowels followed by /t/ or /d/ in a closed syllable. Both 
stops are pronounced as [t] in the coda of a syllable due to the final devoicing rule in 
Dutch (Booij 1995:22). The selection of vowel tokens was done in a stepwise 
manner. Thus, if for the first coda (i.e. /t/ or /d/) the number of selected tokens had 
not reached the maximum of five yet, additional tokens were selected from a second 
context until the number of five tokens was reached. Then, if the first two contexts 
did not yield enough tokens for certain speakers, tokens from a third context were 
selected for those speakers, and so on. If for a speaker enough tokens were obtained, 
the selection of tokens from the following context was hence not conducted. As said 
above, the first coda was /t/ or /d/. The codas for which vowels were selected in the 
second step and the codas in the following steps are given below. 
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 The second coda for which tokens were selected, was /s/, since in both the word 
list and the logatomes this was the coda. The third coda, thus for those speakers for 
whom the number of tokens was still below five, was /k/, which was a preferred 
context over the fourth context in which the vowel was followed by /p/ or /b/. That 
is, in the latter cases the lips are involved which may have a lowering effect on the 
formants of the preceding vowel and which may block unrounding. Thus, fourth, 
vowels followed by /p/ and /b/ were selected and, fifth, vowels followed by /f/. 
These contexts were preferred over the sixth context in which the vowel was 
followed by /ɣ/, as this fricative shows strong regional variation, which may have 
influence on the vowel. Finally, if there still were not enough tokens in closed 
syllables, vowels in open syllables were selected. Only long vowels may occur in 
this context in Dutch. The latter context was preferably avoided for the long mid 
vowels and diphthongs, as these vowels tend to show stronger degrees of 
diphthongization in open syllables compared to closed syllables, which were used in 
the reading tasks. 
 As can be noted from the contexts that are mentioned above, codas with nasals 
and liquids were excluded. Vowels followed by nasals, which may nasalize the 
vowel, or by liquids /l/ or /r/ were excluded. /l/ and /r/ are known to inhibit 
diphthongization of Standard Dutch vowels (Van de Velde 1996:162). Moreover, /r/ 
is pronounced differently across regions (Sebregts f.c.), which in turn may have an 
effect on the pronunciation of the preceding vowel. 

In addition to the contextual criteria, the following criteria were used: 
 

o The vowel had to be in a strong position in the phonological word, i.e. it 
had to be stressed (either primary or secondary stress). This criterion was 
used in order to assure comparability of the spontaneous speech with the 
read speech, in which all vowel tokens occurred in stressed position. 
Unstressed vowels tend to be reduced (i.e. yield a smaller vowel space) and 
may therefore bias the results. 

o Realizations of vowels were excluded in the case of a slip of the tongue, a 
clearly reduced realization of the vowel or disturbing background noise. 
Also realizations that occur in a word that had contracted with neighboring 
words (e.g., /a/ in laat ik ‘let I’ /lat ɪk/, which becomes [lak]) were 
excluded. This does not include cases in which resyllabification is found 
(/lat$ ɪk/ becomes [la$ tɪk]), or in which the following consonant is deleted 
(/lat/ becomes [la])3. 

o No proper nouns were selected (e.g., Maastricht, Goudkust). 
o Vowel duration had to be at least 30 ms. 
o The same word was selected twice maximally in order to avoid a word 

effect. If the same word was selected twice, the second occurrence should 
at least occur 10 seconds after the first occurrence. In addition, words from 

                                                             
3 Note that in some cases, like in the first person singular of the present simple of the verb 
houden, it is not clear whether there is a following consonant phonologically, as people could 
both use houd and hou. In this case, the following /d/ was only assumed to be present, if it 
could actually be identified in the recordings. 
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the same paradigm (like had and hadden) could only be selected three 
times at maximum4. The same maximum applied if a word that had been 
selected, occurred in a compound: so if voet was already selected twice, 
voetbal could not be selected twice as well, since then there would have 
been four occurrences of (the syllable) voet. It is important to note that if it 
was possible, the maximum number of tokens was avoided. So, if, after 
voet and voetbal had been selected, we were able to select either voet or 
zoet, we would opt for zoet. 
 
 

 /d,t/ /s/ /k/ /p,b/ /f/ /ɣ/ open Total 
/i/ 46 16 27 2 8 1 - 100 
/ɪ/ 80 17 2 - - 1 - 100 
/ɛ/ 88 10 - 2 - - - 100 
/y/ 17 - - - - - 47 64 
/ʏ/ 8 55 30 - 1 3 - 97 
/u/ 93 2 4 - - - 1 100 
/ɔ/ 25 21 10 41 - 3 - 100 
/ɑ/ 33 67 - - - - - 100 
/a/ 97 - 1 - - 2 - 100 
/e/ 95 5 - - - - - 100 
/ø/ - 9 36 - - 6 20 71 
/o/ 39 9 1 27 15 2 7 100 
/ɛi/ 96 4 - - - - - 100 

/œy/ 64 32 - - - - 1 97 
/ɔu/ 30 1 - - - - 66 97 

Total 811 248 111 72 24 18 142 1426 
Table 6.2 Distribution of the selected vowel tokens (n=1426) in spontaneous speech 
over the different phonological contexts (following consonants; ‘open’ refers to 
open syllables).  

 
Table 6.2 gives an overview of the consonants following the vowel tokens. It can be 
seen that not in all cases, the maximum number of vowel tokens could be obtained. 
Whereas the aim was to collect 1500 vowel tokens in total (i.e. five tokens of 15 
vowels for 20 speakers), a number of 1426 tokens was obtained. For /y/ and /ø/, the 
least tokens were found (64 and 71, respectively, instead of 100), while for /ʏ, œy, 
ɔu/ only three tokens were missing. In the case of only one speaker, no occurrence 
of a certain vowel was found, i.e. for /y/ for a woman from N-S. 
 For most vowels, i.e. /i, ɪ, ɛ, ʏ, u, ɑ, a, e, o, ɛi, œy/, it was possible to obtain a set 
of tokens that in the majority of cases meets the requirement of comparability with 
the tokens from the reading tasks. That is, for these vowels, over 50% of the tokens 
are followed by /s/ or /t/. In this respect, /ɔ/ and /o/ reach almost 50%, but also have 
quite some tokens that are followed by /p/ or /b/ (41 and 27 respectively). The 
majority of tokens of /y/ and /ɔu/ show up in open syllables. For the diphthong, this 

                                                             
4 It was impossible for some vowels, especially /ɑ/, to select only two or less tokens of words 
from the same paradigm without having too little tokens for the vowel at stake. 
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may bias the results, as diphthongs tend to show longer glides in open syllables. In 
Section 6.3, the influence of the (lack of a) coda will be looked at. 
 
 
6.2.3 Acoustic measurements 
 
In Chapter 4, it was investigated what the best method is to obtain accurate formant 
values. In the first place, two methods were compared for the measurement of 
formants. In the first method (i.e. the default method), the number of LPC 
coefficients was kept constant for all speakers and vowel tokens. In the second 
method (i.e. the adapted method), the number of LPC coefficients varied as function 
of the speaker and vowel. In the second place, the best method for verifying and 
correcting formant measurements was tested. The methods were tested for the word 
list data. The method of measurement and verification that yielded the best results, 
was used for the spontaneous data and is briefly summarized here. 
 Before formant measurements were conducted, the words that contain the 
selected vowel tokens were segmented at the phoneme level, using the procedure of 
Van Son et al. (2001) that is described in Section 4.2.2.1. The procedure for the 
measurements of F0 is described in the same section. Only the F0 values at 25%, 
50% and 75% of the duration of the vowel were checked. 
 The formants (F1, F2 and F3) were measured at 7 equidistant time points, i.e. at 
12.5%, 25%, 37.5%, 50%, 62.5%, 75% and 87.5%. For the measurements, which 
were conducted in Praat, the adapted method was used. Thus, for each combination 
of speaker and vowel the ‘optimal’ number of LPC coefficients was used. The same 
number of coefficients was used for the tokens of spontaneous speech as for the 
word list tokens. Thus, although there are obviously some differences between the 
pronunciation of vowels in the word list and their pronunciation in spontaneous 
speech, the number of coefficients that turned out optimal for the word list data was 
also applied to spontaneous speech. 
 The other settings were the default settings for formant measurements in Praat. In 
these settings, first pre-emphasis is applied to the frequencies above 50 Hz. Then, 
for the actual formant estimation, the Burg-algorithm is applied to a Gaussian 
window with a length of 25 ms, which shifts every 10 ms. The cut-off frequency 
was set to 5000 Hertz for males and 5500 Hertz for females. 
 The resulting F1 and F2 values were checked only at 25%, 50% and 75%. All F1 
and F2 values in tokens, for which an outlier in change in F1 or F2 between adjacent 
time points was found, were verified by hand. Although only values at three time 
points were verified, the values at the four other time points were also used to 
determine outliers in formant change. An outlier was defined as a value of formant 
change between two time points that was at least 1.5 times the interquartile range 
higher than the 75% percentile or at least 1.5 times the interquartile range lower than 
the 25% percentile for the change between those two time points. The outliers were 
computed per vowel for males and females separately. An automatically measured 
formant value was considered an error and thus corrected, if it differed more than 25 
Hz from the actual formant value (based upon the just noticeable difference for 
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formants; see Section 4.2.2.2). After all outliers in formant change were verified, a 
second round of verification of formant values was started. In this second round, the 
F1 and F2 values were checked and verified that were outliers at a specific time 
point. 
 Table 6.3 gives an overview of the number of formant values that were verified 
and corrected. In total, 4278 F1 or F2 values  (i.e., three times 1426 tokens for 
F1/F2) were measured. 27.6% of the F1 values and 34.7% of the F2 values had to be 
verified. Of the F1 values that were verified, 77.5% had to be corrected (i.e. 21.4% 
of the total number of F1 values), and of the F2 values 69.5% had to be corrected 
(i.e. 24.1% of the total number of F2 values). The relative number of checked values 
is equal to the relative number of checked values for the word list (31%). Yet, the 
number of values that had to be corrected is much higher for the spontaneous vowel 
tokens (74%) than for the word list data (53%). This may be due to the fact that 
number of coefficients that was used for the formant analysis was considered to be 
the best choice for the word list data. As the spontaneous speech differs from the 
word list reading and is expected to show more sociolinguistic variation, other 
settings may have been more suitable. In addition to its time efficiency, this may be 
an argument to use the default method instead of taking the word list coefficients. 
This needs to be further tested. 
 
 

 kv kt Fv Fc Ft Corrected F 
F1 394 1426 1182 (27.6%) 916 (77.5%) 4278 21.4% 
F2 495 1426 1485 (34.7%) 1032 (69.5%) 4278 24.1% 
Total 677 1426 2667 (31.2%) 1948 (73.5%) 8556 22.8% 

Table 6.3 Overview of the number of verified and corrected formant values of the 
spontaneous speech. 'kv' refers to the number of tokens in which F1 or F2 was checked and 'kt' 
to the total number of tokens. 'Fv' gives the number of verified formant values and the 
percentage of verified values with respect to the total amount of values, 'Fc' gives the number 
of corrected formant values and the percentage of corrected values with respect to the number 
of verified values, and 'Ft' gives the total number of formant values (for F1, or F2, or both) 
and the percentage of corrected values with respect to the total amount of tokens. 
 
 
6.3 Results 
 
The present section describes the results for the spontaneous speech data. In Section 
6.3.1, the influence of the coda will be discussed first. This is necessary in order to 
be able to prevent signaling sociolinguistic differences that are in fact coda 
differences. In Section 6.3.2, regional and gender differences in the spontaneous 
data will be discussed. 
 The formant values were normalized using Lobanov’s normalization procedure. 
For the calculation of the speaker mean and standard deviation, the mean formant 
values of all tokens of each of the vowels for that speaker were used. This was done 
in order to avoid bias of the unbalanced data set, e.g. the lower weight of formant 
values for /y/ due to a lower number of tokens than for other vowels. For the speaker 
that had no occurrence of /y/, the mean F1 and F2 of /y/ in the word list and 
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logatome data were used. As for the word list data, F1 and F2 at 50% of all vowels 
were used to compute the mean and standard deviation. All regional means, split up 
for vowel, of the durations, raw and normalized F1 and F2 can be found in 
Appendix B. All analyses below have been conducted for the normalized data and 
the raw data. As for the word list data, the normalization strongly reduced the 
anatomical variation (i.e. the normalized data yielded a considerably lower number 
of gender effects), preserved phonemic variation (i.e. differences between vowels 
remained large) and, sometimes even enhanced, sociolinguistic differences (e.g. 
slightly more regional effects were found for the normalized data)5. Therefore, as for 
the word list data in Chapter 5, it was chosen to report the results for the normalized 
data only. 
 
 
6.3.1 Influence of coda 
 
As shown in Section 6.2.2, it was not possible for all vowels to obtain sufficient 
tokens before /s/ or /t/ (cf. Table 6.2). As for these two codas, it was concluded in 
Chapter 5 that a change in coda would only lead to small changes in the 
pronunciation of vowels. In Chapter 5, the contextual influence was only 
investigated for read speech. In spontaneous speech, however, the degree of 
coarticulation between vowel and consonant is claimed to be higher than in read 
speech, which may be attributed to a higher speech rate in the former speech style 
(e.g., Krull 1989). By excluding some linguistic contexts (i.e. following nasals, /l/, 
/r/), we have already tried to reduce the contextual effect. Yet, it is possible that the 
linguistic context affects the pronunciation of the vowel considerably, which in turn 
may bias the results of the analysis of sociolinguistic variation. Therefore, before we 
start looking at sociolinguistic differences, we investigate the effect of the following 
consonant within a syllable, or, in the case of an open syllable, the absence of a 
following consonant. In Section 6.3.1.1 the coda influence will be discussed for the 
monophthongs and in Section 6.3.1.2 for the (semi)diphthongs.   
 
 
6.3.1.1 Monophthongs 
 
An analysis of the coda influence is only meaningful for those contexts for which a 
sufficient amount of vowel tokens is available. In addition, only speakers should be 
included for whom tokens of the same vowel in different contexts are selected. 
Therefore, for each vowel, comparisons were made only between contexts, if for at 
least ten speakers tokens in these contexts occurred.  
 For each vowel for which enough tokens were available for different contexts, a 
repeated measures MANOVA was run, with the (speaker-)mean normalized F1 and 
                                                             
5 For instance, for /ɔ/, /ɛ/ and /ʏ/ gender differences were found for raw F2 (i.e. higher F2 
values for females), but no regional differences were found, although trends were visible (see 
Appendix B). To the contrary, in normalized F2, there were no significant gender differences 
for these vowels, but the regional differences were significant. 
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F2 per coda at the midpoint as the dependent variables and coda as the within-
subject variable6. The coda means of F1 and F2 were taken, because the vowel 
tokens within a speaker were not distributed equally over the different linguistic 
contexts. Moreover, the number of tokens per coda differed across speakers. Pooling 
the data in such a way guarantees a balanced design. The results of the MANOVAs 
are considered tentative, however, as the variation within a cell is ignored.  

Table 6.4 shows for six monophthongs the codas that were compared in the 
MANOVAs. In addition to these codas, the number of speakers of which the means 
were used, is given for each pair of codas. In order to determine whether an effect 
was significant (p<.007, i.e. p<.05, Bonferroni corrected for seven analyses), the 
values for Wilk’s Lambda were used. 
 
 

 Coda n 
/i/ /d,t/ - /k/ 14 
/ɪ/ /d,t/ - /s/ 12 
/y/ /d,t/ - open 10 
/ʏ/ /s/ - /k/ 13 
/ɔ/ /d,t/ - /s/  

/d,t/ - /p,b/ 
10 
13 

/ɑ/ /d,t/ - /s/ 12 
Table 6.4 Codas in spontaneous speech for six monophthongs that were compared with 
respect to normalized F1 and F2 (repeated measures MANOVA) and duration (repeated 
measures ANOVA). None of the tests yielded significant coda differences. 
 
First note that in the case of /ɔ/, two MANOVAs were run. This was because both of 
the two pairs of contexts, i.e. /d,t/ - /s/ and /d,t/ - /k/, occurred for enough speakers 
(10 and 13 speakers, respectively), but the combination of all three contexts was not 
found in enough speakers. Therefore the two, partially overlapping, pairs were 
analyzed separately. 
 For none of the monophthongs, i.e. /i/ (F2,12= 2.754, p=.104), /y/ (F2,8= 1.714, 
p=.240), /ʏ/ (F2,11= 1.095, p=.368), /ɔ/ pair /t,d/ - /s/ (F2,8= 0.386, p=.692), pair /t,d/ - 
/p,b/ (F2,11= 0.703, p=.516) and /ɑ/ (F2,10= 1.649, p=.241), a significant effect of coda 
was found. Only for /ɪ/ (F2,10= 5.177, p=.029), a difference in coda (i.e. /t,d/ or /s/) 
yielded a near significant result. A closer look at the two contexts showed that the 
vowel tends to be more front before /s/ (F2Lob=1.00) than before /t/ or /d/ 
(F2Lob=0.77). This tendency is similar to the difference found for the effect of /s/ and 
/t/ on /ɪ/ in the word list (cf. Section 5.3.2). 
 The latter tendency may have been accompanied by a longer duration before /s/ 
than before /t/. That is, in Chapter 5 it was found that monophthongs tend to 
centralize with a shorter duration. Although for /ɪ/ there was only a tendency for F1, 
it is worth investigating whether the following consonant causes durational 

                                                             
6 It was also checked whether the two regions and genders were affected differently by the 
codas. This was done only informally, as the number of speakers per cell did often not reach 
the number of five (e.g., for /ɑ/, there were only 2 females from N-S, for which a comparison 
could be made). In these informal checks, the same analysis was applied. In the majority of 
cases, no significant results were found. Other cases will be reported. 
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differences. For the same vowels and codas as in the previous analyses (cf. Table 
6.4), repeated measures ANOVAs were run with coda as the within-subjects 
variable and duration as the dependent variable. The partial η2 values for the 
significant context effects (p<.007, i.e. p<.05, Bonferroni corrected for seven 
analyses) the number of speakers and the codas are shown in Table 6.4. 
 In Section 5.3.1, the vowels before a fricative (i.e. /s/) were longer than before a 
plosive (i.e. /t/). However, all vowels that occur before both a fricative and a plosive 
within a speaker, namely /ɪ/ (F1,11= 2.725, p=.127), /ɔ/, for the pair /t,d/ - /s/, (F1,9= 
0.338, p=.575), and /ɑ/ (F1,11= 0.860, p=.374), do not show a durational difference. 
In fact, /ʏ/ (F1,12= 5.066, p=.044) shows a tendency towards the opposite pattern: 
before /s/, the vowel tends to be shorter (63 ms) than before /k/ (80 ms). The near 
significant difference may be explained by the number of syllables of the word, in 
which the vowel occurs. That is, words with more syllables have shorter syllable 
durations (e.g., Quené 2008). The mean number of syllables for the words 
containing  /ʏ/ before /s/ is 2.4, whereas the number of syllables for /k/ is on average 
1.8, which also is a near significant difference (F1,12= 7.731, p=.017). 
 The vowels that occur before a plosive for both codas, i.e. /i/ (F1,13= 0.376, 
p=.550) and /ɔ/, for the pair /t,d/ - /p,b/, (F1,12= 0.330, p=.576), do not show a 
difference, which is as expected7. However, a more surprising result is that /y/ (F1,9= 
0.193, p=.671) is not longer in an open syllable (i.e. a context in which it is claimed 
to be a long vowel) than in a closed syllable before /t/. Interestingly, between these 
contexts the number of syllables differed significantly (F1,9= 22.433, p=.001; partial 
η2=.714). However, for vowels followed by /t/ the number of syllables was higher 
(3.0) than in the case of open syllables (1.8), which would lead to the expectation 
that the vowel before /t/ is shorter. Another factor that may have influenced 
duration, is the position of the syllable in the word. That is, the final syllable of the 
word tends to be longer, which in turn may cause the vowel to be longer (Cambier-
Langeveld 1997; Van Santen 1992; Crystal and House 1988). In order to find out 
whether this could have played a role, the vowel tokens occurring in the final 
syllable were counted. It was found that /y/ before /t/ in 9 out of 10 speakers always 
occurred in the final syllable, whereas for /y/ in an open syllable this was only the 
case for 3 out of 10 speakers. This suggests that the lack of a durational difference 
between /y/ in a closed and /y/ in an open syllable is caused by the lengthening of /y/ 
before /t/ in word final syllables. Another factor that might have played a role is that 
/y/ before /t/ in coda position in the large majority of cases occurs in loanwords in 
Dutch, with few exceptions, namely low frequent fuut /fyt/ ‘Great Crested Grebe’ 
and kluut /klyt/ ‘Pied Avocet’. According to Booij (1995:6), /y/ that occurs in loan 
words is phonetically long. In that case, the lack of a durational difference between 
/y/ in open syllables and /y/ before /t/ is due to a loanword effect. 
 To summarize, the analyses did not yield clear indications of coda effects. Only 
in the case of /ɪ/, F2 tends to be affected by a change in coda. Due to the lower 

                                                             
7 However, /ɔ/ does yield a near significant interaction of coda×gender (F1,9= 10.388, p=.010; 
partial η2=.536), which is caused by the fact that the males’ vowel before /t,d/ is shorter (65 
ms) than the females’ vowel (84 ms), whereas before /p,b/ the males’ vowel is longer (84 ms) 
than the females’ counterpart (64 ms). 
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number of vowel tokens for some codas, it was not possible to test the influence of 
all codas on the pronunciation of vowels statistically. In order to check the behavior 
of vowels for these codas, scatter plots were made for each vowel separately that 
showed the positions of all tokens on the F1 – F2 plane. Visual inspection of these 
plots did not reveal deviant pronunciations for any of the low frequent codas. 
Therefore, it can be concluded that coda plays no significant role at the midpoint of 
the monophthongs. 
 Finally, as the data for /y/ and /ʏ/ show, the position of the vowel in a word and 
the number of syllables of the word in which the vowel occurred affect the duration 
of the vowel. Given the lack of an accompanied effect on the positions of the vowels 
in the acoustic vowel plane, it may be concluded that these positions do not yield 
differences in the spectral quality of the vowels. 
 
 
6.3.1.2. (Semi)diphthongs 
 
The influence of the coda on the pronunciation of the (semi)diphthongs will be 
investigated for the onset (25%) and offset (75%) of the (semi)diphthongs. It may be 
expected that the influence of the coda is larger at the offset of the vowels. 
 In the case of /ɛi/ and /e/, the requirement of at least ten speakers that yielded 
tokens in at least two contexts was not met. Therefore only for /ø/, /o/, /œy/ and /ɔu/, 
a statistical analysis of the effect of coda was conducted. For each of these vowels, a 
MANOVA was run, with the mean normalized F1 and F2 per coda at the onset or 
the offset as the dependent variables and coda as the independent variables. Table 
6.5 shows the results for the MANOVAs. The partial η2 values for the significant 
context effects (p<.012, i.e. p<.05, Bonferroni corrected for four analyses) are given, 
in addition to the contexts that were included in the analysis and the number of 
speakers of which the means were used. Again, the values for Wilk’s Lambda were 
used to trace significant effects. 
 The expectation that the influence of the coda would be smaller at the onset than 
at the offset is confirmed by the results. For all four vowels, i.e. /o/ (F2,10=0.540, 
p=.599), /ø/ (F2,12=3.229, p=.076), /œy/ (F2,16=1.148, p=.342) and /ɔu/ (F2,16=0.284, 
p=.757), the coda did not influence the onset. 
 At the offset of /ø/ (F2,12=0.299, p=.747; partial η2=.047) and /ɔu/ (F2,16=1.362, 
p=.284; partial η2=.145) a coda difference did neither result in a difference in 
pronunciation. However, in the case of /o/ (F2,10=16.517, p=.001; partial η2=.768) 
and /œy/ (F2,16=7.526, p=.005; partial η2=.485) the coda did affect the offset. 
 In order to investigate whether F1 or F2 at the offsets of /o/ and /œy/ were 
affected, two repeated measures ANOVAs were run for /o/ and for /œy/. In each 
ANOVA, coda was the within-subject variable and normalized F1 or F2 at the offset 
as the dependent variable (again, p<.012).  
 The offset of /o/ was not affected on the F1 dimension (F1,11=0.032, p=.860), but 
on the F2 dimension (F1,11=36.218, p=.000; partial η2=.767). That is, before /t/ or /d/ 
the offset of the vowel showed a higher F2 (-1.02) than before /p,b/ (-1.47). This 
may be caused by the fact that in the articulation of /p/ or /b/ the lips were involved, 
whereas the articulation of /t/ or /d/ did not involve the lips. Thus, in the case of the  
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 Coda n η2 

Onset /ø/ /k/ - open 14 - 
 /o/ /d,t/ - /p,b/ 12 - 
 /œy/ /d,t/ - /s/ 18 - 
 /ɔu/ /d,t/ - open 18 - 

Offset /ø/ /k/ - open 13 - 
 /o/ /d,t/ - /p,b/ 12 .768 
 /œy/ /d,t/ - /s/ 18 .485 
 /ɔu/ /d,t/ - open 18 - 

Duration /ø/ /k/ - open 13 - 
 /o/ /d,t/ - /p,b/ 12 - 
 /œy/ /d,t/ - /s/ 18 - 
 /ɔu/ /d,t/ - open 18 - 

Table 6.5 Coda effects in spontaneous speech for four (semi)diphthongs on normalized F1 
and F2 (repeated measures MANOVA) and duration (repeated measures ANOVA). ‘Coda’ 
gives the different codas that were entered as part of the within-subjects variable and ‘n’ the 
number of speakers for which comparisons were made. The fifth column gives the partial η2 
value for the significant effects (p<.012). 
 
alveolar stops, the lips may have spread toward the end of the vowel, which caused 
F2 to increase, because the vocal tract became shorter. In the case of the bilabial 
stops, no such strong unrounding seemed to be necessary, which caused the vowel to 
stay rounded until (close) to the end of the vowel. 
 The offset of /œy/ was influenced in its height (F1,17=15.329, p=.001; partial 
η2=.474). Before /t/ or /d/, F1 was higher (.26) than before /s/ (-.05). As no coda 
difference at the onset was found for this vowel, this indicates that the diphthong 
shows a longer glide before /s/ than before an alveolar stop. In contrast, the F2 is not 
affected by the coda (F1,17=0.038, p=.849). 
 In Chapter 5, it was found that longer glides in (semi)diphthongs co-occurred 
with longer vowel durations and that vowels had longer durations before /s/ than 
before /t/. These findings may thus offer a good explanation for the behavior of /œy/, 
if the same durational differences are found for the spontaneous speech data. In 
order to figure this out, a repeated measures ANOVA with coda as within-subjects 
variable and duration as dependent variable was conducted. However, no significant 
differences (p <.012) were found for the four (semi)diphthongs : /ø/ (F1,13=0.137, 
p=.717), /o/ (F1,11=1.006, p=.337), /œy/ (F1,17=0.264, p=.614) and /ɔu/ (F1,17=1.933, 
p=.182). Consequently, the durational explanation has to be ruled out. 
 Another possible explanation for the coda difference for /œy/, is that nearly all 
instances of the diphthongs before /t/ show up in the highly frequent morpheme uit 
/œyt/ (‘out’)8, whereas the diphthongs before /s/ shows up in lower frequent words 
such as kluis (‘safe’) and thuis (at home). Higher frequency of words may cause the 
vowel sounds to reduce more (cf. Van Bergem 1995), which seems to be the case 

                                                             
8 This morpheme may occur as a separate preposition. In the present study, uit was only 
selected when it was part of a verb or noun, such as in uitkijken ‘watch out’, and uitkomst 
‘outcome’. 
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here as well: the higher frequency of the morpheme co-occurs with a reduction of 
the glide. 
 Finally, as for the monophthongs, scatter plots were drawn in order to detect 
possible deviant behavior of vowels in lower frequency linguistic contexts. This was 
done for the onsets and offsets separately. At the offsets of /o/ and /ø/, instances of 
possible influence of the coda showed up too. The back long vowel /o/ in open 
syllables and before /f/ is similar at the offset to /o/ before /p/ or /b/, thus showing a 
lower F2 /o/ before /t/ or /d/. In the case of /f/ this may again be caused by the 
involvement of the lips in the articulation of the consonant. In the case of the open 
syllable, it may be argued that there is nothing within the syllable that inhibits /o/ 
from creating a full glide. In the case of /ø/, the vowel tends to be more front in front 
of /s/ than in an open syllable and then before /k/. This may be explained by a 
movement of the tongue in the direction of the place of articulation of /s/ (i.e. more 
to the front), whereas in the case of /k/, the tongue has to move slightly backward, 
and in the case of the open syllable the same reasoning could be applied as for /o/, as 
the mid vowel glides to the back as well (see Figure 6.2 in Section 6.3.2.3). 
 To summarize, more than for the monophthongs, the influence of the coda tends 
to be visible in the (semi)diphthongs. For most vowels, no significant effect of coda 
was found at both the onset and the offset. In the previous chapter, anticipation to 
the coda was, for some (semi)diphthongs, found already at the onset. When the level 
of monitoring is high, however, no such anticipation seems to take place. 
 In the case of /œy/, where the coda at first sight seemed to affect the offset, 
morpheme frequency seems to affect the offset height (i.e. F1). However, for /o/ and 
for /ø/, the F2 at the offset changes with a change in coda. Given these findings, in 
the following section that deals with sociolinguistic differences, the results for F1 at 
the offset of /œy/ and for at the offset of /o/ and /ø/ have to be interpreted with 
caution. 
 
 
6.3.2 Sociolinguistic differences 
 
In this section, differences regarding the regional origin and the gender of the 
speakers in the spontaneous speech data will be discussed. Section 6.3.2.1 focuses 
on durational differences, followed by an analysis of the formant values of the 
monophthongs in Section 6.3.2.2 and the diphthongs in Section 6.3.2.3. 
 
 
6.3.2.1 Duration 
 
The duration of the vowel depends on a range of factors, such as distance to 
syntactic boundary, number of syllables in the same word, stress, following 
consonant, (cf. van Santen 1992; Crystal and House 1988; House and Fairbanks 
1953). For most vowels, it was found that the following consonant did not have a 
significant influence on vowel duration. Moreover, the vowel tokens did not differ 
with respect to stress. However, it was impossible to control for all factors that 
influence vowel duration. Nonetheless, an analysis of duration that ignores these 
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factors is assumed to give a rough indication of sociolinguistic durational 
differences. 
 In order to assess global differences in vowel duration, first a repeated measures 
ANOVA was run with vowel duration, averaged over each vowel’s tokens within a 
speaker, as the dependent factor. The average duration was taken since the number 
of tokens differed across vowels and speakers. The within-subject factor was vowel 
(15) and the between-subjects factors were region and gender.  
 Only three significant effects (p<.05) were found: a main effect for vowel 
(F11.791,189= 82.797, p=.000; partial η2=.838, Huynh-Feldt corrected), for region 
(F1,16= 5.874, p=.028; partial η2=.269) and a three-way interaction of 
vowel×region×gender (F11.791,189= 2.435, p=.006; partial η2=.132, Huynh-Feldt 
corrected). 
 The main effect of vowel indicates that, as expected, the duration, independent of 
region and gender, is not equal across all vowels. Post hoc comparisons of the 
vowels show that the vowels can be roughly divided into three groups (duration in 
milliseconds is given in brackets):  
 
1. Diphthongs /ɛi/ (150), /œy/ (147), /ɔu/ (147) 
2. Long mid vowels /ø/ (127), /o/ (117), /e/ (105) and monophthong /a/ (123) 
3. Monophthongs /ɑ/ (88), /ɛ/ (88), /y/ (82), /ɔ/ (73), /i/ (72), /ʏ/ (70), /ɪ/ (69), /u/  
    (65) 
 
In other words, the three groups represent the diphthongs, phonetically long and 
phonetically short vowels, respectively (Booij 1995:4-5). As this is a rough division 
of vowels, the borders between the different groups may be vague. For instance, /ø/ 
is not significantly shorter than /ɛi/ and /ɔu/. Moreover, within the groups significant 
differences occur. In fact, a third division could be made within the monophthongal 
group between /ɑ/ and /ɛ/ on the one hand and /ɔ/, /i/, /ʏ/, /ɪ/ and /u/ on the other 
hand, as the first two vowels are longer than the second set of vowels. However, /y/ 
glues these two sets of vowels together, as it does not differ from the first one and 
only from /u/ in the second one. 
 Thus, the diphthongs, which have the longest glides, show the longest durations, 
followed by the long mid vowels, which in Netherlandic Standard Dutch also show a 
glide. The (glideless) monophthongs, with the exception of /a/, show the shortest 
vowel lengths. However, within the group of monophthongs, a hierarchy related to 
vowel intrinsic duration, which has been proposed by House and Fairbanks (1953), 
shows up (see also Peterson and Lehiste 1960). That is, vowel duration tends to be 
longer for lower vowels. Three of the lowest vowels (i.e. /a/, /ɑ/ and /ɛ/) yield the 
longest mean durations of the monophthongs. This observation is supported by a 
moderately strong correlation (Pearson’s r=.534, p=.000) found between normalized 
F1 and duration of the monophthongs. 
 The main effect of region reveals that N-S vowels are slightly longer (106 ms) 
than N-R vowels (97 ms). The fact that no effect of region×vowel was found 
indicates that the difference holds for all vowels. The durational difference is in line 
with the finding of Quené (2008) that the N-R speakers in the present study produce 
shorter syllables than the N-S speakers in spontaneous speech. 
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Vowel Region Gender Region×Gender 

/i/ - .100 - 
/ɪ/ - - - 
/ɛ/ .219 - - 
/y/ - - - 
/ʏ/ .102 .097 - 
/u/ - - - 
/ɔ/ - - - 
/ɑ/ - - - 
/a/ - - - 
/e/ - - - 
/ø/ - - - 
/o/ - - - 
/ɛi/ - - - 

/œy/ - - - 
/ɔu/ - - - 

Table 6.6 Region and gender effects on vowel durations in spontaneous speech (ANOVAs, all 
vowels). Partial η2 are given for each significant effect (p<.003, significance level adapted 
according to Bonferroni). 
 
The only interaction effect of vowel×region×gender indicates that for at least one of 
the vowels the two regions differ in how the women’s vowel duration relates to the 
men’s vowel duration compared to the other vowels. A closer look at this interaction 
was taken by running an ANOVA for each vowel separately, with duration as the 
dependent variable and region and gender as the independent variables. Table 6.6 
gives the partial eta square values for the significant effects (p<.003, Bonferroni 
corrected for 15 analyses). 
 As can be seen in the table, the ANOVA results do not seem to be in agreement 
with the MANOVA results. First, not all, but only two of the fifteen vowels showed 
an effect of region, which would imply an interaction of region and vowel in the 
MANOVA. For both /ɛ/ (F1,96= 26.982, p=.000; partial η2=.219) and /ʏ/ (F1,93= 
10.581, p=.002; partial η2=.102), it was found that the vowel tokens were longer in 
N-S (98 and 77 ms, respectively) than in N-R (78 and 64 ms)9. In Section 6.3.1.1 it 
was found that /ʏ/ before /k/ tends to be longer than before /s/. If in N-R more tokens 
of this vowel occurred before /s/ than in N-S and less of them before /k/, the regional 
difference may be a contextual difference instead of a (socio)geographic one. 
However, the regions hardly differed in the ratio of tokens before /s/ and /k/: in N-R 
29 tokens occurred before /s/ and 16 before /k/ (ratio is 1.8:1), whereas in N-S 26 
tokens occurred before /s/ and 14 before /k/ (1.9:1). 
 Second, two weak main effects of gender show up, which were to be expected to 
co-occur with an interaction of vowel and region in the MANOVA. A gender effect 
was found for /i/ (F1,96= 10.623, p=.002; partial η2=.100) and for /ʏ/ (F1,93= 9.944, 
p=.002; partial η2=.097). Both vowels yield a longer duration for females (77 ms for 
                                                             
9 A comparable result is found for American English. Whereas Southern speakers of 
American English are stereotyped as “slow-talkers” and Northern speakers as “fast-talkers” 
and the former indeed show a lower articulation rate than the latter (Jacewicz et al. 2009:234, 
243), Clopper et al. (2005) finds only longer lax vowels for the Southerners. 
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the two vowels) than for males (65 ms for /i/ and 64 ms for /ʏ/). Again, it was 
assessed whether in the case of /ʏ/ coda differences played a role. For men, there 
were somewhat more tokens before /s/ (30) than before /k/ (15), i.e. a ration of 2:1, 
compared to the women (/s/: 25, /k/: 15, i.e. a ratio of 1.7:1). However, for both 
contexts the gender difference holds. Thus, for /k/ men (63 ms) show a shorter 
duration than women (80 ms), and for /s/ a similar difference is found (62 ms for 
men and 75 ms for women). Hence, as for the regional difference, coda effects do 
not seem to underlie the gender difference.  
 Finally, for none of the vowels a significant interaction of region and gender was 
found, which would have been expected from the three-way interaction of vowel, 
region and gender in the MANOVA. It may be the case that the expected results 
were not found, because in the repeated measures MANOVA the speaker-mean 
durations for each vowel were used, whereas in the follow-up ANOVAs the 
individual token values were used. Thus, in the MANOVA the intra-speaker 
variation was reduced, which may have increased between-speaker differences. This 
would explain why the MANOVA found an overall region effect and the three-way 
interaction of vowel×region×gender, where, given the ANOVA results, a 
vowel×region and a vowel×gender effect would have been expected. However, it 
may also be the case that for most individual vowels differences were too small to 
yield a significant effect of region. In addition, it may be the case that for /ɛ/ and /ʏ/ 
the regional durational differences were too small to yield a significant interaction of 
vowel×region, and for /i/ and /ʏ/, gender differences were too small to yield a 
significant effect of vowel×gender.  
 In order to test whether it would make a large difference to use the speaker-mean 
durations or the duration of the individual tokens in the ANOVAs, a second series of 
ANOVAs (i.e. one for each vowel) was run with the same mean duration as 
dependent variables as in the MANOVA, and region and gender as independent 
variables. The new analyses only yielded only one significant effect (p<.003). As in 
the first series, an effect of region occurred for /ɛ/ (F1,16= 16.002, p=.001; partial 
η2=.500), whereas for /ʏ/ (F1,16= 10.937, p=.004; partial η2=.406) the regional 
difference was near significant. No gender effects and region×gender interactions 
were found. Thus, as for the gender effects, the second series of ANOVAs matched 
more closely with the repeated measures MANOVA than the first series, which did 
not show an interaction of vowel and gender. Apparently, for most vowels, 
durational differences were too small to yield individual effects of region and 
region×gender, whereas for all vowels combined, a regional difference was found. 
The interaction of vowel×region×gender may be caused by a group of vowels that 
differed from another group of vowels with respect to the interaction of region and 
gender. 
  To summarize, besides an overall small regional difference in duration, which 
may suggest that in N-R speech tempo was slightly higher than in N-S, no large-
scale durational differences were found. Only in the case of /ɛ/ a similar durational 
difference showed up as well. 
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6.3.2.2 F1 and F2 of the monophthongs 
 
In the first place, an overall analysis of the vowel system was conducted by running 
a repeated measures MANOVA with normalized F1 and F2 at the vowel's midpoint 
as the dependent factors. As the number of tokens per vowel differed between 
vowels and speakers, the speaker-mean F1 and F2 per vowel were taken. The 
within-subject factors were vowel and the between-subjects factors were region and 
gender. The values for Wilk’s Lambda were used to trace significant effects. 
 Significant effects (p<.05) were found for vowel (F16,254=512.851, p=.000; partial 
η2=.970), region (F2,15=23.153, p=.000; partial η2=.755) and vowel×region 
(F16,254=11.638, p=.000; partial η2=.423). It is also noteworthy that a near significant 
effect vowel×gender (F16,254=11.638, p=.051; partial η2=.096) showed up. 
 The strong effect for vowel indicates that vowels are well spread over the vowel 
space in spontaneous speech. Note however, that taking the speaker means probably 
gives an overestimation of the spread. At least we can say that the speaker means do 
not overlap much between vowels. In addition, the strong main effect of region 
indicates that N-R and N-S differ considerably in the layout of the vowel system. 
Moreover, the strong interaction of vowel and region suggests that the pronunciation 
differences between N-R and N-S are not constant across vowels. 
 In order to get a more detailed view of the regional and, possibly, gender 
differences in the pronunciation of monophthongs, a series of nine MANOVAs were 
conducted, one for each vowel. In each MANOVA, the dependent variables were 
normalized F1 and F2 at the vowel’s midpoint, and the independent variables were 
region and gender. The results of the MANOVAs are presented in Table 6.7. The 
table gives the partial η2 values for the significant effects (p<.005, after Bonferroni 
correction for the nine analyses).  
 Table 6.7 shows that gender effects were found for /i/ (F2,95= 9.277, p=.000; 
partial η2=.163), /ʏ/ (F2,92= 5.873, p=.004; partial η2=.113). This result thus indicates 
that for these front vowels, gender influences the pronunciation. Both effects are not 
so strong. 
 Regional differences occur in the pronunciation of the following vowels: /ɪ/ 
(F2,95= 39.529, p=.000; partial η2=.454), /ɛ/ (F2,95= 45.757, p=.000; partial η2=.491), 
/ʏ/ (F2,92= 15.302, p=.000; partial η2=.250), /u/ /(F2,95= 31.407, p=.000; partial  
 
 

F1 and F2 Region Gender Region×gender 
/i/ - .163 - 
/ɪ/ .454 - - 
/ɛ/ .491 - - 
/y/ - - - 
/ʏ/ .250 .113 - 
/u/ .398 - - 
/ɔ/ .211 - - 
/ɑ/ .186 - - 
/a/ .106 - - 

Table 6.7 Region and gender effects on normalized F1 and F2 at 50%, in spontaneous speech 
(MANOVAs, all monophthongs). Partial η2 are given for each significant effect (p<.005, 
significance level adapted according to Bonferroni). 
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F1 Region Gender Region×gender 
/i/ - - - 
/ɪ/ .331 - - 
/ɛ/ .485 - - 
/ʏ/ .198 .077 - 
/u/ - - - 
/ɔ/ .153 - - 
/ɑ/ .184 - .088 
/a/ .080 - - 

Table 6.8 Region and gender effects on normalized F1 at 50%, in spontaneous speech 
(ANOVAs, all monophthongs). Partial η2 are given for each significant effect (p<.006, 
significance level adapted according to Bonferroni). 
 

F2 Region Gender Region×gender 
/i/ - .109 - 
/ɪ/ .371 - - 
/ɛ/ .201 - - 
/ʏ/ .103 - - 
/u/ .397 - - 
/ɔ/ .110 - - 
/ɑ/ - - - 
/a/ - - - 

Table 6.9 Region and gender effects on normalized F2 at 50%, in spontaneous speech 
(ANOVAs, all monophthongs). Partial η2 are given for each significant effect (p<.005, 
significance level adapted according to Bonferroni). 

 
η2=.398), /ɔ/ (F2,95= 12.718, p=.000; partial η2=.211), /ɑ/ (F2,95= 10.889, p=.000; 
partial η2=.186) and /a/ (F2,95= 5.612, p=.005; partial η2=.106). For all vowels, the 
regional effects are strong (partial η2>.10). The strongest effects show up for /ɛ/, /ɪ/ 
and /u/. 
 In order to find out whether the effects shown in Table 6.7 apply to F1 or F2 or 
both, two series of eight ANOVAs were conducted: for each vowel, except for /y/, 
for which no significant effect in the MANOVA above was found, two ANOVAs 
were conducted. In the first of the two ANOVAs, F1 was used as the dependent 
variable, and in the second ANOVA F2 was the dependent variable. In both 
ANOVAs, region and gender were the independent variables. Tables 6.8 and 6.9 
give the partial η2 values for the significant effects (p<.006, Bonferroni corrected for 
the eight analyses), for F1 and F2 respectively. 
 Table 6.8 shows only one weak effect of gender, i.e. for /ʏ/ (F1,93= 7.783, p=.006; 
partial η2=.077), which reveals that females have a slightly more open pronunciation 
of the vowel (F1Lob=-0.38) than males do (F1Lob=-0.57). Regional differences found 
for the height dimension are more numerous and they all follow the same pattern (cf. 
Figure 6.1. Figure B.1 in Appendix B plots the regional means for the raw data). 
That is, for /ɪ/ (F1,96= 47.719, p=.000; partial η2=.332), /ɛ/ (F1,96= 90.574, p=.000; 
partial η2=.485), /ʏ/ (F1,93= 22.945, p=.000; partial η2=.198), /ɔ/ (F1,96= 17.327,  
p=.000; partial η2=.153), /ɑ/ (F1,96= 21.695, p=.000; partial η2=.184) and /a/ (F1,96=   
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Figure 6.1 Mean normalized F1 and F2 (at 50%) for the monophthongs in N-R and N-S, in 
spontaneous speech.   
 
8.385, p=.005; partial η2=.080), N-S speakers show a more open pronunciation than 
N-R speakers. 
 A weak region ×gender effect showed up for /ɑ/ (F1,96= 9.239, p=.003; partial 
η2=.088). The vowel for the N-R males (0.95) is opener than for the N-R females 
(0.32). In contrast, for the N-S males (1.14) and females (1.21) no difference in 
height was found. 
 Table 6.9 reveals only one gender effect for F2, namely for /i/ (F1,96= 11.793, 
p=.001; partial η2=.109), which shows that men pronounce the /i/ vowel more front 
than women. 

Regional effects for F2 occurred more frequently than gender effects. For /ɪ/ 
(F1,96= 56.623, p=.000; partial η2=.371), /ɛ/ (F1,96= 24.099, p=.000; partial η2=.201), 
/ʏ/ (F1,96= 10.649, p=.002; partial η2=.103), the vowels were articulated more back in 
N-S than in N-R (cf. Figure 6.1). In Section 6.3.1.1, it was found that /ɪ/ tended to be 
more front before /s/ than before /t/ or /d/. However, there are no indications that the 
coda biased the result, since no difference in the distribution of the different codas 
over the two regions was found for this vowel. In contrast with the front vowels, the 
back vowels /u/ (F1,96= 63.203, p=.000; partial η2=.397) and /ɔ/ (F1,96= 11.896, 
p=.001; partial η2=.110) are more front in N-S than N-R. It thus seems that the N-R 
vowels overall cover a larger space on the F2 dimension than the N-S vowels. 
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6.3.2.3 F1 and F2 of the (semi)diphthongs 
 
The sociolinguistic differences in the pronunciation of the (semi)diphthongs were in 
the first place investigated by conducting two series of six MANOVAs: two for each 
vowel, i.e. one for the onset and one for the offset. In each MANOVA, the 
dependent variables were normalized F1 and F2 at the onset or offset of the vowel, 
and the independent variables were region and gender. The results of the 
MANOVAs are presented in Table 6.10. The table gives the partial η2 values for the  
significant effects (p<.008, after Bonferroni correction for the six analyses at the 
onset or offset). Wilk’s Lambda values were used to signal significant effects. 
 In the upper half of Table 6.10 the results for the onsets are shown. For two of 
the (semi)diphthongs, i.e. /e/ (F2,95=7.074, p=.001; partial η2=.130) and /œy/ 
(F2,92=7.023, p=.001; partial η2=.132), a strong gender effect was found, which  
 
 

F1 and F2 Region Gender Region×gender 
Onset /e/ .484 .130 - 
 /ø/ .525 - - 
 /o/ .462 - - 
 /ɛi/ .317 - - 
 /œy/ .360 .132 .152 
 /ɔu/ .553 - - 
Offset /e/ - - - 
 /ø/ - - - 
 /o/ .112 - - 
 /ɛi/ - - - 
 /œy/ .208 - - 
 /ɔu/ .144 - - 

Table 6.10 Region and gender effects on normalized F1 and F2 at the onset or offset, in 
spontaneous speech (ANOVAs, all (semi)diphthongs). Partial η2 are given for each significant 
effect (p<.008, significance level adapted according to Bonferroni). 

 
F1 Region Gender Region×gender 
Onset /e/ .193 .075 - 
 /ø/ .521 - - 
 /o/ .404 - - 
 /ɛi/ .185 - - 
 /œy/ .349 - .091 
 /ɔu/ .205 - - 
Offset /e/ - - - 
 /ø/ - - - 
 /o/ - - - 
 /ɛi/ - - - 
 /œy/ .162 - - 
 /ɔu/ .126 - - 

Table 6.11 Region and gender effects on normalized F1 at the onset or offset, in spontaneous 
speech (ANOVAs, all (semi)diphthongs). Partial η2 are given for each significant effect 
(p<.008, significance level adapted according to Bonferroni). 
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F2 Region Gender Region×gender 
Onset /e/ .407 - - 
 /ø/ - - - 
 /o/ .290 - - 
 /ɛi/ .245 - - 
 /œy/ - .085 .101 
 /ɔu/ .546 - - 
Offset /e/ - - - 
 /ø/ - - - 
 /o/ - - - 
 /ɛi/ - - - 
 /œy/ - - - 
 /ɔu/ - - - 

Table 6.12 Region and gender effects on normalized F2 at the onset or offset, in spontaneous 
speech (ANOVAs, all (semi)diphthongs). Partial η2 are given for each significant effect 
(p<.008, significance level adapted according to Bonferroni). 
 
indicates that men and women pronounce the onsets of these vowels differently.  
 Strong region effects showed up for all (semi)diphthongs. The strongest effects 
were found for /ɔu/ (F2,92=56.990, p=.000; partial η2=.553), /e/ (F2,95=44.489, 
p=.000; partial η2=.484), /ø/ (F2,66=36.504, p=.000; partial η2=.525) and /o/ 
(F2,95=40.729, p=.000; partial η2=.462). For the diphthongs /ɛi/ (F2,95=22.036, 
p=.000; partial η2=.317) and /œy/ (F2,92=25.844, p=.000; partial η2=.360), the 
differences between N-S and N-R were less strong. 
 Finally for the onset, one region×gender interaction was found, i.e. for /œy/ 
(F2,92=8.254, p=.001; partial η2=.152). This indicates that the distance between the 
female and male onset means is not constant across the two regions. 
 Table 6.10 shows that the differences at the offset were generally weaker and less 
in number than the onset differences. For gender, no effects were found. However, 
main effects of region were found for /o/ (F2,95=6.000, p=.004; partial η2=.112), /œy/ 
(F2,92=12.062, p=.000; partial η2=.208) and /ɔu/ (F2,92=7.748, p=.001; partial 
η2=.144). The analyses did not yield significant interactions of region and gender. 
 In order to find out whether the effects found above were due to F1 or F2 (or 
both) differences, a series of 24 ANOVAs was conducted: for the onset and offset of 
each (semi)diphthong, two ANOVAs were conducted. In the first of the two 
ANOVAs, F1 was used as the dependent variable, and in the second ANOVA F2 
was the dependent variable. In both ANOVAs, region and gender were the 
independent variables. Tables 6.12 and 6.13 give the partial η2 values for the 
significant effects (p<.008, Bonferroni corrected), for F1 and F2 respectively. 
 Table 6.12 shows that at the onset of the (semi)diphthongs N-R and N-S are 
clearly different. For every (semi)diphthong, a strong significant region effect was 
found: /e/ (F1,96=22.979, p=.000; partial η2=.193), /ø/ (F1,67=72.740, p=.000; partial 
η2=.521), /o/ (F1,96=65.186, p=.000; partial η2=.404), /ɛi/ (F1,96=21.817, p=.000; 
partial η2=.185), /œy/ (F1,93=49.807, p=.000; partial η2=.349) and /ɔu/ (F1,96=23.975, 
p=.000; partial η2=.205). Figures 6.2 and 6.3 (Figures B.2 and B.3 in Appendix B 
plot the regional means for the raw data) show a consistent pattern across the  
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Figure 6.2 Mean normalized F1 and F2 at the onset (lower circle/square) and offset (higher 
circle/square) for the long mid vowels in N-R and N-S, in the spontaneous speech data. 
 

 
Figure 6.3 Mean normalized F1 and F2 at the onset (lower circle/square) and offset (higher 
circle/square) for the diphthongs in N-R and N-S, in the spontaneous speech data. 
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vowels: at the onset, N-R (semi)diphthongs are more open than their N-S 
counterparts. 
 In addition to these region effects a weak main effect of gender was found for /e/ 
(F1,96=7.753, p=.006; partial η2=.075), with women showing a higher onset (-0.33) 
than men (-0.12). Finally, for the onset F1, a significant interaction of region×gender 
was found for /œy/  (F1,93=9.322, p=.003; partial η2=.091). In N-R women (F1 = 
1.87) have a much more open pronunciation than men (1.38), whereas in N-S men 
(0.98) show a more open onset than women (0.85). 
 At the offsets of the (semi)diphthongs, only two main effects of region showed 
up. As for /œy/ (F1,93=17.984, p=.000; partial η2=.162) and /ɔu/ (F1,96=13.421, 
p=.000; partial η2=.126), the offsets are, like the onsets, lower in N-R than in N-S. In 
Section 6.3.1.2 it was shown that /œy/ before /t/ or /d/ is lower at the offset than  
before /s/. An uneven distribution of the different codas over the two regions may 
have induced the significant effect of region. Therefore, it was checked whether the 
distribution was uneven, but this was not the case. 
 For F2, significant effects were only found at the onset. Four (semi)diphthongs 
show an effect of region, i.e. /e/ (F1,96=66.002, p=.000; partial η2=.407), /o/ 
(F1,96=39.245, p=.000; partial η2=.290), /ɛi/ (F1,96=31.098, p=.000; partial η2=.245) 
and /ɔu/ (F1,96=111.816, p=.000; partial η2=.546). For all these vowels, it was found 
that the N-S vowels are more peripheral than N-R (see Figures 6.2 and 6.3). Thus 
the N-S front vowels are articulated more to the front at the onset and the N-S back 
vowels more to the back.  
 Finally, for /œy/, two other effects at the onset were found. A weak gender effect 
(F1,93=8.685, p=.004; partial η2=.085) showed that men articulate the onset of the 
diphthong more to the back (-0.08) than women (0.05) do. This gender effect was 
completely due to a stronger gender difference found in N-S, which is absent in N-
R. Thus, a significant region×gender effect was found (F1,93=10.421, p=.002; partial 
η2=.101), which showed that in N-R male onsets (0.00) and female onsets (-0.01) do 
not differ, whereas N-S females have a more fronted onset (0.12) than men (-0.16). 
 Thus, for both F1 and F2, /œy/ is the only vowel for which a region×gender 
effect was found. The N-R women show a more open onset than N-R men, but N-S 
women show a more closed and fronted onset than N-S men. These patterns are 
shown in Figure 6.4, which gives the onsets (i.e. the lowest four symbols) and 
offsets (i.e. the highest four symbols) of /œy/ for the different groups. For the offset 
only a regional difference had been found.  
 The pattern found here is possibly an indication of a change in progress. That is, 
it is a well-known finding in sociolinguistic studies that women are the leaders in the 
majority of sound changes, i.e. they are often found to be the innovators in changes 
from below and to adopt the prestige forms more often than men in changes from 
above (Labov 2001, 1994). Another common finding is that prestigious variants of 
stable sociolinguistic variables are more often found among females than among 
males (Labov 2001, 1994). 
 Thus, in this particular case, two changes may have been found. In the first place, 
the gender difference in N-R may suggest that the diphthong is lowering. This would 
be in line with the observation of Stroop (1998) that the Standard Dutch diphthongs 
are being replaced by the more open Polder Dutch variants (i.e. [œy] becomes  
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Figure 6.4 Means of onsets and offsets of /œy/ for N-R males and females and N-S males and 
females. The onset values are the lowest four symbols, the offset values the highest four 
symbols. 
 
[ay]10), which has been confirmed by Van Heuven et al. (2002) for /ɛi/. The newer 
variants are claimed to be displayed mainly in the speech of (higher educated) 
women, which is confirmed here. In that respect, our results differ from those of a 
recent study of Jacobi (2009), who did not find a gender difference in degree of 
openness for any of the (semi)diphthongs, pooled over different regions. However, 
Jacobi’s results are difficult to interpret, since her speaker sample is unbalanced in 
terms of the distribution of lower and higher educated speakers over the different 
regions (Jacobi 2009:51). Moreover, she does not report how the two genders are 
distributed over the different regions and the different education levels. 
 In addition to the claim about gender, Stroop (1998:24) claims that Polder Dutch 
is not bound to a specific region, hence its variants are predicted to occur in every 
region (cf. the higher educated speakers in Jacobi 2009). The fact that N-S in the 
current study does not follow the pattern of N-R suggests that this claim is not true. 
However, since N-R is the centre of lowering of diphthongs (e.g., Van de Velde 
1996), it may also be the case that the lowered diphthongs have not yet spread to 
peripheral N-S. In spite of the possibly upcoming lowering, N-S women show a 
more closed onset, which is also more fronted than the males’ onset, which is 
partially the opposite of the N-R pattern. 
                                                             
10 As Van Leuvensteijn (1999:100) points out, Stroop is not very clear about whether the 
onset moves to [ɑ] or [a].  
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 Interestingly, the N-S pattern found here is in agreement with so far unsystematic 
observations that were made of the pronunciation of young women in the media. 
These observations suggest that a variant of /œy/ is being used in Standard Dutch, 
that has not been reported before. The variant can be described as the unrounded 
counterpart of [œy], thus similar to [ɛi] or with a more open onset (i.e. [æi]) 11. The 
variant is thus different from the lowered (and partially unrounded) Polder Dutch 
variant [ay], i.e. somewhat higher and fronter at the onset. 
 In order to find out whether such variants also occurred in our database of 
spontaneous speech, all 97 tokens of /œy/ were carefully listened to and judged by 
the author and two other phonetically trained judges. The judgments were made by 
playing the diphthong as a whole, both with its context and without it, and to its 
onset and offset in Praat. The careful inspection yielded, however, no realizations 
instances of unrounded [ɛi] or [æi], but 91 tokens of [œy] or [ay] and 6 ‘other’ 
tokens. The latter tokens were considered ambiguous, i.e. they did not show clear 
quality of [œy]/[ay] or [ɛi]/[æi], but appeared to be something in between. The six 
tokens were found in both genders and in both regions12, thus there was no clear 
indication of sociolinguistic differentiation. Moreover, an acoustic analysis did not 
yield a clear picture of the differences or similarities between the ambiguous tokens 
and the other tokens. 
 To summarize, the results with respect to innovative variants of /œy/ are yet 
inconclusive. So far, no attestations of unambiguous [ɛi]-variants have been found 
and the low number of ambiguous variants show no clear acoustic differences with 
the other variants of /œy/. It can thus not be concluded that the difference in F2 
between N-S females and N-S males is due to an unrounding tendency in N-S 
females.  
 
 
6.3.3 Discussion 
 
In the present chapter, the pronunciation of vowels in the speech of the younger 
teachers from N-S and N-R were investigated. To this end, for every speaker five 
tokens per vowel were selected from a spontaneous conversation. 
 For none of the vowels, it was possible to select only tokens with the same 
following consonant. However, overall the effect of a difference in coda was 
negligible. Among the monophthongs, only /ɪ/ is articulated differently with a 
change of coda (i.e. /t/ or /d/ vs. /s/), and the duration of /ʏ/ varies with coda (/s/ vs. 
/k/). In addition, the position of the offset of the (semi)diphthongs /o/ (/d/ or /t/ vs. 
/p/ or /b/) and /œy/ (/d/ or /t/ vs. /s/) are affected by a change in coda. Nonetheless, 
the coda differences were confirmed not to interfere with sociolinguistic differences.  

                                                             
11 Examples of women that have been found to use the variant are Chantal Janzen, a 31-year 
old musical star, actress and television presenter, born in Netherlandic Limburg, and 
Dominique Rijpma van Hulst, a 29-year old singer, born in the southeast of Noord-Brabant, 
close to Netherlandic Limburg.  
12 Three ambiguous tokens occurred in the speech of a N-R female (i.e. N-Rf1, see Table 6.1), 
two in the speech of a N-S female (N-Sf4) and one in the speech of a N-S male (N-Sm5). 
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 The sociolinguistic differences for the spontaneous speech data mainly consist of 
regional differences. Thus, gender differences and interactions of region and gender 
hardly showed up. 
As for durational differences, weak gender effects were only found in the case of /i/ 
and /ʏ/. Both monophthongs showed a longer duration for females than for males.  
The finding for these vowels is in line with Quené’s (2008) finding that Dutch-
speaking males speak at a higher tempo than Dutch-speaking females (see also 
Jacobi 2009; Jacewicz et al. 2009). However, for the other vowels his finding cannot 
be confirmed. This may be explained by the fact that Quené measured syllable 
duration, not vowel duration, and that he did not take the vowel category into 
account.  
 Regional differences in vowel duration were only found for /ɛ/ and /ʏ/. The N-S 
tokens in these vowels were longer than the N-R tokens. The durational difference 
co-occurs with a difference in openness: the N-S vowel is in both cases more open 
than the N-R vowel. This result is partially in line with the notion of intrinsic 
duration (e.g., House and Fairbanks 1953), i.e. that more open vowels show longer 
durations. However, the other vowels that were more open in N-S, i.e. /ɪ/, /ɔ/ and /ɑ/, 
did not show such a durational difference. Still, over all vowels (i.e. both 
monophthongs and (semi)diphthongs), N-S vowels are longer than their N-R 
counterparts, and for the monophthongs, vowel openness correlated positively with 
duration. 
 Thus, regarding spectral differences more regional effects were found. In 
addition to the finding that /ɪ/, /ɛ/, /ʏ/, /ɔ/ and /ɑ/ are more open in N-S, it was found 
that N-S speakers pronounce the front vowels /ɪ/, /ɛ/ and /ʏ/ more to the back and the 
back vowels /ɔ/ and /u/ more to the front than the N-R vowels (cf. Figure 6.1). In 
addition to these effects of region, an interaction of region and gender effect for /ɑ/ 
showed that N-R women close the vowel more than N-R men, whereas no gender 
difference showed up for N-S. 
 For all speakers in N-R and N-S, including the older speakers, similar F1 
differences had been found in the word list pronunciation of /ɪ/ and /ɛ/ and F2 
differences for /ɪ/, /ɛ/, /ʏ/ and /u/. Adank (2003) found slightly different results for 
the logatomes, e.g. /ɑ/ was found to be more back in N-S, but her results are not 
entirely comparable, as she did not include gender as a factor. As in the present 
chapter, however, the strongest differences between N-R and N-S were found in the 
pronunciation of /ɪ/ and /ɛ/. Moreover, the spontaneous data seem to yield more 
regional differences. In the following chapter, a more elaborate comparison of the 
logatome data, word list data and the spontaneous data will be presented. 
 Taking the vowel space for the spontaneous monophthongs as a whole, there are 
three differences to note. First, most N-S monophthongs are lower than the N-R 
counterparts. The monophthongs that do not show this pattern are the vowels at the 
upper boundary of the vowel space, i.e. /i/, /y/ and /u/. This is not an effect of the 
normalization procedure, as the raw data show the same result. 
 Second, the N-S vowel space covers a smaller range on the front-back dimension. 
This is perhaps related to the first observation, at least for the front vowels, as a 
lowering effect of the front vowels is often accompanied with a backing movement. 
For /ɔ/, lowering may be accompanied with fronting. However, for /u/, no such line 
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of reasoning can be followed. There, the N-S variant may reflect a strong effect of 
palatalization or unrounding, which both lower F2. 
 Third, the vowel space tends to be more symmetrical in N-S than in N-R. It has 
been claimed that (larger) vowel inventories tend to be symmetrical (Boersma 
1998:347ff). That is, commonly, front (unrounded) vowels tend to have back 
(rounded) counterparts at the same height13. Central vowels with both a front and 
back counterpart tend to be higher (except for /a/, which Boersma considers a central 
vowel as well and which is not surrounded by a front and back vowel pair), as in the 
lower part of the vowel space the perceptual difference between front and back is 
smaller. The symmetry is displayed mainly on the height dimension. For instance, in 
a Catalan dialect that has been studied by Recasens and Espinosa (2009), a merger 
between front /e/ and /ɛ/ seems to be followed by an approach of back /o/ and /ɔ/, 
whereas in other dialects where front vowel merger has been found, an approach of 
the back vowels is absent. 
 What does this tell us about the vowel inventories of N-S and N-R? If symmetry 
was the only thing that counts, then we would expect N-S vowels not to change. 
However, since also social pressures tend to play a role, N-S vowels may shift in the 
direction of the vowels of the standard variety cultural and economic centre of the 
Netherlands (i.e. N-R). As for the N-R vowel system, it may be the case that one or 
more monophthongs have changed or are changing at present. The /ɛ/-/ɑ/ pair is the 
most obvious to concentrate on, as it is the only front-back vowel pair that is non-
symmetrical. 
Is there any evidence of change in these vowels in N-R? In the present study, no age 
effects have been found for these vowels. Obviously, since the spontaneous speech 
of only the younger speakers was investigated, it was impossible to find any age 
effects for that speech style. However, as it was found that N-R females rise their /ɑ/ 
compared to N-R males, which may suggest a change in progress for this vowel. 
Interestingly, Stroop (1998:33) claims that /ɑ/ is rising to /ɛ/14 and that /ɛ/ rises to /ɪ/, 
which occurs, according to him, particularly before /l/. Note, in addition, that /ɛ/ is 
higher than /ɑ/. Thus if Stroop is right, then the rise of /ɛ/ has come first, which in 
turn is the reason that the vowel system of N-R is asymmetric. This hypothesis is 
corroborated by the fact that no gender effect for /ɛ/ has been found, which indicates 
may indicate that the hypothesized change is not in progress (anymore). 
 A way to verify whether changes have taken place is to compare our results with 
older studies, which can be representative for the old vowel system. For the present 
study, the study of Pols (1977) is of interest. He reported the formant values of 
Dutch vowels in a /h_t/ context, that were read by male and female speakers15. Since 
Pols’s formant values were obtained through read speech, his results were compared 
with the formant values of the word list data of the young N-R speakers of this  

                                                             
13 F1 of back vowels is, however, slightly higher (Boersma 1998:349) 
14 Stroop does not mention a fronting movement of /ɑ/, which is necessary for the vowel to 
obtain a quality similar to /ɛ/.  
15 Although we do not have information on the regional background of the speakers, it is 
assumed that they were speakers of Standard Dutch as spoken in N-R. In an earlier study with 
the same male speakers, it is reported that they exhibit "a pronunciation representative of 
correct Dutch" (Klein et al. 1970:999). 
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Figure 6.5 Mean F1 and F2 values (Hz) of Pols (1977), 15 male informants, and the word list 
monophthongs of the younger N-R males. The lines reflect the F1 value halfway /ɔ/ and /ɑ/, 
for Pols (1977) and the current study separately. 

 
Figure 6.6 Mean F1 and F2 values (Hz) of Pols (1977), 15 female informants, and the word 
list monophthongs of the younger N-R females. The lines reflect the F1 value halfway /ɔ/ and 
/ɑ/, for Pols (1977) and the current study separately. 
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study. The unnormalized mean F1 and F2 values were plotted for the males and 
females separately, as shown in Figures 6.5 and 6.6. In both figures, the dark 
symbols represent Pols’s values and the lighter symbols the values for the present 
study. To facilitate visual comparison of the height of /ɛ/ compared to the height of 
/ɔ/ and /ɑ/, a line was drawn at an F1 value which is halfway F1 of /ɔ/ and /ɑ/, for 
Pols’s and our data separately. 
 Figure 6.5 shows the data for the males. A remarkable difference shows up in the 
size of the vowel space. The N-R vowels cover a smaller area than the vowels of 
Pols’s males. Moreover, the Pols vowels show a higher F1 value than our vowels. 
This may possibly be caused by a difference in loudness, possibly due to the 
recording conditions (i.e. Pols’s study is a phonetic study, in which speech was 
recorded in laboratory conditions). Perhaps, Pols’s speakers had to speak louder, 
which causes F1 to rise. However, the positioning of the vowels seems globally 
similar across the two studies. As for the position of /ɛ/, the vowel seems indeed to 
be a bit higher in the current study than in Pols (1977). At present, the vowel is 
somewhat further higher than the line that reflects mean F1 of /ɔ/ and /ɑ/ than in the 
older study. The difference, however, is not very convincing. In contrast, Figure 6.6, 
which gives the mean female vowel positions, shows a clear difference in /ɛ/. That 
is, where the vowel in the females of Pols (1977) lies exactly halfway /ɔ/ and /ɑ/, it 
has been raised to almost the height of /ɪ/ and /ʏ/ in the present study16. 
 Thus, the comparison of Pols’s data and the current data suggests that /ɛ/ has 
become higher (or is still becoming higher) and that this change probably is being 
led by women. The change at least caused the asymmetry between the front and 
back vowels to increase, as the asymmetry already seemed to be present in Pols’s 
data.  
 Whereas in the monophthongs, N-S vowels tend to be lower than the N-R 
variants, for the (semi)diphthongs it is exactly the other way around, particularly at 
the onset (cf. Figure 6.2 and 6.3). The long mid vowels /e/, /ø/ and /o/ are still 
monophthongal in N-S, but diphthongal in N-R. The N-R speakers therefore behave 
in a similar way as the diphthongizing Netherlandic speakers in the study of Van de 
Velde (1996), whereas the N-S speakers behave similarly to the monophthongizing 
Flemish speakers in that study (see similar remarks for the word list data in Section 
5.3.3.2, and for the logatomes in Van de Velde and Van Hout 2003).  
 The diphthongs are also lower in N-R at the onset than in N-S. In N-R, the onsets 
all lie close to the position of /a/, which is in line with the description of Polder 
Dutch diphthongs (Stroop 1998). The claim that Polder Dutch vowels are to be 
found across the whole country could not be confirmed here. Moreover, only for 
/œy/, it was confirmed that women (at least, in N-R) show a more open onset than 
men. Overall, it seems true that Polder Dutch diphthongs have entered the variety 
that comes closest to the Netherlandic norm (i.e. N-R Standard Dutch). 
 In a number of studies, the lowering of onsets in diphthongs is related to the 
lowering of the onsets of the long mid vowels. There is still debate on the question 
whether the changes at the onset of the diphthongs and the long mid vowels 
                                                             
16 Note also the position of /ɔ/ compared to /ɪ/ in Pols’s study and our study. It seems as if the 
back vowel has risen as well. For the line of reasoning regarding the position of /ɛ/, that 
however does not change things. 
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constitutes a push chain or a drag chain. Stroop (1998:32) argues that the changes 
constitute a drag chain, thus he assumes that the diphthongs are lowered first. This 
would have created an empty slot at the old onset position, which in turn attracted 
the onsets of the long mid vowels, such that they became diphthongal. Stroop’s 
argument is that it would be more natural for a diphthong to become more 
diphthongized than for a monophthong to become diphthong. To the contrary, Van 
de Velde (1996:181-182) concludes that the changes constitute a push chain, i.e. that 
the onsets of the long mid vowels lowered, ‘pushing’ the onsets of the diphthongs to 
a lower position. He argues that if the diphthongs had changed first (i.e. in the case 
of a drag chain), he should have found more “over-diphthongized” (i.e. strongly 
‘lowered’) /ɛi/s. Moreover, he finds an increase of diphthongizing of /ɛi/ when /e/ is 
more diphthongized. Finally, he finds that some speakers surface a fear of 
diphthongizing /ɛi/, but not of /e/, which would only support a push chain. Finally, 
Jacobi (2009:82) does not find strong evidence for a push or drag chain. Therefore, 
she concludes that the long mid vowels and diphthongs have changed 
simultaneously. 
 In the present study, it seems as if most (semi)diphthongs have stopped lowering, 
as most vowels do not show a gender or age difference. Yet, /œy/ showed a gender 
difference which is in line with women leading sound changes and the rise of Polder 
Dutch vowels. That is, N-R female’s /œy/ had a more open onset than N-R male’s 
/œy/. This suggests that this diphthong is the last (semi)diphthong undergoing onset 
lowering, which in turn may lead to the conclusion that there is a push chain, as its 
long mid vowel counterpart /ø/ has stopped lowering. 
 Finally, it is striking to see that in N-R the monophthongs are higher than in N-S 
and that the N-R (semi)diphthongs are generally lower than the N-S 
(semi)diphthongs. Considering these facts, the question arises whether these 
differences are accidental or that there is a relation between the two. In order to 
explore this question, the onset positions of the (semi)diphthongs and the midpoint 
means of the monophthongs were plotted per region (see Figure 6.7 and 6.8). 
 A comparison of the plots shows that the N-S vowel system is symmetrical for 
both monophthongs and (semi)diphthongs, although the onset of /ɔu/ shows some 
asymmetry with the more front diphthongs. The N-R plot shows, as mentioned 
above, asymmetry for the monophthongs, but a more symmetrical distribution of the 
(semi)diphthongs.  
 The way the two systems are organized leaves some room for speculation about a 
dependency between the monophthongs and the (semi)diphthongs. To start with, the 
asymmetry in the monophthongal system of N-R shows a gap into which the onset 
of /ɛi/ may have ‘jumped’. This way of formulating implies that /ɛ/ may have moved 
first (a drag chain), but it may also be the case that it was pushed out of its position 
by the onset of the diphthong (a push chain). In the latter case, which better fits the 
argument for a push chain above, the time line could have been as follows. First, /e/ 
started lowering in the direction of /ɛi/. Van de Velde (1996) shows that this must 
have been in the 1950s. This development forced /ɛi/ to lower (i.e. a push chain 
occurred, which was argued for above), which started probably in the 1970s in the 
speech of young women (Stroop 1998). Van de Velde (1996) does not find evidence 
that the onset had lowered in the 1980s or the beginning of the 1990s. However, his  
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Figure 6.7 Mean positions of the monophthongs at their midpoint (grey circles) and the onsets 
of the (semi)diphthongs (phonetic symbols) for the spontaneous data of the N-R speakers. 
 
 

 
Figure 6.8 Mean positions of the monophthongs at their midpoint (grey circles) and the onsets 
of the (semi)diphthongs (phonetic symbols) for the spontaneous data of the N-S speakers. 



CHAPTER 6 

 

234

speakers were all males, who were possibly lagging behind in lowering the 
diphthong. As a consequence of the lowering of /ɛi/, /ɛ/ was pushed toward a higher 
position. After the N-R front vowels started moving, the other vowels at similar 
heights started moving too, as vowel systems tend to be symmetrical (Boersma 
1998). Van de Velde (1996:172) indeed finds that /o/ started diphthongizing about 
fifteen years after /e/. This would be in line with the finding that /ɑ/ is yet 
lowcompared to /ɛ/, although the back vowel is also higher in than in N-S, and is 
higher in female speech than in male speech, which may suggest a change. 
 That N-S /ɛ/ is (still?) low fits this picture, as in this region /e/ has not been 
diphthongized. As a consequence, the diphthong has not been lowered, which would 
then not necessitate the monophthong to rise. 
 The evidence for a development that has been sketched above is yet lacking. In 
fact, it seems rather unlikely that a diphthong would clash with a monophthong 
regarding its spectral characteristics, as for its recognition the diphthongs 
distinguishes itself from the monophthong by its glide. However, early recognition 
of the two vowels (i.e. as soon as possible after the start of the vowel) may be 
enhanced by introducing an articulatory difference at the vowel onset. As 
monophthongs are not characterized by strong glides (but see Chapter 4 for dynamic 
differences in monophthongs), this difference would be sustained throughout the 
whole vowel. 
 The explanation for the regional differences in the pronunciation of /ɛ/ remains 
thus rather speculative so far17. The vowel systems of the other regions and 
particularly of the older N-R and N-S speakers may provide evidence for or against 
the scenario given above. Looking for more evidence, however, lies outside the 
scope of this study. 
 
 
6.4 Conclusions 
 
In the present chapter, the N-R and N-S vowel systems were compared with each 
other on the basis of the spontaneous speech data. First, it was established that 
differences due to the coda were negligible. In addition, the amount of durational 
differences was minimal, although an overall effect suggested that N-R speakers 
speak at a higher tempo. 
 As for the spectral differences, the majority of N-S monophthongs showed a 
higher F1, which indicated that those vowels were lower than their N-R 
counterparts. This difference was particularly strong for /ɪ/ and /ɛ/. On the basis of a 
real time comparison of vowel systems, the latter vowel was speculated to have 
recently shifted upward in N-R. With respect to fronting, though less in number, 
regional differences were found as well, e.g. for /u/. Overall, N-S vowels tended to 
cover a smaller range on the F2 dimension. 

                                                             
17 If /ɛ/ is involved in a chain shift, it would violate Labov’s (1994:116) Principle II of chain 
shifts, which states that “In chain shifts, short vowels fall”. Labov (1994:137ff) reports more 
exceptions, e.g. New Zealand English rising front vowels (see also Langstrof 2009). 
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 In addition to the higher monophthongs in N-R, it was shown that the 
(semi)diphthongs were lower in that region than in N-S, which contradicts the 
claimed regional neutrality of Polder Dutch. For the N-R (semi)diphthongs, it was 
argued that a push chain had taken place on the basis of the suggestion that /œy/ is 
still in a lowering process. Finally, the higher position of (at least) /ɛ/ in N-R was 
argued to be related to the lower (semi)diphthongs. 
 Overall, differences between the regions seemed to be more numerous and larger 
than for the word list data. However, contrary to the word list data, gender 
differences hardly showed up. In the next chapter, it will be investigated whether 
there were indeed more and larger regional and less gender differences in 
spontaneous speech by comparing spontaneous speech vowels to the read vowels. 
Moreover, vowel systems as a whole will be compared and discussed. 





CHAPTER 7 
 

COMPARISON OF STYLES 
 
 
 
 
7.1 Introduction 

 
So far, the reading styles and spontaneous speech have been analyzed separately and 
the vowel space size has been ignored. To solve the vowel space paradox, which 
relates vowel space size to the spread of vowels, it is necessary to pool the formant 
data of the different styles and to compare them with respect to the vowel space size.  

In the present chapter, the comparison of the two reading styles and the 
spontaneous speech data will be presented. As only the spontaneous speech of 
speakers from N-R and N-S was included (cf. Chapter 6), the data of these speakers 
will be used to resolve the vowel space paradox.  

An important issue that needs to be dealt with before we can compare the 
different styles is the normalization of the formant data. That is, whereas in the 
previous chapters the formant values were normalized within a style, this cannot be 
done here, since the style-related differences in vowel space size will then be 
neutralized. Therefore, in Section 7.2, a normalization procedure is proposed that 
preserves differences between styles that are present in the raw data. Since the 
proposed normalization is a version of Lobanov, it is assumed that the 
transformation removes anatomical differences, while it preserves phonemic, 
sociogeographic and stylistic differences.  

In Chapter 2, three hypotheses concerning the vowel space paradox were 
formulated on the basis of earlier studies. Each of the three hypotheses will be tested 
and discussed in a separate section. Section 7.3 discusses the results in the light of 
the first hypothesis that deals with the vowel space size.  

The results below are presented for the monophthongs and (semi)diphthongs, 
separately. As the overview of the phonetic literature in Section 2.3 shows, the large 
majority of studies dealing with reduction and clear speech phenomena incorporate 
only monophthongs1. The present study will thus extend our knowledge of these 
phenomena by investigating reduction phenomena for diphthongal vowels as well.  

It was decided to investigate reduction for (semi)diphthongs and monophthongs 
separately, for reasons outlined here. A crucial difference between monophthongs 
and diphthongal vowels is the degree of gliding. In general, diphthongal vowels 
show a strong glide from the onset to the offset, whereas monophthongs also show 
formant dynamics (cf. Section 4.4), but not to such a large extent as diphthongal 
                                                             
1 The only exception reported here was the study performed by Gay (1968) on the effect of 
speech rate on American English diphthongs. 
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vowels. Thus, diphthongal vowels can be distinguished from monophthongs by their 
glides. Hence, the reduction of (semi)diphthongs, which is relevant for the vowel 
space paradox, involves an additional dimension, compared to the monophthongs. 
Monophthongal reduction mainly concerns single target undershoot, whereas 
diphthongal reduction also involves reduction of the glide (i.e. making it more 
monophthongal). Thus, for diphthongal vowels, information from within the vowel 
(here mainly F1) is equally important as information from between vowels (here 
mainly F2). The diphthongal vowel space therefore also contains information about 
differences within vowels. As reduction of information within vowels may be 
something completely different from reduction between vowels, it was chosen not to 
combine the two subsets of vowels. 

Related to this, but slightly different from the line of reasoning above, the 
diphthong is defined in terms of two targets, whereas the monophthongs are 
described in terms of one target (cf. Section 4.4.1). The diphthongal targets may 
show variation patterns relatively independent of each other, such as seems to be the 
case in the rise of Polder Dutch vowels, which only appear to vary between groups 
in terms of the onset, whereas /œy/ for instance only shows F2 differences between 
N-R and N-S at the offset (cf. Chapter 6). In a similar vein, it could be that the 
diphthongs only show (F1 and F2) reduction at the offset, but not at the onset. For 
monophthongs, this seems highly unlikely, since they would then be more 
diphthongal in spontaneous speech. 

In addition to this primary distinction between monophthongs and 
(semi)diphthongs, it was decided to make a secondary distinction within the 
(semi)diphthongs, mainly for the calculation of the vowel space sizes. That is, a 
distinction was made between the long mid vowels and the diphthongs, since the 
respective vowel areas they cover overlap each other for some speakers, but not for 
others. We will however, after the comparison of the vowel spaces, investigate to 
what extent the long mid vowels and (semi)diphthongs overlap in spontaneous 
speech.  

Section 7.4 discusses the results in light of the second hypothesis that deals with 
the amount of sociolinguistic variation within vowels in the separate styles. Again, 
both monophthongs and (semi)diphthongs will be considered and compared. 

Section 7.5 tests the hypothesis that proposes a solution to the vowel space 
paradox. In order to be able to test the hypothesis, differences in vowel space size, 
as discussed in Section 7.3, need to be approached at the level of the individual 
vowel. It will be argued that the structure of the vowel space and the characteristics 
of the individual vowels present the key to the solution of the vowel space paradox. 
The final formulation of the solution is given in Section 7.6. 

 
 

7.2 The normalization problem 
 

Whereas previously the criteria for a successful normalization procedure were the 
minimalization of anatomical variation and the preservation of intra-speaker 
phonemic and inter-speaker sociogeographic variation (cf. Chapter 4), in the present 
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chapter it is also necessary for a normalization procedure to preserve intra-speaker 
stylistic variation. Before, the logatome data (Adank et al. 2007), the word list data 
(Chapter 5) and the spontaneous speech data (Chapter 6) were normalized per style. 
That is, the formant values of, for instance, the spontaneous speech of a speaker 
were normalized using the mean F1 and F2 and their respective standard deviations, 
which were calculated over all vowel tokens occurring in the spontaneous speech of 
that speaker. For the normalization of his word list data, the mean formant values of 
his word list data were used. Note that Lobanov’s procedure, which is the applied 
normalization, removes differences in vowel space size between speakers. Hence, an 
approach that applies Lobanov per style gives an unrealistic picture of vowel space 
size differences, as these are removed. In other words, by normalizing separately 
within styles we would end up with the conclusion that there are no, or hardly any, 
differences in vowel space size between the different styles.  

In order to avoid reaching this invalid conclusion, the data should thus be 
normalized in such a way that stylistic differences are preserved in the normalized 
data. This can be achieved by employing information from all three styles in the 
computation of the speaker-specific mean and standard deviation of F1 and F2, 
which are used in Lobanov’s transformation.  

A related problem that has to be dealt with first, is that in the spontaneous speech 
more tokens were available than in the two reading styles. In general, per speaker 
and per vowel five tokens were collected from the spontaneous speech task and two 
tokens from both the logatome reading task and the word list reading task. This 
would mean that the spontaneous tokens weigh more than the respective reading 
tokens in the calculation of the speaker-specific means and standard deviations 
(5:2:2). Moreover, not all speakers had the maximum amount of five tokens for each 
vowel in spontaneous speech (cf. Chapter 6), which would cause the vowels with 
fewer tokens to weigh less.  

Thus, in order to give each vowel the same weight across speakers and styles, a 
constant amount of formant values across vowels and speakers was required for the 
calculation of the speaker mean and standard deviation. This requirement was met 
by first computing a speaker-specific mean for each vowel within each style, which 
in turn was used to calculate the mean and standard deviation for normalization. 
Thus, in order to preserve style differences within speakers, per speaker 45 (F1 or 
F2) values were used to calculate the style-independent mean and standard deviation 
(for F1 or F2, respectively): for each of the 15 vowels, three style-specific means 
and standard deviations were available, i.e. one for word list reading, one for 
logatome reading and one for spontaneous speech. As in the previous chapters, only 
formant values at the midpoint of the vowel were used. The style-independent 
means and standard deviations were used to transform the data.  

Comparisons of style differences in raw and Lobanov-normalized data show that 
the method proposed here is successful in reaching its aim. Therefore, the analyses 
below all employ normalized data for the comparison of styles. Note, however, that 
if we find, for instance, a larger vowel space size for females than for males in 
spontaneous speech, this does not mean that the female vowel space size in that style 
is larger than the male one, but that the female vowel space in spontaneous speech is 
relatively large compared to the female vowel space in the reading styles, and the 
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relative size of the male spontaneous vowel space is small (i.e. compared to the male 
vowel spaces in reading styles). Interspeaker differences in vowel space size need 
therefore to be interpreted with caution. Most importantly, for stylistic variation 
within speakers no such problems arise. 

 
 

7.3 Hypothesis 1: Vowel space size 
 

7.3.1 Introduction 
 

In Section 2.4 it was argued on the basis of evidence from phonetic studies that the 
different styles that were elicited in the present study would yield differences in 
vowel space size. The largest difference was predicted to occur between the reading 
styles and spontaneous speech. The differences between the two reading styles were 
assumed to be considerably smaller. The logatomes were expected to yield a larger 
vowel space than word list reading, since the focus in the former is expected to be 
clearly on the vowel, whereas in the latter it is not. However, there was also 
evidence that vowels are more reduced when the word in which they occur are 
embedded in a sentence, such as is the case for the logatomes. Therefore, the first 
hypothesis was formulated as follows: 

 
HYPOTHESIS 1 

THE VOWEL SPACE IS SMALLER IN SPONTANEOUS SPEECH THAN IN THE 
TWO READING TASKS. 

 
The hypothesis is mainly formulated on the basis of results that have been reported 
with respect to the spread of monophthongs over the vowel space. The only one 
who, to our knowledge, systematically investigated diphthong reduction was Gay 
(1968), who found that only the offsets showed a change in position at a higher 
speech rate. That is, the offsets of upgliding diphthongs showed a higher F1 (i.e. a 
shorter glide) and a reduced F2 range at a higher speech rate. In other words, the 
vowel space shrank at a higher speech rate. Since spontaneous speech is produced at 
a higher speech rate, and since higher speech rates showed comparable changes to 
lower speech rates to changes in informal styles compared to formal styles, the 
hypothesis above will also be assumed to apply on (semi)diphthongal vowel spaces.   

The method used for measuring the vowel space area has not been used very 
often before. Whereas many studies compare different vowel space areas 
quantitatively on the basis of three corner vowels only, the present study will use a 
more fine-grained method, as described in Section 7.3.2.  

In Section 7.3.3, the results of the analysis of vowel space size will be presented 
and discussed. In the discussion, differences between F0 and duration will also be 
considered. Finally, in Section 7.3.4, it will be discussed whether our results support 
the first hypothesis. 
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7.3.2 Calculation of the vowel space size 

 
In many phonetic studies, the monophthongal vowel space size is computed on the 
basis of the area covered by a triangle with /a/, /i/ and /u/ as its corner vowels (e.g., 
Amir and Amir 2007; Blomgren et al. 1998). Bradlow et al (1996:262) computed the 
size of the /a/-/i/-/o/ triangle, because of “excessive” allophonic variation of the 
corner vowel /u/. In some studies, the areas covered by more than three vowels (i.e. 
non-triangular areas) are computed (e.g., four in Neel (2008); four or five in 
Jacewicz et al. (2007)). Jacewicz et al. (2007:1465) criticize other studies for using 
only three (corner) vowels to calculate the vowel space size, as some vowels lie 
outside the triangular area formed by these vowels.  

A similar line of reasoning could be followed for Standard Dutch. There are nine 
monophthongs, of which some would not be inside the computed vowel space, if the 
vowels /a/, /i/ and /u/ (or any other triplet of vowels) were taken as corner points of 
the vowel space. For instance, for most N-S speakers, /ɔ/ is the most backward 
vowel, which lies outside the /a/-/i/-/u/ triangle (cf. Chapter 5 and 6: e.g., Figure 
6.1). Thus, such a method for estimating the vowel space size underestimates the 
actual size.  

In order to avoid underestimation of the real monophthongal vowel space size, it 
was chosen to use a method similar to the one applied by Jacewicz et al. (2007). 
First, three mean normalized acoustic (monophthongal) vowel spaces were 
calculated per speaker, one per speech style. Then, each of these vowel spaces was 
divided into eight smaller triangles, with three of the monophthongs as their 
respective corner vowels (see below). The size of each of the smaller triangles was 
calculated with Heron’s method. This method first calculates s, which is equal to 
half of the perimeter, or the sum of the three sides a, b and c of the triangle, divided 
by two (equation (1)). The side length was taken to be the Euclidean distance (in z 
units, as normalized formant values were used) between the corner vowels at the 
two ends of that specific side. Using the values of s, a, b and c, the triangle area was 
computed, using equation (2). Finally, the areas of the eight smaller triangles were 
summed within each style, resulting in three style-specific vowel space sizes for 
each speaker. The units for the vowel space size were squared z-units. 

 
(1)  s = (a + b + c)

2
 

 
(2)  Triangle Area = s(s− a)(s− b)(s− c)  
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Figure 7.1 The eight triangles on the basis of which the monophthongal vowel space size was 
computed: /ʏ/ can be found at the cross point of triangles 2, 3, 4, 5 and 6. 

As mentioned above, the vowel space was first divided into smaller triangles. The 
corner vowels of each of the smaller triangles for the monophthongal vowel space 
are given below (see Figure 7.1)2: 
 
1. /i/, /ɪ/, /y/       5. /ɪ/, /ʏ/, /ɛ/ 
2. /ɪ/, /y/, /ʏ/       6. /ʏ/, /ɛ/, /ɔ/ 
3. /y/, /ʏ/, /u/       7. /ɛ/, /ɔ/, /ɑ/ 
4. /u/, /ɔ/, /ʏ/       8. /ɛ/, /ɑ/, /a/ 
 
As mentioned in the introduction, the vowel space sizes were calculated separately 
for the long mid vowels and the diphthongs. The vowel space covered by the long 
mid vowels was calculated using their onset and offset values as corner vowels of 
the triangles below. A larger vowel space for Dutch diphthongal vowels could mean 
three things. First, it could mean that the glide (i.e. on the height dimension) has 
increased for at least one of the vowels. Second, the distance between the 
diphthongs may have become larger on the F2 dimension. Note, however, that this is 
computed on the basis of the front and back (semi)diphthong only. When the central  
                                                             
2 In a few cases, the triangle areas that were calculated had to be altered. For instance, two  
N-S speakers showed a higher /a/ than /ɛ/ and /ɑ/ in the logatomes, thus the eighth triangle 
would reflect the size of an area that was not covered by vowels. Therefore, in these particular 
cases, the triangles 6,7 and 8 were replaced by triangles comprising /ʏ/, /ɛ/, /a/ and /ʏ/, /ɑ/, /a/ 
and /ʏ/, /ɔ/, /ɑ/. 
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Figure 7.2 The four triangles on the basis of which the vowel space size for the diphthongs 
was computed. The onsets are the lowest points and the offset the highest points. 

(semi)diphthong moves front or back, the vowel space size does not necessarily 
change on the F2 dimension. Third, of course, it could also mean that both an 
increase in the glide and in the F2 range apply. 
 
1. onset /e/, offset /e/, onset /ø/ 
2. offset /e/, onset /ø/, offset /ø/   
3. onset /ø/, offset /ø/, onset /o/ 
4. offset /ø/, onset /o/, offset /o/ 
 
Finally, the vowel space covered by the diphthongs was calculated in a similar way, 
with the following triangles: 
 
1. onset /ɛi/, offset /ɛi/, onset /œy/ 
2. offset /ɛi/, onset /œy/, offset /œy/   
3. onset /œy/, offset /œy/, onset /ɔu/ 
4. offset /œy/, onset /ɔu/, offset /ɔu/ 
 
Figure 7.2 presents an example of what the diphthongal triangles typically looked 
like. The triangles for the long mid vowels (with /e/ on the left side, /ø/ in the 
middle, and /o/ on the right side) looked the same, but were smaller (see also 
below). 
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7.3.3 Results 
 
The present section shows the results of the comparison of the vowel space sizes in 
the different styles for the monophthongs (Section 7.3.3.1), the long mid vowels 
(Section 7.3.3.2) and the diphthongs (Section 7.3.3.3). In all cases, the (co-)variation 
of duration and F0 will also be discussed, as they have been pointed out as possible 
factors on vowel space size (cf. Section 2.3). All speaker means that have been used 
in the analyses can be found in Appendix C. 
 
 
7.3.3.1 Monophthongs 
 
A repeated-measures ANOVA was run with monophthongal vowel space size as the 
dependent variable, style as the within-subject variable and region and gender as the 
between-subject variables (p<.05). Table 7.1 shows the mean values per style, 
region and gender. 

The analysis yielded a strong main effect of style (F2,32=20.034, p=.000; partial 
η2=.556). A post-hoc analysis showed that the vowel space was smaller in 
spontaneous speech (4.44) than in the two reading styles, which did not differ from 
each other (logatomes: 5.65; word list: 5.88). 

In addition to the style effect, a main effect of gender was found (F1,16=12.924, 
p=.002; partial η2=.371): women (5.08) showed a smaller monophthongal vowel 
space than men (5.62).  

The outcome of the analysis thus supports the first hypothesis, at least for the 
monophthongs. Importantly, the lack of a style×region effect indicates that the 
shrinkage is not bound by regional differences in the pronunciation of the vowels.  

Did we find support for the hypothesis for all of our speakers? When we pool the 
two reading styles, the answer is positive in all cases. However, when we compare 
the separate reading styles to spontaneous speech, there are some deviations from 
this pattern. That is, two male speakers from N-R, i.e. N-Rm1 and N-Rm2, showed a 
smaller or equal vowel space size in word list reading compared to spontaneous 
speech. For three N-S speakers, i.e. N-Sm1, N-Sm2 and N-Sf3, the same applied for 
the logatomes compared to spontaneous speech. In all cases that the reading style 
vowel space was smaller than the spontaneous vowel space, /a/ seemed the main 
contributor to this deviant result (i.e. the vowel was higher in reading than in 
spontaneous speech). 

In some cases, the reading styles seemed clearly differentiated: for N-Rm1 and  
N-Rf4, the logatome vowel space seemed larger than the word list vowel space, 
whereas for N-Rf2 and N-Sf3 it seemed to be the other way around. Again /a/ and to 
a lesser extent /ɑ/ were probably the largest factors in these deviations.  

To get a rough indication whether the vowel space shrinkage in spontaneous 
speech was due to shrinkage in F1 or F2 or both, we compared the F1 and F2 ranges 
across styles. To compute the F1 and F2 range, the maximum and minimum F1 and 
F2 values among the vowel means, within a speaker, were selected. The F1 or F2  
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N-R N-S Vowel area 
Male Female Mean Male Female Mean 

Logatome 6.13 5.57 5.85 5.61 5.27 5.44 
Word List 5.84 5.72 5.78 6.11 5.85 5.98 
Spontaneous 5.07 3.61 4.34 4.94 4.13 4.54 
Mean 5.68 4.97 5.32 5.55 5.09 5.32 

Table 7.1 Mean vowel space size for the monophthongs in squared z units, by region, gender 
and style.  

 
 

N-R N-S F1 range 
Male Female Mean Male Female Mean 

Logatome 3.17 3.62 3.40 3.72 3.44 3.58 
Word List 3.07 3.84 3.45 3.68 3.54 3.61 
Spontaneous 3.24 2.55 2.89 3.13 2.90 3.02 
Mean 3.16 3.34 3.25 3.51 3.29 3.38 

Table 7.2 Mean F1 range for the monophthongs in z units, split up for region, gender and 
style.  

 
range was defined as the difference between the maximum and minimum F1 or F2 
value, respectively. Note that it may be the case that the minimum and maximum 
values came from two vowels that were relatively stable across the styles (e.g., two 
high vowels), whereas the other vowels changed more. In this hypothetical case, the 
vowels thus appeared to be stable across the styles on a particular dimension, 
whereas that only applies to a subset of the vowels. 

Two repeated-measures ANOVAs were run with F1 or F2 range as the dependent 
variable, style as the within-subject variable and region and gender as the between-
subject variables (p<.025, i.e. p<.05 Bonferroni corrected for two analyses). 

The means for F1 are given in Table 7.2. The ANOVA yielded an effect of style 
(F2,32=21.631, p=.001; partial η2=.364). A post-hoc analysis revealed that the F1 
range was larger in the word list (3.53) and in the logatomes (3.49) than in 
spontaneous speech (2.96). Interestingly, half of the male speakers showed a smaller 
F1 range in one of the reading styles than in spontaneous speech, whereas none of 
the women did (cf. Appendix C). Perhaps this is a rough indication of the tendency 
of women to be as intelligible as possible by stretching the vowel space on the 
dimension that bears most phonemic contrasts. 

An interaction of region and gender (F1,16=8.468, p=.010; partial η2=.346) was 
also found for the F1 range. It showed that in N-R the F1 range was larger for 
women than for men, whereas in N-S, it was exactly the other way around. 
The means for the F2 range are presented in Table 7.3. Three main effects were 
found. First, there was an effect of style (F2,32=7.511, p=.002; partial η2=.319). Post-
hoc comparisons showed that the word list F2 range (3.34) was significantly larger 
than those of the logatomes (3.17) and spontaneous speech (3.06). Individual 
differences seemed largely unsystematic. Only for N-Sm1, it is clear that the larger 
F2 range in spontaneous speech was due to a more back /ɔ/. 
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N-R N-S F2 range 

Male Female Mean Male Female Mean 
Logatome 3.39 3.29 3.34 3.18 2.83 3.00 
Word List 3.46 3.40 3.43 3.34 3.16 3.25 
Spontaneous 3.19 3.00 3.09 3.22 2.85 3.04 
Mean 3.35 3.23 3.29 3.25 2.95 3.10 

Table 7.3 Mean F2 range for the monophthongs in z units, split up for region, gender and 
style. 

 
 

N-R N-S Duration 
Male Female Mean Male Female Mean 

Logatome 102 108 105 119 135 127 
Word List 121 118 119 115 133 124 
Spontaneous  77  74  76  82  91  86 
Mean 100 100 100 105 120 112 

Table 7.4 Mean durations (in ms) for the monophthongs, split up for region, gender and style. 

Two main interspeaker effects were found. The effect of region (F1,16=7.407, 
p=.015; partial η2=.346) revealed a larger range in N-R (3.29) than N-S (3.10), and 
the effect of gender (F1,16=6.415, p=.022; partial η2=.286) showed a larger range for 
the male speakers (3.30) than the female speakers (3.09). 

In Section 2.3, it was suggested that duration and F0 also might play a role in the 
vowel space size. Vowels with longer duration were claimed to attain the target 
position more often, which would result in an overall larger vowel space. Moreover, 
according to the undersampling theory, speakers tend to increase the distances 
between vowels when their fundamental frequency is higher. In order to test these 
claims for the monophthongs, Pearson’s correlations were computed between the 
pooled measurements of, on the one hand, vowel space size, F1 range or F2 range 
and, on the other hand, the duration or F0, averaged over all monophthongs. 

First, we discuss the correlations for duration. A moderate positive correlation 
(r=.432, p=.001) was found between duration and vowel space size, indicating that a 
longer duration yielded a larger vowel space or, in other words, less undershoot. 
This correlation was also found between F1 range and duration (r=.357, p=.005), but 
not between F2 and duration, which suggests that only the opening movement is 
influenced by duration. 

To further investigate the variable duration, a repeated-measures ANOVAs was 
run with duration as the dependent variable, style as the within-subject variable and 
region and gender as the between-subject variables. Table 7.4 gives the means of the 
durations. 

The analysis shows, that in line with the vowel space size results, style 
differences were found for duration (F1.928,30.852=105.592, p=.000; partial η2=.868, 
Huynh-Feldt corrected): the reading styles yielded longer vowels than spontaneous 
speech. In addition, two weaker effects were found for style×region 
(F1.928,30.852=4.131, p=.027; partial η2=.205; Huynh-Feldt corrected) and region 
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(F1,16=7.832, p=.010; partial η2=.329). The main effect for region shows that the 
vowel duration was longer in N-S than in N-R, but the interaction reveals that this 
was not true for the word list data, which may be seen as a sort of ceiling effect (i.e. 
N-S speakers had longer vowel durations, but their vowels cannot be too long 
without sounding unnatural). 

Thus, duration appeared to co-vary with vowel space size, which lends to support 
to the undershoot model. However, the moderate correlation and the fact that other 
effects showed up for duration than for vowel space size indicate that the two 
variables may vary independently. 

For F0, no significant correlation was found. Even if we separate the male and 
female speakers, we do not find support for the undersampling theory in the 
monophthongs. Yet, an ANOVA showed that the styles did differ with respect to F0. 
In the repeated-measures ANOVA F0 at the midpoint of the monophthongs served 
as the dependent variable, and style as the within-subject variable and region and 
gender as the between-subject variables. A main effect of style (F2,32=84.020, 
p=.000; partial η2=.840) was found, and a post-hoc analysis showed that in the 
logatomes F0 was higher (208 Hz) than in the word list (176 Hz), which showed a 
higher F0 than spontaneous speech (157 Hz). Also, an effect of gender 
(F1,16=56.494, p=.000; partial η2=.779) showed that women have a higher F0 than 
men (220 vs. 141 Hz). The correlations and the ANOVA suggest that there was no 
relation between F0 and vowel dispersion. 

To summarize, the data suggest that the reading styles yield a vowel space in 
which the vowels are more dispersed and longer than in spontaneous speech. 
However, though it is necessary to interpret the results for these global measures 
with care, it seems that this difference is only confirmed for F1. For F2, the 
logatome vowels are not different from spontaneous vowels, whereas the word list 
vowels are more dispersed. 

 
 
7.3.3.2 Long mid vowels 
  
To compare the sizes of the area covered by the long mid vowels across the different 
styles, a repeated-measures ANOVA was run with vowel space size for the long mid 
vowels as the dependent variable, style as the within-subject variable and region and 
gender as the between-subject variables (p<.05). Table 7.5 shows the mean values 
per style, region and gender. 

The analysis yielded a strong main effect of style (F1.537,24.586=9.812, p=.002; 
partial η2=.380, Huynh-Feldt corrected). A post-hoc analysis revealed that the vowel 
space covered by the long mid vowels was smallest in the logatomes (0.91), and 
largest in the word list reading task (1.45). Interestingly, spontaneous speech yielded 
an area of intermediate size (1.11). Individual differences were, however, 
considerable, since for only half of the speakers this pattern was found. Overall, it 
may be concluded that for the long mid vowels, the first hypothesis receives partial 
support. The lack of a style×region interaction again indicates that regional 
differences in vowel pronunciation do not influence the change in vowel space. 
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N-R N-S Vowel area 
Male Female Mean Male Female Mean 

Logatome 1.31 1.09 1.20 0.75 0.49 0.62 
Word List 1.90 1.56 1.73 1.47 0.85 1.16 
Spontaneous 1.40 1.35 1.38 0.97 0.70 0.84 
Mean 1.54 1.34 1.44 1.07 0.68 0.87 

Table 7.5 Mean vowel space size for the long mid vowels in squared z units, split up for 
region, gender and style. 

 
 

N-R N-S F1 range 
Male Female Mean Male Female Mean 

Logatome 0.90 0.86 0.88 0.61 0.38 0.49 
Word List 1.30 0.98 1.14 0.92 0.65 0.78 
Spontaneous 1.29 1.17 1.23 0.71 0.51 0.61 
Mean 1.16 1.00 1.08 0.75 0.51 0.63 

Table 7.6 Mean F1 range for the long mid vowels in z units, split up for region, gender and 
style. 

However, in addition to the style effect, a main effect of region was found 
(F1,16=12.665, p=.003; partial η2=.442): N-R showed a larger vowel area than N-S, 
which may be due to a difference in diphthongization of the long mid vowels (see 
below). 

As for the monophthongs, two ANOVAs were run with F1 range or F2 range as 
the dependent variable, style as the within-subject variable and region and gender as 
the between-subject variables (p<.025, Bonferroni corrected for the number of 
analyses). 

The means for F1 range are given in Table 7.6. The ANOVA for F1 revealed a 
strong effect of style (F1.933,30.930=17.109, p=.000; partial η2=.517; Huynh-Feldt 
corrected). Partially in agreement with the vowel space size differences, post-hoc 
comparisons showed that the logatomes yielded the smallest F1 range (0.69), 
whereas there was no difference in F1 range between the word list (0.96) and 
spontaneous speech (0.92). Although the F1 range is a rough measure, this result 
suggests that in the style in which allegedly the most attention is drawn to the 
pronunciation of the vowel (i.e. the logatomes), the glide in F1 is smallest. Possibly 
this shows that the speakers think a strong glide is still stigmatized in Standard 
Dutch (cf. Van de Velde 1996). However, the other two styles showed speakers 
often diphthongize more strongly.  

In addition to the style effect, a significant interaction of style×region 
(F1.933,30.930=4.240, p=.025; partial η2=.209; Huynh-Feldt corrected) was found. Post-
hoc analyses did, however, not show a difference between the two regions in how 
style affected F1 range. Finally, the strong effect of region (F1,16=24.382, p=.000; 
partial η2=.604) suggests that N-R (1.08) shows longer glides than N-S (0.63). 

Table 7.7 gives the means for F2 range. The analysis only yielded an effect of 
style (F2,32=9.893, p=.000; partial η2=.382). The post-hoc analyses indicated that the 
F2 range in word list reading (3.04) and logatome reading (2.87) was larger than in  
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N-R N-S F2 range 
Male Female Mean Male Female Mean 

Logatome 2.86 3.03 2.95 2.57 3.01 2.79 
Word List 2.82 2.91 2.87 3.09 3.33 3.21 
Spontaneous 2.19 2.34 2.27 2.58 2.79 2.69 
Mean 2.62 2.76 2.69 2.75 3.04 2.90 

Table 7.7 Mean F2 range for the long mid vowels in z units, split up for region, gender and 
style. 

 
 

N-R N-S Duration 
Male Female Mean Male Female Mean 

Logatome 177 178 177 195 201 198 
Word List 188 193 191 201 215 208 
Spontaneous 116 110 113 116 121 119 
Mean 160 160 160 171 179 175 

Table 7.8 Mean durations (in ms) for the long mid vowels, split up for region, gender and 
style. 

spontaneous speech (2.48). If it is true that F2 differences mainly reflect phonemic 
differences (i.e. between the long mid vowels), than this may suggest that the long 
mid vowels are more distinct in reading styles than in spontaneous speech. 
However, variation in range only reflects variation in the distance between the two 
extreme vowels. In this case, it does not tell us anything about the position of the 
central vowel /ø/.  

The pattern of a larger F2 range in reading styles was very stable across speakers. 
However, one speaker clearly deviated from it. That is, speaker N-Sm1 showed a 
centralized /e/ that completely overlapped with /ø/ in the logatomes, and his /o/ was 
also fronted, resulting in a strikingly small F2 range. In his word list data he showed 
the ‘normal’ pattern, i.e. a larger F2 range than in spontaneous speech. 

In the study of Gay (1968), it was found that diphthongs showed a shorter glide 
and less dispersion on the F2 dimension when they were shorter in duration. 
Therefore, to see whether durational differences could explain differences between 
the styles mentioned above, the correlations between duration and the vowel space 
size, F1 range and F2 range were computed for the long mid vowels. Duration did 
not correlate significantly with vowel space size. However, it did correlate positively 
with the F2 range (r=.388, p=.002), which again is the dimension on which long mid 
vowels are contrasted. 

To further investigate the duration, a repeated-measures ANOVAs was run with 
duration as the dependent variable, style as the within-subject variable and region 
and gender as the between-subject variables. Table 7.8 gives the means of the 
durations. 

The analysis yielded only a main effect of style (F2,32=154.402, p=.000; partial 
η2=.906), revealing that, according to post-hoc analyses, the duration of the long mid 
vowels in the reading styles was longer than in spontaneous speech. This again, only 
corresponds to the difference found for F2. However, it may also explain the 
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difference in the F1 range between word list reading and spontaneous speech. Due 
to the shorter duration in spontaneous speech, the glide was shorter (cf. Gay 1968). 
Thus, whereas it seems that the shorter glides for the long mid vowels in the 
logatomes seem to be due to social stigmatization, the glides in spontaneous speech 
seem to be shorter due to articulatory constraints.  

For F0, correlations were calculated as well. Contrary to the predictions of the 
undersampling hypothesis, negative correlations were found for the vowel space size 
(r=-.393, p=.002) and for the F1 range (r=-.435, p=.001). For the F2 range, a 
positive, but weaker, correlation was found (r=.277, p=.001). A repeated-measures 
ANOVA was run, in which F0 at the midpoint of the long mid vowels3 served as the 
dependent variable, and style as the within-subject variable and region and gender as 
the between-subject variables. As for the monophthongs, main effects of style 
(F2,32=36.077, p=.000; partial η2=.693) and gender (F1,16=45.927, p=.000; partial 
η2=.742) were found. The latter showed, as expected, that males have a lower F0 
(128 Hz) than females (210 Hz). Post-hoc analyses showed that the style effect 
reveals a higher F0 for the logatomes (193 Hz) than for word list reading (160 Hz) 
and spontaneous speech (154 Hz). Again, this suggests that F0 and vowel space size 
are largely unrelated, as the logatomes yielded the smallest vowel space. 

In sum, the logatomes show a more complex picture with respect to the vowel 
space across styles. Whereas F2 confirms the hypothesis, F1 does not, at least at first 
sight. The picture of F1 variation seems masked by the fact that the speakers in the 
reading style in which the researcher draws most of the speakers’ attention to the 
vowel, appear to try to reduce the glides, which suggests that the overt norm for long 
mid vowels is a vowel with a small (i.e. not too large) upglide. In practice, i.e. in 
styles where the attention paid to speech is lower, longer glides can be observed, 
even in N-S. 

Note, however, that the F1 variation reported here is in fact largely within-vowel 
variation, whereas in the description of the vowel space size, we are mainly 
concerned with between-vowel variation, as for the monophthongal vowel space. 
Thus, in that sense, we can conclude that the between-vowel variation, or the 
linguistic (i.e. F2) contrast, is larger in long mid vowels in read speech styles than in 
spontaneous speech.  

Finally, duration co-varied with the vowel space size, as it also did for the 
monophthongs. This suggests that with longer durations, speakers are able to reduce 
undershoot and increase phonemic distances. By contrast, an increase of F0 does not 
lead to increases of the vowel space. 
  
 
7.3.3.3 Diphthongs 
 
Finally, the diphthongal vowel space sizes will be compared across the different 
styles. A repeated-measures ANOVA was run with the diphthongal vowel space size 
as the dependent  
 
                                                             
3 Adank measured F0 only at the midpoint. 
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N-R N-S Vowel area 
Male Female Mean Male Female Mean 

Logatome 1.67 1.85 1.76 2.05 1.34 1.69 
Word List 3.38 3.85 3.62 3.63 3.60 3.61 
Spontaneous 1.35 1.52 1.44 1.89 1.50 1.69 
Mean 2.13 2.40 2.27 2.53 2.14 2.34 

Table 7.9 Mean vowel space size for the diphthongs in squared z units, split up for region, 
gender and style. 

 
 

N-R N-S F1 range 
Male Female Mean Male Female Mean 

Logatome 1.82 1.67 1.74 1.43 1.10 1.27 
Word List 2.53 2.44 2.48 2.14 1.91 2.03 
Spontaneous 1.66 1.95 1.80 1.56 1.33 1.44 
Mean 2.00 2.02 2.01 1.71 1.45 1.58 

Table 7.10 Mean F1 range for the diphthongs in z units, split up for region, gender and style. 

variable, style as the within-subject variable and region and gender as the between-
subject variables (p<.05). Table 7.9 shows the mean values per style, region and 
gender.  

The analysis yielded a strong main effect of style (F2,32=63.634, p=.000; partial 
η2=.799). A post-hoc analysis revealed that the vowel space covered by the 
diphthongs was larger in the word list reading task than in the other two styles, 
which did not differ from each other. 

Again it could be the case that a glide that is too long is overtly stigmatized, 
resulting in a smaller diphthongal vowel space in the logatomes than in the word list. 
To test this hypothesis, two ANOVAs were run with F1 range or F2 range as the 
dependent variable, style as the within-subject variable and region and gender as the 
between-subject variables (p<.025, i.e. p<.05 Bonferroni corrected for two 
analyses). 

The means for the range of F1 are given in Table 7.10. The ANOVA yielded a 
strong main effect of style (F2,32=29.632, p=.000; partial η2=.649) and an effect of 
region (F1,16=24.382, p=.010; partial η2=.345). Post-hoc comparisons showed that 
the word list yielded a larger F1 range (2.26) than the logatomes (1.50) and 
spontaneous speech (1.62). In addition, N-R showed a larger F1 range, indicating a 
more diphthongized vowel in that region than in N-S. 

Table 7.11 displays the means for the F2 range of the diphthongs, which might 
again be interpreted as a measure of phonemic variation (between the diphthongs). 
Note however, that the lower the diphthong the smaller the space available on the F2 
dimension (see the monophthongal vowel space, e.g. Figure 7.1). The analysis again 
yielded a strong main effect of style (F2,32=24.513, p=.000; partial η2=.605) and an 
effect of region (F1,16=6.779, p=.019; partial η2=.298). Post-hoc comparisons 
indicated again that the word list showed a larger F2 range (2.67) than the logatomes 
(2.17) and spontaneous speech (1.95), which did not differ from each other. 
Moreover, whereas for F1 N-R showed a larger range than N-S, it was the other way  
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N-R N-S F2 range 
Male Female Mean Male Female Mean 

Logatome 2.11 2.04 2.07 2.30 2.25 2.27 
Word List 2.40 2.58 2.49 2.67 2.97 2.82 
Spontaneous 1.69 1.76 1.73 2.21 2.14 2.17 
Mean 2.07 2.13 2.10 2.39 2.45 2.42 

Table 7.11 Mean F2 range for the diphthongs in z units, split up for region, gender and style. 

 
 

N-R N-S Duration 
Male Female Mean Male Female Mean 

Logatome 187 190 188 215 226 220 
Word List 203 204 203 213 231 222 
Spontaneous 139 145 142 154 149 152 
Mean 176 180 178 194 202 198 

Table 7.12 Mean durations (in ms) for the diphthongs, split up for region, gender and style. 

around for F2, i.e. N-S (2.42) exhibited a larger range than N-R (2.10). This may 
have to do with the overall lower position of the N-R diphthongs. 

As for the long mid vowels, duration may be related to the vowel space size, or 
particularly to the glides. Therefore, correlations were calculated first, followed by a 
repeated-measures ANOVA with the same set-up as for the long mid vowels.  

Duration correlated positively with vowel space size (r=.464, p=.000) and with 
F2 range (r=.469, p=.000). This suggests, as for the long mid vowels, that a longer 
duration yields larger phonemic contrasts (i.e. on the F2 dimension, which is the 
main indicator for differences between diphthongs). The ANOVA found a strong 
main effect of style (F1.884,30.151=107.120, p=.000; partial η2=.870, Huynh-Feldt 
corrected) and region (F1,16=6.071, p=.025; partial η2=.275). The latter effect shows 
that N-S diphthongs were longer than N-R diphthongs (see Table 7.12). The former 
effect was due to longer diphthong duration in reading styles than in spontaneous 
speech. Again, we could argue that the shorter glides in spontaneous speech than in 
word list reading were duration-related, whereas the shorter glides in logatomes they 
were related to stigma. This also explains why there is no correlation between F1 
and duration. 

For F0, a negative correlation with F1 range (r=-.303, p=.019) was found only, 
suggesting that with an increase of F0, the F1 range decreases. As for the 
monophthongs and for the long mid vowels, the repeated-measures ANOVA for F0 
yielded an effect of style (F2,32=41.206, p=.000; partial η2=.720) and gender 
(F1,16=49.936, p=.000; partial η2=.757). Males showed a lower F0 than females (126 
vs. 199 Hz). Post-hoc comparisons revealed that the logatomes yielded a higher F0 
(i.e. 184 Hz) than the other two styles, of which the word list data vowels had a 
higher F0 (158 Hz) than the spontaneous data (144 Hz). 

To summarize, the diphthongs in the logatomes show a smaller glide on the 
height dimension, but they also show a smaller F2 range. This suggests that the 
relatively small glide in diphthongs responds to the overt norm. For the smaller F2 
range no explanation is yet at hand, although it may be the case that the logatome 
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diphthongs are lower than the other diphthongs, which in turn tends to cause a 
smaller F2 range. Differences in duration were consistent with the monophthongs 
and long mid vowels, i.e. vowels were longer in the reading styles. Moreover, a 
longer duration tended to enhance phonemic differences, as observed in the positive 
correlation between duration and F2 range. F0 varied independently of vowel space 
size. 
 
 
7.3.4 Conclusion 
 
In the present section the hypothesis was tested whether the vowel space is larger in 
reading styles than in spontaneous speech. The results can be summarized as 
follows: 
 
1. The monophthongal vowel space changes according to the hypothesis: in 

reading styles the vowel space is larger than in spontaneous speech. This effect 
is mirrored in the F1 dimension, where most phonemic contrasts are made, but 
less so in the F2 dimension. 

2. In the case of the long mid vowels, the hypothesis can be confirmed when it is 
expressed in terms of phonemic contrasts: they are larger in reading than in 
spontaneous speech. 

3. In the case of the diphthongs, the hypothesis can only be confirmed for the 
word list reading style, which showed larger phonemic differences than 
spontaneous speech. Thus, the hypothesis could not be supported by the 
logatomes. 

4. N-R and N-S showed the same effect of style, hence, global changes in vowel 
spaces due to style seem not be bound by regional differences in the 
pronunciation of vowels. 

 
 
7.4 Variation within the vowel 
 
7.4.1 Introduction 
 
So far, we have mainly found firm evidence for the first hypothesis in the 
monophthongs. In the present section, the second hypothesis will be tested. In 
contrast to the first hypothesis, the second hypothesis is based upon outcomes of 
sociolinguistic studies and it focuses on the vowel, not on a global characteristic 
such as the vowel space. 

The second hypothesis is based upon the widely reported observation that in the 
more formal speech styles, such as reading styles, speakers tend to aim for the same 
norm, whereas in styles that show a lower level of monitoring of speech, such as 
spontaneous speech, speakers tend to diverge. Moreover, in the present study, the 
reading task is assumed to be a rather homogeneous situation, without a change in 
(intended) addressee, topic and setting, whereas in spontaneous speech particularly 
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the topic, hence the formality of speech, varies more. Accordingly, in line with 
social identity theory, the speaker may show more variation in the social identities 
he identifies with in spontaneous speech. The result of this is that we expect 
variation to be low in reading styles and variation to be higher in spontaneous 
speech. Since the comparison of styles in the current study focuses on regional 
differences, the hypothesis was formulated as follows: 
 

HYPOTHESIS 2 

VOWELS IN SPONTANEOUS SPEECH SHOW LARGER SOCIOGEOGRAPHIC 
VARIATION THAN VOWELS IN THE TWO READING TASKS. 

 
Note that with respect to the vowel space paradox, we are mainly interested in 
variation at the level of the individual. How can we establish that the variation 
within a speaker is sociogeographic variation (i.e. varying from a standard 
pronunciation that is regionally colored to one that is not or less regionally colored) 
or variation of another type, mainly variation due to articulatory constraints? For 
instance, shorter durations make it impossible, or at least more difficult, to reach a 
certain tongue and lip position, thus varying duration may cause variation in tongue 
position4.  

In the current study, we assume that at least part of the variation at the level of 
the individual in our data is sociogeographic. Therefore, we tried to disentangle 
sociogeographic and other variation, using three arguments or cues. The first 
argument was derived from the model of Moon and Lindblom (1994), which 
predicts that undershoot is dependent on context, duration and style. In the present 
study, the coda (i.e. the most influential context) was kept constant across styles. If 
variation in duration remains stable across styles, but the variation in vowel position 
in the vowel space increases in spontaneous speech, the model predicts that this is 
due to variation in style. From a sociolinguistic viewpoint this may suggest that the 
speaker varies between more informal and more formal vowel variants, i.e. in our 
case between regionally colored and not so regionally colored variants, respectively. 
Thus, the first argument states that if durational variation remains stable across 
styles, but F1 or F2 (or both) increase in variation, this is an indication of increased 
sociogeographic variation. 

The second and the third argument (described below) rest upon Bell’s (1984) 
Style Axiom, which states that intraspeaker variation is derived from interspeaker 
variation. In a similar vein, it could be argued that intraspeaker sociogeographic 
variation is derived from interspeaker sociogeographic variation. For the N-S 
speakers, the assumption then is that the intraspeaker differences are derived from 
the differences between N-S and N-R speakers, the latter being closer to the non-
regionally colored or more dominant standard variety (e.g., Hoppenbrouwers and 
Hoppenbrouwers 2001). Thus, following this line of reasoning, in the more formal 
                                                             
4 Note, however, that for the paradox the variation does not necessarily need a label, such as 
‘sociogeographic’. Thus, in fact, if the within-vowel variation increases in spontaneous 
speech in combination with a decreased size of the vowel space, a similar paradox occurs.  
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style the variants within an N-S speaker approach this variety (i.e. he speaks more 
N-R-like), whereas in a more informal style, the speaker moves further away from 
this variety (i.e. he speaks more N-S-like). Thus, if we find for /u/ that N-S and N-R 
differ in F2, and N-S speakers show an increase in F2 variation in /u/ in spontaneous 
speech, this may be interpreted as an increase of sociogeographic variation, whereas 
an increase of F1 variation is only considered possible sociogeographic variation. 

Note that this second argument is difficult to apply to N-R speakers. That is, it 
cannot be assumed that these speakers move more closely to N-S pronunciation in 
informal style, since they probably have their own informal and regionally colored 
variants. Therefore, only the first, duration-related, argument can be applied to the 
N-R speakers. However, the literature reports some differences between Standard 
Dutch and more local N-R varieties that can be used here. For instance, in N-R 
cities, /e/ and /o/ is strongly diphthongized, and /ɛi/ has been described as either 
‘overdiphthongized’ or monophthongized (cf. Van de Velde 1996). This 
overdiphthongization is also associated with Polder Dutch vowels, which, given the 
wide scope of Polder Dutch (i.e. it is found on national television), is also relevant 
for N-S speakers. Thus, for all (semi)diphthongs, larger variation in F1 is interpreted 
as an increase in sociogeographic variation.  

According to Stroop (1998:33), /ɑ/ is higher in Polder Dutch. Moreover, he 
claimed and in Section 6.3 it was hypothesized that /ɛ/ is undergoing change (i.e. 
rising) in Standard Dutch, at least for the N-R speakers. For these reasons, /ɑ/ and /ɛ/ 
were assumed to show sociogeographic variation in height. 

Since we want to gather information for the second argument before assessing 
whether variation may be interpreted as sociogeographic variation, and as we are 
also interested whether sociogeographic variation is larger between groups of 
speakers in spontaneous speech, we will first look at between-speaker variation in 
Section 7.4.2. An interesting question that will be addressed is whether a decrease in 
vowel space also involves a decrease in differences between groups of speakers (i.e. 
between N-R and N-S). This question is related to the vowel space paradox, since it 
also sheds light on whether vowels that show large sociogeographic variation are 
less sensitive to reduction on the same dimension on which sociogeographic 
differences surface (see Hypothesis 3, Section 2.4).  

Following the discussion of the group differences, Section 7.4.3 will present the 
assessment of the second hypothesis at the level of the individual, and Section 7.4.4 
presents the conclusions. 
 
 
7.4.2 Regional variation: group differences 
 
The present section investigates the sociogeographic variation that is present 
between groups of speakers in the three styles. The aim of this section is twofold. 
First, we want to establish which regional differences exist for the twenty N-R and 
N-S speakers. Second, we want to compare the size of regional differences in styles 
in order to get a first impression of whether decreases in vowel space size (Section 
7.3) are accompanied with decreases in differences between groups.  
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As for the normalization (cf. Section 7.2), the problem for the comparison of 
style was that the number of tokens differed between styles and in spontaneous 
speech between speakers. Therefore, it was chosen to average all (normalized) F1 
and F2 values for a certain speaker and vowel within the styles, resulting in one 
mean F1 and F2 for each vowel of a speaker in each of the styles. Section 7.4.2.1 
studies the regional differences in the three styles for the monophthongs, and 
Section 7.4.2.2 discusses the results for the (semi)diphthongs. The results will be 
further discussed and summarized in Section 7.4.2.3. All normalized and raw F1 and 
F2 means, by gender, region and vowel, can be found in Appendix C.  
 
 
7.4.2.1 Monophthongs 
 
In order to find out which vowels showed differences between N-R and N-S, a series 
of MANOVAs and ANOVAs was conducted. For each of the monophthongs, a 
MANOVA was run per style, with normalized F1 and F2 as dependent variables. 
The independent variables were region and gender. Only significant region effects 
will be reported here (p<.005, i.e. p<.05 Bonferroni corrected for nine analyses 
within a style). It was decided to give the partial η2 values only, since they reflect the 
strength of the effects and can thus be used to see whether differences increase. 

The ANOVAs were run with the same set-up, except for that the independent 
variable was normalized F1 or F2. The ANOVAs were run to investigate on which 
dimension the regions differed. The results of the MANOVAs and ANOVAs are 
given in Table 7.13. The regional means for the logatomes are plotted in Figure 7.3, 
the means for the word list in Figure 7.4 and the means for spontaneous speech in 
Figure 7.5. 

Note that reducing the number of observations has the disadvantage that the 
analysis loses statistical power (Rietveld and Van Hout 2005). Therefore, the same 
analyses were run on the formant data that were not averaged in order to see which 
regional effects were lost by averaging the data. Differences between pairs of 
analyses will be reported only in cases where a relatively strong effect (i.e. partial 
η2>.10) was found which was not found in the current analyses. 

The difference between analyses that included all tokens and analyses that only 
incorporated means was largest for spontaneous speech, because for that style most 
tokens per vowel were available. For instance, region effects that had a partial η2 
value of .250 or lower for spontaneous speech in Chapter 6 were removed by 
averaging the results (see below). An analysis that employs averages may thus be 
considered rather conservative, although partial η2 was generally higher than when 
more values per speaker were used. Yet, overall, the two analyses generally yielded 
the same results. 

We will first consider the MANOVA results, which are shown in the leftmost 
part of Table 7.13. As can also be observed in the table and in Figures 7.3, 7.4 and 
7.5, and as has been noted in Chapter 5, regional differences were large in the 
reading styles. This was true for /ɪ/, /ɛ/, /u/ and /ʏ/. The last vowel even only showed 
regional differences in the style that is intended to elicit the highest level of  
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 F1 and F2 F1 F2 
Vowel Log WL Sp Log WL Sp Log WL Sp 

/i/ - - - - - - - - - 
/ɪ/ .707 .753 .754 .595 .432 .702 .610 .725 .663 
/ɛ/ .698 .718 .578 .688 .679 .574 .472 .572 - 
/y/ - - - - - - - - - 
/ʏ/ .757 - - .399 - - .655 - - 
/u/ .592 .611 .823 - - - .588 .440 .791 
/ɔ/ - - - .468 - - - - - 
/ɑ/ - - - - - - - - - 
/a/ - - - - - - - - - 

Table 7.13 Region effects on F1 and/or F2, by style. Partial η2 are given for each significant 
effect (p<.005, significance level adapted according to Bonferroni). 

 
monitoring. Perhaps the N-R speakers felt the urge to distinguish /ʏ/ from schwa, 
since it has often been remarked that Netherlandic Dutch does not distinguish the 
two (e.g., Rietveld and Van Heuven 2009). However, for the other two styles the 
regional effect for this vowel was almost significant (p=.012 for the word list, 
p=.022 for spontaneous speech), which may indicate that there is a slight difference. 
In fact, in Chapter 6, we found N-R and N-S to differ in the pronunciation of the 
vowel. In the same chapter, relatively weak effects were found for /ɔ/ (partial 
η2=.211), /ɑ/ (partial η2=.186) and /a/ (partial η2=.106), which were not found in the 
current analysis. These effects will be also taken into account in the discussion of F1 
and F2 below. 

Did we find in the MANOVAs that the regional differences increase in 
spontaneous speech? For /ɛ/ and /ʏ/, the opposite was true, thus the regional 
difference was smaller or absent in spontaneous speech. For /ɪ/, the difference 
between N-R and N-S remained stable, but for /u/, there was a clear increase in 
variation, revealing the widely found pattern of a stable sociolinguistic variable 
(Labov 2001). Particularly for /u/ the result is surprising, since the difference has 
never been noted in the literature. 

For F1, differences were found in /ɪ/, /ɛ/, /ʏ/ and /ɔ/, for which the latter two only 
showed this effect in the logatomes. It seems as if, in both regions /ɔ/ has moved 
into a position in which it shows more symmetry with /ɪ/ and /ʏ/, which has been 
noted often as a driving force in the structure of languages (e.g., Boersma 1998). For 
/ɪ/ and /ɛ/, N-R and N-S differed in height in all three styles. The first vowel showed 
a clear increase in this difference in spontaneous speech, whereas for the second 
vowel the difference slightly decreased. The latter decrease seems largely due to the 
upward movement of the N-S variant in spontaneous speech (cf. Section 7.5). 
Finally, in Chapter 6 /ʏ/ (partial η2=.198), /ɔ/ (partial η2=.153) and /ɑ/ (partial 
η2=.184) showed a significant effect of region. Thus, given these effects, increases 
in F1 variation within /ɪ/, /ɛ/, /ʏ/, /ɔ/ and /ɑ/, at the level of the individual will be 
interpreted as increases in sociogeographic variation for the N-S speakers. 

For F2, regional differences were found for /ɪ/, /ɛ/, /ʏ/ and /u/. For /ʏ/, this was 
again only in the logatomes. For /ɛ/, the regional differences had decreased in 
spontaneous speech, but this time so strongly that the effect of region was not  
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Figure 7.3 Mean normalized F1 and F2 (at 50%) for the monophthongs in N-R and N-S, in 
the logatomes.  

 
Figure 7.4 Mean normalized F1 and F2 (at 50%) for the monophthongs in N-R and N-S, in 
word list data.   
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Figure 7.5 Mean normalized F1 and F2 (at 50%) for the monophthongs in N-R and N-S, in 
spontaneous speech.   

significant in that style. In the case of /ɪ/, the effects remained relatively stable in 
strength across styles, but for /u/ the differences clearly increased in spontaneous 
speech. Finally, for /ɔ/ no regional differences were found. However, when the 
analysis was run with logatome data without the values being pooled, a significant 
effect of region for the back vowel was found (partial η2=.211). This vowel will 
therefore be considered to show some sociogeographic variation in F2, in addition to 
/ɪ/, /ɛ/, /ʏ/ and /u/. These findings will be used in the analysis of individual variation 
in Section 7.4.3. 

 
 
7.4.2.2 (Semi)diphthongs 
 
Similar to the monophthongs, a series of MANOVAs and ANOVAs was run for the 
(semi)diphthongs to investigate which of those vowels show regional differences 
and whether the differences increase in spontaneous speech. For the onset and offset 
of each (semi)diphthong, a MANOVA was run per style with normalized F1 and F2 
as dependent variables. The independent variables were region and gender. The 
partial η2 values of the significant region effects will be only reported here, for the 
same reason as for the monophthongs (p<.008, i.e. p<.05 Bonferroni corrected for  
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 F1 and F2 F1 F2  
Vowel Log WL Sp Log WL Sp Log WL Sp 

 /e/ - .517 .790 - - .433 - .495 .661 
 /ø/ - .548 .813 - - .773 - .448 - 

Onset /o/ .519 - .677 .491 .446 .589 - - .650 
 /ɛi/ - - .589 - - .385 - - .538 
 /œy/ - .529 .623 .390 .512 .617 - - - 
 /ɔu/ .568 .666 .818 .514 .403 .433 - .633 .818 
 /e/ - - - - - - - - - 
 /ø/ - - - - - - - - - 

Offset /o/ - - - - - - - - - 
 /ɛi/ - - - - - - - - - 
 /œy/ - - - - - - .384 .365 - 
 /ɔu/ - - - - - .407 - - - 

Table 7.14 Region effects on F1 and/or F2, by style. Partial η2 are given for each significant 
effect (p<.005, significance level adapted according to Bonferroni). 

six analyses per time point within a style). The ANOVAs were run with the same 
set-up, except for that the independent variable was normalized F1 or F2. These 
analysis were run to investigate on which dimension the regions differed. The results 
of the MANOVAs and ANOVAs are given in Table 7.14.  

The regional means of the long mid vowels in the logatomes are plotted in Figure 
7.6, the means for the word list in Figure 7.7 and the means for spontaneous speech 
in Figure 7.8. For the diphthongs, the means are plotted in Figure 7.9, 7.10 and 7.11 
for the logatomes, word list and spontaneous speech, respectively. 

As can be seen in the table and in the figures, most regional differences occurred 
at the onset. For the onsets of all (semi)diphthongs, a regional effect showed up in 
the MANOVA. In contrast to the monophthongs, the MANOVA results for the 
(semi)diphthongs support the hypothesis that in spontaneous speech larger amounts 
of sociogeographic variation can be found than in the reading styles. That is, the 
partial η2 values were always higher in spontaneous speech than in the reading 
styles. 

For the offsets, no significant differences were found. However, in Chapter 6, it 
was found that /o/ (partial η2=.112), /œy/ (partial η2=.208) and /ɔu/ (partial η2=.144) 
showed a regional effect at the offset in spontaneous speech. The ANOVAs that 
followed in that chapter (see Section 6.3.2.3), showed no F1 or F2 effect for /o/, but 
they also revealed that the differences for /œy/ and /ɔu/ manifested themselves in F1 
(see also Table 7.14 for the latter vowel). 

In the ANOVAs for F1 and F2 separately, the results outlined for the 
MANOVAs were largely recurring. That is, in general the regional effects were 
stronger in spontaneous speech than in the reading styles. There were three 
exceptions to this pattern. For F1, /ɔu/ showed a small decrease in the strength of the 
regional effect at the onset, and for F2, /ø/ (at the onset) and /œy/ (at the offset), 
bothpositioned at the centre of the F2 dimension, showed an effect for the reading  



COMPARISON OF STYLES 

 

261

 
Figure 7.6 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the long mid vowels in N-R and N-S, in the logatomes. 

 
Figure 7.7 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the long mid vowels in N-R and N-S, in the word list. 
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Figure 7.8 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the long mid vowels in N-R and N-S, in spontaneous speech. 

styles, but no effect for spontaneous speech. Perhaps this was due to the reduction of 
the vowel space at the F2 dimension in spontaneous speech (cf. Section 7.5). This  
however cannot be the sole explanation for /œy/, since for the diphthongs, the 
logatomes and spontaneous speech did not differ in F2 range. An additional 
explanation that we propose is that the regions have different norms for the offset of 
/œy/. In fact, some authors transcribe the diphthong as /œy/ and others as /œi/ (cf. 
Rietveld and Van Heuven 2009:69). Thus, on the one hand, it is hypothesized that 
the decrease in the F2 range caused the N-R and N-S offset to move closer, but in 
the logatomes (in which the F2 range is also smaller) the norms exert their influence. 

To summarize, regional differences mainly increased for spontaneous speech and 
therefore seem to lend support to the second hypothesis. For F1, regional differences 
occurred at the onset of every (semi)diphthong and at the offset of /œy/ and /ɔu/. F2 
differences were found at the onset of all long mid vowels, /ɛi/ and /ɔu/, and at the 
offset of /œy/. For the F1 or F2 values at these combinations of time points and 
(semi)diphthongs, an increase in variation at the individual level (Section 7.4.3) will 
be considered an increase in sociogeographic variation. 
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Figure 7.9 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the diphthongs in N-R and N-S, in the logatomes. 

 
Figure 7.10 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the diphthongs in N-R and N-S, in the word list. 
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Figure 7.11 Mean normalized F1 and F2, at the onset (lower symbol) and the offset (higher 
symbol) for the diphthongs in N-R and N-S, in spontaneous speech. 

 
7.4.2.3 Discussion 
 
In Section 7.4.2, one of the questions was whether the second hypothesis, which 
states that the sociogeographic variation within a vowel is larger in spontaneous 
speech than in the two reading tasks, could be confirmed for the between-group 
differences. Thus, it was investigated whether spontaneous speech showed larger 
vowel differences between N-R and N-S than read speech. 

Interestingly, the monophthongs differed from the (semi)diphthongs in this 
respect. For the latter group of vowels, the hypothesis was largely supported, but in 
the case of the monophthongs, only /ɪ/ (for F1) and /u/ (for F2) showed an increase 
in variation in spontaneous speech. This result is interesting with respect to density 
of the different vowel spaces. In the case of the monophthongs, the vowel space is 
dense, since it comprises nine vowels, whereas the two other vowel spaces contain 
only three vowels. Related to this, the monophthongs are distinguished from each 
other by F1 and F2, whereas the (semi)diphthongs can be distinguished on the basis 
of F2 only5. In the monophthongs, an increase of the distances between the regions 
would be accompanied by a risk of overlapping other vowels, particularly if the 
vowel space is reduced, i.e. in spontaneous speech. Therefore, it may not be a 

                                                             
5 Moreover, the glides on the F1 dimension distinguish the diphthongal vowels from the 
monophthongs, and the diphthongs from the long mid vowels. 
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surprise that /u/ is one of the vowels that increased regional differences in F2, since 
on that dimension there is hardly a risk of confusion with other vowels (cf. Figure 
7.3). 

In the (semi)diphthongs, the risk of confusion is considerably smaller. F1 is not 
primarily used to enhance phonemic contrasts, though the degree of gliding on F1 
distinguishes diphthongs from long mid vowels (in Netherlandic Dutch). In contrast, 
F2 is the main indicator of the category of the (semi)diphthong, but the risk of 
confusion is lower than for the monophthongs. This is due to the lower number of 
contrasts on the F2 dimension compared to the number of contrasts on the F1 
dimension for the monophthongs, and due to the fact that if the (semi)diphthongs 
converge at the onset, they may still be well distinguished at the offset (or 
throughout the glide). These differences thus offer an explanation for the increase of 
regional differences in the (semi)diphthongs, which did not or hardly occur in the 
monophthongs. 

Another interesting finding, which has been noted before by Adank (2003) and in 
Chapter 5, is that the highly monitored reading styles show considerable differences 
between N-R and N-S. How can we account for this? First, local dialects still hold a 
strong position in N-S. Compared to other regions, the dialects are widely used, both 
in leisure time and at work (Van de Velde et al. 2008; Hagen 1989). Moreover, 
dialect in N-S is not associated with lower status, as it is in other regions (Hagen 
1989). Given that Van de Velde et al. (2008) found 95% of the people from N-S that 
filled in their questionnaire claimed to speak dialect, we may assume that the N-S 
speakers in our study also speak dialect, perhaps even more than Standard Dutch. In 
fact, the same questionnaire reveals that 80% of the parents raise their children in 
dialect. It is thus safe to assume that dialect stands strong in N-S and may be often 
required or appropriate to use in that region.  

In that perspective, it is appealing to consider the model that has been developed 
by Grosjean (2001) with respect to the notion of language mode. The term ‘language 
mode’ denotes “the state of activation of the bilingual’s languages and language 
processing mechanisms at a given point in time” (Grosjean 2001:3). The proposed 
model predicts that in a situation in which one language is required, i.e. in which the 
speaker is in a monolingual mode, the second language or the language not required 
is deactivated. A change in setting may activate the second language, which in turn 
may affect the production of the speaker. Although the model does not predict 
language behavior for a (monolingual) speaker of two varieties of the same 
language, we can apply the model to such a speaker. Thus, the formal part of the 
interview can be assumed to be a situation, which requires only one variety, i.e. 
Standard Dutch. However, the setting of the interview may have hindered total 
deactivation of the dialect. That is, the interview took place in N-S, at the home or 
school of the speaker6, which were probably places where the dialect was still 
spoken. So, given this situation and that the N-S dialect may still be spoken 
everywhere or at any time, it can be argued that the dialect was still active while the 
                                                             
6 Probably, while teaching, teachers of Dutch prefer to use Standard Dutch, but, particularly 
in informal conversation (with colleagues and pupils, even during class), they may use 
dialect. 
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speaker was using Standard Dutch. Hence, the pronunciation of the standard variety 
may have been influenced by the pronunciation of the dialect, even in mono-varietal 
situations.  

A second explanation for the strong regional differences in reading possibly lies 
in strong ‘local patriotism’ (e.g., Kristiansen 2009)7. Thus, speakers are proud of 
their regional origin and tend to show that also in their speech. This description fits 
N-S, as the use of local varieties is not stigmatized, but rather seen as an expression 
of local loyalty (Hagen 1989). The N-S speakers may therefore not have attempted 
to hide their regional origin in their speech. In this view, the whole interview may 
therefore be seen as an act of identity. 

A third possible explanation is that the speakers show characteristics of imperfect 
learning in their speech (Thomason 2001). The standard language is not the variety 
learned first by children, but at a later stage in life, probably at school. Imperfect 
learning does not necessarily imply that the speakers were not able to learn the 
language, but social reasons may have also played a role. Thus, N-S speakers may 
have ‘chosen’, perhaps rather unconsciously, not to copy the standard variety, but to 
insert N-S features in it. Again, local patriotism could have played a role. 

To summarize, the monophthongs generally did not support the second 
hypothesis, since in the reading tasks the regional differences were large and the 
shrinkage of the vowel space area in spontaneous speech seemed to hinder an 
increase of regional differences. For the (semi)diphthongs, largely due to a larger 
moving space, the second hypothesis was confirmed at the group level. In the 
following section, the hypothesis will be tested concerning variation at the level of 
the individual. 
 
 
7.4.3 Acoustic variation at the level of the vowel 
 
The present section investigates the acoustic variation at the level of the individual. 
Recall that we wanted to make a distinction between sociogeographic variation and 
phonetic or articulatory-driven variation, since the hypothesis and vowel space 
paradox are based on increases in sociolinguistic variation. Three arguments were 
proposed to distinguish the two types of variation. First, if durational variation 
remains stable across styles, but F1 and/or F2 increase in variation, this is an 
indication of increased sociogeographic variation. Second, for an N-S speaker, if we 
find an increase of variation for F1 or F2 of a certain vowel and we have found an 
effect of region for that vowel in that dimension in Section 7.4.2, this was assumed 
to be an indication that the individual shows more sociogeographic variation. For 
both N-R and N-S speakers, a third argument is that, if earlier studies have reported 
sociogeographic variation for a certain vowel on a certain dimension, such a finding 
is taken as evidence that if N-R and/or N-S speakers show an increase in variation 
for that vowel on that dimension, it can be considered an increase in 
sociogeographic variation.  
                                                             
7 This term was coined to refer to the finding that people, when asked which variety they like 
the best, they like the variety spoken in their own region or town most. 
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Note that we may also expect an interaction of style and region, since for some 
vowels that show large regional differences, the N-S speakers may show shifts 
toward N-R qualities (which are taken to be close to non-regionally colored 
Standard Dutch) in some tokens, whereas, obviously, the N-R speakers may be 
expected to be spread close to those qualities and therefore do not shift much in 
quality between tokens. 

Below, the results will be discussed separately for the monophthongs (Section 
7.4.3.1) and the (semi)diphthongs (Section 7.4.3.2). The results will be further 
discussed and summarized in Section 7.4.3.3. 
 
 
7.4.3.1 Monophthongs 
 
In order to compare the amounts of variation at the level of the individual in the 
monophthongs between styles, means of duration and normalized F1 and F2 were 
computed. For each of the twenty speakers, 81 means were computed: there were 
nine monophthongs for which 3 style-specific means per acoustic measure (duration, 
F1, F2) were calculated. Hence, a total of 1620 means were obtained. 

Then, for each vowel token, four Euclidean distances with the mean that 
corresponded in speaker, vowel and style, were calculated: the distance of the token 
to the mean in the two-dimensional F1-F2-space, the distance in F1, the distance in 
F2 and the distance in duration.   

The Euclidean distances can thus be considered measures of the spread of tokens 
around their mean, hence as a measure of variation. Larger distances thus suggest 
larger variation around the mean. 

Since the numbers of tokens differed between styles and between speakers, the 
Euclidean distances had to be averaged, such that we had 324 mean Euclidean 
distances per speaker: for each of the four Euclidean distances 81 means (see 
above). 

To compare the variation within the vowels across styles, four series of nine 
repeated-measures ANOVAs were conducted, i.e. one for each vowel, with in each 
series a different measure of Euclidean distance. In each ANOVA, the dependent 
variable was one of the four Euclidean distances. Style was the within-subject 
variable and region and gender were the between-subject variables. The partial η2 

values for the significant style effects (p<.005, i.e. p<.05 Bonferroni corrected for 
nine analysis per distance measure) are shown in Table 7.15. Only these effects are 
shown, because no other factors or interactions yielded a significant effect. Our 
expectation to find interactions of style and region was thus not met. The mean 
distances can be found in Appendix C. For /y/, only the logatomes were compared to 
spontaneous speech, as for the word list only one token was selected. 

 First, we will discuss the results for the Euclidean distances in the two-
dimensional F1-F2 space. Figure 7.12 shows a bar chart of these Euclidean distances 
in each style and vowel. As can be observed, all vowels showed higher Euclidean 
distances in spontaneous speech than in the reading styles. However, the distances 
were only significantly larger in spontaneous speech in the case of /i/ (F2,32=10.874,  
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Vowel F1&F2  F1  F2  Dur  
/i/ .405 S>L - - .279 n.s. .429 S>W 
/ɪ/ .462 S>L .485 S>W,L - - .551 S,W>L 
/ɛ/ .490 S>L .336 S>L .528 S>L .558 S,W>L 
/y/ - - .480 S>L - - - - 
/ʏ/ - - - - - - .550 S,W>L 
/u/ .761 S>W,L .678 S>W,L .552 S>W,L .404 S>L 
/ɔ/ - - - - - - .641 W>S,L 
/ɑ/ .436 S>W,L .353 S>W,L - - - - 
/a/ - - - - - - .489 S>L 

Table 7.15 Style effects on Euclidean distance of vowel tokens to the vowel mean. Euclidean 
distances were computed for F1 and F2 combined, for F1 and F2 separately and duration. 
Partial η2 are given for each significant effect (p<.005, significance level adapted according to 
Bonferroni). ‘S’ denotes spontaneous speech, ‘W’ word list reading and ‘L’ logatome reading, 
‘n.s.’ is non significant. 

 
Figure 7.12 Mean Euclidean distances to the mean in the F1-F2 space (in z-values) of 
monophthongs, by style. 
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Figure 7.13 Mean Euclidean distances to the F1 mean (in z-values) of monophthongs, by 
style. 

 
Figure 7.14 Mean Euclidean distances to the F2 mean (in z-values) of monophthongal tokens, 
by style. 
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p=.000; partial η2=.405), /ɪ/ (F2,32=13.741, p=.000; partial η2=.462), /ɛ/ 
(F2,32=15.358, p=.000; partial η2=.490), /u/ (F2,32=50.895, p=.000; partial η2=.761) 
and /ɑ/ (F2,32=12.390, p=.000; partial η2=.436). Post-hoc analyses showed that the 
first three vowels only showed a difference with the logatomes. From now on, when 
we indicate differences between styles, the differences were obtained through post-
hoc analyses. 

The analysis for the distances in F1 yielded style effects for largely the same 
vowels (cf. Table 7.15). That is, for /ɪ/ (F2,32=15.051, p=.000; partial η2=.485), /ɛ/ 
(F2,32=8.084, p=.001; partial η2=.336), /u/ (F2,32=33.692, p=.000; partial η2=.678) and 
/ɑ/ (F2,32=8.738, p=.002; partial η2=.353), spontaneous speech showed distances than 
one (for /ɛ/) or both (for /ɪ/, /u/, /ɑ/) of the reading styles (cf. Figure 7.13). In 
addition, a style effect was found for /y/ (F2,32=14.763, p=.001; partial η2=.480), 
which showed larger F1 distances in spontaneous speech than in the logatomes. 

For F2, fewer effects were found, i.e. only for /i/ (F2,32=6.754, p=.004; partial 
η2=.279), /ɛ/ (F2,32=17.933, p=.000; partial η2=.528) and /u/ (F2,32=19.745, p=.000; 
partial η2=.552). In the case of /i/, post-hoc analyses did not yield differences 
between styles. For /ɛ/, a larger distance in F2 was found in spontaneous speech than 
in the logatomes, whereas in /u/ the former style showed a larger within-vowel 
distance than both reading styles. Overall, as Figure 7.14 shows, the variation for F2 
was smaller than for F1 (but note /u/). 
 

 
Figure 7.15 Mean Euclidean distances to the mean of duration (in ms) of monophthongs, by 
style. 
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As pointed out above, we aimed to distinguish sociogeographic variation from 
phonetic variation. Three cues were proposed to recognize sociogeographic 
variation in the speech of an individual: 
 
i. As a first argument it was proposed, on the basis of the model of Moon and 

Lindblom (1994), that if durational differences between tokens of the vowel did 
not increase in spontaneous speech, but F1 or F2 differences did, this would 
suggest the F1 or F2 variation was sociogeographic. There were two vowels for 
which this was the case, and for both this applied to F1 variation, namely /y/ 
and /ɑ/8. The F1 values of these vowels may thus be assumed to show more 
sociogeographic within-speaker variation in spontaneous speech than in (one of 
the) reading styles. For F1 of /y/, no regional differences were found in one of 
the previous chapters. Moreover, given the fact that it has not been reported in 
the literature that /y/ shows variation in spectral quality, and that it has been 
reported that /y/ has a special status in Dutch, because it is mainly occurring in 
loan words and because it is marked as being phonetically long (Booij 1995), it 
seems rather risky to assume regional variation on the basis of a lack of 
durational variation only. The other vowels did show a change in variation of 
duration within a speaker and vowel across styles. Thus, for /i / (F2,32=12.015, 
p=.000; partial η2=.429), /ɪ/ (F2,32=19.665, p=.000; partial η2=.551), /ɛ/ 
(F2,32=20.168, p=.000; partial η2=.558), /ʏ/ (F2,32=19.527, p=.000; partial 
η2=.550), /u/ (F2,32=10.830, p=.000; partial η2=.404), /ɔ/ (F2,32=28.630, p=.000; 
partial η2=.641) and /a/ (F2,32=15.301, p=.000; partial η2=.489), such a change 
was found. The patterns differed largely between vowels. In three cases, i.e. /ɪ/, 
/ɛ/ and /ʏ/, both word list reading and spontaneous speech yielded more 
variation than the logatomes (see Figure 7.15). For /ɔ/, word list reading showed 
more variation than the other two styles. In the case of /a/ and /u/, spontaneous 
speech showed more variation than the logatomes, and in the case of /i/ more 
durational variation was found than in the word list data. 

ii. The second argument used to distinguish sociogeographic variation from 
phonetic variation, was to look at significant differences at the group level. It 
was assumed that if vowels that showed increased (or decreased) differences at 
the level of the individual for a certain formant of a certain vowel and that 
formant of that vowel had shown a difference between N-R and N-S before, the 
increased differences could be equated with increased sociogeographic variation 
for individual N-S speakers. This suggests that /ɪ/, /ɛ/ and /ɑ/ showed increased 
sociogeographic variation in F1, and /ɛ/ and /u/ for F2. 

iii. According to the third argument, a vowel may be considered to show increased 
sociogeographic variation when sociogeographic variation has been observed in 
the literature for that vowel. This is true for F1 of /ɛ/ and /ɑ/, which seemed to 
reflect change in N-R and/or Polder Dutch. 
 

                                                             
8 Yet, when we correlated duration with F1 for all tokens of these vowels across the three 
styles, significant correlations were found for /ɑ/ (r=.335, p=.000), suggesting that the 
duration and F1 of this vowel were related. 
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So far, it was observed that N-R and N-S differ with respect to which vowels show 
evidence of increased sociogeographic variation in spontaneous speech. In this 
respect, it is striking that no interactions of style and gender were found, the more 
because we know that some of these vowels differed considerably in quality 
between the regions. Three tentative explanations are given for the lack of style and 
region interactions:  
 
i. First, it may be argued that even though the regions show different vowel 

positions, the speakers vary in a similar way, because varying in F1 or F2 for a 
certain vowel has the same sociolinguistic meaning, independent of the quality 
of the vowel. So, for /ɛ/, which is considerably lower in N-S than in N-R, it has 
been observed that lowering the vowel is associated with being posh (Stroop 
1998). Although this has been stated with respect to Standard Dutch /ɛ/, which 
has a similar (or same) quality to N-R /ɛ/, it may be that in N-S lowering the 
vowel has the same meaning. If this is true, there may be more vowels than the 
vowels than the vowels that we have suggested to show sociogeographic 
variation at the level of the individual (e.g. those vowels that were ignored 
because they did not show differences between N-R and N-S). 

ii. A second possible explanation is that the stylistic range that has been elicited 
was too small to yield clear differences in how variation across regions is 
affected by style. That is, the styles elicited are rather formal, which may leave 
too little space for the regions to diverge in spontaneous speech. However, this 
explanation clashes with the finding that the monophthongal vowel space was 
smaller in spontaneous speech than in the reading styles. The latter finding 
suggests that the styles are clearly different. 

iii. The third possible explanation is that the differences between the regions have 
been largely removed by aggregating the formant data. This explanation has 
been evaluated by comparing the results of ANOVAs, which tested the 
influence of region on the Euclidean distances and which were conducted per 
style. A significant region effect for one style, but not for the other then 
suggests that there was an interaction of region and gender after all9. For four of 
the monophthongs, the results suggest the presence of such an interaction. That 
is, N-R /u/ showed larger variation than N-S for F1 in the word list, and for /ɪ/, 
N-S showed larger F1 variation in spontaneous speech than in N-R. Finally, for 
/ʏ/, both F1 and F2 in the word list were found to vary more in N-R than in N-S. 
Recall that in the logatomes the latter vowel showed a difference in the quality 
of this vowel, which was interpreted as a sign that the N-R speakers tried to 
avoid pronouncing the vowel as schwa. The word list result may suggest that N-
R speakers, when paying less attention to their speech, variably behaved in this 
way. In spontaneous speech, they do not pay attention to this anymore. 

 
So far, our attempt to distinguish sociogeographic variation and phonetic variation 
seems to have variable success. After the analysis of variation in the 
                                                             
9 Recall that the number of tokens differed between styles, such that these analyses only give 
indicative results. 
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(semi)diphthongs in the next section, the discussion on distinguishing these types of 
variation will be continued.  
 
 
7.4.3.2 (Semi)diphthongs 
 
Using a similar method as for the monophthongs, Euclidean distances were 
computed for the (semi)diphthongs. However, for the latter vowels distances, except 
the one for duration, were computed for two time points, i.e. for the onset and offset. 
Thus, the method used in the previous section for separate vowels, was in the case of 
(semi)diphthongs applied to time points. Per (semi)diphthong, for each style and 
each speaker, seven mean Euclidean distances were computed (F1&F2 onset, 
F1&F2 offset, F1 onset, F1 offset, F2 onset, F2 offset and duration). 

The within-speaker variation across styles was compared by conducting three 
series of six repeated-measures ANOVAs per time point, i.e. one for each vowel, 
with in each series a different measure of Euclidean distance, and another series of 
six repeated-measures ANOVAs for duration. In each ANOVA, the dependent 
variable was one of the four Euclidean distances. Style was the within-subject 
variable and region and gender were the between-subject variables. The partial η2 

values for the significant style effects (p<.008, i.e. p<.05 Bonferroni corrected for 
six analysis per distance measure) are shown in Table 7.16. Again only style effects 
were found. The mean distances can be found in Appendix C. 

The table shows that only for /e/ the Euclidean distance of the tokens to the 
means remained stable across styles at both the onset and the offset (cf. Figure 7.16 
and 7.17). At the onset, the back (semi)diphthongs showed higher distances in 
spontaneous speech than in both reading styles: /o/ (F2,32=13.057, p=.000; partial  
 
 

 Vowel F1&F2  F1  F2  Dur  
 /e/ - - - - - - .386 S>W 
 /ø/ - - - - - - .469 S,W>L 

Onset /o/ .449 S>W,L .283 S>L .481 S>W - - 
 /ɛi/ .421 S>L .442 S>W,L - - .488 S>L 
 /œy/ .405 S>L .341 S>L - - .332 n.s. 
 /ɔu/ .499 S>W,L .431 S>W,L - - .282 n.s. 
 /e/ - - .354 S>L - -   
 /ø/ .338 S>L - - - -   

Offset /o/ .345 S>L - - .457 S>W,L   
 /ɛi/ .444 S>W,L .279 n.s. .463 S>L   
 /œy/ - - - - - -   
 /ɔu/ .500 S>W,L .338 S>W .503 S>W,L   

Table 7.16 Style effects on Euclidean distance of onset and offset values to the onset and 
offset mean, respectively. Euclidean distances were computed for F1 and F2 combined, for F1 
and F2 separately and duration.. Partial η2 are given for each significant effect (p<.005, 
significance level adapted according to Bonferroni). S’ denotes spontaneous speech, ‘W’ 
word list reading and ‘L’ logatome reading, ‘n.s.’ is non significant. 
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Figure 7.16 Mean Euclidean distances to the means in the F1-F2 space (in z-values) at the 
onset of (semi)diphthongs, by style. 

 
Figure 7.17 Mean Euclidean distances to the means in the F1-F2 space (in z-values) at offsets 
of (semi)diphthongs, by style. 
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Figure 7.18 Mean Euclidean distances to the F1 mean (in z-values) at the onset of the 
(semi)diphthongs, by style. 

 
η2=.449) and /ɔu/ (F2,32=15.921, p=.000; partial η2=.499). For the two diphthongs /ɛi/ 
(F2,32=11.624, p=.000; partial η2=.421) and /œy/ (F2,32=10.900, p=.000; partial 
η2=.405), lower distances in the logatomes than in spontaneous speech were found. 
Note that the two back (semi)diphthongs revealed more variation than their front 
counterparts in spontaneous speech, suggesting that these vowels are less stable than 
the other vowels.  

At the offsets, this difference had been neutralized to a great extent (cf. Figure 
7.17). Diphthongs /ɛi/ (F2,32=12.782, p=.000; partial η2=.444) and /ɔu/ (F2,32=15.984, 
p=.000; partial η2=.500) yielded a difference between spontaneous speech and the 
reading styles, whereas for /ø/ (F2,32=8.151, p=.001; partial η2=.338) and /o/ 
(F2,32=8.433, p=.001; partial η2=.345) only a difference between spontaneous speech 
and the logatomes was found. 
The effects for F1 at the onset were similar to the effects for F1 and F2. The 
diphthongs /ɛi/ (F2,32=12.672, p=.000; partial η2=.442) and /ɔu/ (F2,32=12.138, 
p=.000; partial η2=.431) yielded a larger distance in spontaneous speech than in the 
other styles, whereas /o/ (F2,32=6.303, p=.005; partial η2=.283) and /œy/ (F2,32=8.284, 
p=.001; partial η2=.341) only showed a difference between the logatomes and 
spontaneous speech (Figure 7.18). At the offset (Figure 7.19), F1 seemed to be 
mainly affected for the front (semi)diphthongs, as /e/ (F2,32=8.784, p=.001; partial 
η2=.354) showed larger distances in spontaneous speech than in the logatomes.  
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Figure 7.19 Mean Euclidean distances to the F1 mean (in z-values) at the offset of the 
(semi)diphthongs, by style. 

 
Figure 7.20 Mean Euclidean distances to the F2 mean (in z-values) at the onset of the 
(semi)diphthongs, by style. 
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Figure 7.21 Mean Euclidean distances to the F2 mean (in z-values) at the offset of the 
(semi)diphthongs, by style. 

 
Although /ɛi/ (F2,32=6.184, p=.006; partial η2=.279) showed an effect of style, post-
hoc analyses did not yield significant differences. Finally, /ɔu/ (F2,32=15.984, 
p=.000; partial η2=.338) showed only a difference between spontaneous speech and 
the word list data, which had not been observed before. 

The same difference, however, showed up for F2 at the onset of /o/ (F2,32=14.856, 
p=.000; partial η2=.481). In general, the Euclidean distances for F2 were smaller 
than for F1 (cf. Figures 7.18-7.21), which suggests that the speakers tried to preserve 
phonemic contrasts between the long mid vowels and between the diphthongs. Yet, 
at the offset, spontaneous speech showed larger variation for F2 than (one of) the 
reading styles in the case of /o/ (F2,32=13.475, p=.000; partial η2=.457), /ɛi/ 
(F2,32=13.773, p=.000; partial η2=.463) and /ɔu/ (F2,32=16.204, p=.000; partial 
η2=.503). 
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Figure 7.22 Mean Euclidean distances to the mean duration (in ms) of the (semi)diphthongs, 
by style. 

Which of the differences presented above reflect increases in sociogeographic 
variation in spontaneous speech? Again, we will use the three proposed arguments 
to answer this question: 
 
i. The durational argument predicts that /o/ showed such increases in F1 at the 

onset and F2 at both the onset and offset. Recall, however, that /o/ showed 
deviant behavior with respect to the word list data, so we cannot be too sure that 
F2 at the onset indeed reflects an increase of sociogeographic variation.  
In contrast to /o/, the other (semi)diphthongs showed an increase of durational 
variation (cf. Figure 7.22). However, for /œy/ (F2,32=7.948, p=.002; partial 
η2=.332) and /ɔu/ (F2,32=6.294, p=.005; partial η2=.282), post-hoc analyses did 
not show differences between styles. The three remaining vowels differed in the 
stylistic patterns: /e/ (F2,32=10.041, p=.000; partial η2=.386) showed a difference 
between spontaneous speech and word list reading, /ø/ (F2,32=14.149, p=.000; 
partial η2=.469) showed less durational variation in the logatomes than in the 
word list data and spontaneous speech and for /ɛi/ (F2,32=15.240, p=.000; partial 
η2=.488), only a difference between spontaneous speech and the logatomes was 
found. A comparison of durational variation patterns to the patterns for F1 and 
F2 reveals discrepancies in most vowels, which can be attributed to the word 
list data. 

ii. The second argument was that we could assume the presence of 
sociogeographic variation when differences between regions were found in 
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Section 7.4.2 in combination with style differences for the same dimension (F1 
or F2) in this section, at least for the N-S speakers. For F1 at the onset of /o/ and 
the diphthongs, and F1 at the offset of /ɔu/, N-S speakers are assumed to have 
shown sociogeographic variation. 

iii. The third argument used evidence from the literature to signal sociogeographic 
variation in both N-R and N-S speakers. The literature on (semi)diphthongs 
reports mainly on (hyper)diphthongization, referring to larger glides in F1, 
caused mainly by lowering of the onset. Therefore, the onset F1 values of /o/ 
and the diphthongs and offset F1 values of /e/ and /ɔu/ were assumed to reflect 
increased sociogeographic variation in spontaneous speech. 
 

Note that there were again no interaction effects of region and style. In order to 
explore whether aggregating the formant values could have reduced the differences 
between the styles and regional differences within the styles, ANOVAs were run for 
each style and vowel separately, with the Euclidean distance as the dependent 
variable. Three of the (semi)diphthongs showed differences across the styles. For 
/ø/, it was found that N-R showed larger variation in F1 than N-S in two of the styles 
(i.e. at the onset in the word list and the offset of the logatomes and spontaneous 
speech), but that N-S showed larger variation in F2 at the offset in spontaneous 
speech only. Perhaps the latter difference in variation is related to the variation at the 
offset of /œy/. That diphthong also evidenced larger F2 variation at the offset for N-
S in spontaneous speech, whereas in the word list, F1 showed larger variation in N-
R than in N-S. Finally, for the offset of /o/ in spontaneous speech, N-R speakers 
showed larger variation than N-S speakers. All these patterns may imply the 
presence of sociogeographic variation between N-R and N-S. However, these 
patterns alone do not provide sufficient evidence that there are in fact 
sociogeographic differences. In the following section, the final decision will be 
made which vowels were considered to show an increase of sociogeographic 
differences in spontaneous speech. 
 
 
7.4.3.3 Discussion 
 
In Section 7.4.3, the acoustic variation within vowels at the level of the individual 
was compared between styles. A finding that recurred for the majority of the vowels 
is that the spectral variation was larger in spontaneous speech than in the two 
reading styles. However, in a considerable number of cases, this difference was only 
found between spontaneous speech and the logatomes. This suggests that the 
logatomes, in which the intended amount of attention paid to speech is highest, yield 
the most stable vowels, from which in turn we may infer that we succeeded to 
increase the level of monitoring. Similarly, it could be argued that in spontaneous 
speech the level of monitoring is lower. 

Concerning our second hypothesis, we were not so much interested in acoustic 
variation, but rather in sociogeographic variation. Therefore, we came up with three 
arguments to distinguish sociogeographic variation from, mainly, phonetic variation. 
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When findings were found to be in agreement with one of these arguments that was 
assumed to be sufficient evidence to assume the presence of sociogeographic 
variation within speakers. However, particularly the durational argument appeared 
controversial in some cases, such as for /y/.  

Moreover, it was noted that lexical frequency may have played a role (i.e., for 
/o/). It is not entirely clear whether word frequency affects duration differently than 
formant frequency. Thus, if lexical frequency to a greater extent influences formant 
values than durational values, a lack of durational variation in combination with 
presence of formant variation does not necessarily indicate sociogeographic 
variation in formant values, but may at least partially signal an effect of lexical 
frequency. Until now, the durational argument was considered sufficient evidence 
for the presence of sociogeographic variation. However, the possibility of a lexical 
frequency effect and other problematic cases indicate that we must revise this. From 
now on, we therefore do not rely upon the durational argument, but only on the 
second and third argument to signal sociogeographic variation. 

It was also noted that the regions did not differ with respect to the influence to 
style differences concerning within-vowel variation, even though the spectral 
qualities of some vowels differed considerably between the regions. For some 
vowels, it was observed that the aggregation of data possibly removed differences in 
influences of styles between regions. However, for most vowels such differences 
were not found. Perhaps the most plausible explanation that was given for this 
finding was that lowering or rising F1 or F2 for a certain vowel may have the same 
sociolinguistic meaning across regions, thus independent of the positions of the 
vowels. Varying on that sociolinguistically significant dimension then derives its 
meaning from the stylistic rules of Standard Dutch, which are community-wide. 

Given these two considerations, the following combinations of formants and 
(time points of) vowels are assumed to show increases in sociogeographic variation 
in spontaneous speech at the individual level: 
 
  F1: /ɪ/, /ɛ/, /ɑ/, the onset of /o/, /ɛi/, /œy/ and /ɔu/, and the offset of /e/ and /ɔu/  
  F2: /u/, /ɛ/ 
 
Most striking of this overview is that F2 hardly shows increases of sociogeographic 
variation. Moreover, it is noteworthy that all these (time points of) vowels, except 
for the offset of /ɔu/, show a difference in the amount of variation between the 
logatomes and spontaneous speech. Only for F1 of /ɪ/ and /ɑ/, of the onset of /ɛi/ and 
both the onset and offset of /ɔu/, and for F2 of /u/, the word list and spontaneous 
speech differed in this respect. Therefore, in considering the third hypothesis, it 
appears most revealing to look at the difference between the logatomes and 
spontaneous speech. 
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7.4.4 Conclusions 
 
The present section tested the hypothesis that spontaneous speech yields more 
sociogeographic variation. The findings can be summarized as follows: 
 
1. For the monophthongs, the hypothesis was hardly supported with respect to 

differences between speakers. Regional differences increased only for /ɪ/ (for 
F1) and /u/ (for F2). 

2. The (semi)diphthongs largely rendered support for the hypothesis, since for all 
of these vowels, an increase of sociogeographic variation between speakers was 
found at the onset (in F1 or F2 or both). 

3. At the level of the individual, within-vowel spectral variation was larger in 
spontaneous speech than in at least one of the reading styles, but mostly the 
logatomes, for six out of nine monophthongs, and for all (semi)diphthongs. 

4. Four of the monophthongs in point 3 showed an increase in sociogeographic 
variation in spontaneous speech, for F1, F2 or both. 

5. The (semi)diphthongs only showed an increase of sociogeographic variation in 
F1. 

 
 
7.5 The Vowel Space Paradox: combining the results 
 
7.5.1 Introduction 
 
So far we have found that the monophthongal vowel space shrank in spontaneous 
speech (Section 7.3) and that four of the nine monophthongs showed an increase of 
sociogeographic variation at the speaker level in that style (Section 7.4). These 
results are, though only for a subset of vowels, in line with the predictions of the 
first two hypotheses, which were tested before. Thus, when these results are 
combined, the Vowel Space Paradox, as described below, still holds: 
 

VOWEL SPACE PARADOX 

WHEREAS THE VOWEL SPACE SHRINKS IN SPONTANEOUS SPEECH, THE 
INDIVIDUAL VOWELS SHOW LARGER SOCIOGEOGRAPHIC VARIATION 
WITHOUT A LOSS IN THE IDENTIFIABILITY OF THE VOWELS 

 
The main aim of this study is to investigate how this paradox can be resolved. In 
Section 2.4, it was argued that a solution to the paradox lies in the fact that not all 
vowels behave in the same way across styles. That is, in sociolinguistic studies three 
patterns are found for variables. First, there are variables that show an increase in 
sociolinguistic variation in spontaneous speech (cf. Hypothesis 2). Second, there are 
hyperstyle and indicator variables that do not show changes in the amount of 
sociolinguistic variation across styles. Similarly, some vowels show no stylistic and 
no sociolinguistic variation, thus they also remain constant across styles. Third, 
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some variables show cross-over patterns for groups of speakers with the second 
highest status in a community. For these variables, the variation between groups 
may be larger in reading styles than in spontaneous speech.  

All in all the vowels do not necessarily show larger variation in the style in which 
the intended level of monitoring is the lowest. Moreover, if a vowel does, it does not 
necessarily for both formants. In phonetic studies, it has often been observed that 
when the vowel space reduces in size, the low vowels show lowering of F1, whereas 
higher vowels mainly move more to the centre on the F2 dimension.  

It was argued that the vowel space paradox can be solved by the different 
behavior of the vowels. Some vowels just do not show sociolinguistic changes 
across styles. Others that do, are hypothesized, for instance, not to show an increase 
in sociolinguistic F2 variation, when they at the same time show a shift toward the 
centre on the F2 (i.e. the same) dimension. The hypothesis for the solution was 
formulated as follows: 
 

HYPOTHESIS 3 

VOWELS THAT SHOW LARGE SOCIOGEOGRAPHIC VARIATION ON THE F1 
OR F2 DIMENSION ARE LESS PRONE TO REDUCE ON THAT DIMENSION IN 
SPONTANEOUS SPEECH. 

 
Note that when we apply this hypothesis on /ε/, which showed larger 
sociogeographic variation in both formants in spontaneous speech, we predict that 
the vowel does not shift much in position. To the contrary, vowels such as /i/, which 
did not show an increase in sociogeographic variation, may move on both 
dimensions. We would, however, not expect a shift away from the centre of the 
vowel space in spontaneous speech, because then the vowel space would have to 
become bigger10. 

The same hypothesis applies to the (semi)diphthongs. However, these vowels 
showed only an increase in sociogeographic variation in F1 in spontaneous speech, 
and only a decrease in vowel space size for F2. Thus, the vowel space paradox 
seems largely solved for the (semi)diphthongs. Still, when we embody the group of 
(semi)diphthongs as a whole (i.e. not only at the long mid vowels or the 
diphthongs), the increase of sociogeographic variation at F1 may be a problem 
between pairs of long mid vowels and diphthongs, in particular when the increase 
only occurs for the long mid vowels. We are also interested in which 
(semi)diphthongs cause, for instance, the decrease in F2 range, and the decrease in 
F1 range for the logatomes. These results may shed light on the status of the 
different variants of the (semi)diphthongs. 

In the following section (i.e. Section 7.5.2), it will first be investigated which 
vowels, if any, showed a shift in position with a change in style. In Section 7.5.3, 
these results will be synthesized with the results of Section 7.4, i.e. those concerning 

                                                             
10 It is however possible that front vowels show a larger shift to the centre of the vowel space 
than back vowels away from it, causing an overall decrease in the vowel space size. 
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the amount of sociogeographic variation within vowels. In that section, the 
hypothesis will be evaluated and a solution for the vowel space paradox will be 
proposed. 
 
 
7.5.2. Vowel positions across styles 
 
For each of the broad vowel categories (i.e. the monophthongs and the 
(semi)diphthongs), the mean positions in the F1-F2 plane will be compared across 
styles first. Following these comparisons, it will be investigated whether the 
decrease of vowel space, if present, and the increase of sociogeographic variation 
led to a serious increase of overlap between the vowels within the broad categories. 
In Section 7.5.2.1, the results for the positional shifts of the monophthongs will be 
discussed and in Section 7.5.2.2, the overlap between the monophthongs will be 
investigated. Section 7.5.2.3 presents the shifts of the (semi)diphthongal positions 
across styles and finally, Section 7.5.2.4 investigates the overlap within the group of 
(semi)diphthongs.  
 
 
7.5.2.1 Positions of the monophthongs 
 
In order to get a first indication of a change of position of the monophthongs, hence 
a change in quality, across styles, a series of nine repeated-measures MANOVA was 
conducted, one for each monophthong. Before the analysis was conducted, the F1 
and F2 means of each vowel were computed per speaker and per style, resulting in 
1080 means (2 formants × 9 monophthongs × 20 speakers × 3 styles). In each 
MANOVA, the dependent variables were the style-specific speaker mean F1 and F2, 
because the number of tokens in spontaneous speech differed per vowel and speaker. 
The within-subjects factor was style and the between-subject factors were region 
and gender. The partial η2 values for the significant effects (p<.005, i.e. p<.05 
Bonferroni corrected for nine analysis) are shown in Table 7.17. In this section, we 
will only discuss the style-related effects. Wilk’s Lambda values were used to signal 
significant effects. 

The table shows that for every vowel, except for /y/, a significant style effect was 
found:  /i/ (F4,62=7.553, p=.000; partial η2=.328),  /ɪ/ (F4,62=7.052, p=.000; partial 
η2=.313), /ɛ/ (F4,62=13.693, p=.000; partial η2=.469), /ʏ/ (F4,62=5.598, p=.001; partial 
η2=.265), /u/ (F4,62=6.133, p=.000; partial η2=.284), /ɔ/ (F4,62=4.189, p=.005; partial 
η2=.213), /ɑ/ (F4,62=7.300, p=.000; partial η2=.320) and /a/ (F4,62=7.005, p=.000; 
partial η2=.311). Notably, the effect for /ɛ/, which according to the hypothesis 
should not show a change in style, was strongest. 

Again, it was found that there was no interaction of style and region, which 
suggests that regional differences did not increase or decrease with style. This is in 
line with the findings in Section 7.4 and suggests either that some of the interactions 
have been removed, or that, as proposed above, stylistic behavior is identical across 
regions. 
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Vowel Style Style×Gender Style×Region Region Gender 
/i/ .328 - - - - 
/ɪ/ .313 - - .835 - 
/ɛ/ .469 - - .716 - 
/y/ - - - - - 
/ʏ/ .265 - - .752 - 
/u/ .284 - - .868 - 
/ɔ/ .213 - - .595 .623 
/ɑ/ .320 - - .595 - 
/a/ .311 - - - - 

Table 7.17 Style, region, gender and interaction effects on F1 and F2 of the monophthongs 
.Partial η2 are given for each significant effect (p<.005, significance level adapted according 
to Bonferroni). 

 
In order to be able to evaluate the third hypothesis, we need to uncover on which 

dimension the vowels switch position as a function of style. Therefore, a series of 
nine (i.e. one per monophthong) repeated measures ANOVAs was conducted for 
both F1 and F2. In each ANOVA, the dependent variable was the style-specific 
speaker mean of F1 or F2. The within-subject factor was style and the between-
subjects factors were region and gender.  

Table 7.18 displays the partial η2 values for the significant effects (p<.005, i.e. 
p<.05 Bonferroni corrected for nine analysis) for F1. The mean vowel positions 
across styles were plotted for N-R (Figure 7.23) and N-S (Figure 7.24). Five out of 
nine monophthongs showed a strong effect of style. The strongest effects were 
found for /ɛ/ (F2,32=17.566, p=.000; partial η2=.523) and /ɑ/ (F2,32=13.991, p=.000; 
partial η2=.467). The other vowels, i.e. /ɪ/ (F2,32=10.244, p=.000; partial η2=.390), /ʏ/ 
(F2,32=8.125, p=.001; partial η2=.337) and /a/ (F2,32=9.195, p=.001; partial η2=.365), 
showed weaker style effects. 
Section 7.3 showed that the monophthongal vowel space was smaller in spontaneous 
speech than in the logatomes and the word list. None of the monophthongs, 
however, showed evidence of reduction in height in relation to both read styles. The 
two front vowels /ɪ/ and /ɛ/ differed in height between spontaneous speech and the 
logatomes. These differences are in disagreement with our hypothesis, since for F1 
of both vowels an increase of sociogeographic variation was found as well. 
However, there seemed to be a tendency to avoid phonemic confusions, since the 
two adjacent vowels moved in the same direction. Thus, perhaps this could be 
considered a stylistic chain shift.  

The assumption that speakers tried to avoid phonemic confusions finds support in 
that, in addition to the increase in F1 variation and the shift in F1, both vowels also 
shifted to a lower F2, thus preserving the tentative (i.e. not significant) differences in 
the shift of /ɛ/ between N-R and N-S (cf. Figure 7.23 and 7.24). That is, since /ɛ/ in  
N-S was lower than its N-R counterpart, it could shift upward more without clashing 
with the higher vowels. As can be observed in Figure 7.23, the N-S vowel showed a 
steady shift upward when going from the style in which the level of monitoring is 
highest to spontaneous speech, in which the level of monitoring is lowest. The N-R  
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Vowel Style Post-hoc Style×Gender Style×Region Region Gender 
/i/ - - - - - - 
/ɪ/ .390 S<L - - .662 - 

/ɛ/ .523 S<L 
W<L - - .713 - 

/y/ - - - - - - 
/ʏ/ .337 W<L - - - - 
/u/ - - - - - - 
/ɔ/ - - - - .593 - 
/ɑ/ .467 S<W .330 - - - 
/a/ .365 S<W - - - - 

Table 7.18 Style, region, gender and interaction effects on F1 of the monophthongs .Partial η2 
are given for each significant effect (p<.005, significance level adapted according to 
Bonferroni). The ‘Post-hoc’ column gives the results for the post-hoc analyses on style, for 
which ‘<’ indicates a lower F1. 

 
variant did not move up further in spontaneous speech than its position in the word 
list. This explains why we found a smaller effect of region for this vowel in Section 
7.4.2.  

Note that it could also be that the vowel in N-R has reached a central position on 
the F1 dimension, i.e. that the vowel just showed a tendency to centralize (or reduce) 
and therefore stopped moving upward. However, this suggestion contradicts the 
claim of Van Bergem (1995), which stated that vowels are more reduced in words 
that are embedded in a linguistic context, such as a carrier sentence, than when they 
occur in isolated words. As Figure 7.23 shows, the word list vowel is closer to the 
spontaneous vowel, which would suggest that the word list vowel is more reduced. 

Another line of reasoning also leads to the conclusion that speakers tended to 
avoid phonemic confusions. That is, in N-R the spontaneous and word list variant 
were not so much reduced on F1, but the speakers may have tried to enhance the 
distance between /ɛ/ and the closest other vowels, when they were paying attention 
to their pronunciation, i.e. in the logatomes. Therefore the vowel was moved to a 
lower position in the latter style. 

In sum, no matter what the explanations are, /ɛ/ (and /ɪ/) violated our hypothesis, 
which, from a linguistic viewpoint, does not seem problematic for N-S, but it does 
for N-R, as the vowel ran the risk of being confused with higher vowels in 
spontaneous speech. The violations of the hypothesis were only found for the pair of 
spontaneous speech and the logatomes. Compared to the word list data, the 
sociogeographic variation in /ɛ/ did not increase in spontaneous speech. 

Another violation of the hypothesis was found in /ɑ/, which seemed yet less 
problematic from a linguistic point of view. That is, the vowel moved upward in 
spontaneous speech (compared to word list reading only), while increasing the 
amount of sociogeographic variation. Thus, in two senses, the vowel approached /ɔ/. 
The latter vowel, however, is relatively far from /ɑ/, thus the risk of confusion is 
relatively low. 
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Figure 7.23 Mean F1 and F2 of the monophthongs in N-R, plotted per style. In the legend, 
‘(front)’, ‘(back)’, ‘(low)’ and ‘(high)’ indicate the position in the figure of the symbol: the 
front side is the left side. 

Remarkably, however, the style effect for /ɑ/ was found to be gender-specific, 
which was indicated by the significant style×gender effect (F2,32=7.897, p=.002; 
partial η2=.330). This effect revealed that the male speakers did not show an effect 
of style (F2,16=2.624, p=.103; partial η2=.247), whereas the females (F2,16=20.764, 
p=.000; partial η2=.722) showed a strong style effect, revealing a higher variant in 
spontaneous speech (F1Lob=0.52) than in the two reading styles (WL F1Lob=1.17; 
Log F1Lob=1.30). This difference is yet to be explained, but it may indicate that the 
females coarticulate to a greater extent in spontaneous speech. 

The other low vowel, i.e. /a/, showed a gender-independent shift upward when 
going from word list reading to spontaneous speech. This shift was not accompanied 
by an increase of sociogeographic variation, so it does not violate our hypothesis. 
Recall that in many phonetic studies the low vowels were found to reduce more than 
other vowels in F1 (e.g., Mooshammer and Geng 2009). That finding is not so much 
supported here, since the lowest vowel (i.e. /a/) showed a weaker effect than some 
higher vowels. This appears to be mainly due to two speakers who showed a 
stronger reduction of /a/ in the logatomes than in spontaneous speech, which moved 
/a/ in the logatomes to a higher position than /ɑ/ and /ɛ/. 

Finally, /ʏ/ showed a higher F1 in the logatomes than in the word list. This effect 
was only apparent in N-S (cf. Figures 7.23 and 7.24), but did not lead to an 
interaction of style and region. For this front rounded vowel, no increase of  
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Figure 7.24 Mean F1 and F2 of the monophthongs in N-S, plotted per style. In the legend, 
‘(front)’, ‘(back)’, ‘(low)’ and ‘(high)’ indicate the position in the figure of the symbol: the 
front side is the left side. 

sociogeographic variation was found, so this finding does not pose a problem for our 
hypothesis. 

 As for F2, the majority of the vowels showed a shift in spontaneous speech (cf. 
Table 7.19). In many phonetic studies that study reduction, the higher front vowels 
move to a lower F2 value, and the back vowels move to a higher F2 or remain 
stable. Overall, this pattern recurred in the present study for spontaneous speech. 
That is, in that style /i/ (F2,32=8.548, p=.001; partial η2=.348), /ɪ/ (F2,32=12.068, 
p=.000; partial η2=.430) and /ɛ/ (F2,32=14.576, p=.000; partial η2=.477) moved to a 
lower F2 value and /u/ (F2,32=14.438, p=.000; partial η2=.474) to a higher value. An 
effect was also found for /ʏ/ (F2,32=7.598, p=.002; partial η2=.322), but post-hoc 
comparisons did not reveal differences in position between the styles. A more 
surprising result is the backward shift of /ɑ/ (F2,32=7.866, p=.002; partial η2=.330)  
/a/ (F2,32=9.818, p=.000; partial η2=.380), which may be explained as a tendency to 
retain the relative positions with respect to the backward moving high front vowels.  

Note that the strongest of these effects were found for /ɛ/ and /u/, which both 
violated our hypothesis, because they also showed an increase of sociogeographic 
variation in spontaneous speech. However, the violation did not apply to both pairs 
of reading styles and spontaneous speech. That is, for /u/ the violation of Hypothesis 
3 was only found for word list reading and spontaneous speech. For the logatomes 
and spontaneous speech, only a difference in sociogeographic variation was found 
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Vowel Style Post-hoc Style×Gender Style×Region Region Gender 

/i/ .348 S<W - - - - 
/ɪ/ .430 S<W,L - - .831 - 
/ɛ/ .477 S<W,L - - .487 - 
/y/ - - - - - - 
/ʏ/ .322 n.s. - - .713 - 
/u/ .474 W<S - - .866 - 
/ɔ/ - - - - - - 
/ɑ/ .330 S<L - - - - 
/a/ .380 S<L - - - - 

Table 7.19 Style, region, gender and interaction effects on F2 of the monophthongs .Partial η2 
are given for each significant effect (p<.005, significance level adapted according to 
Bonferroni). The ‘Post-hoc’ column gives the results for the post-hoc analyses on style, for 
which ‘<’ indicates a lower F2. 

For /ɛ/, a violation was only found when comparing spontaneous speech to the 
logatomes. 

Overall, it appears that Hypothesis 3 is violated. Those vowels that showed an 
increase of sociogeographic variation in spontaneous speech on a certain dimension, 
also showed a shift of position on that dimension in spontaneous speech. However, 
for the back vowels, the violation of the hypothesis did not seem to be dramatic, 
since there was a large space for /ɑ/ in F1 and for /u/ in F2 to move and vary in, 
without showing serious overlap with the vowels that were closest by in that 
dimension. 

 
 
7.5.2.2 Assessing the overlap between monophthongs 
 
For the front vowels, i.e. /ɛ/ and /ɪ/, the violation of Hypothesis 3 seemed more 
problematic for the N-R speakers, since for those speakers the vowels lay close to 
each other. Therefore we would particularly for these vowels expect an increase of 
confusions in spontaneous speech with their neighbors on the height dimension. 
This effect would be expected to be largest for N-R. To test this claim, a number of 
linear discriminant analyses (LDAs) were run, in which on the basis of normalized 
F1 and F2 the vowel category was predicted. A total of six LDAs, using the enter 
method, were performed: for each of the three styles, an analysis was run for N-R 
and N-S separately. Contrary to other analyses in this chapter, all formant values, 
i.e. not the aggregated values, were entered as (predictor) variables, since otherwise 
the spread of the vowels within the speaker would not be reflected. Given the 
variable numbers of tokens across styles and vowels, conclusions on the differences 
between the vowels are considered indicative at most. For the same reason, 
probabilities of belonging to a certain vowel category were computed on the basis of 
the number of tokens per vowel prior to the LDAs. 

The results for the LDAs are given in Table 7.20. The table gives the success 
rate, i.e. the percentage of mean vowels that were classified into the correct vowel  
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Region Style n Success (%) Confusions (%) 

 Log 180 90.6 y>i (15%); i>y (10%); ɑ>a (10%) 
N-R WL 170 93.5 y>ʏ (10%); ɛ>ʏ (10%); ʏ>ɛ (10%) 

 Sp 433 78.8 y>ɪ (24%); y>ʏ (21%); ɛ>ɪ (16%) 
 Log 180 87.8 ɛ>a (40%); ɛ>ɪ (15%); y>i (15%) 

N-S WL 170 95.3 ɛ>ɪ (10%); ɛ>a (10%) 
 Sp 429 78.3 ɛ>a (24%); y>i (22%); ɛ>ɪ (16%) 

Table 7.20 Success rates and most common confusions for the LDAs, in which the vowel 
category was predicted on the basis of F1 and F2. ‘n’ indicates the number of tokens used to 
compute the overall success rate, ‘>’ indicates that the vowel left of the arrow was confused 
to be a vowel of the category right of the arrow. The most common confusions are given in 
the last column (see text for further explanation). 

category, and the most common confusions between vowels. For both N-R and N-S, 
the number of tokens in the logatomes was 180 (10 speakers × 9 vowels × 2 tokens) 
and in the word list 170 (i.e. there was only one token of /y/). For spontaneous 
speech, the number of tokens was 433 in N-R and 429 in N-S. As mentioned above, 
the largest confusions in spontaneous speech were expected to occur for /ɛ/ and /ɪ/. 
In the last column, the most common confusions are given. They are computed per 
vowel pair. For instance, there were 20 tokens of /y/ and 20 tokens of /i/ in N-R. As 
shown in the table, 15% of the total amount of tokens for these vowels (i.e. 40) was 
confused (i.e. a token of /i/ was classified as /y/ or vice versa). 

For the logatomes, chance level was 11.1%, since the number of tokens was 
constant for all nine monophthongs. For the word list, chance level for all vowels 
with two tokens was 11.8%, but for /y/, with only one token, it was 5.9%. For 
spontaneous speech, the chance levels differed between regions. In N-R, all vowels 
had a chance level of 11.5%, except for /y/, for which it was 7.6%. In N-S, all 
vowels had a chance level of 11.7%, except for /ʏ/ and /y/, for which it was 11 and 
7.5%, respectively. 

In the two reading styles the success rates were high. In N-R, both reading styles 
yielded a success of over 90%, indicating that the vowels were well separated. In the 
logatomes, most confusions showed up for the /i/-/y/ pair: 15% (i.e. 3) of the 20 
tokens of /y/ were classified as /i/, and 10% of the tokens of /i/ as /y/. In the word 
list, mostly /ɛ/ and /ʏ/ were confused, but again, the number of errors was low. In N-
S, the logatomes yielded a success rate lower than 90%, mainly due to tokens of /ɛ/ 
that were classified /a/. In the word list, yielding the highest success rate, this 
problem was far less apparent. 

For both N-R and N-S the success rates dropped for spontaneous speech, to 78.8 
and 78.3% respectively. The decrease in success, or the increase of overlap, in 
spontaneous speech, thus, was not dramatic. In other words, even though the vowel 
space decreased in size and some vowels covered a larger space, the vowels seemed 
to be well separable. Many of the confusions in spontaneous speech concerned /y/, 
/ɪ/ and /ɛ/, which are in the crowded high front region. 

Crucially, these LDAs ignore what happens at the level of the speaker. In other 
words, although the analysis tells us that /ɛ/ and /a/ showed overlap in N-S, this may 
be overlap between speakers, not necessarily within speakers. Therefore the LDAs  
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Region Style n Success (%) Confusions (%) 

 Log 180 98.3 y>i (5%); y>ʏ (5%); ɑ>a (5%) 
N-R WL 170 97.1 ɛ>ʏ (10%); ɛ>y (5%); ɪ>ʏ (5%); y>i (5%) 

 Sp 433 84.7 y>ɪ (27%); ɔ>u (14%) 
 Log 180 98.3 y>i (10%); ʏ>y (5%) 

N-S WL 170 98.8 ɑ>ɔ (5%); ɛ>a (8%) 
 Sp 429 86.0 y>i (31%); a>ɛ (10%)  

Table 7.21 Success rates and most common confusions for the LDAs at the individual level, 
in which the vowel category was predicted on the basis of F1 and F2. ‘n’ indicates the number 
of tokens used to compute the overall success rate, ‘>’ indicates that the vowel left of the 
arrow was confused to be a vowel of the category right of the arrow. The most common 
confusions are given in the last column (see text for further explanation). 

were run a second time, but now for each speaker separately, such that we get an 
idea of the overlap within speakers. The results are shown in Table 7.21. The 
number of tokens per speaker was 18 for the logatomes and 17 for the word list. For 
spontaneous speech, the number of tokens varied between 38 and 4511. 

The vowels showed less overlap within speakers than when vowel tokens from 
different speakers were pooled. In the reading styles, the classification approached 
perfection, suggesting that speakers took care to distinguish the vowels. This is 
illustrated by the fact that in both the word list and the logatomes, 16 out of 20 
speakers showed no misclassifications. In spontaneous speech, the success rates 
again dropped on average and for each speaker individually. Some speakers still 
showed success rates close to 100%: in N-R the rates ranged from 72 to 98%, in N-S 
they varied between 80 to 96%. The most frequent misclassification in N-R occurred 
for /y/ that was classified to be /ɪ/, and in N-S the most frequent error also occurred 
for /y/, which was considered to be /i/12. 

Concerning the vowel space paradox, it is most revealing to look more into the 
behavior of the monophthongs that violated our hypothesis in spontaneous speech, 
i.e. /ɛ/, /ɪ/, /ɑ/ and /u/. Therefore, the confusion matrices of the spontaneous vowels 
for the LDAs are given for N-R and N-S in Table 7.22 and 7.23, respectively. In 
these tables the absolute numbers of tokens of vowels are given. Thus, for /y/ only 
33 tokens were obtained in N-R, only 16 of them were correctly classified, and 2 of 
the misclassified tokens of /y/ were classified as /i/. 

 The tables reveal that in all vowels, except /y/, the large majority of tokens were 
correctly classified. The high front vowels /ɛ/ and /ɪ/ were most often involved in 
confusions13, i.e. 29 and 41 tokens, respectively. In the case of /ɪ/, the number of  
                                                             
11 For only one speaker (i.e. N-Sf5) there were 38 tokens. For the others, the number of tokens 
was 42 or higher. 
12 The special status of /y/ in Dutch, as mentioned earlier, seems to be confirmed here. Both in 
N-R and N-S the Euclidean distance to the mean of /y/, thus the variation (cf. Section 7.4) 
was largest for this vowel in spontaneous speech, without showing systematic sociolinguistic 
differences (cf. Section 6.3.2.2). 
13 Being involved in confusions here means for vowel a to be predicted to be vowel b, or that 
vowel b is predicted to be vowel a. Hence, if there are 50 tokens for both vowels, and there 
are 8 confusions, 8% of the vowels could not be distinguished. 
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Predicted  N-R 
/i/ /ɪ/ /ɛ/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ /a/ Total 

/i/ 48 2        50 
/ɪ/ 4 40 4  2     50 
/ɛ/  4 40 1 5     50 
/y/ 2 9 1 16 4 1    33 
/ʏ/   2 2 46     50 
/u/     1 45 3 1  50 
/ɔ/      7 42 1  50 
/ɑ/     1  2 44 3 50 

Vowel 

/a/   1  2   1 46 50 
Table 7.22 Confusion matrix (absolute number of tokens) for the LDA on monophthongs in 
spontaneous speech of N-R speakers (cf. Table 7.21). 

 
 

Predicted  N-S 
/i/ /ɪ/ /ɛ/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ /a/ Total 

/i/ 48 1  1      50 
/ɪ/ 2 40 4 3 1     50 
/ɛ/  1 42  2    5 50 
/y/ 10 1  19  2    32 
/ʏ/  2   43 2    47 
/u/     2 45 3   50 
/ɔ/       48 2  50 
/ɑ/     1  4 44 1 50 

Vowel 

/a/   4  1   2 43 50 
Table 7.23 Confusion matrix (absolute number of tokens) for the LDA on monophthongs in 
spontaneous speech of N-S speakers (cf. Table 7.21). 

tokens that were involved differed between regions: 25 in N-R and 16 in N-S. The 
latter finding seems to be a direct consequence of the fact that /ɪ/ in N-S is lower 
than in N-R.  Tokens of /ɑ/ and /u/ were less involved in confusions, i.e. in 22 and 
17 cases. 

A relevant question is with which vowels /ɪ/, /ɛ/, /ɑ/ and /u/ were confused. Or, to 
put it differently, did the confusions mainly occur for the dimensions for which the 
vowels increased variation and for which they shifted to a different position? We 
will discuss this question below, using Table 7.22 and 7.23. 

Recall that /ɪ/ moved to a lower F1 and showed more variation on this dimension. 
In N-R, most confusions with this vowel involved higher vowels: /y/ in nine cases 
and /i/ in six cases. The remaining ten cases concerned confusions with /ɛ/ (eight) 
and /ʏ/ (two). The N-R speakers appeared well able to preserve phonemic contrasts 
between /ɛ/ and /ɪ/ by moving both vowels up (i.e. not only /ɛ/), since only eight of 
one hundred /ɛ/s and /ɪ/s were confused with each other. However, for /ɪ/, this was at 
the cost of a decrease in contrast with the higher vowels, mainly /y/. Yet, the 
increase in overlap with /y/ is relatively harmless, since the two vowels remain to 
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show contrast on other dimensions than F1 and F2. This may offer an additional 
explanation for why /ɪ/ was able to move up, while showing an increase in F1 
variation. That is, in Dutch, it is difficult to find minimal pairs of words that differ 
only with respect to /ɪ/ and /y/14. Moreover, it has been reported that front rounded 
and unrounded vowels can be distinguished on the basis of F3 (e.g., Ladefoged 
2003). The shift up (and back) of /ɪ/ in spontaneous speech therefore does not mean 
a complete merger of vowel qualities15. 

In N-S, the overlap of /ɪ/ with the higher vowels was less apparent: in seven out 
of sixteen confusions it involved higher vowels. In as much confusions, rounded 
front vowels were involved. As noted above, the reduction of phonemic contrast for 
these tokens was thus not complete. Only five misclassifications involved 
confusions with /ɛ/, indicating that also the N-S speakers were largely successful in 
preserving the phonemic contrast between /ɪ/ and /ɛ/. Yet, for the tokens that did not 
show the F1/F2-contrast anymore, duration may have been contrastive, since in 
Section 6.3.2.1 it was found that /ɛ/ was longer than /ɪ/. Including duration as a 
predictor did however only enhance the contrast between these vowels for the N-R 
speakers, for which the number of confusions between /ɛ/ and /ɪ/ decreased with 
three. 

For /ɛ/, other confusions than those with /ɪ/ occurred with /a/ in ten cases (nine in 
N-S, one in N-R), with /ʏ/ in nine cases (seven in N-R), and with /y/ in two cases 
(both N-R). Since /ɛ/ is not rounded and front, the argument applies that it can 
probably be distinguished from the rounded vowels using F3. Therefore, these 
confusions do not seem to pose a problem with the finding that reduced vowels can 
be well distinguished. In the cases of /ɛ/ being classified as /a/, duration might 
enhance recognition, as /a/ was found to be longer than other monophthongs 
(Section 6.3.2.1). Yet, including duration as a predictor did only improve 
categorization in one case.  

In the case of /ɑ/, most confusions were found with /ɔ/ (nine, of which six in N-
S) and /a/ (seven, of which four in N-R). In two cases, the vowel was categorized as 
/ʏ/ and in one case as /u/. Most of these confusions can be explained by the shift 
upward of F1 and the increase of variation in F1. The confusions with /ɔ/ were not 
dramatic in number, particularly because this vowel did not show an increase in F1 
variation or a shift of position. So, this implies that the shift and increase of variation 
in /ɑ/ were possible due to a larger empty space between the two back vowels than 
for, for instance, /ɛ/ and /ɪ/. 

For /u/, both a shift and increase of variation on the F2 dimension were found. 
Still, mostly, the vowel was confused with /ɔ/, with which it mainly differs in F1. 
These confusions occurred more in N-R, i.e. ten times than in N-S, i.e. twice. This 

                                                             
14 Exceptions are bit-buut, fit-fuut, klit-kluut. 
15 This claim could not be tested for spontaneous speech, since we did not verify the F3 
values for that style. We did, however, briefly test the claim by doing two repeated-measures 
ANOVAs, with unnormalized F3, measured in the logatomes of the N-S and N-R speakers, as 
the dependent variable, and vowel (/y/ and /i/ in one analysis, /ʏ/ and /ɪ/ in the other). F3 of /i/ 
(2821 Hz) and /ɪ/ (2728 Hz) were significantly higher than F3 of /y/ (2486 Hz) and /ʏ/ (2524 
Hz), respectively. 
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can be explained by the regional differences found in Section 6.3.2.2. That is, it was 
found that N-S /u/ was more front than N-R /u/ and /ɔ/ was lower in N-S than in N-R 
in spontaneous speech. Thus, combining these findings, it can be observed that the 
two vowels are just closer to each other in N-R. Given the proximity of /ɔ/ and the 
open space on F2 in front of /u/, there is hardly any restriction for /u/ to move 
forward in spontaneous speech. In both regions, it does so, resulting in three 
confusions with each of the front vowels /y/ and /ʏ/. Overall, the larger spread of /u/ 
over F2 and the shift forward do not seem problematic. The confusions with front 
vowels can thus (still?) be considered largely incidental.  

In sum, for most of the vowels that violated the hypothesis, there seem to be 
good reasons why they were able to do so. In the next two sections, we will consider 
the hypothesis in the light of the (semi)diphthongs. Following these sections, we 
will synthesize the results in order to come up with the solution to the vowel space 
paradox. 
 
 
7.5.2.3 Positions of the (semi)diphthongs 
 
In contrast to the monophthongs, the (semi)diphthongs did not seem to provide a 
challenge to the vowel space paradox (cf. Section 7.5.2). That is, /o/, /ɛi/, /œy/ and 
/ɔu/ showed an increase of sociogeographic variation in F1 at the onset, and in /e/ 
and /ɔu/ at the offset. However, they did not show an increase in sociogeographic 
variation in F2, which was the dimension in which the vowel space mainly 
decreased in size. This suggested that the paradox (increase in variation with a 
smaller vowel space size) did not apply anymore to the (semi)diphthongs. Yet, as 
large shifts in F1 in (semi)diphthongs could create overlap between long mid vowels 
and their diphthong counterparts and since the different styles may shed light on 
what the norm is, we are interested in how the (semi)diphthongs behave across 
styles. 

 To get a first idea of which (semi)diphthongs change between styles and at 
which time point, a series of repeated-measures MANOVAs were run, with F1 and 
F2 at the onset or offset as dependent variables. Per style, the mean F1s and F2s 
were computed for each speaker, because the number of tokens differed between 
styles and speakers. The within-subjects factor was style and the between-subject 
factors were region and gender. The partial η2 values for the significant effects 
(p<.008, i.e. p<.05 Bonferroni corrected for six analysis per time point) are shown in 
Table 7.24. We will only discuss the style-related effects. 

As the table shows, all (semi)diphthongs changed with style at the onset. This 
effect was stronger for /ɛi/ (F4,64=11.866, p=.000; partial η2=.434) and /ɔu/ 
(F4,62=13.013, p=.000; partial η2=.456) than for the other (semi)diphthongs:  /e/ 
(F4,62=9.086, p=.000; partial η2=.370), /ø/ (F4,62=3.983, p=.006; partial η2=.204), /o/ 
(F4,62=4.435, p=.003; partial η2=.222) and /œy/ (F4,62=4.804, p=.002; partial 
η2=.237). In addition, a significant interaction of style and region was found for /ɔu/ 
(F4,62=4.259, p=.004; partial η2=.216). 

 



CHAPTER 7 

 

294

 
 Vowel Style Style×Gender Style×Region Region Gender 
 /e/ .370 - - .664 - 
 /ø/ .204 - - .679 - 

Onset /o/ .222 - - .657 - 
 /ɛi/ .434 - - - - 
 /œy/ .237 - - .704 - 
 /ɔu/ .456 - .216 .762 - 
 /e/ .391 - - - - 
 /ø/ .383 .218 - - .485 

Offset /o/ - - - - - 
 /ɛi/ .667 - - - - 
 /œy/ .478 - - - - 
 /ɔu/ .407 - - - - 

Table 7.24 Style, region, gender and interaction effects on F1 and F2 at the onset or offset of 
the (semi)diphthongs. Partial η2 are given for each significant effect (p<.008, significance 
level adapted according to Bonferroni). 

At the offset only /o/ did not yield a style effect. Again, /ɛi/ (F4,64=30.993, 
p=.000; partial η2=.667) showed a strong style effect. For the other 
(semi)diphthongs, except for /ɔu/ (F4,62=10.658, p=.000; partial η2=.407), the effect 
at the offset was stronger than the effect at the onset: /e/ (F4,62=9.955, p=.000; partial 
η2=.391), /ø/ (F4,62=9.635, p=.006; partial η2=.383), /œy/ (F4,62=14.206, p=.002; 
partial η2=.478). For /ø/ (F4,62=4.316, p=.004; partial η2=.218), a significant 
interaction of style and gender was found. 

As these effects indicate, the pronunciation of the (semi)diphthongs changed with 
style. To investigate on which dimension the vowels shifted, four series of six 
repeated measures ANOVAs were run: two at the onset and two at the offset, in both 
pairs one ANOVA with F1 as the dependent variable and the other one with F2 as 
the dependent variable. The between-speaker variables were region and gender. 
Significant effects (p<.008, i.e. p<.05 Bonferroni corrected for six analysis per 
formant and time point) for F1 are given in Table 7.25. The long mid vowels are 
plotted for N-R in Figure 7.25, for N-S in Figure 7.26, and the diphthongs for  
N-R in Figure 7.27 and for N-S in Figure 7.28. 

No style effects were found for F1 the onset. This may be considered remarkable, 
given the high number of studies that have noted variation and change in the onset 
of Dutch diphthongs (e.g., Jacobi 2009; Smakman 2006; Van Heuven et al. 2002; 
Stroop 1998; Van de Velde 1996). Many agree that the onset of the Dutch diphthong 
has lowered, or is even on its way to lower further (cf. Section 6.3.2.3). Some say 
that this development is a change from above (e.g., Stroop 1998), but others claim it 
is most probably a change from below, since speakers are not aware of the lowered 
onsets they show (Van Heuven et al. 2002:63). Changes from below develop in 
informal styles first (Labov 2001:437), which would suggest that in the case of 
Dutch, spontaneous speech yields lower onsets. This is not the case, which 
seemingly is an argument against the change from below standpoint. However, as 
has been shown for a number of monophthongs, vowel targets tend to be more 
difficult to reach in spontaneous speech. Therefore, it may be the case that the  
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 Vowel Style Post-hoc Style×Gender Style×Region Region Gender 
 /e/ - - - - .503 - 
 /ø/ - - - - .672 - 

Onset /o/ - - - - .647 - 
 /ɛi/ - - - - - - 
 /œy/ - - - - .663 - 
 /ɔu/ - - - - .579 - 
 /e/ .343 W<L - -  - 
 /ø/ - - - - - .361 

Offset /o/ - - - - - - 
 /ɛi/ .662 S<W,L - - - - 
 /œy/ .564 S<W,L - - - - 
 /ɔu/ .526 S<W,L - - - - 

Table 7.25 Style, region, gender and interaction effects on F1 at the onset or offset of the 
(semi)diphthongs. Partial η2 are given for each significant effect (p<.008, significance level 
adapted according to Bonferroni). 

 
Figure 7.25 Mean F1 and F2 at the onset (lower symbol) and the offset (higher symbol) of the 
long mid vowels in N-R, plotted per style.  
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Figure 7.26 Mean F1 and F2 at the onset (lower symbol) and the offset (higher symbol) of the 
long mid vowels in N-S, plotted per style. 

 
Figure 7.27 Mean F1 and F2 at the onset (lower symbol) and the offset (higher symbol) of the 
diphthongs in N-R, plotted per style. 
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Figure 7.28 Mean F1 and F2 at the onset (lower symbol) and the offset (higher symbol) of the 
diphthongs in N-S, plotted per style. 

speakers aimed for a lower onset position, but due to the shorter duration of the 
(semi)diphthongs in spontaneous speech (Section 7.3.3.2 and 7.3.3.3), they were not 
able to do so16. This line of reasoning applies particularly to the diphthongs, which 
showed low onset targets, i.e. close to /a/. The point to be made here is thus to be 
careful in interpreting differences and similarities across styles that also differ in the 
amount of reduction.  

At the offset, F1 did show some differences across styles, i.e. for /e/ (F2,32=8.346, 
p=.001; partial η2=.343), /ɛi/ (F2,32=31.270, p=.000; partial η2=.662), /œy/ 
(F2,32=20.723, p=.000; partial η2=.564) and /ɔu/ (F2,32=17.745, p=.000; partial 
η2=.526). In the case of /e/, the word list F1 was lower than the logatome value. For 
the diphthongs, the word list values were lower at the offset than in both the 
logatomes and spontaneous speech. This indicates that the diphthongs showed a 
larger glide in F1 in word list reading than in the two other styles. Note that the 
shorter duration of spontaneous speech does not refrain the glide from being as long 
as in the logatomes, whereas this could serve as the sole explanation for the 
difference between word list reading and spontaneous speech. As noted earlier, the 
shorter glide in the logatomes than in the word list may indicate that a strong glide 
still bears stigma (cf. Van de Velde 1996). That is, when aware of it, speakers tend  
                                                             
16 It may be that the onset, as defined here (i.e. at 25% of the duration), was too early to reach 
maximum F1 in spontaneous speech. A more dynamic description of the vowel, in the form of 
a regression, would offer a solution to this problem, since then the maximum F1 could be 
derived from the formula. 
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 Vowel Style Post-hoc Style×Gender Style×Region Region Gender 
 /e/ .579 S<W,L - - .644 - 
 /ø/ .291 n.s. - - .405 - 

Onset /o/ - - - - .457 .383 
 /ɛi/ .601 S<W,L - - .417 - 
 /œy/ - - - - - - 
 /ɔu/ .606 S>L - .370 .723 - 
 /e/ .454 S<L - -  - 
 /ø/ .508 S<W,L - - - .403 

Offset /o/ - - - - - - 
 /ɛi/ .724 S<L<W - - - - 
 /œy/ .371 S<W - - .412 - 
 /ɔu/ .359 S>W - - - - 

Table 7.26 Style, region, gender and interaction effects on F2 at the onset or offset of the 
(semi)diphthongs. Partial η2 are given for each significant effect (p<.008, significance level 
adapted according to Bonferroni). 

to reduce the glide. An additional explanation for the shorter glide is that the 
logatomes were embedded in a linguistic context, which tends to enhance reduction 
(Van Bergem 1995). 

In sum, the results suggest that duration and stigma interact in a complex way for 
the diphthongs. The shorter duration in spontaneous speech seems to hinder the 
speakers to reach a low onset. Moreover, the shorter duration prevents the speakers 
from producing a long glide. Although the logatome diphthongs have a longer 
duration, the glide is shorter, which suggests longer glides clash with the overt 
norm. 

As for F2, it was suggested that this dimension was most important for 
distinguishing the three categories of (semi)diphthongs from each other (i.e. front 
unrounded, front rounded and back). Therefore, it would be expected that the 
reading styles enhance the difference between the long mid vowels and between the 
diphthongs in reading styles, whereas in spontaneous speech, the difference is 
reduced. 

The results for the ANOVAs on style differences in F2 values are given in Table 
7.26. At the onset of the long mid vowels, /e/ (F2,32=22.015, p=.000; partial η2=.579) 
showed the clearest style difference, whereas the style effect for /ø/ (F2,32=6.578, 
p=.004; partial η2=.291) was weaker. Post-hoc comparisons showed that the onset of 
/e/ was retracted more in spontaneous speech than in the reading styles. The 
comparisons did not yield style differences for /ø/. As for the diphthongs, /ɛi/ 
(F2,32=24.143, p=.000; partial η2=.601) and /ɔu/ (F2,32=24.639, p=.000; partial 
η2=.606) showed an onset style difference in F2. In the case of the front diphthong 
the same pattern was found as for /e/, whereas the back diphthong showed an onset 
that was more front  in spontaneous speech than in the logatomes. For /ɔu/, however, 
an interaction of style and region was found, which indicated that in N-S, the onset 
differed between spontaneous speech and both reading styles, whereas in N-R the 
previously given description applied. 

At the offset, more style differences were found for F2. The front vowels showed 
a lower F2 in spontaneous speech than in (one of) the reading styles. For /e/ 
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(F2,32=13.312, p=.000; partial η2=.454), a difference was only found with the 
logatomes and in the case of /œy/ (F2,32=9.432, p=.001; partial η2=.371) only with 
the word list. Both /ø/ (F2,32=16.549, p=.000; partial η2=.508) and /ɛi/ (F2,32=41.909, 
p=.000; partial η2=.724) differentiated the spontaneous offset from the reading 
offsets. In addition, /ɛi/ showed a more retracted offset in the logatomes than in the 
word list. Finally, /ɔu/ (F2,32=8.959, p=.001; partial η2=.359) showed a higher F2 at 
the offset of spontaneous tokens, than in the word list tokens. 

In sum, for F2, the phonemic differences were in general largest for the word list 
data and smallest for spontaneous speech. As noted earlier, spontaneous speech did 
not yield an increase in sociogeographic variation in F2, thus these findings do not 
violate our hypothesis. 

In the case of F1, most (semi)diphthongs lend support for the hypothesis: an 
increase of sociogeographic variation was found at the onset of /o/, /ɛi/, /œy/ and 
/ɔu/, and at the offset of /e/ and /ɔu/, but only at the offset of /ɔu/ a shift of the 
position of the vowel was found. For the analysis of overlap in the following 
section, we may therefore expect most confusions to occur for the back diphthong 
and in spontaneous speech. 
 
 
7.5.2.4 Assessing the overlap between (semi)diphthongs 
 
In order to investigate whether the reduction of the diphthongs on the F2 dimension 
and the combined shift and increase of variation for the back diphthong led to more 
overlap between the (semi)diphthongs in spontaneous speech, a number of linear 
discriminant analyses (LDAs) were run. The same method as for the monophthongs 
was used (cf. Section 7.5.2.2), although now the predictors were normalized F1 and 
F2 at the onset and offset (i.e. four predictors per vowel token). 

In the first place, the LDAs were run per region. The results of these analyses are 
given in Table 7.27. The number of tokens used for the analysis was 120 in both 
word list reading and the logatomes, in both N-R and N-S (10 speakers × 6 vowels × 
2 tokens).  For spontaneous speech, the number of tokens was 288 in N-R and 277 
in N-S. The rate of confusions per vowel pair is computed in the same way as for the 
monophthongs (see the beginning of Section 7.5.2.2). 

Table 7.27 reveals high success rates for the reading styles in both N-R and N-S, 
indicating that, across speakers, the differences between the different diphthongs 
were large. In spontaneous speech, the phonemic differences seemed to have slightly 
decreased, given the lower success rates in both regions. This decrease seems 
entirely due to overlap between /ɔu/ and /o/, as was predicted in the previous 
section. 

To see whether this overlap was not only apparent between speakers, but also 
within speakers, each LDA was also run for each individual speaker. The results for 
these LDAs are summarized in Table 7.28. A comparison of the results in this table 
with the results in Table 7.27 suggests that the confusions between the 
(semi)diphthongs mainly occurred between speakers. To get more insight into which 
(semi)diphthongs were involved in the confusions, the confusion matrices for the  
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Region Style n Success (%) Confusions (%) 

 Log 120 99.2% o>ɔu (5%) 
N-R WL 120 97.5% œy>ø(5%); ɛi>e(5%); ɛi>œy (5%) 

 Sp 288 84.7% o>ɔu (10%); ɔu>o (10%) 
 Log 120 97.5% e>o (5%); ɛi>ø(5%); o>ø (5%) 

N-S WL 120 94.2% ø>œy (10%); ɔu>o (10%) 
 Sp 277 82.3% ɔu>o (32%); o>ɔu (20%) 

Table 7.27 Success rates and most common confusions for the LDAs at the regional level, in 
which the (semi)diphthongal category was predicted on the basis of normalized F1 and F2 at 
the onset and offset. ‘n’ indicates the number of tokens used to compute the overall success 
rate, ‘>’ indicates that the vowel left of the arrow was confused to be a vowel of the category 
right of the arrow. The most common confusions are given in the last column (see text for 
further explanation). 

 

Region Style n Success (%) Confusions (%) 
 Log 120 100 - 

N-R WL 120 100 - 
 Sp 288 92.7 ɛi>e (6%); ɛi>œy (6%); ɔu>o (6%) 
 Log 120 99.2 e>o (5%) 

N-S WL 120 100 - 
 Sp 277 94.6 ɔu >o (15%) 

Table 7.28 Success rates and most common confusions for the LDAs at the individual level, 
in which the vowel category was predicted on the basis of normalized F1 and F2 at the onset 
and offset. ‘n’ indicates the number of tokens used to compute the overall success rate, ‘>’ 
indicates that the vowel left of the arrow was confused to be a vowel of the category right of 
the arrow. The most common confusions are given in the last column (see text for further 
explanation). 

LDAs on spontaneous speech were examined. They are given in Table 7.29 and 
Table 7.30, for N-R and N-S respectively.  
Note in the first place that confusions in both tables were very low frequent. Table 
7.29 shows that in N-R, the long mid vowels were mostly confused with their 
diphthong counterparts, whereas /ɛi/ and /œy/ were more often interchanged with 
each other than with their long mid vowel counterpart. The other diphthong, i.e. /ɔu/, 
was mostly confused with /o/. The latter confusion recurred in N-S as the most 
frequent one. Other confusions were low frequent. 

As in Section 6.3.2.1, it was shown that the diphthongs were longer than the long 
mid vowels, it was tested whether the inclusion of duration in LDA would improve 
the classifications. However, no improvement was obtained. Therefore, it may be 
concluded that in some cases the /ɔu/ and /o/ seem to have merged. However, the 
relative number of these mergers was too low (i.e. 13 of 197 tokens showed a 
possible merger) to consider it a threat to the phonemic contrast in Dutch. 

All in all, the results showed indications of lower recognition of 
(semi)diphthongs due to a smaller F2 range. However, speakers showed also overlap  
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Predicted  N-R 
/e/ /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ Total 
/e/ 47   3   50 
/ø/ 1 35   2  38 
/o/   49   1 50 
/ɛi/ 1   46 3  50 

/œy/  2  2 46  50 

Vowel 

/ɔu/  2 3  1 44 50 
Table 7.29 Confusion matrix (absolute number of tokens) for the LDA on (semi)diphthongs 
in spontaneous speech of N-R speakers (cf. Table 7.27). 

 
 

Predicted  N-S 
/e/ /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ Total 
/e/ 49   1   50 
/ø/ 1 32     33 
/o/   48   2 50 
/ɛi/ 1   49   50 

/œy/    2 45  47 

Vowel 

/ɔu/  1 7   39 47 
Table 7.30 Confusion matrix (absolute number of tokens) for the LDA on (semi)diphthongs 
in spontaneous speech of N-S speakers (cf. Table 7.27). 

between long mid vowels and their diphthong counterpart. The latter effect was 
strongest for /o/ and /ɔu/, of which the diphthong showed a lower offset (i.e. a higher 
F1) in addition to more sociogeographic variation on the height dimension. This 
explains the increased overlap and, as for the monophthongs, constitutes a violation 
of the hypothesis. However, again, the overlap caused by the violation was 
negligible. 
 
 
7.5.3 Synthesis of the results: the solution 
 
In the present section, we will summarize the results of the analyses of the present 
chapter and propose a solution to the vowel space paradox. The results of this 
chapter are presented in Table 7.31. Given Hypothesis 3, we will focus on the 
changes in spontaneous speech as opposed to the reading styles. For the sake of 
simplicity, the distinction between the word list and the logatomes is ignored in the 
table for the results of the individual vowels. If, for instance, an increase of F1 in 
spontaneous speech is indicated, it refers to a difference of spontaneous speech with 
at least one of the reading styles. 

The presentation of the results in the current chapter consisted of three parts. 
Each part discussed a hypothesis that was related to the vowel space paradox. In the 
first part (Section 7.3), global characteristics of the vowel space were compared. On 
the basis of the literature, it was predicted that the vowel space would decrease in  
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Vowel 
space 
size 

Duration Vowel Increase 
acoustic 
variation 

Increase  
socio 

variation 

Position 
shift 

Violation 
Hypoth. 

3 

Confused 
with 
(%) 

/i/ F1&F2 - F2 < no /y/ (8) 

/ɪ/ F1 F1 F1 < 
F2 < yes /ɛ/ (7), /y/ (6) 

/ɛ/ F1, F2 F1, F2 F1 < 
F2 < yes /ɪ/ (7), /a/ (5) 

/y/ - - - no /i/ (8), /ɪ/ (6) 
/ʏ/ - - - no - 
/u/ F1, F2 F2 F2 > yes /ɔ/ (7) 
/ɔ/ - - - no /u/ (7) 

/ɑ/ F1 F1 F1 < 
F2 < yes - 

WL,Log>Sp WL,Log>Sp 

/a/ - - F1 < 
F2 < no /ɛ/ (5) 

/e/ F1(75) F1(75) F2(25) < no - 

/ø/ F1&F2 
(75) - F2(75) < no - 

WL>Sp>Log WL,Log>Sp 

/o/ 
F1(25)  
F2(25)  
F2(75) 

F1(25) - no /ɔu/ (7) 

/ɛi/ F1(25)  F1(25) 
F1(75) < 
F2(25) < 
F2(75) < 

no - 

/œy/ F1(25) F1(25) F1(75) < 
F2(75) < no - WL>Log,Sp WL,Log>Sp 

/ɔu/ 
F1(25)  
F1(75)  
F2(75) 

F1(25) 
F1(75) 

F1(75) < 
F2(25) > 
F2(75) > 

yes /o/ (7) 

Table 7.31 Summary of the results of Chapter 7: For the individual vowels, the results for 
spontaneous speech are given. ‘F1&F2’ in the fourth column indicates a significant effect in 
the MANOVA, but not in the ANOVA for F1 or F2. In the ‘Position shift’ column ‘<’ and ‘>’ 
signal lower and higher values, respectively. WL= word list, Log= logatomes, Sp= 
spontaneous speech. For further explanation, see the text. 

spontaneous speech. This prediction was confirmed for the monophthongs, but only 
partially for the (semi)diphthongs (see column ‘Vowel space size’). That is, the 
logatomes did not yield a larger vowel space for the latter vowels. However, as 
noted in Section 7.1, the (semi)diphthongal vowel space is conceptually different 
from the monophthongal vowel space, as the former reflects also within-vowel 
information. The deviance of the results for the (semi)diphthongal vowel space is 
related to this difference. That is, it was assumed that a stigma hindered the 
occurrence of strong glides in F1, which is a within-vowel difference. In addition to 
these vowel space differences, vowel duration was found to be lower in spontaneous 
speech (see column ‘Duration’), which tends to enhance vowel reduction (e.g., 
Moon and Lindblom 1994). 

In the second part (Section 7.4) and the third part (Section 7.5), the focus was 
shifted to the level of the individual vowel. The second part discussed the hypothesis 
that in spontaneous speech the sociogeographic variation would increase. For five of 
the monophthongs an increase of acoustic variation was found (cf. ‘Increase 
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acoustic variation’) on either F1 (i.e. /ɪ/, /ɑ/) or on both F1 and F2 (i.e. /i/, /u/, /ɛ/). 
Not all this variation was considered to be sociogeographic variation. Four of the 
five vowels were argued to show an increase of this type of sociolinguistic variation 
(cf. ‘Increase socio variation’). Most of the (semi)diphthongs also showed an 
increase of sociogeographic variation. 

When we combine the results of the first two parts with the results reported in 
perception experiments, we come to the vowel space paradox. That is, the paradox 
holds that whereas the vowel space shrinks in spontaneous speech, the individual 
vowels show larger sociogeographic variation without a loss in the identifiability of 
the vowels. In the third part of this chapter, the third hypothesis was discussed. This 
hypothesis stated that vowels that show large sociogeographic variation on the F1 or 
F2 dimension are less prone to reduce on that dimension in spontaneous speech. The 
hypothesis, however, was not supported by the monophthongs nor by /ɔu/ (see 
columns ‘Increase socio variation’, ‘Position shift’ and ‘Violation Hypoth. 3’). That 
is, these vowels revealed that it is possible for vowels that show large 
sociogeographic variation to show reduction on the same dimension. In addition, 
these stylistic changes surfacing in spontaneous speech led to some, but not a high 
loss of identifiability of vowels (see ‘Confused with (%)’17).  Thus, the hypothesis 
was rejected, and a new solution is required. 

In order to solve the paradox, the ‘local’ structure of the vowel space was 
investigated and the linguistic consequences for the local structure were focused on. 
That is, if a vowel showed a shift of position and an increase of variation on a 
certain dimension (F1 and F2), it was investigated what neighboring vowels it would 
approach and whether this approach would lead to a reduction of phonemic contrast. 
The general conclusion on the basis of the investigation of the consequences for the 
local structure of the vowel space is that vowels tended to move and expand in 
directions that would not lead to loss of phonemic contrasts. This will be 
exemplified by the changes in the monophthongs. 

First, let us consider /u/, which increased its variation in F2 and moved to a 
higher F2 value. Although the closest vowels it was approaching were /y/ and /ʏ/, 
the most important local structure was the large empty space on the F2 dimension, 
which /u/ could move into. Crucially, however, /y/ and /ʏ/ did not move toward /u/ 
at the same time and they did not increase variation on F2. This made it possible for 
/u/ to move without causing too much overlap with other vowels. Note that the 
proximity of and the partial overlap with /ɔ/ may be an extra argument why /u/ 
moved. 

A similar line of reasoning could be followed for /ɑ/, which moved to a higher F1 
and increased variation in F1. It therefore approximated /ɔ/, but as for /u/, there was 
a relatively large space to move into (i.e. F1) without entering the area of /ɔ/ too 

                                                             
17 The percentages were computed by summing the number of confusions between the pairs 
of vowels, dividing them by the total number of tokens for the two vowels (e.g., for /u/ and 
/ɔ/, there were 100 tokens per vowel, thus a total number of 200), and multiplying the 
outcome of the first part by 100. In the table, only confusions of 5% or more of the tokens are 
reported. 
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much. Crucially, again, /ɔ/ did not shift toward /ɑ/ and did not increase variation on 
F1, which made it possible to retain phonemic differences to a large extent. 

For /ɪ/ and /ɛ/, the situation was slightly different, because both vowels moved at 
the same time to a lower F1 and to a lower F2, and they increased F1 variation. If /ɪ/ 
had not been moved up, there would have been too much overlap with approaching 
/ɛ/18, which is not what we would predict. The shift of /ɪ/ caused the vowel to 
partially move into the F1-F2 area of /y/. It was claimed that this is unproblematic, 
since /ɪ/ and /y/ can still be perceptually distinguished on the basis of F3 differences 
(cf. Ladefoged 2003). This explanation does also apply to spatial overlap between 
/ɛ/ and /ʏ/. The distinction with /i/, which also moved to a lower F2, was preserved 
by moving /ɪ/ to a lower F2 as well. 

Note that some additional overlap between vowels in spontaneous speech was 
present, e.g, between /ɛ/ and /a/. However, it is not our claim that overlap and 
confusions between vowels should be entirely absent, since the perceptual contrast 
between vowels also decreases to a certain extent in reduced speech (e.g.,Van 
Bergem 1995). As noted earlier, it may even be the case that speakers attempt to 
reduce or even neutralize phonemic contrasts between certain vowels. Such an 
initiative ‘style’ may be to create or show a certain identity (e.g., Meyerhoff 2006; 
Eckert 2001; Coupland 2001) or to convey a certain meaning. Moreover, in cases of 
confusions of vowels, the linguistic context often disambiguates the vowel. 
So, the vowel space paradox can be explained on the basis of the local structure of 
the surrounding vowel space of the vowel that is shifting and increasing in variation. 
In the case of the diphthong /ɔu/, the increase in variation and the shift in F1 at the 
offset was possible, because the closest vowel, /o/, contrasted with the diphthong in 
the onset. Again, some overlap occurred, which, given the previous arguments, is 
not problematic.   
 
 
7.6 The Vowel Space Paradox solved 
 
In the present chapter, the Vowel Space Paradox has been resolved. The paradox 
states that whereas the vowel space shrinks in spontaneous speech, the individual 
vowels show larger sociogeographic variation, which does not result in a loss in the 
identifiability of the vowels. The solution to the paradox is given below.  
 
1. A subset of the vowels does not reduce and increase sociogeographic variation 

at the same time. 
2. For a vowel that reduces and increases sociogeographic variation at the same 

time, the structure of the direct environment of the vowel in the vowel space 
determines the direction in which the vowel can move and expand its variation: 

a. If a larger empty space is present next to the vowel, the vowel may 
move into it. 

                                                             
18 We do not intend to make any claim about which of the vowels moved first. It is just 
assumed that they move at the same time, where ‘same’ needs to be interpreted in a very 
broad sense. 
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b. If there is a neighboring vowel in the vowel space, the vowel can move 
or expand its variation toward it, if the neighboring vowel 

i. is contrastive with the moving vowel on another dimension 
than F1 and F2 (i.e. F3, duration, onset position), 

ii. or if it is not moving or expanding the variation in the 
opposite direction (i.e. toward the moving vowel). 

 





CHAPTER 8 
 

DISCUSSION AND CONCLUSIONS 
 
 
 
 
8.1. Introduction 
 
The present study is a sociophonetic study on the Vowel Space Paradox that builds 
on findings in sociolinguistic and phonetic studies on style-related changes in 
vowels. In the first chapter, seven aims were formulated. The current chapter 
presents and discusses the results in the light of these aims, which are repeated here: 
 
1. The main, theoretical aim is to solve the Vowel Space Paradox: 
 

VOWEL SPACE PARADOX 

WHEREAS THE OVERALL VOWEL SPACE SHRINKS IN SPONTANEOUS 
SPEECH, THE INDIVIDUAL VOWELS INCREASE THEIR VOWEL SPACE BY 
INCLUDING MORE SOCIOGEOGRAPHIC VARIATION, WITHOUT LOSING 
THEIR IDENTIFIABILITY. 

2. The first methodological aim is to elicit and analyze three different speech 
styles from speakers of Standard Dutch obtained by means of a sociolinguistic 
interview. 

3. The second methodological aim is to find an efficient method for obtaining 
accurate formant measurements. 

4. The third methodological aim is to find the best procedure for normalizing 
formant values for the sociophonetic study of vowel variation. 

5. The fourth methodological aim is to find the best temporal representation of 
vowels for the description of vowel variation. 

6. The sixth aim, a descriptive one, is to present a description of sociogeographic 
vowel variation in Standard Dutch, which can be used as a benchmark in 
present-day research on Dutch vowels. 

7. The final aim is the general aim to show the fruitfulness of integrating 
sociolinguistics and phonetics. 

The structure of this chapter follows the order in which the aims are presented 
above. In Section 8.2, we will discuss the first and main aim of this study. The 
methodological aims (i.e. aims 2 to 5) will be evaluated in Section 8.3. Section 8.4 
offers a description and discussion of the sociogeographic variation of vowels in 
Standard Dutch. In Section 8.5, the results will be discussed in terms of the general 
aim of integrating sociolinguistics and phonetics. Section 8.6 discusses the 
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limitations of the current study and related to these limitations some new 
perspectives will be presented.  
 
 
8.2. Aim 1: The Vowel Space Paradox resolved  
 
The main aim of the present study is to solve the Vowel Space Paradox. In Section 
1.2, it was pointed out that the paradox only occurs when in spontaneous speech, as 
compared to read speech, (i) the vowel space size decreases, (ii) the sociogeographic 
variation within vowels increases and (iii) the vowels do not loose their 
identifiability (see questions i-iii, p.4). On the basis of phonetic and sociolinguistic 
studies reported in the phonetic and sociolinguistic literature, the criteria were 
refined (e.g., concerning criterion (ii), not all vowels are expected to show increased 
sociogeographic variation) and formulated in three hypotheses (see Section 2.4). The 
hypotheses are repeated here: 
 
 

HYPOTHESIS 1 

THE VOWEL SPACE IS SMALLER IN SPONTANEOUS SPEECH THAN IN THE 
TWO READING TASKS. 

 
HYPOTHESIS 2 

THE SOCIOGEOGRAPHIC VARIATION WITHIN A VOWEL IS LARGER IN 
SPONTANEOUS SPEECH THAN IN THE TWO READING TASKS. 

 
HYPOTHESIS 3 

VOWELS THAT SHOW LARGE SOCIOGEOGRAPHIC VARIATION ON THE F1 
OR F2 DIMENSION ARE LESS PRONE TO REDUCE ON THAT DIMENSION IN 
SPONTANEOUS SPEECH. 

 
It was investigated for the true monophthongs and the (semi)diphthongs (i.e. the 
long mid vowels, which, in contrast to other vowels, are diphthongal in Netherlandic 
Dutch, and the diphthongs) separately whether the hypotheses were confirmed (cf. 
Chapter 7). Only the speech of young N-R and N-S speakers was used. 

For the monophthongs, the three hypotheses were confirmed. First, the 
monophthongal vowel space was smaller in spontaneous speech than in read speech. 
Second, the vowels /ɪ/, /ɛ/, /ɑ/ and /u/ showed an increase in variation and third, the 
vowels remained highly identifiable on the basis of F1 and F2. Thus, for the 
monophthongs, we found the paradox to be present in our data. 

The (semi)diphthongs appeared to confirm the hypotheses as well, but the 
paradox was easy to solve. Although the vowel space size for these vowels was 
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smaller in spontaneous speech, this was due to a decrease in the range of F2 only 
(i.e. the dimension on which the diphthongs or the long mid vowels are 
distinguished from each other). The increase of sociogeographic variation only 
surfaced on the F1 dimension, but that did not result in a stronger overlap between 
the vowels, given the distinctions on the F2 dimension. That means that the 
(semi)diphthongs remain clearly distinct from each other in spontaneous speech.  

Given these findings, the Vowel Space Paradox only needs to be solved for the 
monophthongs. The ‘paradoxical’ behavior of four vowels, in combination with the 
‘non-paradoxical’ behavior of the five other monophthongs led to the solution of the 
paradox. On the one hand, /ɪ/ (in F1), /ɛ/ (F1 and F2), /ɑ/ (F1) and /u/ (F2) showed a 
shift in position accompanied by an increase in sociogeographic variation on the 
same dimension(s), whereas the other monophthongs did not show such 
‘paradoxical’ behavior (e.g., /i/ showed a shift in F2 without an increase in 
sociogeographic differences on this dimension). 

A legitimate question to ask at this point is why vowels move or increase 
variation at all, especially given the important consideration of the preservation of 
phonemic contrasts. As for the shift of vowel positions across styles, it was noted in 
Section 2.3.1.1 that in a fluent conversation, the speaker can allow himself to speak 
at a high speech rate, even though at a high speech rate it is more difficult to attain 
the same vowel position (i.e. the vowel target) than at a low speech rate. If the 
speaker wants, he can increase the effort to attain the target of the vowel (Moon and 
Lindblom 1994), but often this is not necessary for the listener to understand the 
speaker’s message. That would imply that fast or spontaneous speech shows more 
variation around the target and may even show a shift in the target in comparison to 
read speech. 

As for the increase of variation, it was argued in Section 2.4 that spontaneous 
speech was more heterogeneous than reading, because in the former style the topics 
discussed are diverse and because speakers may identify with different identities 
(e.g., more local versus more Dutch), which is less likely to occur in reading. For 
some vowels, the heterogeneity of topics and identities is associated with multiple 
and/or more diffuse targets that speakers aim for. It would be unnatural and take a 
huge effort not to vary the realizations of vowels more in spontaneous speech. Thus, 
for reasons of economy of speech and the natural heterogeneity of spontaneous 
speech, vowels shift and increase variation in spontaneous speech. 

Solving the paradox implies finding the criteria which determine that, in contrast 
with the other (monophthongal) vowels, /ɪ/, /ɛ/, /ɑ/ and /u/ can move and increase 
variation, without loosing contrast with other vowels. In Sections 7.5 and 7.6, it was 
shown that the solution to the paradox is found in the structure of the vowel space 
close to each of the four vowels. In order to preserve phonemic contrasts, vowels 
may move into and increase the variation towards an empty space in the ‘local’ 
vowel space (i.e. /ɑ/ and /u/) or in the direction of a neighboring vowel, which is (i) 
contrastive with the moving vowel on another dimension than F1 and F2 (i.e. it is 
contrastive outside the traditional bidimensional vowel space) or which is (ii) not 
moving or increasing variation in the direction of the vowel that is approaching it. 
Formulated in this way, the preservation of contrast is ensured by other dimensions 
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than F1 and F2, i.e. duration and F3. The other monophthongal vowels do not show 
an increase of variation and/or a shift, because they would otherwise come close to 
not preserving their contrast. 

The solution of the paradox implies as well that, even though it has been 
established that vowels are mainly distinguished on the basis of F1 and F2, other 
dimensions, such as F3 and duration, need to be considered as well in predicting 
how vowels may move and vary. In studies that investigate style changes (e.g. vowel 
reduction), vowel spaces thus need to be considered as multidimensional spaces, not 
bidimensional spaces.  

A multidimensional space would match more closely than a bidimensional space 
with phonological descriptions of vowels in terms of features (e.g., Booij 1995). 
That is, changes in F1 are reflected in height features (e.g., [high] and [mid]), 
changes in F2 are reflected in features of place of articulation (e.g., [back]) and 
changes in F3 in features of rounding (e.g., [round])1. Thus, when only F1 and F2 
are used, there is no separate indicator of rounding, which can be obtained by 
including F3. To take an example of this dissertation, /ɪ/, which is [+mid] and 
[+high] shifted up in the direction of and partially overlapped /y/, which is [-mid] 
and [+high]. Thus, because of this shift /ɪ/ became [-mid], but it remained distinct 
from /y/, because the former is [-round] and the latter is [+round], which is reflected 
in a difference in F3. Without F3, and without the rounding feature, the possibility 
of the move could not be justified at all. Vowel length can be included in the 
multidimensional vowel space. Many phonological descriptions of Dutch lack a 
vowel length feature, assuming that vowel length is part of the syllable structure of 
Dutch (e.g., Moulton 1962). 

Our solution for the Vowel Space Paradox makes strong predictions about 
differences in paradox-solving patterns between different languages or different 
varieties. For instance, vowel systems without an empty space in front of /u/ will be 
predicted not to show fronting of /u/, unless it is accompanied by lowering or unless 
/u/ contrasts with the neighboring vowel (i.e. the one more front) in another way 
than F1 and F2. There is evidence that there are language-related vowel shifts when 
going from clear speech to less clear speech. For instance, Kuhl et al. (1997) show 
that Russian, Swedish and American English speaking mothers differ in the way 
they shift the corner vowels of the triangular vowel space between child-directed 
and adult-directed speech. The language-specific local structure of the vowel space 
may offer an explanation for these differences. It should be stressed that we do not 
make any predictions about discrete lexical vowel reduction, in which full vowels 
are realized as a schwa, but only about stylistically induced continuous acoustic 
vowel reduction, in which the vowel gradually shifts away from its target (Van 
Bergem 1995:5-6).   

The implication that multidimensional vowel spaces are required for a proper 
description of vowel variation is not only important for studies on style, but also for 
studies on chain shifts. In Section 1.2, it has been proposed that the vowels shifts 

                                                
1 Changes in rounding, however, also affect F1 and F2. Moreover, F3 only distinguishes front 
rounded and unrounded vowels. 
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across styles may run parallel with chain shifts. If this is the case, chain shifts may 
follow the same rules as style-shifts of vowels. Consequently, in chain shifts, using a 
multidimensional vowel space may shed more light on chain shift phenomena, thus, 
why vowels move in certain directions. 

The present study is yet inconclusive about whether there is such a parallel for 
Dutch. In Section 6.3.3, it is suggested that /ɛ/ is undergoing or has undergone 
change in Standard Dutch (i.e. that it is rising). However, in a chain shift it always 
takes two, and we do not have evidence that the best possible candidate, i.e. /ɪ/, 
which is also higher in spontaneous speech, is undergoing change as well. In 
addition, according to Labov’s principles of chain shifts, short vowels only fall 
(Principle II, Labov 1994:116). That does, however, not imply that short vowels 
cannot rise. Notably, New Zealand English short vowels have shifted up (Watson et 
al. 2000). Still, only if we find evidence for a shift in /ɪ/, we may suggest that 
stylistic variation not only reflects social variation, but also chain shifts. Now, 
however, the shift up is purely seen as a consequence of reduction. The data of the 
present study suggest that the relation between chain shifts and stylistic shifts 
deserves further investigation. 

In sum, our solution to the Vowel Space Paradox suggests to adopt a broader 
definition of the vowel space in (socio)phonetic studies of vowel variation, since it 
may increase our understanding of  this type of variation and possibly of chain 
shifts. A strong point of such a multidimensional approach is that it more closely 
related to phonological models, at least for Dutch.  

A number of interesting further aspects of how the vowel space changes in 
spontaneous speech, following from the current investigation, are those listed below. 
 
i. The decrease in the monophthongal vowel space size is different for the word 

list – spontaneous speech pair than for the logatome – spontaneous speech pair. 
Before, it was suggested that in the logatomes the overt norm exerts stronger 
pressure than in the other two styles (Section 7.5.2.3). When we look at how 
individual vowels change position, or reduce, in spontaneous speech compared 
to the reading styles, we see that the transition from word list reading to 
spontaneous speech is similar to what is observed in the phonetic literature (e.g., 
Lindblom 1963; Koopmans-van Beinum 1980; Mooshammer and Geng 2009): 
front vowels move to lower F2 values (here /i/, /ɪ/, /ɛ/), /u/ moves to higher F2 
values and lower vowels (here /ɛ/, /ɑ/, /a/) move to lower F1 values. In contrast, 
the transition from logatome reading to spontaneous speech involves a ‘regular’ 
decrease of F1 for /ɛ/ and of F2 for /ɪ/, but also an unusual decrease of F1 for /ɪ/ 
and of F2 for /ɑ/ and /a/. We hypothesize that the shift from word list reading to 
spontaneous speech involves mainly phonetic forces, whereas the shift from the 
logatomes to spontaneous speech involves both phonetic forces and a shift from 
the overt norm. This hypothesis is supported by the style differences we found 
for the (semi)diphthongs. For the logatomes, we found these vowels to have a 
smaller glide than in word list reading. This seemed to be caused by the fact that 
in the logatomes the stigmatization of long glides inhibited speakers from 
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pronouncing the vowels with such glides. This insight might help phoneticians 
in the interpretation of reduction patterns. 

ii. Related to this, it has been proposed by phoneticians that the reduction of 
vowels is highly predictable. That is, once you know the full form of a vowel, 
you know what it will sound like when it is reduced (Johnson et al. 1993). 
However, the increase of sociolinguistic variation in spontaneous speech found 
in this study rejects this phonetic insight. 

iii. The present study not only provides insights into chain shifts, it may also 
contribute to the study of mergers. As mentioned earlier, in some cases mergers 
appear to have been reversed. The present study shows that, due to the smaller 
vowel space and reduction phenomena in spontaneous speech, these vowels 
may have been similar in quality in informal styles, but at the same time distinct 
in more formal styles. If a researcher only measures formants in spontaneous 
speech, his invalid conclusion will be that the speaker cannot separate the 
vowels in production. Note that this is mainly a problem for sociolinguistic 
studies, which mainly focus on spontaneous speech, and less for phonetic 
studies that use lab speech. 

iv. The incorporation of both vowel space size variation and sociogeographic 
variation reveals some ambiguous cases of vowel shifts. For instance, a 
difference in height is found between N-R and N-S /ɛ/, the latter regional 
realization being close to [a]. In reading styles this difference is large, but in 
spontaneous speech, this difference has decreased. If you do not take reduction 
patterns into account, you could interpret this difference as a change from below 
in N-S, i.e. a vowel that is shifting up and showing it first in the most informal 
styles. However, the decrease in regional differences may equally well be the 
result of vowel reduction, which is stronger when a vowel is lower. 

v. Similarly, studies that measure the position of vowels in relation to the position 
of /a/ and /i/ (e.g., Jacobi 2009; Van Heuven et al. 2009) may not yield stable 
sociolinguistic patterns. That is, vowels that are stable across styles may show 
artificial lowering, when /a/ reduces in height. 

 
In conclusion, the Vowel Space Paradox can be solved by interpreting vowel 
contrasts not only in terms of F1 and F2, but also in terms of F3 and duration. Many 
sociolinguistic and phonetic studies measure or use only F1 and F2. On the basis of 
the solution of the paradox, we argue that F3 and duration should also be 
investigated systematically, particularly when mergers are investigated.  

Finally, the fact that the majority of vowels change in quality across styles argues 
for the inclusion of several styles in vowel studies. None of the styles can be 
objectively shown to yield the best descriptions of vowels, thus only a description of 
vowels that includes several styles could fully show the vowels’ characteristics. 
Thus, for both phonetics, which focuses on read speech, and sociolinguistics, which 
focuses on spontaneous speech, a whole world of variation is still to explore. 
 
 
 



DISCUSSION AND CONCLUSIONS 

 

313 

8.3 Method 
 
An important advantage of sociophonetic studies is that they incorporate 
methodologies from both sociolinguistics and phonetics, yielding better approaches 
to, for instance, the study of vowel variation. The present study underlines this point. 
Four methodological aims were formulated (aim 2 to 5 above) to yield a firm basis 
for the resolution of the Vowel Space Paradox. In this section, we will show that we 
successfully achieved these aims and we will formulate some recommendations for 
the (socio)phonetic study of vowels. They are given in the sections below. 
 
 
8.3.1 Aim 2: The successful elicitation of speech styles 
 
The first aim was to successfully elicit three differentiated styles from speakers of 
Standard Dutch. The method of elicitation was based on Labov’s (1966) approach, 
which yielded in many studies the results that contributed to the sociolinguistic part 
of the paradox. The speakers in the current study, all teachers of Dutch, had to 
perform two reading tasks and to produce spontaneous speech. The reading styles 
were intended to yield more attention to speech and to yield a more standard style 
than spontaneous speech. The overview of the literature in Chapter 2 suggests two 
crucial criteria to successfully elicit less monitored spontaneous speech: (i) the 
speaker needs to feel at ease in an interview environment; (ii) the elicitation of 
informal speech should be at or near the end of the interview. The present study 
meets these criteria. 

The fact that our speakers were professional speakers of Standard Dutch and that 
the standard variety was elicited in its natural environment (i.e. in conversation with 
a stranger and in reading), provided additional ingredients for success. 

The results showed our elicitation procedure to be successful. The reading styles 
can be claimed to be distinct from spontaneous speech on the basis of the larger 
vowel space size of the monophthongs and the longer vowel duration (Section 7.3). 
Moreover, logatome reading can be separated from word list reading on the basis of 
the glides of the (semi)diphthongs (see also Section 8.6) and the fact that many 
vowels tended to show a lower amount of (sociogeographic) variation in the 
logatomes than in the word lists (i.e. the logatome vowels differed significantly from 
spontaneous speech, whereas the word list vowels did not). Independent evidence 
comes from F0, which was consistently higher in the logatomes than in word list 
reading, which in turn was higher than in spontaneous speech. Higher F0 tends to 
correlate with focus (e.g., Blaauw 1995), which suggests that in the style that was 
intended to yield the highest attention paid to speech the focus was also highest. 

In sum, it can be concluded that our method to elicit different styles has been 
successful. Our method is therefore recommended for studies on stylistic variation in 
standard varieties. The differentiation of styles does not show up at all spectral 
dimensions, which is due to the interaction of sociolinguistic factors (stigma) and 
phonetic factors (articulatory reduction). This stresses the importance of the 
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evaluation of acoustic results from both a sociolinguistic and phonetic point of view 
for a better understanding of them.  
 
 
8.3.2 Aim 3: Obtaining valid and accurate formant measurements 
 
In the majority of sociolinguistic and phonetic studies, the method for obtaining 
formant measurements is not considered thoroughly. Moreover, many studies, such 
as the present one, tend to rely on formant data only (Thomas 2002). In Section 4.2, 
it was argued that measuring formants is a delicate and time-costly job. That is, 
using less than optimal settings of a formant estimator may be a source of 
considerable error and removing this error by checking the data completely or 
unsystematically is largely ineffective. 

Our study of the effect of changing the LPC coefficients from a default number 
to a speaker- and token-specific number reveals that variable settings result in a 
smaller measurement error than default settings. A major drawback of this approach 
is that it is time-costly to establish the best settings for each token. Moreover, the 
amount of error in the adapted settings approach is still substantial. A large part of 
the errors can be removed by verifying outliers in the formant data. Importantly, the 
best way to remove errors is by checking for outliers in formant change between 
subsequent time points. Therefore, it is recommended to measure formants at several 
time points, even in studies which aim to represent vowels with only one time point. 

There are three alternatives to the adapted approach, all suboptimal, but more 
time efficient. The first one is that settings that have been established to yield the 
best results for a certain speaker and vowel on the basis of one token can be used for 
the same speaker and vowel in other tokens (cf. Table 4.3). Again, caution is 
warranted. Our study suggests that this approach is questionable for tokens of 
another style (Section 6.2.3). That is, settings for reading styles seem more 
problematic for spontaneous speech, which is probably due to undershoot 
phenomena, a decrease in spectral energy and a larger variation in F0. 

The second way out is to adapt the default settings of the gender (or age) of the 
speaker. For instance, for females the number of coefficients needed tends to be 
lower than for males. Thus, using different settings for different genders reduces the 
error, but will not remove all error.  

The third way out is to verify outliers in formant measurements systematically 
without changing the default settings of the formant estimator. Verifying and 
correcting outliers decreases the error, but it still does not give the same result as 
using variable LPC coefficients and verifying outliers.  

Note that the assumption of the outlier checking approach is that the majority of 
the measurements are valid. In the case of spontaneous speech, in which the within-
vowel variation of formant value is generally larger, this assumption may be more 
problematic. This is also true for studies in which a lot of different contexts are used. 
Therefore, in those cases, it seems recommended to conduct a series of outlier 
checking until no improvement of the data is apparent. 
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In sum, phonetic and sociolinguistic studies on acoustic vowel variation should 
not skip considering how to measure formants. The approach yielding the best 
results encompasses establishing the best settings for a vowel certain token of a 
certain speaker and applying these settings on all tokens of that vowel and that 
speaker. Subsequently, the outliers in the measurements have to be verified to 
remove most errors. In the case of lack of time, strongly varying contexts or 
different styles, it is recommended to adapt the settings to what is known from 
evaluations of settings such as the present one, and to pay most attention to the 
verification of the outliers. 
 
 
8.3.3 Aim 4: Finding the best normalization procedure 
 
In order to make valid statements about between-speaker differences, the formant 
data need to be speaker-normalized. For the sociophonetic study of vowel variation, 
three criteria are used to define a good normalization procedure. It should minimize 
interspeaker anatomical variation, and preserve intraspeaker phonemic and 
interspeaker sociogeographic variation. The present study compared seventeen 
normalization procedures for the normalization of monophthongs and 
(semi)diphthongs and found normalizations that employ information from several 
vowels within a formant to normalize that formant to produce the best results. In 
addition, Lobanov’s (1972) z-transformation was shown to be the best procedure. 

These results are in agreement with Adank’s (2003) result, which may be caused 
by the fact that the same speakers are normalized in this study. This, however, could 
not account for the fact that recently proposed normalizations (i.e. see Fabricius et 
al. 2009; Labov et al. 2006) did not do better than Lobanov. Moreover, our data 
showed that the amount of sociogeographic variation is not necessarily reduced by 
normalization. In contrast, for Lobanov, Adank found a slight decrease in the 
amount of this type of variation. 

For researchers who have a restricted amount of time, it is recommended to use 
Lobanov’s procedure. Others are recommended to check the effect of different 
normalization procedures first. Both should keep in mind to compare the results of 
the normalized data with the results of the raw data, to uncover the artifacts of the 
normalizations (cf. Clopper et al. 2005). 

 In Chapter 7 the criterion of preserving intraspeaker stylistic variation was 
added to the normalization problem. This criterion was successfully met using 
Lobanov’s procedure. Instead of normalizing the vowels in each style separately, the 
vowel data needed to be normalized for all styles at the same time. The normalized 
data yield differences in vowel positions that would not have been noticed when the 
vowels were normalized within styles. To illustrate this point, we compare the 
normalized F2 value of N-R /ɪ/ in Figure 5.6 (i.e. the value for the word list data), 
Figure 6.1 (the value for the spontaneous data) and Figure 7.23 (the values for both 
data). In the last figure, the values have been normalized on the basis of both styles. 
The comparison shows that the F2 values in Figure 5.6 and 6.1 are nearly identical, 
i.e. 1.09 and 1.10 respectively, whereas in Figure 7.23 they clearly differ (i.e. 1.23 



CHAPTER 8 

 

316

and 0.93 respectively), which corresponds to the raw formant data, i.e. for the word 
list 2094 Hz and for spontaneous speech 1965 Hz. The point is that we need to pool 
formant data from different styles and normalize them, before we can say something 
reasonable about differences between styles. An important effect of normalizations 
is that they largely neutralize differences in vowel space size, which makes a small 
vowel space in spontaneous speech appear to be large. 

To conclude with, although the criteria used here to select the best normalization 
have been mainly applied to sociophonetic studies (cf. Adank 2003), these criteria 
seem also valuable for phonetic studies. That is, previously, variation was assumed 
to be noise in phonetic studies (Jannedy and Hay 2006; Labov 2001:158). However, 
our and many other sociolinguistic studies show that this ‘noise’ is highly structured. 
A sociolinguistic, including a stylistic, component in normalization models seems 
therefore desirable.  
 
 
8.3.4 Aim 5: Finding the best temporal representation of vowels 
 
It is common practice to describe monophthongs in terms of formant values obtained 
at one time point and diphthongs in terms of formant values at two time points, or 
sometimes even one (Labov et al. 2006). It is undeniable that studies that adopted 
this practice, have yielded convincing and systematic results. There is, however, no 
consistency across studies in the choice of the time point to measure formants. The 
diversity in the choice of time points makes differences between studies in formant 
values difficult to interpret (for an overview of the different methods for selecting a 
time point, see Section 4.4.2). For instance, vowels that are measured at a time point 
where F2 reaches its maximum may show different F1 values from vowels that are 
measured at the point where F1 reaches its maximum. A way to solve this problem 
is to use the same standard across studies. However, a more neutral solution is to 
measure at several time points. This solution has the advantage that it does not 
assign more importance to any of the time points, but treats the formant contour as a 
whole.   

The present study aims to compare the different temporal representations with 
respect to their strength of describing regional variation (Section 4.4). The results of 
our analyses show that representations that take the dynamics of formant contours 
into account reveal more regional differences. Apparently the regions differ with 
respect to the movement of the tongue towards the target(s) of the vowels, even if 
the target is identical. That is not to say that the regional differences are vowel-
inherent. That is, in some cases the preceding consonant tends to affect the formant 
dynamics, which is problematic in cases of regional variation in the pronunciation of 
the consonant. Moreover, the dynamics of formants are shown to be influenced by 
the shorter duration of vowels (i.e. undershoot). Such influences may mask or bias 
the results concerning regional differences. 

All in all, however, it appears justified to conclude that formant dynamics are 
worth investigating in terms of vowel variation. This point is underlined by a 
phenomenon reported in studies of mergers (e.g., Chambers 2002; Labov 1994). In 
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these studies, apparent mergers have been shown to exist. The most famous example 
is the apparent meat-mate merger in Middle English. After the vowels in the pair of 
words had allegedly merged, they unmerged again at a later stage. A way to explain 
this ‘impossible’ development is that the vowels may have been equal in targets, but 
not in dynamics, which was perhaps largely unconsciously preserved.  

In sum, the lesson to be learnt here is that claims that vowels are mergers should 
be evidenced with dynamic descriptions of the vowels. The importance of vowel 
dynamics is not only apparent in sociolinguistic studies on language change, but also 
in phonetic studies on vowels. 
 
 
8.4 Aim 6: Variation in Standard Dutch 
 
In addition to resolving the Vowel Space Paradox and achieving methodological 
aims, the present study aimed to give a description of vowel variation in Standard 
Dutch. Unfortunately, sociolinguistic vowel variation in spontaneous speech could 
not be investigated for all regions. Still, our study yields a considerable number of 
interesting patterns: 
 
i. In the word list data, Flemish Dutch and Netherlandic Dutch differ strongly. 

That is, the (semi)diphthongs show stronger diphthongization in the 
Netherlands (cf. Van de Velde 1996). Moreover /ɪ/, /ɛ/, /ʏ/, /a/ and /u/ are higher 
in Netherlandic Dutch, and /ɪ/, /ɛ/, /ʏ/ are more retracted and /y/, /u/ and /ɔ/ 
more front in Flemish Dutch. 

ii. The comparison of regions revealed two deviant regions from the overall split 
between the Netherlands and Flanders. N-S differed in the case of many vowels 
from the other Netherlandic regions, and F-B showed some Netherlandic 
pronunciations. The N-S pattern may be explained by its geographical 
proximity to the Flemish regions, the linguistic proximity of its dialects to 
Flemish dialects (particularly F-L dialects), the vitality of the N-S dialects and 
the local patriotism present among the speakers. The F-B pattern may be 
explained by the stronger connection of the Flemish central region with the 
economic centre of the Netherlands, N-R. 

iii. Although the Dutch regions N-R, N-M and N-N cluster with respect to formant 
values at the target positions of the vowels, they can be successfully 
distinguished on the basis of formant dynamics. This advocates the position that 
formant dynamics should be included in the description of vowel variation. 

iv. The difference in height of the onsets of diphthongs between Flanders and the 
Netherlands indicates that Polder Dutch open diphthongs are present in the 
latter community. There is however, little evidence that the diphthongs are still 
changing. That is, only in spontaneous speech we found /œy/ to be more open 
amongst women, who are seen as the typical speakers of Polder Dutch (Stroop 
1998). Thus, our results are in line with the results of Van Heuven et al. (2002) 
and Jacobi (2009). However, the latter did find age differences, which we do 
not find here. 
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v. Perhaps related to this is the suggestion that strong diphthongization still carries 
stigma in Standard Dutch. That is, our young N-R and N-S speakers show a 
smaller glide in the logatomes than in word list reading, even though their 
durations are equal. These differences, however, surface at the offset, whereas 
the onset remains stable across styles. In the logatomes, the attention of the 
speaker is drawn specifically to the vowel, which is expected to yield a variant, 
considered to represent the overt norm. 
The latter interpretation requires some nuance, since the N-S speakers also seem 
to surface local patriotism in their reading styles. However, given the inclusive 
definition of Standard Dutch we adopt (cf. Section 1.4), this may be part of their 
overt norm. 

vi. It has been suggested that an upward change of /ɛ/ also is part of Polder Dutch. 
Until this study, no evidence has been presented for this change. The present 
study indicates however that the position of the vowel in N-R is different from 
/ɛ/ in Pols (1977). From a phonetic/phonological perspective, the lack of 
symmetry in the vowel space due to /ɛ/ may be evidence of change. That is, it 
has been observed that vowel spaces tend to be symmetrical (e.g., Boersma 
1998). Deviations from that pattern thus require an explanation, of which 
change may be one. 

vii. Another pattern that has hardly been reported (an exception is Adank et al. 
2007), is that /u/ shows regional variation in F2. Many languages have shown 
shifts of the back vowel to the front (cf. Labov 1994:205; Trudgill 1974). 
However, others have pointed out that /u/ strongly centralizes in alveolar 
contexts (Hillenbrand et al. 2001; Van den Heuvel et al. 1996). This, however, 
does not explain why /u/ is further front in N-S than in N-R and in Flanders than 
in N-S. 

viii. Our results suggest that, although vowels may be pronounced clearly differently 
(i.e. across regions), they do show the same patterns of within-vowel variation. 
This may indicate the existence of stylistic behavior, which is independent of 
the position of a vowel (e.g., it does not make a difference whether a variant of 
/ɛ/ is high or low). 

 
In sum, our study shows a large number of regional differences. Most of them even 
occur in reading, which confirms that the standard language in the Dutch language 
area allows for variation. The value of combining phonetics and sociolinguistics is 
for instance shown by the phonetic insights that have helped uncovering possible 
change, i.e. in the case of /ɛ/. 
 
 
8.5 Aim 7: The fruitfulness of combining sociolinguistics and phonetics 
 
The general aim of this study is to show the fruitfulness of combining 
sociolinguistics and phonetics. Each of the sections above show that it is fruitful to 
combine sociolinguistic and phonetic methodologies and insights. The present 
section will sum up a selection of examples showing that we achieved this aim.  
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To begin with, if the findings resulting from phonetic and sociolinguistic studies 
were not combined, the Vowel Space Paradox would not have been discovered, nor 
would this study have existed. 

A second piece of evidence that we achieved this aim is found in how the vowels 
change across styles, which is both phonetic (i.e. vowel reduction) and 
sociolinguistic (i.e. the increase in variation). For studies that only model 
phonetically driven variation (e.g., variation due to strength of coarticulation) may 
have considerable error, since sociolinguistically meaningful variation may be 
present in the vowels. In many phonetic studies, this variation has erroneously been 
interpreted as noise, or, even worse, as phonetic variation. The inclusion of 
sociolinguistic knowledge in phonetic studies will reduce the error in such studies, 
thus improving their results and their explanatory power. 

Methodologically, sociolinguistic studies may profit from phonetic approaches 
(and, of course, vice versa). One such example is provided by the investigation of 
the dynamics of formant contours in the present study. Including formant values 
obtained at more than one or two time points in the description of vowel variation 
has been shown to pay off. Using that phonetic method, we discover new patterns, 
which would not have been found when we had stuck the traditional method of 
measuring formants at only one or two time points. By borrowing innovative 
methods from each other, phonetics and sociolinguistic can cross-fertilize each 
other.  

Finally, in the descriptive part, indications of vowel change were found on the 
basis of the finding of phonetic studies that vowel systems tend to be symmetrical. 
In addition to social and stylistic differences, asymmetry in vowel systems can help 
sociolinguists to detect changes in progress.  

Particularly in sociolinguistic studies on vowel variation, it is common to use 
phonetic methods. This study shows the value of also incorporating phonetic 
findings and theoretical knowledge in sociolinguistic studies. In a large part of 
phonetic studies, sociolinguistic methods and knowledge are ignored. In both fields, 
the strength of sociophonetic approaches thus still needs to be convincingly 
promoted, and doing so was one of the major aims of this study. All in all, our study 
proves to be a successful attempt to combine the two fields, at least for vowel 
research. 
 
 
8.6 Prospects for further research 
 
Our study provides a lot of answers, but, as most scientific research, it has some 
shortcomings and raises new questions. The limitations of this study and further 
prospects related to this study will be discussed here. 

 
i. The present research is lacking a perceptual component. That is, although we 

statistically show that vowels are different, we do not have direct evidence that 
listeners distinguish the vowels in the same way. Some studies have, however, 
suggested that there is perceptual compensation for vowels reduced through 
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coarticulation (e.g., Hillenbrand et al. 2001). It is worthwhile investigating this 
issue further, since it would offer another explanation of the paradox. 

ii. In Section 4.2, a method is searched for to obtain valid and accurate formant 
measurements. It was found that the best method yields extremely good results. 
At the same time, however, the method was rather time-costly. More time-
efficient methods to measure formants yield more errors, thus are not preferred. 
An alternative approach to measuring formants is to measure the whole 
spectrum using a so-called whole-spectrum approach. This approach seems to 
become increasingly popular. It is considered advantageous, because it involves 
automatic measurements and it does not require a great deal of hand checking 
the data (Leinonen 2010; Harrington 2010; Jacobi 2009; Pols 1977). Jacobi 
(2009) compared the outcomes of her analysis with the results of formant 
analysis, however, without checking the formant data. Leinonen (2010) used a 
relatively small set of vowel tokens (i.e. 696 tokens) to compare the formant 
measurements with the whole-spectrum measurements. On the basis of these 
comparisons, both authors claimed the success of the whole-spectrum approach. 
It remains, however, to be seen whether we would conclude the same when the 
comparison was made for larger sets of tokens. Due to the high number of 
tokens (i.e. 4640), the word list data obtained in the current study provides a 
better basis for a comparison of approaches. Moreover, the formant values are 
measured at seven time points and they are all hand checked. Our data thus 
offer a richer source for a comparison of methods, which will lead to firmer 
conclusions than the two studies just mentioned. 

iii. In the comparison of styles, the problem of the difference in number of tokens 
between styles and between speakers was solved by averaging the formant 
values of the different tokens within a speaker and within a style. This was 
necessary to get a required equal number of values for the repeated measures 
ANOVA, with style as a within-subjects factor. An alternative, however, is to 
run a multilevel analysis on the original data, since one of the advantages of 
multilevel analysis is that it can handle missing data (Field 2009; Rietveld and 
Van Hout 2005). Another matter is how to include the many measurements in 
spontaneous speech more systematically in the statistical analysis. We need 
more measurements (anyway, more than two) to include systematically data on 
within-subject variation in all speech styles, whereas we only had two 
measurements in each reading style. 

iv. In the present research, we have kept the consonantal context of the vowels 
largely constant across styles. It would however be interesting to investigate the 
paradox for other contexts, since studies have shown that vowels that show 
increased reduction are influenced more strongly by coarticulation. Our 
predictions may thus be context-specific. In addition, /u/ shows the strongest 
reduction in alveolar contexts. In other contexts, fronting of /u/ may not be 
apparent, nor may regional differences be. 

v. The solution to the paradox yields strong predictions regarding the shifts on the 
basis of the vowel inventory of languages. It would be interesting to test our 
claims on other languages, for instance those that show more crowded vowel 
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spaces, and others that only have five vowels. In the case of the latter languages 
we may expect largely unconditioned shifts. 

vi. Related to this, we have claimed that the unrounded front vowels that shift may 
still be distinctive from rounded vowels with respect to F3. This has only been 
shown on the basis of reading, but not on the basis of spontaneous speech. 
Therefore, it is worthwhile to extend our research to three-dimensional vowel 
spaces, hence, including F3. This would also be interesting in the view of 
unrounding phenomena that are found in Dutch dialects. 

vii. Similarly, we would like to test the vowel space paradox for the other regions in 
our research. N-S was chosen to be particularly interesting because it showed 
strong regional variation in the reading contexts. Other regions, such as N-N 
may show even stronger increases of sociogeographic variation, because in 
reading the region seems to conform to the norm. 

viii. Our research has pointed out the value of research on the dynamics for the study 
of language variation and change. A biasing factor in this study is the 
consonantal context. Therefore, it would be interesting to test the stability of 
regional variation of formant contours in minimal pairs (not presented as such 
to speakers). This would bring us a step forward in the study of vowel variation, 
because it may help distinguishing mergers from non-mergers, and also solve 
the problem of deciding which temporal representation of vowels is the best 
one. 

 
As pointed out in Section 8.5, the general lesson to learn from this study is that, on 
the one hand, sociolinguistic studies on vowel variation should incorporate research 
techniques and knowledge from phonetics. On the other hand, phonetic studies 
should incorporate sociolinguistic knowledge, since language contains substantial 
sources of variation having a social origin. To end this dissertation in the same vein 
as it started, for both parties it is recommended to have the cake and eat it too. 
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Appendix A: Tables of means for the word list data 
 
The tables below show the means of durations, raw and normalized F1 and F2 of all 
regions and both communities for the word list data. The means are given for s- and 
t-words separately. 
 
 

Duration  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/i/ s 101 93 101 95 97 100 87 81 115 95 
 t 103 100 103 97 101 106 92 86 109 98 
/ɪ/ s 106 106 101 106 104 85 85 79 85 84 
 t 83 94 92 78 87 79 77 73 78 77 
/ɛ/ s 129 133 132 143 134 114 103 106 97 105 
 t 110 110 104 109 108 98 94 92 89 93 
/a/ s 249 255 277 249 257 259 252 284 231 257 
 t 215 219 228 219 220 213 206 218 187 206 
/y/ s - - - - - - - - - - 
 t 100 92 93 87 93 122 136 112 102 118 
/ʏ/ s 124 126 127 124 125 96 103 93 95 97 
 t 90 95 87 86 89 76 82 74 75 77 
/u/ s 110 110 111 101 108 95 89 92 117 98 
 t 101 96 101 98 99 91 94 85 95 91 
/ɔ/ s 123 125 121 132 125 102 102 94 98 99 
 t 86 89 89 86 87 80 74 73 74 75 
/ɑ/ s 114 118 117 127 119 107 110 100 106 106 
 t 99 105 104 105 103 90 90 90 83 89 

Table A.1 Means of vowel duration (in ms.) of the monophthongs, by coda (/s/ or /t/), region 
and community. 
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Duration  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 202 197 211 203 203 202 195 215 182 199 
 t 188 193 185 188 188 180 180 179 172 177 
/ø/ s 214 212 217 221 216 213 206 233 190 210 
 t 166 169 178 175 172 171 162 171 152 164 
/o/ s 208 201 219 205 208 196 193 222 188 200 
 t 193 193 199 204 197 190 185 201 182 189 
/ɛi/ s 227 223 233 238 230 234 236 252 229 238 
 t 197 198 210 200 201 200 206 204 194 201 
/œy/ s 215 213 217 218 216 230 222 239 217 227 
 t 185 182 193 202 191 191 191 201 190 193 
/ɔu/ s 210 211 218 220 215 231 225 233 210 225 
 t 198 198 203 215 204 210 217 222 201 212 

Table A.2 Means of vowel duration (in ms.) of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
 
 

F1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/i/ s 266 263 265 267 265 262 261 280 255 264 
 t 273 289 280 297 285 296 268 287 281 283 
/ɪ/ s 364 360 348 410 370 393 409 389 386 394 
 t 385 400 397 439 408 439 444 441 424 437 
/ɛ/ s 444 474 468 638 506 589 542 555 491 544 
 t 499 501 513 629 535 593 577 560 527 564 
/a/ s 808 823 805 831 817 953 866 849 810 844 
 t 795 794 761 792 785 829 836 796 770 808 
/y/ s - - - - - - - - - - 
 t 272 276 281 269 275 284 269 282 289 281 
/ʏ/ s 388 401 391 400 395 403 410 386 391 398 
 t 408 413 404 427 413 436 435 438 421 433 
/u/ s 296 297 305 278 294 306 305 317 308 309 
 t 282 310 303 277 293 305 314 323 300 310 
/ɔ/ s 464 460 497 462 471 471 470 468 462 468 
 t 444 471 497 466 469 449 456 460 467 458 
/ɑ/ s 682 674 702 663 680 620 659 629 664 643 
 t 636 675 650 643 651 612 629 617 626 621 

Table A.3 Means of raw F1 (in Hz) of the monophthongs, by coda (/s/ or /t/), region and 
community. 
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F1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 420 470 462 405 439 377 405 381 419 395 
 t 430 438 430 375 418 373 355 373 383 371 
/ø/ s 450 473 470 415 452 393 389 389 400 393 
 t 467 484 462 412 456 385 395 388 414 396 
/o/ s 491 494 508 451 486 435 428 417 433 428 
 t 474 468 478 402 455 391 400 385 404 395 
/ɛi/ s 664 654 701 636 664 558 574 564 631 581 
 t 651 659 668 619 649 540 535 557 602 559 
/œy/ s 716 728 731 640 703 583 593 613 661 612 
 t 699 694 698 646 684 599 583 610 653 612 
/ɔu/ s 682 694 692 643 678 594 588 606 651 610 
 t 709 698 701 641 687 607 586 634 660 622 

Table A.4 Means of raw F1 (in Hz) at the onset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
 
 

F1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 342 361 354 345 351 369 367 356 386 370 
 t 354 344 366 346 353 362 346 342 375 357 
/ø/ s 338 364 367 345 353 385 369 357 382 373 
 t 368 364 367 349 362 382 371 369 397 380 
/o/ s 444 414 449 414 430 436 419 424 446 431 
 t 377 363 386 345 368 395 387 375 387 386 
/ɛi/ s 365 404 400 356 381 401 382 391 417 398 
 t 394 408 412 377 398 434 387 421 445 422 
/œy/ s 382 395 396 370 386 398 377 390 420 396 
 t 442 435 444 418 435 449 436 431 456 443 
/ɔu/ s 389 393 411 364 389 405 381 406 373 391 
 t 413 411 418 358 400 390 376 399 392 389 

Table A.5 Means of raw F1 (in Hz) at the offset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
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F2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/i/ s 2333 2336 2374 2400 2361 2416 2432 2362 2466 2419 
 t 2289 2294 2304 2281 2292 2352 2397 2308 2398 2364 
/ɪ/ s 2126 2033 2138 1932 2058 1899 1969 1917 1979 1941 
 t 2048 2015 2086 1883 2008 1829 1925 1882 1960 1899 
/ɛ/ s 1835 1867 1890 1705 1824 1714 1730 1691 1751 1722 
 t 1839 1834 1881 1694 1812 1735 1756 1665 1796 1738 
/a/ s 1470 1494 1548 1463 1494 1465 1500 1516 1456 1484 
 t 1481 1519 1543 1464 1502 1517 1543 1541 1512 1528 
/y/ s - - - - - - - - - - 
 t 1778 1735 1783 1885 1795 1845 1978 1968 1926 1929 
/ʏ/ s 1646 1636 1673 1553 1627 1523 1611 1576 1587 1574 
 t 1596 1556 1587 1479 1554 1458 1558 1531 1565 1528 
/u/ s 803 856 856 910 856 866 930 927 824 887 
 t 883 937 867 1010 924 1092 1041 1087 975 1049 
/ɔ/ s 828 830 934 830 855 825 886 878 866 864 
 t 837 858 944 865 876 815 914 893 872 873 
/ɑ/ s 1191 1199 1297 1123 1202 1132 1196 1181 1209 1180 
 t 1205 1202 1243 1115 1192 1141 1240 1173 1162 1179 

Table A.6 Means of raw F2 (in Hz) of the monophthongs, by coda (/s/ or /t/), region and 
community. 
 
 

F2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 2104 2063 2148 2312 2157 2293 2396 2393 2236 2329 
 t 2022 1982 2027 2195 2057 2229 2279 2291 2164 2241 
/ø/ s 1618 1602 1656 1735 1653 1673 1736 1858 1717 1746 
 t 1658 1609 1648 1722 1659 1652 1758 1848 1708 1742 
/o/ s 997 980 1016 910 976 844 832 876 885 859 
 t 1010 984 1015 915 981 809 835 861 867 843 
/ɛi/ s 1893 1829 1823 1993 1884 2131 2120 2140 2016 2101 
 t 1777 1695 1756 1854 1771 1971 1977 2010 1857 1954 
/œy/ s 1541 1508 1538 1579 1542 1551 1629 1695 1594 1617 
 t 1523 1486 1517 1528 1513 1510 1607 1656 1556 1582 
/ɔu/ s 1278 1272 1286 1122 1239 1048 1113 1152 1171 1121 
 t 1219 1211 1209 1076 1179 995 1063 1128 1148 1084 

Table A.7 Means of raw F2 (in Hz) at the onset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
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F2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 2294 2278 2342 2404 2330 2333 2480 2436 2318 2392 
 t 2261 2268 2270 2347 2287 2361 2405 2408 2264 2359 
/ø/ s 1634 1663 1706 1743 1687 1688 1781 1910 1717 1774 
 t 1702 1674 1694 1752 1705 1688 1769 1904 1709 1767 
/o/ s 936 897 928 911 918 854 844 890 910 875 
 t 922 909 891 906 907 807 830 878 898 853 
/ɛi/ s 2183 2159 2166 2305 2203 2287 2369 2355 2203 2304 
 t 2054 2094 2097 2240 2121 2191 2304 2221 2125 2210 
/œy/ s 1602 1582 1622 1800 1652 1804 1950 1935 1839 1882 
 t 1564 1532 1581 1736 1603 1719 1909 1878 1759 1816 
/ɔu/ s 966 1008 965 990 982 912 925 983 929 937 
 t 1001 1023 969 955 987 913 908 985 980 947 

Table A.8 Means of raw F2 (in Hz) at the offset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
 

 
Figure A.1 Regional means of F1 and F2 at the vowel's midpoint of the monophthongs in the 
word list. Per vowel 320 tokens (i.e. 40 per region) were used, except for /y/ (n=160). The 
large circle demarcates the area in the vowel covered by /ɛ/. For an explanation of the choice 
of symbols, see Figure 5.2. 
 



APPENDICES 

 

328

 
Figure A.2 Regional means of F1 and F2 at the onset and offset of /e,ø,o/ in the word list. Per 
vowel 320 tokens (i.e. 40 per region) were used. 

 
Figure A.3 Regional means of F1 and F2 at the onset and offset of the diphthongs in the word 
list. Per vowel 320 tokens (i.e. 40 per region) were used. 
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zF1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/i/ s -1.33 -1.43 -1.46 -1.33 -1.39 -1.39 -1.32 -1.24 -1.50 -1.36 
 t -1.31 -1.28 -1.34 -1.13 -1.27 -1.16 -1.27 -1.19 -1.31 -1.23 
/ɪ/ s -0.75 -0.81 -0.91 -0.40 -0.72 -0.51 -0.36 -0.51 -0.60 -0.50 
 t -0.58 -0.54 -0.58 -0.13 -0.46 -0.21 -0.12 -0.16 -0.32 -0.2 
/ɛ/ s -0.19 -0.07 -0.12 1.01 0.16 0.79 0.51 0.59 0.13 0.51 
 t 0.17 0.12 0.18 0.97 0.36 0.82 0.73 0.64 0.39 0.64 
/a/ s 2.05 2.22 2.07 2.22 2.14 2.55 2.6 2.49 2.28 2.48 
 t 1.95 1.99 1.69 1.94 1.89 2.41 2.41 2.17 2.00 2.24 
/y/ s - - - - - - - - - - 
 t -1.32 -1.35 -1.33 -1.31 -1.33 -1.24 -1.27 -1.23 -1.27 -1.25 
/ʏ/ s -0.58 -0.54 -0.61 -0.47 -0.55 0.44 -0.35 -0.53 -0.55 -0.47 
 t -0.42 -0.44 -0.51 -0.28 -0.41 0.23 -0.18 -0.17 -0.34 -0.23 
/u/ s -1.17 -1.22 -1.19 -1.26 -1.21 -1.09 -1.02 -1.00 -1.14 -1.06 
 t -1.26 -1.14 -1.2 -1.27 -1.22 -1.1 -0.98 -0.96 -1.18 -1.06 
/ɔ/ s -0.07 -0.14 0.08 -0.05 -0.04 0.02 0.04 0.02 -0.06 0.00 
 t -0.19 -0.06 0.09 -0.04 -0.05 0.12 -0.05 -0.03 -0.05 -0.06 
/ɑ/ s 1.30 1.23 1.35 1.18 1.27 1.02 1.26 1.06 1.27 1.15 
 t 1.02 1.22 1.03 1.10 1.09 0.97 1.06 0.99 1.05 1.02 

Table A.9 Means of normalized F1 of the monophthongs, by coda (/s/ or /t/), region and 
community. 
 
 

zF1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s -0.33 -0.07 -0.14 -0.42 -0.24 -0.60 -0.37 -0.56 -0.36 -0.47 
 t -0.27 -0.29 -0.35 -0.63 -0.39 -0.64 -0.7 -0.61 -0.59 -0.64 
/ø/ s -0.16 -0.04 -0.10 -0.34 -0.16 -0.50 -0.47 -0.49 -0.50 -0.49 
 t -0.03 0.03 -0.14 -0.37 -0.13 -0.56 -0.42 -0.51 -0.38 -0.47 
/o/ s 0.08 0.07 0.16 -0.13 0.05 -0.22 -0.23 -0.33 -0.28 -0.27 
 t 0.00 -0.08 -0.02 -0.44 -0.14 -0.51 -0.41 -0.54 -0.46 -0.48 
/ɛi/ s 1.21 1.09 1.37 1.03 1.18 0.6 0.73 0.67 1.10 0.78 
 t 1.12 1.11 1.13 0.93 1.07 0.47 0.48 0.61 0.90 0.61 
/œy/ s 1.56 1.59 1.53 1.04 1.43 0.78 0.85 0.97 1.30 0.97 
 t 1.44 1.36 1.33 1.08 1.30 0.87 0.78 0.95 1.26 0.97 
/ɔu/ s 1.31 1.34 1.28 1.06 1.25 0.84 0.81 0.95 1.19 0.95 
 t 1.48 1.36 1.37 1.05 1.31 0.92 0.81 1.13 1.32 1.04 

Table A.10 Means of normalized F1 at the onset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
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zF1  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s -0.87 -0.79 -0.84 -0.8 -0.83 -0.66 -0.63 -0.73 -0.60 -0.65 
 t -0.82 -0.92 -0.79 -0.82 -0.84 -0.72 -0.77 -0.83 -0.65 -0.74 
/ø/ s -0.91 -0.78 -0.77 -0.82 -0.82 -0.57 -0.60 -0.74 -0.63 -0.64 
 t -0.7 -0.76 -0.74 -0.78 -0.75 -0.59 -0.60 -0.65 -0.52 -0.59 
/o/ s -0.23 -0.47 -0.26 -0.42 -0.34 -0.22 -0.30 -0.28 -0.20 -0.25 
 t -0.64 -0.76 -0.63 -0.82 -0.71 -0.49 -0.50 -0.63 -0.58 -0.55 
/ɛi/ s -0.71 -0.53 -0.56 -0.77 -0.64 -0.46 -0.54 -0.52 -0.41 -0.48 
 t -0.50 -0.47 -0.47 -0.63 -0.52 -0.24 -0.50 -0.32 -0.22 -0.32 
/œy/ s -0.6 -0.56 -0.57 -0.67 -0.6 -0.49 -0.57 -0.51 -0.37 -0.48 
 t -0.18 -0.31 -0.25 -0.35 -0.27 -0.15 -0.19 -0.26 -0.13 -0.18 
/ɔu/ s -0.56 -0.58 -0.50 -0.69 -0.58 -0.43 -0.53 -0.39 -0.69 -0.51 
 t -0.40 -0.46 -0.38 -0.72 -0.49 -0.55 -0.58 -0.45 -0.57 -0.54 

Table A.11 Means of normalized F1 at the offset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
 
 

zF2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/i/ s 1.60 1.69 1.67 1.66 1.65 1.64 1.55 1.46 1.75 1.60 
 t 1.49 1.58 1.50 1.44 1.50 1.52 1.49 1.36 1.61 1.49 
/ɪ/ s 1.16 1.03 1.17 0.73 1.03 0.68 0.69 0.61 0.79 0.69 
 t 1.01 0.99 1.05 0.63 0.92 0.55 0.61 0.55 0.76 0.62 
/ɛ/ s 0.58 0.68 0.65 0.30 0.55 0.33 0.25 0.19 0.36 0.28 
 t 0.59 0.61 0.63 0.27 0.52 0.37 0.29 0.14 0.44 0.31 
/a/ s -0.16 -0.11 -0.04 -0.16 -0.12 -0.14 -0.17 -0.15 -0.21 -0.17 
 t -0.13 -0.05 -0.07 -0.16 -0.1 -0.04 -0.10 -0.10 -0.09 -0.08 
/y/ s - - - - - - - - - - 
 t 0.47 0.42 0.45 0.68 0.51 0.57 0.72 0.72 0.71 0.68 
/ʏ/ s 0.19 0.20 0.21 0.00 0.15 -0.03 0.03 -0.04 0.04 0.00 
 t 0.08 0.02 0.03 -0.14 0.00 -0.15 -0.08 -0.12 0.00 -0.09 
/u/ s -1.53 -1.45 -1.48 -1.24 -1.42 -1.26 -1.25 -1.27 -1.43 -1.3 
 t -1.36 -1.27 -1.46 -1.04 -1.28 -0.84 -1.03 -0.95 -1.12 -0.99 
/ɔ/ s -1.49 -1.51 -1.33 -1.42 -1.44 1.34 -1.33 -1.38 -1.36 -1.35 
 t -1.47 -1.44 -1.31 -1.35 -1.39 1.36 -1.28 -1.34 -1.34 -1.33 
/ɑ/ s -0.74 -0.71 -0.56 -0.84 -0.71 -0.76 -0.75 -0.80 -0.70 -0.75 
 t -0.70 -0.71 -0.68 -0.84 -0.73 -0.74 -0.66 -0.81 -0.78 -0.75 

Table A.12 Means of normalized F2 of the monophthongs, by coda (/s/ or /t/), region and 
community. 
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zF2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 1.12 1.08 1.18 1.48 1.21 1.40 1.46 1.51 1.29 1.42 
 t 0.94 0.91 0.92 1.25 1.00 1.29 1.25 1.31 1.14 1.25 
/ø/ s 0.14 0.12 0.17 0.36 0.20 0.24 0.26 0.49 0.28 0.32 
 t 0.22 0.14 0.15 0.34 0.21 0.21 0.29 0.48 0.27 0.31 
/o/ s -1.13 -1.19 -1.15 -1.24 -1.18 -1.30 -1.42 -1.36 -1.31 -1.35 
 t -1.10 -1.18 -1.15 -1.23 -1.16 -1.37 -1.41 -1.38 -1.34 -1.38 
/ɛi/ s 0.68 0.6 0.5 0.85 0.66 1.10 0.96 1.01 0.87 0.99 
 t 0.45 0.32 0.37 0.58 0.43 0.80 0.69 0.78 0.55 0.71 
/œy/ s -0.01 -0.07 -0.09 0.06 -0.03 0.02 0.05 0.19 0.05 0.08 
 t -0.05 -0.13 -0.13 -0.06 -0.09 -0.06 0.01 0.11 -0.03 0.01 
/ɔu/ s -0.55 -0.57 -0.60 -0.84 -0.64 -0.92 -0.89 -0.82 -0.75 -0.84 
 t -0.67 -0.69 -0.75 -0.92 -0.76 -1.02 -0.99 -0.88 -0.81 -0.92 

Table A.13 Means of normalized F2 at the onset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
 
 

zF2  N-R N-M N-N N-S NL F-L F-W F-E F-B FL 
/e/ s 1.50 1.54 1.58 1.67 1.57 1.49 1.63 1.61 1.45 1.55 
 t 1.43 1.52 1.44 1.55 1.48 1.54 1.49 1.55 1.34 1.48 
/ø/ s 0.19 0.25 0.27 0.40 0.28 0.28 0.34 0.59 0.30 0.38 
 t 0.32 0.28 0.25 0.41 0.32 0.28 0.31 0.58 0.28 0.36 
/o/ s -1.25 -1.36 -1.34 -1.24 -1.30 -1.28 -1.40 -1.33 -1.27 -1.32 
 t -1.27 -1.32 -1.40 -1.25 -1.31 -1.37 -1.42 -1.36 -1.29 -1.36 
/ɛi/ s 1.28 1.28 1.22 1.47 1.31 1.40 1.42 1.44 1.23 1.37 
 t 1.01 1.15 1.08 1.34 1.14 1.22 1.30 1.20 1.08 1.20 
/œy/ s 0.11 0.08 0.10 0.50 0.20 0.49 0.65 0.65 0.52 0.58 
 t 0.04 -0.02 0.02 0.37 0.10 0.34 0.58 0.54 0.38 0.46 
/ɔu/ s -1.18 -1.13 -1.26 -1.09 -1.16 -1.17 -1.25 -1.16 -1.21 -1.20 
 t -1.11 -1.10 -1.24 -1.15 -1.15 -1.17 -1.28 -1.15 -1.12 -1.18 

Table A.14 Means of normalized F2 at the offset of the (semi)diphthongs, by coda (/s/ or /t/), 
region and community. 
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Appendix B: Means Spontaneous Speech 
 
The tables below show the means of durations, raw and/or normalized F0, F1 and F2 
of the spontaneous speech of the young speakers from N-R and N-S. The means are 
given for the males (M) and females (F) separately. First, the tables for the 
monophthongs are displayed, followed by the tables for the (semi)diphthongs. The 
plots of the mean unnormalized formant values are given at the end of Appendix B. 
 
 

Duration /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 
M 65 72 79 119 82 59 64 74 81 
F 69 63 77 107 67 68 63 68 85 

N-R 

Mean 67 68 78 113 74 64 63 71 83 
M 66 64 89 124 89 68 68 81 91 
F 86 75 107 140 92 84 60 74 97 

N-S 

Mean 76 70 98 132 91 76 64 78 94 
Table B.1 Means of vowel duration (in ms.) of the monophthongs, by region and gender. 
 
 

F0 /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 
M 125 117 117 108 125 119 121 115 110 
F 199 198 185 178 204 191 203 204 189 

N-R 

Mean 162 158 151 143 165 155 162 160 149 
M 124 115 121 103 125 121 124 120 109 
F 207 205 180 180 229 208 189 207 184 

N-S 

Mean 165 160 150 141 177 164 156 164 146 
Table B.2 Means of F0 (in Hz) of the monophthongs, by region and gender. 
 
 

F1 /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 
M 248 347 451 649 255 349 273 393 562 
F 262 347 446 711 290 367 281 412 519 

N-R 

Mean 255 347 449 680 272 358 277 403 541 
M 250 402 541 653 242 363 268 433 561 
F 306 470 692 828 296 476 306 487 700 

N-S 

Mean 278 436 617 741 268 419 287 460 631 
Table B.3 Means of raw F1 (in Hz) of the monophthongs, by region and gender. 
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F2 /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 

M 2060 1813 1581 1304 1627 1473 902 776 1075 
F 2322 2117 1923 1497 1991 1656 984 897 1178 

N-R 

Mean 2191 1965 1752 1400 1809 1564 943 836 1127 
M 2096 1654 1548 1296 1815 1423 1103 785 1017 
F 2470 1998 1787 1625 2082 1644 1299 977 1198 

N-S 

Mean 2283 1826 1667 1461 1918 1514 1201 881 1107 
Table B.4 Means of raw F2 (in Hz) of the monophthongs, by region and gender. 
 
 

zF1 /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 
M -1.42 -0.67 0.12 1.60 -1.37 -0.66 -1.22 -0.32 0.95 
F -1.37 -0.79 -0.11 1.55 -1.14 -0.63 -1.22 -0.37 0.32 

N-R 

Mean -1.39 -0.73 0.00 1.58 -1.26 -0.64 -1.22 -0.34 0.64 
M -1.38 -0.16 0.98 1.86 -1.47 -0.48 -1.29 0.09 1.13 
F -1.19 -0.19 1.16 1.98 -1.25 -0.15 -1.19 -0.10 1.21 

N-S 

Mean -1.42 -0.67 0.12 1.60 -1.37 -0.66 -1.22 -0.32 0.95 
Table B.5 Means of normalized F1 of the monophthongs, by region and gender. 
 
 

zF2 /i/ /ɪ/ /ɛ/ /a/ /y/ /ʏ/ /u/ /ɔ/ /ɑ/ 
M 1.79 1.11 0.49 -0.27 0.60 0.18 -1.36 -1.73 -0.90 
F 1.55 1.09 0.65 -0.29 0.83  0.08 -1.43 -1.62 -1.00 

N-R 

Mean 1.67 1.10 0.57 -0.28 0.72 0.13 -1.39 -1.67 -0.95 
M 1.72 0.62 0.35 -0.27 1.01 0.03 -0.75 -1.55 -0.98 
F 1.59 0.64 0.20 -0.11 0.81 -0.08 -0.76 -1.41 -0.97 

N-S 

Mean 1.65 0.63 0.27 -0.19 0.91 -0.02 -0.75 -1.48 -0.97 
Table B.6 Means of normalized F2 of the monophthongs, by region and gender. 
 
 

Duration /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 99 128 123 139 137 142 
F 107 114 108 137 143 155 

N-R 

Mean 103 121 116 138 140 148 
M 116 122 111 154 152 157 
F 93 144 127 162 152 133 

N-S 

Mean 104 133 152 158 152 145 
Table B.7 Means of vowel duration (in ms.) of the (semi)diphthongs, by region and gender. 
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F0 onset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 

M 109 111 113 113 93 109 
F 197 199 178 186 140 156 

N-R 

Mean 153 155 146 150 117 133 
M 115 104 111 106 110 101 
F 213 199 189 182 166 185 

N-S 

Mean 164 152 150 144 138 143 
Table B.8 Means of F0 (in Hz) at the onset of the (semi)diphthongs, by region and gender. 
 
 

F0 offset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 110 120 112 110 111 115 
F 194 205 191 190 183 179 

N-R 

Mean 153 163 152 150 147 147 
M 116 109 111 109 115 109 
F 213 209 185 181 204 190 

N-S 

Mean 164 159 148 145 159 149 
Table B.9 Means of F0 (in Hz) at the offset of the (semi)diphthongs, by region and gender. 
 
 

F1 onset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 436 481 483 586 620 624 
F 449 523 541 683 749 737 

N-R 

Mean 443 502 511 635 685 681 
M 394 390 397 536 546 526 
F 408 444 435 630 652 582 

N-S 

Mean 401 410 416 583 588 552 
Table B.10 Means of raw F1 (in Hz) at the onset of the (semi)diphthongs, by region and 
gender. 
 
 

F1 offset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 336 370 371 431 484 438 
F 374 403 405 437 521 460 

N-R 

Mean 355 387 388 434 503 449 
M 326 332 363 430 417 384 
F 377 394 375 474 505 404 

N-S 

Mean 351 359 369 452 449 397 
Table B.11 Means of raw F1 (in Hz) at the offset of the (semi)diphthongs, by region and 
gender. 
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F2 onset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 

M 1613 1414 1112 1527 1401 1269 
F 1955 1683 1199 1780 1619 1469 

N-R 

Mean 1784 1549 1156 1653 1510 1369 
M 1830 1506 919 1614 1343 1018 
F 2281 1760 1005 2023 1750 1173 

N-S 

Mean 2056 1627 962 1819 1519 1079 
Table B.12 Means of raw F2 (in Hz) at the onset of the (semi)diphthongs, by region and 
gender. 
 
 

F2 offset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 1884 1427 998 1742 1487 1057 
F 2207 1554 1085 2073 1710 1227 

N-R 

Mean 2045 1491 1042 1908 1599 1142 
M 1945 1547 910 1821 1511 943 
F 2399 1655 977 2258 1884 1166 

N-S 

Mean 2168 1619 943 2039 1675 1043 
Table B.13 Means of raw F2 (in Hz) at the offset of the (semi)diphthongs, by region and 
gender. 
 
 

zF1 onset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 0.00 0.35 0.36 1.13 1.39 1.41 
F -0.09 0.33 0.51 1.41 1.87 1.70 

N-R 

Mean -0.04 0.34 0.44 1.27 1.63 1.55 
M -0.24 -0.27 -0.22 0.91 0.98 0.79 
F -0.57 -0.36 -0.40 0.77 0.89 0.49 

N-S 

Mean -0.40 -0.31 -0.31 0.84 0.94 0.64 
Table B.14 Means of normalized F1 at the onset of the (semi)diphthongs, by region and 
gender. 
 
 

zF1 offset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M -0.76 -0.48 -0.49 -0.03 0.38 0.02 
F -0.57 -0.45 -0.37 -0.20 0.35 -0.05 

N-R 

Mean -0.67 -0.46 -0.43 -0.12 0.36 -0.01 
M -0.78 -0.73 -0.48 0.06 -0.07 -0.34 
F -0.77 -0.65 -0.77 -0.17 0.00 -0.58 

N-S 

Mean -0.77 -0.69 -0.63 -0.06 -0.03 -0.46 
Table B.15 Means of normalized F1 at the offset of the (semi)diphthongs, by region and 
gender. 
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zF2 onset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 

M 0.57 0.03 -0.79 0.34 -0.00 -0.36 
F 0.73 0.15 -0.93 0.36 -0.01 -0.35 

N-R 

Mean 0.65 0.09 -0.86 0.35 -0.01 -0.35 
M 1.06 0.25 -1.23 0.52 -0.16 -0.98 
F 1.20 0.15 -1.36 0.69 0.15 -1.02 

N-S 

Mean 1.13 0.20 -1.29 0.60 -0.01 -1.00 
Table B.16 Means of normalized F2 at the onset of the (semi)diphthongs, by region and 
gender. 
 
 

zF2 offset /e/ /ø/ /o/ /ɛi/ /œy/ /ɔu/ 
M 1.31 0.07 -1.10 0.91 0.23 -0.93 
F 1.29 -0.14 -1.18 0.99 0.21 -0.88 

N-R 

Mean 1.30 -0.03 -1.14 0.95 0.22 -0.90 
M 1.35 0.34 -1.25 1.04 0.26 -1.16 
F 1.41 -0.07 -1.43 1.16 0.41 -1.04 

N-S 

Mean 1.38 0.13 -1.34 1.10 0.33 -1.10 
Table B.17 Means of normalized F2 at the offset of the (semi)diphthongs, by region and 
gender. 

 
Figure B.1 Regional means of F1 and F2 at the vowel's midpoint of the monophthongs in 
spontaneous speech. Per vowel 320 tokens (i.e. 40 per region) were used, except for /y/ 
(n=160). The large circle demarcates the area in the vowel covered by /ɛ/. For an explanation 
of the choice of symbols, see Figure 5.2. 
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Figure B.2 Regional means of F1 and F2 at the onset and offset of /e,ø,o/ in spontaneous 
speech. Per vowel 320 tokens (i.e. 40 per region) were used. 

 
Figure B.3 Regional means of F1 and F2 at the onset and offset of the diphthongs in 
spontaneous speech. Per vowel 320 tokens (i.e. 40 per region) were used. 
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Appendix C: Means per style  
 
This appendix gives the means of the data used in Chapter 7: for the logatomes 
(Log), Word list (WL) and spontaneous speech (Sp). 
 

 Vowel Space F1 range F2 range 
Speaker Log WL Sp Log WL Sp Log WL Sp 
N-Rm1 6.58 4.69 5.34 3.83 2.40 3.20 3.03 3.39 3.19 
N-Rm2 6.04 5.51 5.65 2.58 2.99 3.32 3.57 3.32 3.32 
N-Rm3 5.74 7.09 3.91 3.26 3.63 3.05 3.65 3.50 3.16 
N-Rm4 6.83 6.01 5.32 3.00 3.02 3.13 3.38 3.26 3.14 
N-Rm5 5.46 5.92 5.11 3.18 3.29 3.48 3.29 3.82 3.12 
N-Rf1 5.12 4.55 3.29 3.37 3.96 3.02 3.46 3.16 2.74 
N-Rf2 4.90 7.21 2.37 3.82 4.73 1.79 3.08 3.44 2.78 
N-Rf3 5.59 6.04 3.80 3.63 3.69 2.66 3.54 3.75 3.34 
N-Rf4 6.87 5.11 4.26 3.69 3.36 2.66 3.46 3.30 3.03 
N-Rf5 5.38 5.71 4.32 3.60 3.48 2.62 2.93 3.35 3.11 
N-Sm1 5.42 6.27 5.41 3.82 3.52 2.95 2.90 3.67 3.96 
N-Sm2 4.72 6.02 5.00 2.77 3.80 3.43 3.17 2.89 2.95 
N-Sm3 7.08 6.06 5.14 4.08 3.91 3.24 3.28 3.41 3.16 
N-Sm4 5.46 6.24 5.21 3.19 3.35 3.49 3.40 3.47 2.91 
N-Sm5 5.35 5.96 3.92 4.76 3.80 2.55 3.13 3.26 3.12 
N-Sf1 5.18 5.81 3.73 3.37 4.10 2.83 2.78 3.05 2.77 
N-Sf2 4.70 6.40 4.00 3.57 3.45 2.67 2.64 3.13 2.67 
N-Sf3 4.95 6.71 5.45 2.96 3.56 3.11 2.91 3.40 3.33 
N-Sf4 5.20 4.92 3.90 3.50 2.92 3.06 2.64 3.02 2.70 
N-Sf5 6.34 5.43 3.60 3.81 3.68 2.83 3.18 3.22 2.78 

Table C.1 Speaker means for the monophthongs: the vowel space size (in squared z-values), 
F1 range (z) and F2 range (z), by style. ‘N’ = the Netherlands; ‘R’= central region Randstad; 
‘S’ = peripheral region south; ‘m’ = male; ‘f’ = female. 
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 Vowel Space F1 range F2 range 
Speaker Log WL Sp Log WL Sp Log WL Sp 
N-Rm1 1.37 1.85 1.73 0.78 1.31 1.03 3.26 2.74 2.60 
N-Rm2 1.16 1.57 1.59 0.89 1.54 1.27 3.06 2.49 2.17 
N-Rm3 0.95 1.52 0.97 0.79 0.81 1.12 2.38 2.62 1.83 
N-Rm4 1.77 1.79 1.59 1.29 1.64 1.64 2.62 3.01 2.24 
N-Rm5 1.29 2.79 1.12 0.77 1.19 1.37 3.00 3.24 2.13 
N-Rf1 0.97 1.90 1.47 0.81 1.00 0.90 3.18 2.98 2.75 
N-Rf2 1.47 0.74 1.15 0.93 0.71 1.23 3.39 3.06 2.07 
N-Rf3 0.81 1.99 1.19 0.79 1.19 1.09 2.95 3.15 2.10 
N-Rf4 1.23 1.48 1.46 0.99 1.10 1.20 2.82 2.58 2.62 
N-Rf5 0.95 1.72 1.49 0.80 0.90 1.45 2.79 2.80 2.15 
N-Sm1 0.52 2.69 1.19 0.85 1.06 0.85 0.81 3.32 2.66 
N-Sm2 0.79 0.63 0.95 0.54 0.56 0.53 3.26 2.99 2.94 
N-Sm3 0.95 2.12 1.31 0.67 1.27 0.84 2.77 2.67 2.60 
N-Sm4 0.83 1.45 0.83 0.68 1.00 0.76 2.86 3.34 2.37 
N-Sm5 0.67 0.47 0.58 0.32 0.70 0.57 3.13 3.12 2.31 
N-Sf1 0.23 0.25 0.21 0.19 0.70 0.12 3.08 3.20 2.75 
N-Sf2 0.34 0.46 0.48 0.44 0.70 0.39 3.17 3.36 2.76 
N-Sf3 1.22 1.81 1.33 0.81 0.90 1.17 3.37 3.00 2.77 
N-Sf4 0.21 0.35 0.43 0.22 0.31 0.38 2.61 3.76 2.70 
N-Sf5 0.43 1.37 1.06 0.23 0.63 0.46 2.80 3.33 2.99 

Table C.2 Speaker means for the long mid vowels: the vowel space size (in squared z-values), 
F1 range (z) and F2 range (z), by style. ‘N’ = the Netherlands; ‘R’= central region Randstad; 
‘S’ = peripheral region south; ‘m’ = male; ‘f’ = female. 
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 Vowel Space F1 range F2 range 
Speaker Log WL Sp Log WL Sp Log WL Sp 
N-Rm1 2.18 3.29 2.24 2.17 2.38 1.99 2.42 2.43 2.05 
N-Rm2 1.04 1.63 1.07 1.44 1.79 1.46 2.05 1.67 1.54 
N-Rm3 2.63 3.49 0.94 2.18 2.87 1.44 2.07 2.29 1.26 
N-Rm4 1.14 4.54 1.44 1.36 2.89 1.68 1.93 2.76 2.25 
N-Rm5 1.36 3.97 1.06 1.94 2.72 1.71 2.06 2.88 1.34 
N-Rf1 2.95 4.48 2.05 1.91 2.78 2.23 2.79 2.85 1.95 
N-Rf2 1.07 3.34 1.23 1.42 2.18 1.65 1.60 2.37 1.62 
N-Rf3 0.79 3.48 1.20 1.44 2.11 1.59 1.35 2.91 1.61 
N-Rf4 2.61 4.11 1.84 1.91 2.80 2.10 2.51 2.20 1.74 
N-Rf5 1.83 3.83 1.27 1.65 2.30 2.18 1.93 2.57 1.90 
N-Sm1 1.22 3.31 0.88 1.23 2.27 0.98 1.54 2.28 2.02 
N-Sm2 4.23 4.72 2.73 2.51 2.84 1.82 2.86 2.75 2.54 
N-Sm3 1.33 2.79 2.42 0.99 1.78 2.02 2.21 2.21 2.15 
N-Sm4 1.88 4.73 2.07 1.31 2.50 2.00 2.24 3.32 2.13 
N-Sm5 1.59 2.61 1.36 1.11 1.33 0.98 2.65 2.79 2.19 
N-Sf1 1.90 2.92 1.08 1.15 1.62 0.84 2.52 2.89 2.34 
N-Sf2 1.76 3.03 1.55 1.07 1.40 0.98 2.47 3.18 1.99 
N-Sf3 0.25 3.55 2.18 0.59 2.48 1.70 1.47 2.65 1.82 
N-Sf4 2.01 4.22 1.34 1.36 2.04 1.20 2.73 3.19 2.34 
N-Sf5 0.75 4.28 1.33 1.34 2.03 1.92 2.04 2.94 2.22 

Table C.3 Speaker means for the diphthongs: the vowel space size (in squared z-values), F1 
range (z) and F2 range (z), by style. ‘N’ = the Netherlands; ‘R’= central region Randstad; ‘S’ 
= peripheral region south; ‘m’ = male; ‘f’ = female. 
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 Duration F0 
Speaker Log WL Sp Log WL Sp 
N-Rm1 100 130 83 197 139 145 
N-Rm2 101 107 76 148 120 116 
N-Rm3 89 117 72 159 137 93 
N-Rm4 92 127 73 165 141 128 
N-Rm5 129 123 82 138 128 105 
N-Rf1 108 121 67 220 168 181 
N-Rf2 91 115 74 272 238 243 
N-Rf3 115 118 68 260 234 201 
N-Rf4 112 121 77 219 212 174 
N-Rf5 115 115 84 226 188 175 
N-Sm1 154 121 82 227 167 134 
N-Sm2 99 107 80 151 107 108 
N-Sm3 109 98 79 138 122 95 
N-Sm4 128 132 88 177 133 100 
N-Sm5 105 115 81 186 162 152 
N-Sf1 135 129 86 250 219 190 
N-Sf2 160 138 91 297 238 230 
N-Sf3 129 136 103 233 211 172 
N-Sf4 141 153 99 219 196 190 
N-Sf5 109 111 73 286 256 211 

Table C.4 Speaker means for the monophthongs: duration (ms) and F0 (Hz), by style. ‘N’ = 
the Netherlands; ‘R’= central region Randstad; ‘S’ = peripheral region south; ‘m’ = male; ‘f’ 
= female. 
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 Duration F0 
Speaker Log WL Sp Log WL Sp 
N-Rm1 194 199 124 156 120 163 
N-Rm2 158 163 116 141 108 115 
N-Rm3 163 185 115 147 121 88 
N-Rm4 153 196 113 157 134 98 
N-Rm5 216 200 114 125 121 93 
N-Rf1 184 201 105 196 147 189 
N-Rf2 144 189 118 266 229 242 
N-Rf3 191 186 104 234 212 201 
N-Rf4 176 195 120 205 201 175 
N-Rf5 193 194 101 168 145 160 
N-Sm1 260 218 137 185 147 119 
N-Sm2 178 224 106 132 102 109 
N-Sm3 177 165 122 116 96 90 
N-Sm4 170 194 106 168 128 103 
N-Sm5 189 206 110 179 141 134 
N-Sf1 188 206 113 242 212 182 
N-Sf2 237 211 117 335 244 229 
N-Sf3 217 253 153 216 180 161 
N-Sf4 186 208 109 219 192 195 
N-Sf5 180 196 112 270 225 233 

Table C.5 Speaker means for the long mid vowels: duration (ms) and F0 (Hz) at the vowel’s 
midpoint, by style. ‘N’ = the Netherlands; ‘R’= central region Randstad; ‘S’ = peripheral 
region south; ‘m’ = male; ‘f’ = female. 



APPENDICES 

 

343 

 
 

 Duration F0 
Speaker Log WL Sp Log WL Sp 
N-Rm1 202 220 158 147 126 121 
N-Rm2 177 182 129 137 113 109 
N-Rm3 171 192 128 143 118 90 
N-Rm4 165 209 138 146 120 125 
N-Rm5 219 210 142 126 113 98 
N-Rf1 208 223 156 185 151 174 
N-Rf2 147 199 130 252 224 202 
N-Rf3 184 198 134 249 208 183 
N-Rf4 196 204 152 205 191 159 
N-Rf5 216 196 153 161 160 147 
N-Sm1 284 236 167 192 149 115 
N-Sm2 212 208 154 129 107 109 
N-Sm3 199 175 154 99 100 92 
N-Sm4 193 226 156 159 128 96 
N-Sm5 186 219 140 175 145 133 
N-Sf1 212 229 135 226 210 165 
N-Sf2 245 209 141 294 210 229 
N-Sf3 257 261 194 209 182 159 
N-Sf4 220 246 146 194 188 178 
N-Sf5 195 211 129 255 216 196 

Table C.6 Speaker means for the long mid vowels: duration (ms) and F0 (Hz) at the vowel’s 
midpoint, by style. ‘N’ = the Netherlands; ‘R’= central region Randstad; ‘S’ = peripheral 
region south; ‘m’ = male; ‘f’ = female. 
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F1 F2 

Logatomes 
N-R N-S N-R N-S 

 

M F Mean M F Mean M F Mean M F Mean 
/i/ 266 300 283 272 322 297 2123 2442 2282 2122 2540 2331 
/ɪ/ 364 398 381 397 545 471 1878 2266 2072 1733 2110 1921 
/ɛ/ 475 544 510 592 855 723 1710 1985 1847 1574 1856 1715 
/y/ 243 305 274 274 325 300 1710 1984 1847 1791 2054 1922 
/ʏ/ 356 415 386 386 542 464 1539 1830 1684 1429 1739 1584 
/u/ 245 288 267 263 328 295 809 985 897 1037 1194 1116 
/ɔ/ 383 406 394 440 541 491 763 931 847 835 1062 948 
/ɑ/ 547 709 628 587 809 698 1116 1300 1208 1082 1295 1189 
/a/ 641 924 783 744 927 836 1412 1621 1516 1404 1638 1521 

Word List 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/i/ 278 284 281 264 302 283 2152 2428 2290 2145 2587 2366 
/ɪ/ 365 393 379 407 493 450 1912 2277 2094 1699 2119 1909 
/ɛ/ 452 459 456 571 764 668 1724 1961 1842 1551 1894 1722 
/y/ 267 283 275 257 295 276 1666 1972 1819 1804 2089 1946 
/ʏ/ 369 411 390 405 457 431 1469 1762 1615 1415 1709 1562 
/u/ 278 308 293 255 307 281 788 905 847 945 1002 973 
/ɔ/ 417 473 445 466 491 479 760 929 844 784 931 857 
/ɑ/ 586 720 653 619 736 678 1144 1304 1224 1072 1218 1145 
/a/ 640 946 793 736 960 848 1401 1608 1504 1349 1597 1473 

Spontaneous 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/i/ 248 262 255 250 306 278 2060 2322 2191 2096 2470 2283 
/ɪ/ 347 347 347 402 470 436 1813 2117 1965 1654 1998 1826 
/ɛ/ 451 446 449 541 692 617 1581 1923 1752 1548 1787 1667 
/y/ 255 290 272 240 296 268 1627 1991 1809 1815 2082 1948 
/ʏ/ 349 367 358 363 476 419 1473 1656 1564 1423 1644 1533 
/u/ 273 282 277 268 306 287 902 984 943 1103 1299 1201 
/ɔ/ 393 412 403 433 487 460 776 897 836 785 977 881 
/ɑ/ 562 519 541 561 700 631 1075 1178 1127 1017 1198 1107 
/a/ 649 711 680 653 828 741 1304 1497 1400 1296 1625 1461 

Table C.7 Mean raw F1 and F2 values (in Hz) of the monophthongs, by region (N-R and N-S) 
and gender (male (M) and female (F)). 
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Normalized F1 (zF1) Normalized F2 (zF2) 

Logatomes 
N-R N-S N-R N-S  

M F Mn M F Mn M F Mn M F Mn 

/i/ -
1.31 

-
1.10 -1.21 -1.21 -1.13 -1.17 1.69 1.61 1.65 1.68 1.58 1.63 

/ɪ/ -.54 -.55 -.55 -.27 .07 -.10 1.09 1.24 1.17 .72 .75 .74 
/ɛ/ .32 .28 .30 1.21 1.71 1.46 .68 .66 .67 .34 .27 .30 

/y/ -
1.50 

-
1.08 -1.29 -1.19 -1.10 -1.15 .69 .71 .70 .85 .66 .75 

/ʏ/ -.61 -.46 -.54 -.34 .05 -.14 .25 .33 .29 -.03 .05 .01 

/u/ -
1.48 

-
1.17 -1.33 -1.27 -1.09 -1.18 -1.57 -1.41 -1.49 -.99 -1.00 -.99 

/ɔ/ -.40 -.52 -.46 .03 .04 .04 -1.68 -1.55 -1.62 -1.47 -1.25 -1.36 
/ɑ/ .87 1.20 1.03 1.17 1.45 1.31 -.80 -.78 -.79 -.87 -.80 -.84 
/a/ 1.59 2.43 2.01 2.23 2.03 2.13 -.05 -.09 -.07 -.08 -.15 -.11 

Word List 
N-R N-S N-R N-S  

M F Mn M F Mn M F Mean M F Mn 

/i/ -
1.24 

-
1.20 -1.22 -1.27 -1.22 -1.24 1.76 1.59 1.67 1.73 1.67 1.70 

/ɪ/ -.54 -.58 -.56 -.20 -.20 -.20 1.16 1.30 1.23 .64 .76 .70 
/ɛ/ .15 -.21 -.03 1.05 1.23 1.14 .72 .62 .67 .28 .34 .31 

/y/ -
1.32 

-
1.20 -1.26 -1.33 -1.26 -1.30 .56 .65 .60 .90 .73 .81 

/ʏ/ -.52 -.47 -.50 -.21 -.40 -.31 .08 .20 .14 -.06 .00 -.03 

/u/ -
1.23 

-
1.07 -1.15 -1.35 -1.20 -1.28 -1.61 -1.60 -1.60 -1.21 -1.36 -1.29 

/ɔ/ -.14 -.13 -.13 .23 -.22 .01 -1.68 -1.56 -1.62 -1.61 -1.50 -1.55 
/ɑ/ 1.19 1.27 1.23 1.40 1.07 1.24 -.72 -.77 -.74 -.89 -.94 -.92 
/a/ 1.62 2.58 2.10 2.24 2.23 2.24 -.08 -.11 -.10 -.21 -.22 -.22 

Spontaneous 
N-R N-S N-R N-S  

M F Mn M F Mn M F Mn M F Mn 

/i/ -
1.46 

-
1.32 -1.39 -1.38 -1.20 -1.29 1.54 1.38 1.46 1.62 1.44 1.53 

/ɪ/ -.68 -.84 -.76 -.24 -.31 -.28 .93 .94 .93 .53 .54 .54 
/ɛ/ .15 -.27 -.06 .82 .86 .84 .36 .53 .45 .28 .13 .20 

/y/ -
1.42 

-
1.15 -1.28 -1.47 -1.26 -1.36 .47 .70 .58 .93 .71 .82 

/ʏ/ -.68 -.72 -.70 -.53 -.29 -.41 .08 -.01 .04 -.04 -.14 -.09 

/u/ -
1.26 

-
1.21 -1.23 -1.25 -1.20 -1.22 -1.31 -1.44 -1.38 -.81 -.79 -.80 

/ɔ/ -.32 -.47 -.40 .01 -.24 -.12 -1.64 -1.62 -1.63 -1.60 -1.41 -1.51 
/ɑ/ 1.01 .13 .57 .98 .91 .94 -.90 -1.04 -.97 -1.03 -.98 -1.01 
/a/ 1.69 1.20 1.45 1.66 1.56 1.61 -.32 -.37 -.34 -.35 -.17 -.26 
Table C.8 Mean normalized F1 and F2 values of the monophthongs, by region (N-R and N-S) 
and gender (male (M) and female (F)). 
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F1 onset F2 onset 

Logatomes 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 420 480 450 380 461 420 1832 2157 1994 1895 2498 2196 
/ø/ 402 487 445 377 478 427 1512 1758 1635 1555 1844 1699 
/o/ 437 518 477 403 456 429 1026 1116 1071 1084 996 1040 
/ɛi/ 564 713 639 562 733 648 1665 1924 1795 1724 2065 1895 

/œy/ 591 752 672 550 685 617 1455 1696 1576 1450 1750 1600 
/ɔu/ 624 757 691 557 719 638 1259 1497 1378 1195 1355 1275 

Word List 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 422 444 433 394 425 409 1861 2156 2008 1950 2567 2259 
/ø/ 447 510 478 420 425 422 1500 1723 1612 1569 1941 1755 
/o/ 457 540 499 431 459 445 965 1097 1031 912 945 929 
/ɛi/ 600 730 665 596 683 640 1655 1893 1774 1682 2129 1906 

/œy/ 681 769 725 572 699 635 1408 1652 1530 1395 1701 1548 
/ɔu/ 635 755 695 580 694 637 1179 1377 1278 1022 1190 1106 

Spontaneous 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 436 449 443 394 407 401 1613 1955 1784 1830 2281 2056 
/ø/ 481 523 502 390 443 416 1414 1683 1549 1506 1760 1633 
/o/ 483 541 512 397 435 416 1112 1199 1156 919 1005 962 
/ɛi/ 586 683 635 536 630 583 1527 1780 1653 1614 2023 1819 

/œy/ 620 749 685 546 652 599 1401 1619 1510 1343 1750 1546 
/ɔu/ 624 737 681 526 582 554 1269 1469 1369 1018 1173 1095 

Table C.9 Mean raw F1 and F2 values (in Hz) at the onset of the (semi)diphthongs, by region 
(N-R and N-S) and gender (male (M) and female (F)). 
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F1 offset F2 offset 

Logatomes 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 354 402 378 337 450 393 2038 2390 2214 2009 2519 2264 
/ø/ 337 438 387 331 465 398 1546 1786 1666 1648 1881 1765 
/o/ 367 429 398 331 447 389 886 1002 944 951 975 963 
/ɛi/ 432 535 484 419 562 491 1869 2201 2035 1924 2377 2151 

/œy/ 448 532 490 417 594 505 1575 1723 1649 1633 2024 1828 
/ɔu/ 483 543 513 411 585 498 1020 1209 1115 979 1203 1091 

Word List 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 332 377 355 336 391 363 2057 2391 2224 2117 2587 2352 
/ø/ 333 375 354 345 378 362 1575 1743 1659 1633 1870 1752 
/o/ 385 463 424 364 447 405 916 1005 960 882 987 935 
/ɛi/ 366 388 377 343 425 384 1933 2260 2096 2034 2564 2299 

/œy/ 417 400 408 367 403 385 1509 1717 1613 1655 1985 1820 
/ɔu/ 371 394 383 347 378 362 945 1023 984 953 1012 983 

Spontaneous 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ 336 374 355 326 377 351 1884 2207 2045 1945 2390 2168 
/ø/ 370 403 387 332 394 363 1427 1554 1491 1547 1655 1601 
/o/ 371 405 388 363 375 369 998 1085 1042 910 977 943 
/ɛi/ 431 437 434 430 474 452 1742 2073 1908 1821 2258 2039 

/œy/ 484 521 503 417 506 461 1487 1710 1599 1511 1884 1697 
/ɔu/ 438 460 449 384 404 394 1057 1227 1142 943 1166 1054 

Table C.10 Mean raw F1 and F2 values (in Hz) at the offset of the (semi)diphthongs, by 
region (N-R and N-S) and gender (male (M) and female (F)). 
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Normalized F1 onset Normalized F2 onset 

Logatomes 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ -.10 -.07 -.08 -.42 -.39 -.40 .97 1.03 1.00 1.10 1.50 1.30 
/ø/ -.24 -.03 -.14 -.46 -.30 -.38 .20 .19 .19 .28 .25 .26 
/o/ .02 .13 .07 -.23 -.43 -.33 -1.02 -1.16 -1.09 -.86 -1.36 -1.11 
/ɛi/ 1.03 1.24 1.13 .98 1.04 1.01 .57 .53 .55 .70 .67 .69 

/œy/ 1.25 1.45 1.35 .87 .80 .83 .06 .07 .07 .03 .07 .05 
/ɔu/ 1.47 1.49 1.48 .92 .99 .96 -.43 -.34 -.39 -.60 -.68 -.64 

Word List 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ -.10 -.29 -.19 -.31 -.58 -.44 1.03 1.03 1.03 1.26 1.63 1.44 
/ø/ .08 .07 .08 -.11 -.57 -.34 .16 .12 .14 .33 .44 .38 
/o/ .19 .25 .22 -.04 -.39 -.21 -1.17 -1.20 -1.19 -1.28 -1.48 -1.38 
/ɛi/ 1.31 1.34 1.32 1.24 .79 1.01 .54 .48 .51 .59 .78 .69 

/œy/ 1.93 1.54 1.73 1.04 .87 .95 -.06 -.03 -.04 -.11 -.03 -.07 
/ɔu/ 1.58 1.46 1.52 1.11 .85 .98 -.62 -.60 -.61 -1.01 -1.00 -1.01 

Spontaneous 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ .02 -.25 -.12 -.31 -.65 -.48 .44 .60 .52 .97 1.08 1.02 
/ø/ .38 .15 .26 -.34 -.47 -.40 -.05 .05 .00 .17 .08 .13 
/o/ .39 .26 .32 -.29 -.51 -.40 -.80 -.96 -.88 -1.27 -1.36 -1.32 
/ɛi/ 1.20 1.05 1.13 .81 .53 .67 .23 .25 .24 .43 .59 .51 

/œy/ 1.47 1.44 1.45 .85 .64 .74 -.08 -.10 -.09 -.23 .07 -.08 
/ɔu/ 1.49 1.34 1.42 .67 .29 .48 -.41 -.41 -.41 -1.03 -1.04 -1.03 
Table C.11 Mean normalized F1 and F2 values at the onset of the (semi)diphthongs, by region 
(N-R and N-S) and gender (male (M) and female (F)). 
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Normalized F1 offset Normalized F2 offset 

Logatomes 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ -.61 -.53 -.57 -.72 -.45 -.59 1.48 1.52 1.50 1.38 1.54 1.46 
/ø/ -.76 -.32 -.54 -.77 -.37 -.57 .27 .25 .26 .51 .33 .42 
/o/ -.53 -.37 -.45 -.78 -.47 -.62 -1.38 -1.38 -1.38 -1.18 -1.41 -1.29 
/ɛi/ .00 .22 .11 -.13 .17 .02 1.08 1.10 1.09 1.18 1.27 1.22 

/œy/ .13 .22 .18 -.14 .33 .09 .36 .13 .24 .48 .59 .54 
/ɔu/ .37 .26 .31 -.21 .26 .02 -1.03 -.93 -.98 -1.12 -.98 -1.05 

Word List 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ -.79 -.67 .73 -.73 -.75 -.74 1.52 1.53 1.52 1.67 1.66 1.67 
/ø/ -.81 -.68 -.74 -.65 -.81 -.73 .35 .17 .26 .48 .31 .39 
/o/ -.39 -.18 -.29 -.54 -.46 -.50 -1.28 -1.39 -1.33 -1.36 -1.40 -1.38 
/ɛi/ -.53 -.60 -.56 -.72 -.57 -.64 1.21 1.24 1.23 1.46 1.62 1.54 

/œy/ -.13 -.54 -.34 -.51 -.69 -.60 .18 .11 .15 .54 .52 .53 
/ɔu/ -.49 -.58 -.53 -.66 -.83 -.74 -1.19 -1.34 -1.27 -1.18 -1.35 -1.26 

Spontaneous 
N-R N-S N-R N-S  

M F Mean M F Mean M F Mean M F Mean 
/e/ -.77 -.68 -.73 -.81 -.83 -.82 1.11 1.13 1.12 1.25 1.28 1.26 
/ø/ -.50 -.53 -.51 -.78 -.73 -.75 -.02 -.22 -.12 .28 -.13 .07 
/o/ -.50 -.50 -.50 -.53 -.84 -.68 -1.08 -1.20 -1.14 -1.30 -1.43 -1.36 
/ɛi/ -.01 -.34 -.17 -.01 -.30 -.16 .75 .85 .80 .94 1.04 .99 

/œy/ .41 .15 .28 -.14 -.16 -.15 .13 .10 .12 .18 .32 .25 
/ɔu/ .04 -.20 -.08 -.40 -.66 -.53 -.94 -.92 -.93 -1.21 -1.06 -1.14 
Table C.12 Mean normalized F1 and F2 values at the offset of the (semi)diphthongs, by 
region (N-R and N-S) and gender (male (M) and female (F)). 
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Logatomes 

 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .16 .08 .12 .14 .09 .12 .15 .09 .12 
/ɪ/ .15 .19 .17 .11 .14 .13 .13 .17 .15 
/ɛ/ .11 .22 .17 .14 .15 .15 .13 .19 .16 
/y/ .13 .20 .17 .32 .13 .22 .23 .17 .20 
/ʏ/ .15 .10 .12 .19 .22 .21 .17 .16 .16 
/u/ .18 .16 .17 .14 .09 .11 .16 .12 .14 
/ɔ/ .21 .16 .19 .23 .21 .22 .22 .19 .20 
/ɑ/ .30 .33 .31 .18 .17 .18 .24 .25 .24 
/a/ .27 .26 .27 .19 .22 .20 .23 .24 .24 

Word List 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .19 .10 .15 .23 .16 .20 .21 .13 .17 
/ɪ/ .24 .24 .24 .20 .23 .22 .22 .23 .23 
/ɛ/ .30 .25 .27 .23 .31 .27 .26 .28 .27 
/y/ - - - - - - - - - 
/ʏ/ .25 .21 .23 .15 .11 .13 .20 .16 .18 
/u/ .18 .23 .21 .17 .12 .14 .17 .17 .17 
/ɔ/ .27 .14 .21 .30 .11 .20 .28 .13 .20 
/ɑ/ .15 .28 .22 .20 .30 .25 .18 .29 .23 
/a/ .39 .27 .33 .25 .16 .21 .32 .22 .27 

Spontaneous 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .27 .23 .25 .20 .33 .26 .23 .28 .26 
/ɪ/ .35 .28 .32 .47 .35 .41 .41 .32 .36 
/ɛ/ .29 .41 .35 .40 .31 .36 .35 .36 .35 
/y/ .46 .33 .40 .48 .32 .40 .47 .33 .40 
/ʏ/ .21 .27 .24 .23 .32 .28 .22 .29 .26 
/u/ .47 .32 .39 .37 .41 .39 .42 .37 .39 
/ɔ/ .30 .35 .32 .42 .30 .36 .36 .32 .34 
/ɑ/ .44 .42 .43 .42 .43 .42 .43 .42 .43 
/a/ .28 .55 .41 .43 .37 .40 .35 .46 .40 

Table C.13 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and 
vowel. Mean Euclidean distances are given by vowel, style, gender and region, and calculated 
on the basis of normalized F1 and F2. 
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Logatomes 

 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .08 .05 .06 .09 .07 .08 .09 .06 .07 
/ɪ/ .09 .16 .13 .09 .12 .11 .09 .14 .12 
/ɛ/ .10 .21 .15 .12 .11 .12 .11 .16 .13 
/y/ .08 .02 .05 .03 .07 .05 .05 .05 .05 
/ʏ/ .09 .06 .07 .15 .20 .17 .12 .13 .12 
/u/ .08 .08 .08 .08 .04 .06 .08 .06 .07 
/ɔ/ .15 .10 .12 .11 .20 .16 .13 .15 .14 
/ɑ/ .25 .28 .27 .18 .10 .14 .21 .19 .20 
/a/ .25 .22 .24 .19 .19 .19 .22 .21 .21 

Word List 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .12 .04 .08 .18 .08 .13 .15 .06 .11 
/ɪ/ .23 .05 .14 .15 .18 .17 .19 .11 .15 
/ɛ/ .29 .18 .24 .21 .26 .24 .25 .22 .24 
/y/ - - - - - - - - - 
/ʏ/ .18 .10 .14 .10 .06 .08 .14 .08 .11 
/u/ .11 .10 .11 .02 .04 .03 .07 .07 .07 
/ɔ/ .24 .09 .17 .23 .09 .16 .24 .09 .16 
/ɑ/ .11 .20 .16 .17 .26 .22 .14 .23 .19 
/a/ .36 .25 .31 .23 .13 .18 .29 .19 .24 

Spontaneous 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .18 .10 .14 .12 .17 .14 .15 .13 .14 
/ɪ/ .23 .15 .19 .37 .28 .32 .30 .21 .26 
/ɛ/ .23 .27 .25 .34 .24 .29 .29 .25 .27 
/y/ .21 .17 .19 .20 .20 .20 .20 .18 .19 
/ʏ/ .14 .17 .15 .15 .25 .20 .14 .21 .18 
/u/ .33 .21 .27 .17 .18 .18 .25 .19 .22 
/ɔ/ .19 .26 .23 .36 .20 .28 .28 .23 .25 
/ɑ/ .39 .34 .37 .39 .38 .39 .39 .36 .38 
/a/ .21 .47 .34 .39 .31 .35 .30 .39 .35 

Table C.14 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and 
vowel. Mean Euclidean distances are given by vowel, style, gender and region, and calculated 
on the basis of normalized F1. 
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Logatomes 

 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .13 .06 .09 .07 .05 .06 .10 .06 .08 
/ɪ/ .10 .09 .09 .06 .06 .06 .08 .08 .08 
/ɛ/ .04 .05 .04 .05 .07 .06 .04 .06 .05 
/y/ .09 .20 .14 .32 .10 .21 .20 .15 .18 
/ʏ/ .09 .07 .08 .10 .07 .09 .09 .07 .08 
/u/ .16 .13 .15 .10 .06 .08 .13 .10 .12 
/ɔ/ .13 .12 .13 .13 .06 .09 .13 .09 .11 
/ɑ/ .14 .12 .13 .04 .12 .08 .09 .12 .10 
/a/ .07 .11 .09 .03 .09 .06 .05 .10 .07 

Word List 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .14 .08 .11 .12 .13 .12 .13 .11 .12 
/ɪ/ .08 .22 .15 .12 .12 .12 .10 .17 .13 
/ɛ/ .06 .12 .09 .06 .07 .06 .06 .09 .08 
/y/ - - - - - - - - - 
/ʏ/ .16 .16 .16 .10 .09 .09 .13 .12 .13 
/u/ .12 .17 .15 .16 .10 .13 .14 .14 .14 
/ɔ/ .09 .09 .09 .15 .05 .10 .12 .07 .09 
/ɑ/ .10 .15 .13 .06 .13 .10 .08 .14 .11 
/a/ .09 .09 .09 .07 .09 .08 .08 .09 .08 

Spontaneous 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ .18 .18 .18 .13 .24 .19 .15 .21 .18 
/ɪ/ .21 .22 .21 .23 .14 .19 .22 .18 .20 
/ɛ/ .12 .26 .19 .15 .16 .16 .13 .21 .17 
/y/ .36 .25 .30 .42 .21 .31 .39 .23 .31 
/ʏ/ .13 .17 .15 .15 .15 .15 .14 .16 .15 
/u/ .27 .22 .24 .30 .33 .32 .28 .28 .28 
/ɔ/ .18 .17 .18 .17 .16 .17 .18 .17 .17 
/ɑ/ .13 .19 .16 .11 .13 .12 .12 .16 .14 
/a/ .15 .17 .16 .13 .14 .13 .14 .16 .15 

Table C.15 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and 
vowel. Mean Euclidean distances are given by vowel, style, gender and region, and calculated 
on the basis of normalized F2. 
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Logatomes 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ 4.20 5.30 4.75 7.70 4.10 5.90 5.95 4.70 5.33 
/ɪ/ 1.90 4.20 3.05 6.10 2.60 4.35 4.00 3.40 3.70 
/ɛ/ 4.70 3.70 4.20 5.20 4.70 4.95 4.95 4.20 4.58 
/y/ 11.50 4.70 8.10 16.30 18.40 17.35 13.90 11.55 12.73 
/ʏ/ 5.00 3.60 4.30 8.00 9.40 8.70 6.50 6.50 6.50 
/u/ 5.60 8.50 7.05 4.50 6.50 5.50 5.05 7.50 6.28 
/ɔ/ 5.00 5.80 5.40 7.10 11.10 9.10 6.05 8.45 7.25 
/ɑ/ 4.10 5.00 4.55 8.40 15.00 11.70 6.25 10.00 8.13 
/a/ 6.40 14.20 10.30 15.70 6.70 11.20 11.05 10.45 10.75 

Word List 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ 6.13 7.85 6.99 2.73 5.14 3.94 4.43 6.49 5.46 
/ɪ/ 9.29 10.36 9.82 18.62 14.43 16.53 13.95 12.40 13.17 
/ɛ/ 8.47 14.87 11.67 14.90 24.44 19.67 11.68 19.65 15.67 
/y/ - - - - - - - - - 
/ʏ/ 9.78 19.48 14.63 17.74 21.96 19.85 13.76 20.72 17.24 
/u/ 10.01 8.35 9.18 6.19 2.06 4.13 8.10 5.21 6.66 
/ɔ/ 22.17 14.33 18.25 26.48 21.89 24.19 24.33 18.11 21.22 
/ɑ/ 5.17 8.40 6.78 8.53 14.78 11.66 6.85 11.59 9.22 
/a/ 16.17 17.37 16.77 16.50 23.90 20.20 16.33 20.64 18.48 

Spontaneous 
 N-R N-S Mean 
 M F Mean M F Mean M F Mean 

/i/ 9.32 13.89 11.61 6.99 15.74 11.37 8.16 14.82 11.49 
/ɪ/ 9.47 12.07 10.77 10.87 16.64 13.75 10.17 14.35 12.26 
/ɛ/ 12.01 12.83 12.42 8.76 16.11 12.43 10.38 14.47 12.43 
/y/ 17.68 9.52 13.60 20.13 18.10 19.11 18.90 13.81 16.36 
/ʏ/ 12.52 16.90 14.71 13.71 17.75 15.73 13.11 17.32 15.22 
/u/ 17.03 14.60 15.82 14.17 12.77 13.47 15.60 13.69 14.64 
/ɔ/ 14.52 13.28 13.90 10.84 14.06 12.45 12.68 13.67 13.17 
/ɑ/ 9.85 16.51 13.18 16.21 18.39 17.30 13.03 17.45 15.24 
/a/ 26.42 26.75 26.58 26.99 31.17 29.08 26.70 28.96 27.83 

Table C.16 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and 
vowel. Mean Euclidean distances are given by vowel, style, gender and region, and calculated 
on the basis of duration. 
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Onset 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .08 .28 .18 .31 .20 .26 .20 .24 .22 
/ø/ .23 .14 .18 .15 .16 .15 .19 .15 .17 
/o/ .26 .18 .22 .13 .22 .17 .19 .20 .20 
/ɛi/ .24 .16 .20 .16 .13 .14 .20 .14 .17 

/œy/ .15 .22 .19 .13 .16 .15 .14 .19 .17 

Lo
ga

to
m

es
 

/ɔu/ .18 .20 .19 .23 .27 .25 .21 .23 .22 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .23 .18 .21 .32 .15 .24 .27 .17 .22 
/ø/ .20 .17 .18 .21 .28 .24 .20 .23 .21 
/o/ .16 .11 .14 .15 .24 .20 .15 .18 .17 
/ɛi/ .27 .33 .30 .19 .18 .19 .23 .25 .24 

/œy/ .29 .32 .31 .25 .18 .21 .27 .25 .26 

W
or

d 
Li

st
 

/ɔu/ .19 .19 .19 .19 .24 .21 .19 .22 .20 
 M F Mn 
 M F μ M F μ M F μ 

/e/ .28 .34 .31 .30 .30 .30 .29 .32 .31 
/ø/ .28 .21 .24 .22 .26 .24 .25 .24 .24 
/o/ .40 .38 .39 .31 .34 .32 .35 .36 .36 
/ɛi/ .38 .34 .36 .29 .34 .32 .34 .34 .34 

/œy/ .39 .39 .39 .32 .28 .30 .35 .34 .35 

Sp
on

ta
ne

ou
s 

/ɔu/ .43 .61 .52 .50 .57 .53 .47 .59 .53 
Offset 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .12 .20 .16 .39 .13 .26 .26 .17 .21 
/ø/ .20 .22 .21 .08 .12 .10 .14 .17 .15 
/o/ .20 .17 .19 .17 .26 .21 .18 .22 .20 
/ɛi/ .20 .26 .23 .18 .15 .16 .19 .20 .20 

/œy/ .36 .25 .30 .23 .13 .18 .30 .19 .24 

Lo
ga

to
m

es
 

/ɔu/ .34 .26 .30 .22 .17 .20 .28 .21 .25 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .19 .20 .19 .21 .18 .19 .20 .19 .19 
/ø/ .21 .26 .24 .19 .20 .19 .20 .23 .22 
/o/ .21 .34 .28 .15 .43 .29 .18 .39 .28 
/ɛi/ .32 .19 .25 .22 .23 .22 .27 .21 .24 

/œy/ .38 .25 .32 .22 .15 .18 .30 .20 .25 

W
or

d 
Li

st
 

/ɔu/ .26 .19 .22 .15 .20 .18 .20 .20 .20 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .39 .38 .39 .39 .32 .36 .39 .35 .37 
/ø/ .41 .24 .33 .46 .21 .33 .44 .22 .33 
/o/ .40 .35 .37 .35 .34 .35 .37 .35 .36 
/ɛi/ .40 .43 .42 .32 .31 .31 .36 .37 .37 

/œy/ .40 .34 .37 .31 .32 .32 .36 .33 .34 

Sp
on

ta
ne

ou
s 

/ɔu/ .43 .49 .46 .52 .38 .45 .48 .43 .46 
Table C.17 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and vowel. 
Mean Euclidean distances are given by vowel, style, gender and region, and calculated on the basis of 
normalized F1 and F2, for both the onset (left part of the table) and the offset (right part). 
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Onset 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .03 .21 .12 .13 .14 .13 .08 .17 .13 
/ø/ .18 .11 .14 .08 .09 .08 .13 .10 .11 
/o/ .16 .11 .14 .10 .14 .12 .13 .12 .13 
/ɛi/ .22 .12 .17 .14 .06 .10 .18 .09 .13 

/œy/ .12 .21 .17 .07 .13 .10 .10 .17 .13 

Lo
ga

to
m

es
 

/ɔu/ .16 .16 .16 .18 .19 .19 .17 .18 .17 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .15 .14 .15 .24 .11 .18 .20 .13 .16 
/ø/ .11 .05 .08 .19 .23 .21 .15 .14 .15 
/o/ .13 .11 .12 .13 .22 .17 .13 .17 .15 
/ɛi/ .19 .18 .18 .15 .03 .09 .17 .10 .14 

/œy/ .27 .28 .27 .17 .16 .17 .22 .22 .22 

W
or

d 
Li

st
 

/ɔu/ .17 .11 .14 .13 .19 .16 .15 .15 .15 
 M F Mn 
 M F μ M F μ M F μ 

/e/ .24 .24 .24 .18 .19 .18 .21 .22 .21 
/ø/ .25 .16 .20 .13 .15 .14 .19 .15 .17 
/o/ .32 .26 .29 .20 .18 .19 .26 .22 .24 
/ɛi/ .34 .30 .32 .22 .28 .25 .28 .29 .29 

/œy/ .35 .33 .34 .24 .25 .25 .29 .29 .29 

Sp
on

ta
ne

ou
s 

/ɔu/ .35 .55 .45 .41 .54 .47 .38 .55 .46 
Offset 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .10 .12 .11 .09 .09 .09 .10 .11 .10 
/ø/ .17 .19 .18 .05 .10 .08 .11 .15 .13 
/o/ .12 .13 .12 .10 .20 .15 .11 .17 .14 
/ɛi/ .14 .19 .17 .15 .12 .14 .15 .15 .15 

/œy/ .33 .21 .27 .20 .09 .15 .27 .15 .21 

Lo
ga

to
m

es
 

/ɔu/ .33 .19 .26 .19 .16 .18 .26 .17 .22 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .16 .17 .17 .17 .13 .15 .17 .15 .16 
/ø/ .17 .14 .16 .15 .15 .15 .16 .15 .15 
/o/ .18 .32 .25 .14 .39 .27 .16 .35 .26 
/ɛi/ .22 .09 .16 .19 .13 .16 .20 .11 .16 

/œy/ .37 .17 .27 .19 .12 .16 .28 .14 .21 

W
or

d 
Li

st
 

/ɔu/ .23 .14 .19 .13 .11 .12 .18 .12 .15 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .31 .19 .25 .27 .21 .24 .29 .20 .24 
/ø/ .37 .20 .29 .24 .11 .18 .31 .16 .23 
/o/ .30 .21 .25 .18 .22 .20 .24 .21 .23 
/ɛi/ .25 .34 .30 .24 .25 .24 .24 .30 .27 

/œy/ .38 .31 .34 .23 .21 .22 .31 .26 .28 

Sp
on

ta
ne

ou
s 

/ɔu/ .29 .41 .35 .40 .28 .34 .34 .35 .35 
Table C.18 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and vowel. 
Mean Euclidean distances are given by vowel, style, gender and region, and calculated on the basis of 
normalized F1, for both the onset (left part of the table) and the offset (right part). 
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Onset 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .07 .14 .10 .24 .12 .18 .16 .13 .14 
/ø/ .12 .06 .09 .09 .12 .11 .11 .09 .10 
/o/ .20 .13 .17 .07 .16 .12 .14 .15 .14 
/ɛi/ .06 .09 .07 .06 .11 .08 .06 .10 .08 

/œy/ .06 .05 .06 .10 .07 .09 .08 .06 .07 

Lo
ga

to
m

es
 

/ɔu/ .08 .09 .09 .09 .12 .10 .09 .11 .10 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .16 .09 .13 .18 .10 .14 .17 .09 .13 
/ø/ .15 .16 .15 .07 .12 .10 .11 .14 .12 
/o/ .07 .03 .05 .05 .06 .06 .06 .04 .05 
/ɛi/ .15 .23 .19 .10 .17 .14 .12 .20 .16 

/œy/ .07 .12 .09 .15 .06 .10 .11 .09 .10 

W
or

d 
Li

st
 

/ɔu/ .07 .14 .11 .10 .13 .12 .09 .14 .11 
 M F Mn 
 M F μ M F μ M F μ 

/e/ .10 .19 .15 .20 .21 .20 .15 .20 .18 
/ø/ .10 .10 .10 .13 .18 .16 .12 .14 .13 
/o/ .19 .22 .21 .18 .25 .22 .19 .24 .21 
/ɛi/ .14 .12 .13 .16 .15 .16 .15 .14 .15 

/œy/ .12 .15 .14 .17 .09 .13 .14 .12 .13 

Sp
on

ta
ne

ou
s 

/ɔu/ .18 .17 .17 .20 .12 .16 .19 .14 .17 
Offset 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .06 .13 .10 .36 .08 .22 .21 .11 .16 
/ø/ .07 .08 .08 .05 .05 .05 .06 .07 .07 
/o/ .15 .10 .13 .11 .14 .13 .13 .12 .13 
/ɛi/ .09 .12 .10 .07 .07 .07 .08 .09 .09 

/œy/ .11 .10 .11 .08 .07 .08 .10 .09 .09 

Lo
ga

to
m

es
 

/ɔu/ .05 .14 .10 .09 .05 .07 .07 .10 .08 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .09 .10 .09 .11 .08 .10 .10 .09 .09 
/ø/ .10 .16 .13 .11 .09 .10 .11 .12 .11 
/o/ .07 .07 .07 .05 .16 .10 .06 .12 .09 
/ɛi/ .20 .14 .17 .08 .16 .12 .14 .15 .14 

/œy/ .06 .15 .11 .09 .06 .08 .08 .11 .09 

W
or

d 
Li

st
 

/ɔu/ .06 .10 .08 .06 .16 .11 .06 .13 .09 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ .19 .27 .23 .23 .21 .22 .21 .24 .23 
/ø/ .13 .11 .12 .36 .15 .26 .24 .13 .19 
/o/ .20 .24 .22 .26 .22 .24 .23 .23 .23 
/ɛi/ .26 .23 .24 .16 .17 .17 .21 .20 .21 

/œy/ .09 .11 .10 .16 .17 .17 .13 .14 .13 

Sp
on

ta
ne

ou
s 

/ɔu/ .28 .18 .23 .26 .19 .22 .27 .18 .23 
Table C.19 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and vowel. 
Mean Euclidean distances are given by vowel, style, gender and region, and calculated on the basis of 
normalized F2, for both the onset (left part of the table) and the offset (right part). 
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Logatomes 

 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ 5.10 10.30 7.70 10.50 10.60 10.55 7.80 10.45 9.13 
/ø/ 9.20 6.80 8.00 10.10 6.10 8.10 9.65 6.45 8.05 
/o/ 9.50 4.00 6.75 10.80 20.40 15.60 10.15 12.20 11.18 
/ɛi/ 8.60 4.70 6.65 8.40 7.70 8.05 8.50 6.20 7.35 

/œy/ 8.50 14.80 11.65 5.40 11.30 8.35 6.95 13.05 10.00 
/ɔu/ 7.30 12.10 9.70 12.30 23.70 18.00 9.80 17.90 13.85 

Word List 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ 9.80 11.89 10.84 8.28 6.97 7.62 9.04 9.43 9.23 
/ø/ 21.89 32.93 27.41 29.04 17.25 23.14 25.47 25.09 25.28 
/o/ 9.60 11.35 10.48 14.33 13.70 14.02 11.97 12.53 12.25 
/ɛi/ 16.16 16.30 16.23 18.82 24.69 21.76 17.49 20.50 18.99 

/œy/ 15.50 12.49 13.99 10.68 10.21 10.44 13.09 11.35 12.22 
/ɔu/ 8.86 12.08 10.47 12.52 17.44 14.98 10.69 14.76 12.73 

Spontaneous 
 N-R N-S Mean 
 M F Mn M F Mn M F Mn 

/e/ 18.39 17.84 18.11 25.96 16.00 20.98 22.18 16.92 19.55 
/ø/ 25.17 15.87 20.52 21.20 22.11 21.66 23.19 18.99 21.09 
/o/ 14.45 23.25 18.85 15.28 24.23 19.75 14.86 23.74 19.30 
/ɛi/ 20.80 24.55 22.67 21.75 33.06 27.41 21.28 28.80 25.04 

/œy/ 19.05 17.64 18.34 28.91 22.91 25.91 23.98 20.27 22.13 
/ɔu/ 23.56 28.56 26.06 27.59 17.69 22.64 25.58 23.13 24.35 

Table C.20 Mean Euclidian distances of tokens to mean that corresponds in speaker, style and 
vowel. Mean Euclidean distances are given by vowel, style, gender and region, and calculated 
on the basis of duration. 
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SAMENVATTING 
 

(DUTCH SUMMARY) 
 
 
 
 
De manier van spreken of spreekstijl verandert in het algemeen met een verandering 
van situatie. Zo spreek je anders tegen je beste vriend dan tegen je baas, probeer je 
duidelijker te praten tegen iemand die je niet goed kan verstaan (door bijvoorbeeld 
een slecht gehoor of een langsrijdende trein) en je spreekstijl is anders bij voorlezen 
dan in een spontaan gesprek. 
 Spreekstijl en het aanpassen ervan worden met name onderzocht in de 
sociolinguïstiek en in de fonetiek. De twee onderzoeksvelden passen echter zeer 
verschillende onderzoeksmethoden toe bij het bestuderen van stijl. William Labov is 
de pionier van het sociolinguïstische stijlonderzoek. Labov ontwierp een 
onderzoeksmethode om met behulp van een interview verschillende stijlen van 
sprekers te ontlokken. Hij ging er daarbij vanuit dat iemands spreekstijl verandert als 
de mate van aandacht voor zijn spraak verandert: hoe hoger die aandacht, des te 
formeler wordt er gesproken. In de taken van het interview werd dan ook getracht de 
mate van aandacht voor spraak te manipuleren. Zo zou de aandacht voor de spraak 
zelf vrij laag zijn als iemand over emotionele zaken spreekt. Bij het voorlezen van 
een stuk tekst ligt de aandacht voor de spraak al heel wat hoger en bij contrasterende 
woordparen (minimale paren zoals vee en fee) het hoogst.  
 Het interview van Labov bleek een succesvolle methode om verschillende 
spreekstijlen te ontlokken. Keer op keer werd gevonden dat in de stijlen waarin werd 
aangenomen dat de aandacht voor spraak lager is, de verschillen tussen groepen 
sprekers groter worden. Ondanks het succes heeft de methode van Labov om stijl te 
onderzoeken ook veel kritiek gekregen. Zo zou de aanname dat stijl langs één 
dimensie varieert (d.i. mate van aandacht voor spraak) te simplistisch zijn en zou het 
vergelijken van voorgelezen spraak met spontane spraak zeer problematisch zijn 
(Hoofdstuk 2). Deze theoretische, maar ook een aantal praktische, problemen zorgde 
ervoor dat de focus binnen het sociolinguïstisch onderzoek vanaf de jaren 1970 
verschoof naar één stijl: de spontane spraak.  
 In het fonetisch onderzoek naar stijl daarentegen ligt de focus op in laboratoria 
ontlokte spraak en dan met name op voorgelezen spraak. Binnen dit onderzoek 
worden vaak aan de hand van expliciete instructies (bv. “spreek zoals u tegen een 
slechthorende zou spreken”) verschillende stijlen ontlokt, maar in de meeste 
gevallen gaat het dus om variaties binnen het spectrum van voorgelezen spraak. Op 
dat vlak kijken de sociolinguïstiek en de fonetiek dus geheel verschillende kanten 
op. 
 Het huidige onderzoek bestudeert klinkervariatie. Ook op dat vlak verschillen het 
sociolinguïstisch en fonetisch onderzoek sterk in focus. In de sociolinguïstiek ligt de 
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focus vooral op segmentele variatie (d.i. variatie in individuele klinkers), terwijl in 
de fonetiek de focus meer ligt op suprasegmentele variatie, zoals spreeksnelheid en 
de spreiding van klinkers over de klinkerruimte. 
 Tot voor kort werden onderzoekers uit de sociolinguïstiek en onderzoekers uit de 
fonetiek voornamelijk onafhankelijk van elkaar uitgevoerd. Sinds de jaren 1990 
echter is er een groeiend aantal onderzoekers dat zich op het raakvlak van de twee 
vakgebieden bevindt: de sociofonetiek. Door de combinatie van inzichten en 
onderzoeksmethoden uit de sociolinguïstiek en fonetiek is de sociofonetiek in staat 
gebleken de zwakheden van beide onderzoeksgebieden te compenseren. 
 
Het huidige onderzoek is sociofonetisch van aard. Het hoofddoel van het onderzoek 
is de paradox te verklaren die ontstaat als de resultaten van sociolinguïstische en 
fonetische onderzoeken naar stijlgebonden klinkervariatie worden gecombineerd 
(zie Hoofdstuk 2 voor een uitgebreid overzicht van fonetische en sociolinguïstische 
studies naar klinkervariatie). Sociolinguïstische studies laten zien dat de 
sociolinguïstische verschillen binnen klinkers toenemen in meer informele spraak. 
Daarnaast hebben fonetische studies aangetoond dat in meer informele spraak de 
klinkerruimte van het gehele klinkersysteem afneemt. Dit heeft als gevolg dat de 
gemiddelde ruimte tussen klinkers afneemt. Ondanks deze afname van de gehele 
klinkerruimte en toename van de individuele klinkerruimtes is ook aangetoond dat 
de identificeerbaarheid van klinkers niet afneemt. Deze bevindingen zijn 
gecombineerd in de paradox die we in dit onderzoek beogen te verklaren: 
 
PARADOX VAN DE KLINKERRUIMTE 
TERWIJL DE GEHELE KLINKERRUIMTE KRIMPT IN SPONTANE SPRAAK, VERGROTEN DE 
INDIVIDUELE KLINKERS HUN KLINKERRUIMTE DOOR EEN TOENAME VAN 
SOCIOGEOGRAFISCHE VARIATIE,  ZONDER DAT DIT TEN KOSTE VAN DE 
HERKENBAARHEID VAN DE KLINKERS GAAT. 
 
De paradox vormt de basis voor drie hypotheses die elk apart onderzocht zijn (zie 
Hoofdstuk 7). Ten eerste werd verwacht dat de grootte van de klinkerruimte zou 
afnemen in spontane spraak. Ten tweede werd verwacht dat de sociogeografische 
variatie zou toenemen in spontane spraak. Ten slotte werd verwacht dat de klinkers 
die in F1 of F2 een toename in sociogeografische variatie vertoonden in spontane 
spraak waarschijnlijk niet op dezelfde dimensie klinkerreductie zouden vertonen in 
spontane spraak, omdat dit ten koste van de herkenbaarheid van de klinkers zou 
gaan. De herkenbaarheid van klinkers is in deze studie niet getest op basis van een 
perceptie-experiment, maar aan de hand van de akoestische eigenschappen van de 
klinkers. Het huidige onderzoek valt dus in zijn geheel onder het productie-
onderzoek. 
 
Om de paradox te verklaren is de stilistische en sociogeografische variatie in de 
uitspraak van de vijftien volle klinkers van het Standaardnederlands onderzocht: de 
korte klinkers /ɪ, ɛ, ʏ, ɑ, ɔ/,  de lange klinkers /i, y, a, u, e, o, ø/ en de diftongen /ɛi, 
œy, ɔu/. Daarbij is gebruik gemaakt van spraakmateriaal uit een VNC-project dat als 
doel had om de uitspraakvariatie in Nederland en Vlaanderen in kaart te brengen. 
Daarvoor is spraak verzameld bij leerkrachten Nederlands in 4 Nederlandse regio’s 
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(de Randstad, Nederland-Midden, Nederland-Noord en Nederland-Zuid) en 4 
Vlaamse regio’s (Vlaams-Brabant, Oost-Vlaanderen, Vlaams-Limburg en West-
Vlaanderen). De klinkers die geselecteerd zijn uit het spraakmateriaal zijn 
akoestisch geanalyseerd op basis van de duur, F1 en F2 van klinkers. Alle gebruikte 
formantwaarden zijn genormaliseerd aan de hand van Lobanov’s 
sprekernormalisatie. 
 Het spraakmateriaal is verkregen aan de hand van een interview in de 
Laboviaanse stijl, zoals hierboven beschreven, waarin leraren Nederlands 
verschillende taken moesten uitvoeren. Uit drie van die taken zijn klinkers 
geselecteerd:  

i. Het voorlezen van draagzinnen, waarin elke klinker in hetzelfde logatoom 
voorkwam (d.i. /s_s/, dus bijvoorbeeld saas voor /a/). De klinkers in deze 
logatomen zijn akoestisch geanalyseerd door Adank (2003). Haar data zijn 
voor dit onderzoek gebruikt. 

ii. Het voorlezen van een woordenlijst waarin de klinkers in verschillende 
fonologische contexten voorkomen  

iii. Spontane spraak 
De drie stijlen verschillen in de mate van aandacht van de spreker die de 
onderzoeker voor de uitspraak van de klinkers heeft willen ontlokken. Voor de 
spontane spraak is die mate van aandacht het laagst, voor de logatomen het hoogst. 
 Dus, ondanks de eerder genoemde kritiek op Labovs aanpak om stijl te 
onderzoeken, is in dit onderzoek zijn aanpak overgenomen (zie Sectie 2.2.3). In de 
eerste plaats is hiervoor gekozen, omdat de paradox deels voortvloeit uit de 
resultaten van studies waarin Labovs succesvolle aanpak toegepast wordt. In de 
tweede plaats gebruiken wij zijn aanpak niet om een alomvattende theorie voor stijl 
te poneren, maar puur als een methodologisch instrument om stijlverschillen te 
onderzoeken. De aanpak is een snelle manier om stijlen te ontlokken en door de 
strikte definitie van de taken in het interview zijn de resultaten van verschillende 
sprekers sterk vergelijkbaar. In de derde plaats, ten slotte, wordt in de huidige studie 
de standaardtaal onderzocht, waardoor, in tegenstelling tot eerdere studies, het 
variatiespectrum klein blijft. Het gebruik van de standaard in spontane spraak zorgt 
ervoor dat deze stijl beter vergelijkbaar is met voorgelezen spraak, waarin het 
gebruik van de standaard de norm is. 
  Om de klinkers in verschillende stijlen zo vergelijkbaar mogelijk te maken, is de 
op de klinker volgende consonant over de stijlen zo veel mogelijk constant 
gehouden. Daarbij werden de eerder geanalyseerde logatomen, waarin de /s/ de coda 
(d.i. de consonant die in dezelfde lettergreep op de klinker volgt)  is, als startpunt 
genomen. In zowel de woordenlijst als de spontane spraak konden niet voldoende 
woorden geselecteerd worden waarin de /s/ de coda vormde. Daarom werd de /t/, die 
ook alveolair is en veel voorkomt als coda, als tweede coda geselecteerd. In 
hoofdstuk 5, waarin de klinkers uit de woordenlijst worden onderzocht, is 
vervolgens onderzocht of de /s/ en /t/ zorgen voor een verschil in de kwaliteit van de 
klinker. De resultaten in dat hoofdstuk laten zien dat een verschil in coda 
verwaarloosbare verschillen oplevert. In hoofdstuk 6, waarin de spontane 
klinkerrealisaties van een groep sprekers uit de regio Randstad en Nederlands 
Limburg wordt onderzocht, wordt dit resultaat bevestigd. Daarom werd het veilig 
geacht deze contexten te gebruiken om de paradox verder te onderzoeken. 
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In Hoofdstuk 7 worden vervolgens de klinkerrealisaties in de drie stijlen met elkaar 
vergeleken met als doel de paradox te verklaren. Omdat de spontane spraak alleen 
voor een selectie van sprekers is onderzocht, is de vergelijking alleen op basis van 
realisaties van deze sprekers gemaakt.  
 Er is voor gekozen om de monoftongen, de lange middenklinkers (/e/, /ø/, /o/) en 
de diftongen (/ɛi, œy, ɔu/) apart te onderzoeken, omdat de laatste twee groepen 
klinkers diftongeren.  Daarmee variëren deze dus op een extra dimensie tussen 
stijlen (namelijk in verglijding). Bovendien overlappen de twee groepen  onderling 
voor sommige sprekers, maar niet voor anderen, wat zorgt voor complicaties in de 
berekening van de klinkerruimte. 
 Zoals eerder gezegd zijn de klinkers op drie aspecten onderzocht. In de eerste 
plaats is gekeken naar de grootte van de akoestische klinkerruimte (Sectie 7.3.3). In 
het geval van de monoftongen vinden we het verwachte patroon: de klinkerruimte is 
kleiner in spontane spraak dan in de voorleesstijlen. Voor de lange middenklinkers 
vinden we echter alleen een afname in het bereik van F2 en voor de diftongen geldt 
dit alleen een als we de spontane spraak met de woordenlijst vergelijken. 
 In de tweede plaats is de mate van sociogeografische variatie in individuele 
klinkers onderzocht (Sectie 7.4). Voor vier van de negen monoftongen werd in 
spontane spraak de verwachte toename van sociogeografische variatie gevonden: 
voor /ɪ/, /ɛ/, /ɑ/ in F1, en voor /u/ en /ɛ/ in F2. Voor de lange middenklinkers en 
diftongen wordt die afname alleen in F1 gevonden.  
 In de derde plaats is er gekeken welke klinkers in positie verschillen tussen 
spontane en voorgelezen spraak en of dat invloed heeft op de herkenbaarheid van de 
klinkers, die, zoals eerder aangegeven, is onderzocht op basis van productiedata, dus 
niet op perceptiedata (Sectie 7.5). Daarbij vinden we dat de monoftongen die een 
toename van sociogeografische variatie vertoonden tegen de verwachting in van 
positie veranderen (d.i. reduceren) op de dimensies waarop ze die toename van 
variatie laten zien. Voor de lange middenklinkers en diftongen is dit niet het geval, 
behalve voor /ɔu/ die in F1 in de offset een toename van variatie en een verschuiving 
in positie vertoont. 
  Voor alle drie de klinkercategorieën is de afname van de herkenbaarheid van 
klinkers klein. Voor de lange middenklinkers en de diftongen is dat relatief 
makkelijk te verklaren: de toename van sociogeografische variatie en de 
verschuiving van plaats in de klinkerruimte vindt grotendeels plaats op verschillende 
plaatsen in die klinkerruimte, en de /ɔu/ blijft voldoende verschillende in de onset. 
 De verklaring voor het gedrag van de monoftongen is wat complexer: hoe kan 
het dat de klinkers zowel een toename vertonen in sociogeografische variatie in F1 
of F2 en op diezelfde dimensie in de richting van naburige klinkers verschuiven, 
zonder dat dat gevolgen heeft voor de herkenbaarheid heeft voor naburige klinkers?  
 Het antwoord op deze vraag, en dus de verklaring voor de paradox van de 
klinkerruimte, wordt gevonden in de directe omliggende structuur van de klinker 
gevonden. De monoftongen die verschuiven op een dimensie en op diezelfde 
dimensie een toename van variatie vertonen, kunnen dat doen zonder problemen 
voor de herkenning van de klinker zelf en de naburige klinkers te zorgen, doordat: 

i. de naburige klinker op die dimensie ver verwijderd is. Er is dus sprake van 
een groot ‘gat’, waarin de verschuivende klinker zich kan positioneren. 
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ii. de naburige klinker dichtbij wel relatief dichtbij is, maar 
a. deze naburige klinker is contrastief op een andere dimensie dan F1 

of F2, dus F3 en duur, 
b. of deze naburige klinker verschuift niet op dezelfde dimensie in de 

tegengestelde richting (d.i. in de richting van de andere 
verschuivende klinker) en vertoont op die dimensie ook geen 
toename van variatie. 

Merk op dat de /ɔu/ ook in dit plaatje past: de gecombineerde toename van variatie 
en de verschuiving van F1 in de offset kan plaatsvinden, omdat in de onset de 
diftong in F1 nog voldoende verschillend is van de naburige /o/. De voorgestelde 
verklaring voor de paradox lijkt dus toepasbaar op alle klinkercategorieën. 
 
Naast het hoofddoel om de paradox te verklaren, stelt het huidige onderzoek zich 
ook nog zes secundaire doelen. De eerste vier daarvan zijn methodologisch van 
aard, de vijfde descriptief en de zesde algemeen. 
 Het eerste secundaire doel was om binnen het Standaardnederlands, een relatief 
homogene variëteit, drie onderscheidbare stijlen te ontlokken. In eerdere studies 
werd per interview meerdere variëteiten (bv. sociolecten)een breder spectrum tussen 
dialect en standaardtaal onderzocht, wat als gevolg had dat de verschillende stijlen 
minder goed vergelijkbaar waren. Het geheel van resultaten in Hoofdstuk 7 laat zien 
dat er inderdaad drie verschillende stijlen zijn. Zo vertonen de lange middenklinkers 
en diftongen een kortere verglijding in de logatomen dan in de woordenlijst, terwijl 
de monoftongen een kleinere klinkerruimte in spontane spraak laten zien dan in de 
voorleesstijlen. 
 Het tweede secundaire doel was om een efficiënte methode te vinden om 
formantmetingen te doen. In veel studies worden de standaard instellingen van 
fonetische programma’s gebruikt bij het doen automatische metingen en vervolgens 
worden veel waarden nog met de hand gecheckt. In Sectie 4.2 worden 
formantmetingen met de standaard instellingen voor het aantal LPC-coëfficiënten 
vergeleken met formantmetingen die gedaan zijn met klinker- en sprekerspecifieke 
settings. De laatstgenoemde aanpak leverde betere metingen op, maar heeft als 
nadeel dat het nogal tijdrovend kan zijn de beste klinker- en sprekerspecifieke 
settings vast te stellen. Verschillende methodes om outliers te checken worden 
getest om die aanpak te vinden die met relatief weinig checks relatief veel 
meetfouten uit de data haalt. De methode die het best presteert in het huidige 
onderzoek is die methode waarin eerst die klinkertokens met outliers in de grootte 
van formantverandering tussen twee verschillende meetpunten (bv. F1-verandering 
tussen 50% en 62.5% van de duur van de klinker) worden gecheckt en vervolgens 
nog wordt gekeken naar outliers op de individuele meetpunten (dus bv. F1-waarden 
alleen op 50%) in de klinkertokens. 
 Het derde secundaire doel was om de optimale normalisatieprocedure voor een 
sociofonetische studie van klinkervariatie te vinden. Daartoe werden in Sectie 4.3. 
zeventien verschillende procedures met elkaar vergeleken, waarbij onderzocht werd 
welke procedure het best variatie in formanten veroorzaakt door fysiologische 
verschillen (d.i. grootte van de mond) minimaliseert, de sociolinguïstische variatie 
behoudt en de fonemische variatie behoudt. Hoewel Adank (2003) eerder 
normalisatieprocedures met hetzelfde doel en dezelfde criteria vergeleek, worden 
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hier vijf nieuwe methodes getest, o.a. die procedure die in The Atlas of North 
American English dialects wordt gebruikt. Ondanks deze nieuwe procedures was de 
uitkomst dezelfde als die van Adank: Lobanovs normalisatie produceerde de beste 
resultaten. Daarom is Lobanov gebruikt om alle formantwaarden in dit proefschrift 
te normaliseren. 
 Het vierde secundaire doel was om de beste temporele weergave van klinkers te 
vinden voor de beschrijving van klinkervariatie. Vooralsnog worden in akoestische 
onderzoeken meestal formantwaarden verkregen op één (monoftongen) of twee 
(diftongen) tijdpunten gebruikt om de klinkers te beschrijven. In Sectie 4.4 wordt 
echter aangetoond dat als op meer dan één of twee tijdpunten wordt gemeten meer 
sociogeografische verschillen kunnen worden gevonden. Het is echter nog niet 
geheel duidelijk wat voor rol de omliggende consonanten hier spelen, bijvoorbeeld 
als die ook sterke sociogeografische verschillen vertonen. 
 Het vijfde secundaire doel was om een beschrijving van de sociogeografische 
klinkervariatie in het Standaardnederlands te geven. In Hoofdstuk 5 en 6 wordt een 
uitgebreide beschrijving gegeven van regionale variatie in respectievelijk de 
woordenlijstdata en de spontane spraak, de laatste alleen voor de regio’s Randstad 
en Nederland-Zuid. De woordenlijstdata bevestigen eerder onderzoek dat laat zien 
dat Nederland en Vlaanderen hun eigen uitspraaknorm hebben. Toch vertonen de 
regio Nederland-Zuid en de regio Vlaams-Brabant afwijkingen van deze tweedeling. 
De sprekers in de eerstgenoemde regio laten een vorm van lokaal patriottisme zien: 
al in de voorleesstijl wijken ze sterk af van de Noord-Nederlandse norm.  
 Voor taalverandering worden echter weinig aanwijzingen gevonden: er zijn geen 
leeftijdsverschillen gevonden. Wel wordt in Hoofdstuk 6 op basis van eerder 
onderzoek gespeculeerd dat de /ɛ/ in de Randstad is verhoogd. 
 Het laatste doel was om aan te tonen dat het combineren van sociolinguïstiek en 
fonetiek een succesvolle onderneming is. Deze combinatie leidde allereerst tot de 
paradox. Het onderzoek laat daarnaast zien dat het gebruik van methodes uit de 
fonetiek, verklaringen voor klinkervariatie uit de sociolinguïstiek en uit de fonetiek 
tot mooie en nieuwe resultaten kunnen leiden. 
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