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CHAPTER 4

Modeling regional variation in voice onset
time of Jutlandic varieties of Danish

Rasmus Puggaard
Universiteit Leiden

It is a well-known overt feature of the Northern Jutlandic variety of Danish that
/t/ is pronounced with short voice onset time and no affrication. This is not lim-
ited to Northern Jutland, but shows up across the peninsula. This paper expands
on this research, using a large corpus to show that complex geographical pat-
terns of variation in voice onset time is found in all fortis stops, but not in lenis
stops. Modeling the data using generalized additive mixed modeling both allows
us to explore these geographical patterns in detail, as well as test a number of
hypotheses about how a number of environmental and social factors affect voice
onset time.

Keywords: Danish, Jutlandic, phonetics, microvariation, regional variation, stop
realization, voice onset time, aspiration, generalized additive mixed modeling

1. Introduction

A well-known feature of northern Jutlandic varieties of Danish is the use of a variant
of /t/ known colloquially as the ‘dry t. While the Standard Danish variant of /t/ hasa
highly affricated release, the ‘dry t does not. Puggaard (2018) showed that variation
in this respect goes beyond just that particular phonetic feature and dialect area:
the ‘dry t" also has shorter voice onset time (VOT) than affricated variants, and a
less affricated, shorter variant of /t/ is also found in the center of Jutland. This paper
expands on Puggaard (2018) with the primary goals of providing a sounder basis
for investigating the geographic spread of the variation, and to test whether the
observed variation is limited to /t/ or reflects general patterns in plosive realization.
I focus specifically on differences in VOT, and compare measurements of VOT
from a large number of speakers on the Jutland peninsula. Testing is done on the
basis of a large corpus of legacy recordings, which to a great extent manages to pre-
serve an older stage of regional variation of Danish (Andersen 1981; Pedersen 1983;
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Goldshtein & Puggaard 2019). Parts of the corpus have been used as a source for the
Dictionary of Insular Dialects (Gudiksen & Hovmark 2008), but the parts covering
the Jutland peninsula have never before been used systematically for research.

There are many descriptions of Danish dialects available, including partial dic-
tionaries, grammars, (morpho-)phonological descriptions, and topical descriptions
of individual dialects (see references in Hovdhaugen et al. 2000). There are also
holistic descriptions of the Danish dialect landscape (Bennike & Kristensen 1912;
Brendum-Nielsen 1927; Skautrup 1968) which define dialect boundaries on the ba-
sis of isogloss bundles. With few exceptions, however, the descriptive work has lain
dormant since the 1970s, leaving much of the existing work somewhat theoretically
dated.! A consequence of this is that progress in acoustic-phonetic methodology
has barely improved our knowledge of regional phonetic variation in Danish (al-
though see Ejstrup 2010; Goldshtein 2019); our knowledge of phonological varia-
tion is rich if spotty, while our knowledge of subphonemic systems is much poorer
and mostly limited to what could be indicated with the notation systems of the early
20th century. Similarly, the recent great strides in available statistical computing has
not improved our knowledge of geolinguistic variation in Denmark.

The initial hypothesis of this study is that the received knowledge about the ‘dry
t’ variant is wrong: it is not limited to northern Jutland. A number of theoretically
motivated hypotheses follow: given recent findings of Chodroft and colleagues
(Chodroff & Wilson 2017; Chodroff et al. 2019) that variation in VOT tends to co-
vary across laryngeal settings and places of articulation, I hypothesize that variation
is not limited to /t/, but that all plosives follow similar patterns of variation. Early
findings in VOT research (Lisker & Abramson 1964) showed that voiced, voiceless,
and aspirated plosives form internally consistent categories across languages, but
later research has prompted Ladd (2011) to hypothesize that in a large enough ty-
pological study, there will be no such internally consistent categories, but rather an
unbroken continuum - suggesting that the only principal limit on VOT variation
comes from limits on perceptual acuity. The Jutlandic data might be able to inform
our notions of the limits of variation in VOT in a small geographical area shared by
one language community with the same set of phonemic plosives. I use generalized
additive mixed modeling to investigate what variation is attributable to geography,
without needing the assumption that this relationship is linear (Wieling et al. 2011,
2014); this method allows me to simultaneously test a number of hypotheses about
the influence of other factors on VOT.

1. The lexicographic work, however, is still very much ongoing, centered around Jysk Ordbog
(Jutlandic dictionary; JO; Hansen 2008) and @madlsordbogen (Dictionary of Insular Dialects; e.g.
Hovmark 2006).
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2. Theoretical preliminaries

2.1 Voice onset time

Measuring the relative time difference between the release of a plosive and the onset
of voicing was popularized in a typological study by Lisker and Abramson (1964),
who studied eleven languages and reported a relatively stable and neat three-way
contrast between negative VOT indicating voiced plosives, near-null VOT indicat-
ing voiceless unaspirated plosives, and positive VOT indicating aspirated plosives. It
has been confirmed by studies in psycholinguistics and neurolinguistics that VOT
is responsible for categorical perception of laryngeal contrasts (e.g. Schouten & van
Hessen 1992; Simos et al. 1998).

Findings from later typological studies (e.g. Cho & Ladefoged 1999) indicate
that this neat three-way laryngeal distinction does not hold up against more data,
and there are no known natural reasons why plosives would cluster in three groups
on the basis of VOT. VOT has been shown to be affected by many different linguis-
tic and extralinguistic factors, such as place of articulation (e.g. Docherty 1992; Cho
& Ladefoged 1999), height of the following vowel (e.g. Klatt 1975), speaker ethnicity
(Ryalls et al. 1997, 2004), age (e.g. Benjamin 1982, but cf. e.g. Neiman et al. 1983),
and gender (e.g. Torre & Barlow 2009) - in addition to being highly speaker-specific
(Allen et al. 2003). This leads to a number of specific hypotheses about the data
under scrutiny (see Section 3.3). Consistent cues for laryngeal setting other than
VOT have also been found, such as pitch onset (Hanson 2009; Kirby & Ladd 2016)
and closure duration in the case of singleton-geminate contrasts (e.g. Krachenmann
2001). This means that VOT cannot tell the full story of either phonological laryn-
geal contrasts in plosives or variation in the realization of laryngeal contrasts. It
is, however, a powerful indicator. A recent literature review (Abramson & Whalen
2017) and a special issue of Journal of Phonetics (Cho et al. 2018) both celebrate 50
years of research on VOT, and show that VOT-related research is still very much
ongoing. A recent major finding is that variation in VOT across speakers and across
languages tends to covary for laryngeal settings and places of articulation; in other
words, the range of across-speaker variation found for /p/ will on the one hand
show parallels with that of /b/, and on the other hand show parallels with that of
/t k/ (Chodroft & Wilson 2017; Chodroft et al. 2019).
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2.2 Danish plosives

Standard Danish has six phonemic plosives in onset position /b d g p t k/, with ala-
ryngeal distinction that relies on distinctions in positive VOT; as such, the lenis se-
ries /b d g/ is voiceless unaspirated, and the fortis series /p t k/ is voiceless aspirated.
Previous studies which measure the VOT of Danish plosives (Fischer-Jorgensen
1980; Mortensen & Tondering 2013) find relatively high VOT values for both la-
ryngeal settings compared with other languages with an aspiration-based contrast,
even in spontaneous speech. /t/ notably has strongly affricated release and is typi-
cally transcribed as [t*] (Grennum 1998).

2.3 The dialects of Jutland

Although Standard Danish is now the primary means of communication through-
out Denmark (Kristiansen 1998; Pedersen 2003), Kristiansen (2003a) judges that
the majority of the speech community consisted of dialect speakers until the 1960s.
In the late 1960s, however, Skautrup (1968: 96ff.) wrote that the dialects were in
poor condition, and that the most likely features to survive were phonetic ones,
which were unlikely to significantly influence mutual intelligibility. It was clear to
Skautrup at the time that this development was more advanced on Zealand than
on the Jutland peninsula or the smaller islands. The dialect leveling in Denmark
had been long underway: in the 19th century, an obligatory education system
was introduced and agrarian reforms led to increased mobility both in cities and
rural areas (Skautrup 1968; Kristiansen 2003b), leading to disruption in the tra-
ditional dialects and the rise of the current standard language (based on High
Copenhagen; Kristiansen 2003a). In the mid-20th century, dialect leveling was
accelerated through the spread of national broadcasting in Standard Danish, and
through government policies enforcing Standard Danish in the education system
(Kristiansen 1990). While a recent research project finds that dialects are alive
and well in parts of southern Denmark (Monka & Hovmark 2016; Monka 2019),
that same project also finds complete leveling in other regions strongly associated
with dialect use, and in yet other regions complete replacement of the traditional
dialect by a regionalized version of the standard language (Maegaard & Monka
2019); dialect features may coexist with standard features, but take on different
social functions that are not as geographically delimited as in the past (Scheuer
etal. 2019).
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Figure 1 shows the major dialect areas of Jutland as defined by JO (K.03).2
Skautrup (1968: 97; 1937) bemoans the fact that there has been relatively little dis-
cussion of the basis of these divisions in Danish dialectology. He states that there
are generally no sharp borders between Jutlandic dialect areas, but rather gradient
phenomena running in parallel lines. Lines between areas are essentially drawn in
transition areas between dialect “cores” (see Aakjeer 1925). Skautrup judges that
Danish dialects are mostly defined on the basis of isophones in the form of common
phonological developments from previous stages of Danish or Norse. Differences
in morphology and lexicon also play a role, but less so; syntax in particular seems
to have played a very small role.

Figure 1. Traditional dialect areas of Jutland as defined by JO (K.03)3
N = Northern; NW = North-Western; NE = North-Eastern; Dj = Djursland;
MW = Mid-West; ME = Mid-East; MS = Mid-South; S = South

2. Dialect groups from this map will henceforth be written with initial capital letters.

3. Note that JO refers to the two Southernmost dialects as sonderjysk and sydjysk respectively;
as there are no fitting English translations for these terms, Southern and Mid-Southern are
used here.
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Skautrup (1968: 971f) provides the clearest diagnostics for the dialect areas. The
most important diagnostic is the article boundary, dubbed the “most famous Danish
isogloss” by Thorsen (1912/1927), which is responsible for the relatively strict di-
vision between eastern and western dialects. In eastern dialects, as in Standard
Danish, definiteness in nouns is marked with a suffix, while in western dialects, it
is marked with a phrase-initial article. This is an exception to the generalization
that the defining isoglosses in Danish dialectology are essentially phonological,
but it should be noted that the article boundary also has major implications for
both sentence prosody and segmental phonology (Skautrup 1952). Phonological
boundaries of particular interest here are ones referring to plosives. In the Southern
group, for example, historic */-g/ is realized as a fricative [-y] where it is either
lost or weakened to a glide in Standard Danish. The Mid-Southern and central
eastern groups show strong reduction of coda /-t/. A number of dialects have klus-
ilspring (parasitic plosives), where stod — a suprasegmental glottal constriction that
is specific to Danish - is in some contexts realized as a plosive following the vowel
(e.g. Andersen 1955; Ejskjaer 1990); this applies to the Mid-Western and Northern
groups (Jensen 1902; Skautrup 1930). Finally, both the Northern and North-Eastern
groups show widespread palatalization of coronals.

The diagnostics for the primary dialect groups do not yield many specific hy-
potheses about VOT. One might assume that dialects with a lot of plosive weakening
will also have low VOT in general; however, as Standard Danish has cross-linguisti-
cally rather high VOT and rampant plosive weakening, this clearly does not pan out.

2.4 Language variation and geography

In the late 19th century, dialectology took a geographical turn (e.g. Wrede 1919).
Rather than focusing on individual dialects, scholars started drawing detailed
maps of distributions of features or lexical items; dialect atlases were produced for
Germany (Wenker & Wrede 1895) and France (Gilliéron & Edmont 1902-1910), as
well as Denmark (Bennike & Kristensen 1912). In the wake of this work, a debate
ensued about whether geolinguistic variation was of a purely continuous nature
(Paris 1888) or whether individual dialects do, in fact, exist (Gauchat 1903). The
conclusion seems to be that although the geographical distribution of features can
be chaotic, there are adjacent bundles of important isoglosses, and there are areas
not crossed by significant isoglosses. The field of dialect geography has yielded
much rich descriptive work, but a commonality of studies of this era is that ge-
ography - in a pre-theoretical, Euclidian sense - is typically the only predictor of
language variation (Chambers 2000; Britain 2010). Perhaps as a counterreaction,
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early variationist sociolinguistics (following Labov 1963) was relatively uninterested
in geography, with the work of Trudgill (e.g. 1974) being a major exception.

Research into the relationship between geography and language variation is
highly active in the rigorously data-driven field of dialectometry (Séguy 1973; see
Wieling & Nerbonne 2015 for a recent overview). Dialectometry has made large
strides towards estimating the geographic basis of language variation using ag-
gregate features and modern statistical methods. An explicit goal is to estimate
how much variation can be explained with reference to geography. By aggregat-
ing pronunciations of a large number of words in a single analysis of variation in
northern Dutch rather than focusing on well-known loci of variation, Nerbonne
and Heeringa (2007) find that geographical distance accounts for more than half of
the variation found in their data, making it logically the most influential predictor.*
While dialectometry often works with simple Euclidian space, the framework also
allows for more socially influenced measures of space, as in e.g. Gooskens’ (2005)
study of variation in Norwegian using travel time rather than geographical distance
as predictor. Furthermore, advances in statistics have made it possible to combine
geographical predictors with large numbers of social predictors.

In this paper, I model geography simply using measures of longitude and lat-
itude. As such, I implicitly make the assumption that there are no obvious dif-
ferences between the natural area of Jutland and the organization of that area by
humans. This is not a good assumption, but it is a highly practical one. The study
is based on alegacy corpus recorded in the 1970s (see below), which is taken as the
best available approximation of rural dialects in the early 20th century. Quantifying
a human landscape is in itself a difficult task, and more so quantifying a human
landscape as it looked a century ago.

4. Unless there are other predictors which are directly correlated with geographical distance.
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3. Methodology
31 Corpus

The research questions posed above will be answered using data from an exten-
sive corpus of audio recordings made by the Peter Skautrup Centre for Jutlandic
Dialect Research (Andersen 1981; Goldshtein & Puggaard 2019). Recordings
made during the most active years of data collection (1971-1976) have been digi-
tized by the Royal Danish Library (RDL) and are available online in high quality.
These recordings generally consist of sociolinguistic interviews with a single dia-
lect speaker in their home. The informants mostly conform to the NORM criteria
(non-mobile older rural males) often found in dialectological studies (Chambers
& Trudgill 1988), although a fair portion (22%) of the informants were women.
The primary purpose of the recordings was to gather material for lexicographical
studies (Andersen 1981; Pedersen 1983; Gudiksen & Hovmark 2008). A positive
effect of this is that topics generally revolve around old cultural customs, and Hay
and Foulkes (2016) report that speech about older events also tends to elicit older
phonetic forms. Because speakers were explicitly chosen from a relatively uniform
background - non-mobile, rural, previously employed in agriculture - there is little
point in attempting to quantify social factors like class.

The RDL corpus contains recordings from 230 parishes in Jutland. 17 of these
parishes were excluded from the study. There were three reasons for exclusion:
(1) a small number of the recordings are group interviews, and these were excluded,
unless they contained long stretches of speech from a single informant; (2) the qual-
ity was too poor; (3) the recording was too short to include a sufficient number of
plosive tokens. This only affects areas with a reasonably high density of recordings.
If a parish was represented with multiple recordings, one was chosen on the basis
of either dialect authenticity judgments made by the original interviewers or audio
quality. The audio quality of the recordings is generally similar across recordings,
and relatively good.

The geographical coverage is shown in Figure 2; it is mostly fairly dense, but
a bit thin in the center of the peninsula. The informants’ median year of birth is
1896 (range 1871-1927), and their mean age at the time of recording was 77.4 years
(range 45-101 years). This distribution is shown in Figures 3 and 4. For thirteen
informants, no year of birth has been reported; these are expected to fall within
the reported range. Most recording sessions consisted of multiple files (tapes), and
the second file was generally chosen for analysis, so that the informant would have

5. https://dansklyd.statsbiblioteket.dk/samling/dialektsamlingen/
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had time to accommodate to the presence of a recording device. All metadata and
coordinates, including links to the original recordings, are available in the Dataverse
repository (Puggaard 2020).

Figure 2. Geographical coverage in the current study

The distribution of informants across dialect areas by gender is seen in Table 1.
Gender has been shown to have an influence on VOT (e.g. Swartz 1992), particu-
larly among elderly speakers (Torre & Barlow 2009), and by including gender in
the statistical model, we can check if this data can lend credence to those findings.

Table 1. Distribution of informants across dialect areas by gender

Dialect area Informants Male Female

Southern 48 58.3% (n = 28) 41.7% (n = 20)
Mid-Southern 40 70% (n = 28) 30% (n=12)
Mid-Eastern 9 66.7% (n =6) 333 (n=3)
Mid-Western 25 92% (n=23) 8% (n=2)
Djursland 9 66.7% (n = 6) 333 (n=23)
North-Eastern 35 85.7% (n = 30) 143% (n=5

=5)
North-Western 12 91.7% (n=11) 83% (n=1)
Northern 35 91.4% (n = 32) 8.6% (n=3)
Total 213 77% (n = 164) 23% (n=49)
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Figures 3-4. Age at the time of recording and year of birth of informants
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3.2 Token selection

In analyzing the recordings, I distinguish between the fortis series /p t k/ and lenis
series /b d g/ of plosives. This distinction is contrastive in all dialects, although the
implementation of the contrast differs; I do not intend to make claims about possi-
ble phonological features responsible for the contrast. For each speaker, all plosives
were segmented until the 50th fortis plosive had been located. This leads to more
fortis plosives than lenis plosives being segmented. The motivation for this is both
practical and theoretical; the hypotheses guiding the study relied more on fortis plo-
sives, which led to lenis plosives being prioritized less, due to the time-demanding
nature of segmentation.

The segmented plosives were restricted to simple onset position, with pala-
talized tokens included because several dialects show allophonic palatalization
of /k/ and /g/ (e.g. Bennike & Kristensen 1912: 84ft.). Tokens in phonological
/Cj/ clusters were included, because the phonetic implementation of these ap-
peared phonetically identical to phonologically palatalized tokens. There were
different criteria for the inclusion of fortis and lenis plosives. Since lenis plosives
in function words (prepositions, pronouns, and high-frequency adverbs) were
very often weakened to fricatives or fully voiced, segmentation was often difficult
or impossible. For this reason, function words were excluded from the lenis cate-
gory unless they were either stressed or clause-initial, since these prosodic envi-
ronments enhance gestural features (Steriade 1994), and thus also increase VOT
(Cho & Keating 2001). All instances of the pronoun det ‘it, that’ were excluded.®
Function words were included in the fortis category, because they do not weaken
as much, and because there are fewer high-frequency function words beginning
with fortis plosives than lenis ones. A plausible result of this strategy is that the
actual difference between lenis and fortis plosives is underestimated in this paper.
Since we are generally more concerned with fortis plosives, this discrepancy is not
too concerning. The distribution of plosives is shown in Table 2. While the lenis
plosives are reasonably evenly distributed, the fortis ones are more skewed, with
relatively few instances of (p), which was also the case in the study by Mortensen
and Tendering (2013).”

6. Due to this pronoun’s extreme frequency in clause-initial position (Puggaard 2019), it would
account for too many lenis tokens if included.

7. 'This is presumably due to /p/-initial words being rare in Old Germanic languages, although
more have since entered Danish, mostly borrowed from Greek or Romance languages. For the
same reason, the /b/ ~ /p/ contrast has historically been rather unstable in Danish (Hansen
1971: 165ft).
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Table 2. Distribution of plosives used in the study

Consonant Number
(b) 2,212
(d) 2,369
(9) 2,273
) 1,386
Q] 5,169
(k) 4,095
Total 17,504

3.3  Acoustic analysis

The plosives were segmented manually in Praat (Boersma & Weenink 2018).8 The
beginning of a plosive was indicated at the burst, which is identified in the wave-
form. If there were multiple bursts, which was often the case, the final one was
chosen (following Cho & Ladefoged 1999: 215). The end of a plosive was segmented
at voicing onset, which was identified at the onset of periodicity in the waveform,
in accordance with Francis et al’s (2003) findings that this landmark is most similar
to physiological measurements of voicing onset. This choice of landmark leads to
relatively short VOT measurements, and partially inflates the differences between
dialects as reported in this study and Standard Danish as reported by e.g. Mortensen
and Tendering (2013), who use the onset of higher formants as their landmark. The
delimitation is exemplified in Figures 5 and 6. The VOTs for all recordings were
extracted using a Praat script. This script, along with all TextGrids and measure-
ments, are available in the Dataverse repository (Puggaard 2020).

Strictly speaking, this paper only investigates voicing lag, or positive VOT.
There are a number of difficulties in measuring prevoicing in running speech, par-
ticularly in rapid speech. For intervocalic plosives, the first portion of the closure is
essentially always voiced, due to voicing bleed from the preceding vowel (Davidson
2016); in rapid speech, voicing bleed may continue throughout most or all of the
closure. There is no logical place to start measuring prevoicing when voicing is con-
tinuous, and if there were, its duration would not in itself be particularly meaningful
(Mo6bius 2004); it would be essentially a measure of closure duration, which may
be affected in other ways by environmental context and social factors, significantly

8. Semi-automatic methods of measuring VOT have been developed, such as SemiVOT (Keshet
et al. 2014); however, this method relies on training data, and due to the highly variable nature
of plosive implementation in the Jutlandic data, it was not feasible to provide a suitable set of
training data.
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Ip/ /b

Figures 5-6. Delimitation of VOT exemplified for /b/ and /p/

complicating the modeling of the data. When a plosive is prevoiced, there is often
still a brief pause in voicing around the release resulting in a short voicing lag. Other
recent large-scale studies of VOT (e.g. Stuart-Smith et al. 2015; Chodroff & Wilson
2017; Chodroff et al. 2019) have also relied exclusively on voicing lag.

In addition to VOT, each token was also coded for a number of details about
the phonetic environment, which previous studies indicate influence VOT. These
all serve as linear predictors in the statistical modeling, which has the added advan-
tage of allowing us to test their influence, potentially lending credence to previous
findings. These factors are:

Vowel height

Vowel height has been shown to influence VOT by e.g. Fischer-Jorgensen (1980);
Higgins et al. (1998), and Berry and Moyle (2011); cf. Mortensen and Tendering
(2013), who found an influence only on lenis plosives in Danish. Standard Danish
has been claimed to have six phonological levels of vowel height (Grennum 1998),
but only three levels were included here. This decision follows Mortensen and
Tondering’s (2013) study, which found roughly the same results using a simplified
three-way classification of vowel height and Grennum’s (2005: 105) physiological
four-way classification of vowel aperture.’ Danish dialects further show a large
degree of variability in vowel implementation (Ejstrup 2010), which means that
coding more levels of vowel height would be either too impressionistic or much too
time-demanding. The hypothesis is that higher vowels cause longer VOT.

9. Note that there are major differences between Grennum’s (2005) vowel height levels, which
are based on acoustics, and her vowel aperture levels, which are based on articulation.
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Vowel rounding

Vowel rounding has been shown to influence VOT in interaction with place of
articulation. The hypothesis (following Fischer-Jorgensen 1972) is that bilabials
have longer VOT before rounded vowels, while other plosives have longer VOT
before unrounded vowels.

Vowel backness

Vowel backness has also been shown to influence VOT in interaction with place
of articulation. The hypothesis (following Gdsy 2001) is that bilabials have longer
VOT before back vowels, while other plosives have longer VOT before front vowels.
Vowels are coded as back or non-back.

Palatalization

We hypothesize that palatalization will increase VOT in adding complexity to the
plosive. It is coded as a binary distinction on the basis of auditory impression; no
distinction is made between allophonic palatalization and underlying /Cj/.

Stress
Stress has been shown to increase VOT (e.g. Lisker & Abramson 1967). Stress is
coded as a binary distinction.

Place of articulation and phonological laryngeal setting

The phonological laryngeal setting (lenis/fortis) is trivially expected to account for
most of the variation in the data. The literature further suggests that the place of
articulation of a plosive influences its VOT. The results of Lisker and Abramson
(1964) and Cho and Ladefoged (1999) indicate that a decent rule of thumb is that an
occlusion further back in the oral cavity increases VOT, i.e. bilabial < alveolar < velar,
although they also find a number of languages not following this pattern. In their
study of Standard Danish VOT, Mortensen and Tendering (2013) find longer VOT
for /t/ than /k/. Plosives are coded by their phonological category, i.e. (b d g p t k).

Speech rate

Speech rate has also been shown to influence VOT; measuring speech rate of these
recordings is far from straightforward, due to the lack of systematic transcriptions
of the data, the presence of both informant and interviewer(s), and the general
problem with delimiting Danish phonetic syllables (Schachtenhaufen 2010). Allen
et al. (2003) reported that speech rate only partially accounts for idiolectal differ-
ences in VOT, indicating that modeling the individual informant as a random effect
should account for global speech rate effects.
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3.4 Statistical modeling

In order to model the relationship between VOT and geography, the data was fitted
to a generalized additive mixed model (GAMM), which can model a potentially
non-linear influence of geographical area. Furthermore, descriptive statistics are
provided based on the dialect areas. Statistics were calculated in the R statistical
environment (R Core Team 2020) using a number of add-on packages.!® All R code
is available in the Dataverse repository (Puggaard 2020).

GAMM is a method of non-linear statistical analysis that is well-suited for
data that is dynamic across time or space (see Wood for a general introduction,
and Séskuthy 2017 and Wieling 2018 for linguistics-themed introductions). While
a linear analysis of e.g. vowel formants will have to either measure formants at
a chosen landmark or normalize across time steps, a GAMM analysis can take
into account a full formant trajectory (Soskuthy 2017).!! Similarly, rather than
normalizing across dialect areas, it can take into account the full scope of possible
geographical variation (see also e.g. Wieling et al. 2011, 2014).

The model has VOT as its dependent variable. Regional variation is included
in the model through thin plate regression spline smooths (Wood 2003) for ge-
ographical area, modeled as the interaction between longitude and latitude; one
smooth models the main effect of regional variation, and individual smooths model
the individual phonemes. The model has separate random slopes for informants by
phoneme, as well as the fixed effects alluded to above: vowel height, vowel rounding,
vowel backness, palatalization, stress, informant gender, and phoneme. Stepwise
likelihood ratio tests found this to be the most parsimonious model; each varia-
ble results in significantly improved model fit compared with nested models; ver-
sions with more elaborate random effects structures either resulted in insignificant
changes to model fit, poorer model fit, or failure to converge. Recall from the pre-
vious section that we had specific hypotheses about interactions effects including
place of articulation and backness and roundness, respectively. Such interactions
did not significantly improve the model fit; I return to this point below. The model

10. The following packages were used: dplyr (Wickham et al. 2020a) for data management; gg-
plot2 (Wickham 2016; Wickham et al. 2020b) for visualizations; mgev (Wood 2017, 2019) for
generalized additive mixed modeling; itsadug (van Rij et al. 2020) for likelihood ratio tests,
pairwise post-hoc tests, and two-dimensional visualization of GAMM:s; and mgcViz (Fasiolo
et al. 2019, 2020) for three-dimensional map-based visualization of GAMMs.

11. Other areas in linguistics where GAMM:s have been fruitfully applied include pitch trajecto-
ries (Baayen et al. 2018), EEG trajectories (ibid; Meulman et al. 2015), eye tracking trajectories
(Nixon et al. 2016), and articulatory trajectories (Wieling et al. 2016).
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is run with fast restricted estimated maximum likelihood (fREML) with discre-
tized values for covariates to decrease computing load (Wood et al. 2017) using
the scaled-t family to account for heavy-tailed residuals. When relevant, pairwise
post-hoc testing is done using the Wald test.

4. Results
4.1 Descriptive statistics

VOT values for the different phonemes as grouped by dialect area can be seen
in Table 3, which also shows the VOT values reported for Standard Danish by
Mortensen and Tendering (2013) for comparison. The results are projected onto
maps in Figures 7-14. For all dialects and all phonemes, it is the case that the VOT
values found here are shorter than what has been found for Standard Danish; this
is partially due to differences in segmentation, and the study of Francis et al. (2003)
can point us toward the influence of these differences. Their study suggests that
for lenis plosives, the difference between the two measurement methods is neg-
ligible and only constitutes a few ms; for fortis plosives, the difference is between
15-20 ms on average. This suggests that the differences in Table 3 are not purely
methodological: in almost all instances, VOT is actually shorter in the dialects, but
for some areas, (p) and (k) are not obviously different when taking methodological
differences into account.

For the fortis plosives, dialect area clearly influences VOT. This is not limited
to (t), and the pattern is roughly similar for all plosives. It is most pronounced for
(t) and least for (k). The dialect areas seem to form clusters: essentially, south(-east-
ern) dialects have longer VOT, and north(-western) dialects have shorter VOT.
The Northern dialect does not consistently have the shortest mean VOT values.
Interestingly, in most cases, the minimum gap in VOT between a member of either
dialect cluster seems to be approximately 10 ms, which was found by Blumstein
et al. (2005) to be the lower limit of what the human neural system can perceive.
This indicates that any perceptible difference can also constitute a regional dif-
ference. For the lenis plosives, the only thing approaching a distinct result is the
relatively high values of the Southern dialect and Djursland, which approach VOT
values of Standard Danish.
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Table 3. VOT values in ms for each phoneme by dialect area. Displays mean values in
msec as well standard deviation in parentheses () and interquartile ranges in brackets []

Dialect area (b) (p) (d) (v (9) (k)

Southern 9.3 42.7 14 53.7 16.7 54.5
(SD:5.5) (SD:18.7)  (SD:8.9) (SD: 20.5) (SD: 8.5) (SD: 19.6)
[5.4-12] [28.3-55.4] [8.2-18.1] [39.6-66.3] [10.6-21.9] [40.8-65.8]

Mid- 8.1 38.5 12.4 52.3 13.1 45.9
Southern (SD:5.6) (SD:17.7)  (SD:8.9) (SD:22.3) (SD:9.7) (SD:17.1)
[3.9-10.2] [25.8-47.5] [6-16.1] [37.5-63.6] [5.1-18.7] [34.2-57]

Mid- 5.7 41.5 114 51.7 12.7 499

Eastern (SD:4.7) (SD:22.9) (SD:8.8) (SD:29.3) (SD: 9.3) (SD: 20.3)
[2.6-6.9] [23-53] [5.3-15.4] [31.1-69.5] [5.8-17.2] [36.5-62.3]

Djursland 9.2 46.2 14.5 53.8 14.4 48.3

(SD: 8.1) (SD: 26) (SD: 8.5) (SD:20.7) (SD:9) (SD: 17.4)
[3.8-13.3] [29.5-60] [8.7-18.7] [39-674]  [6.8-202] [35-60.1]

Mid- 5.8 32 10.2 40.1 10.8 39.8
Western (SD:4.6) (SD:18.5) (SD: 7.8) (SD:17.2) (SD: 8.9) (SD: 18.1)
[3.2-7.1] [18.7-44.1] [4.3-12.9] [28.1-50] [3.3-15.4] [27-50.9]
North- 6.8 30.6 12.7 42.5 10.2 41.5
Eastern (SD:5.4)  (SD:19.6) (SD:10.3) (SD:20.5)  (SD:8.3)  (SD:20.7)
[2.8-9.6] [16.5-40.1] [5-173] [28.7-52.7] [3.7-14.1] [27.4-52.4]
North- 8.2 31.8 12.9 36.3 13.3 42.9
Western (SD:6.2) (SD:17.1)  (SD:9.2) (SD: 16.2) (SD:9.1) (SD:17.2)
[3.8-10.7] [20.3-42] [6.1-15.8] [24.4-458] [5.8-20] [30.6-52.6]
Northern 6.9 30.6 11.5 42.2 11.8 41.8

(SD:53) (SD:17.5)  (SD:9)  (SD:20.8)  (SD:8.7)  (SD:17.8)
[2.9-9.8] [18-40.1] [4.9-15.5] [27.1-53.1] [4.3-16.3] [29.4-51.8]

Std. Danish*  11.7-19.2 58.1-77 18-29.2 81.6-88.7 25.1-34 60.5-81

* The values for Standard Danish are taken from Mortensen and Tondering (2013), who report mean values
per phoneme by degree of opening; the ranges reported here are the shortest and longest of these values,
respectively. Recall that there are differences in segmenting methodology, so these should not be directly
compared to the values reported for dialects.
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Figures 7-14. Mean VOT values for lenis and fortis plosives and the individual plosives

by dialect area projected onto maps
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4.2 Generalized additive mixed model

This section presents the results of the GAMM. A likelihood ratio test found that
a model which included the effect of area performed significantly better than a
nested model without the effect of area, with Xz(l 1) =221, p <.001. With an effect
size of R? = .66, the model does a reasonably good job of explaining the data. The
parametric coeflicients and estimated significance of smooth terms can be seen in
Tables 4 and 5. Table 4 shows the influence and significance of the linear predictors,
and Table 5 shows the non-linear influence of geography. I unpack this information
in the tables below, starting with the linear predictors.

Table 4. Parametric coefficients of GAMM

estimate SE t P

(Intercept) 33.689 0.936 35.988 <0.001 b
gender=male -0.461 0.328 -1.408 0.159

palatalized=yes 7.341 0.578 12.699 <0.001 o
height=low -2.371 0.235 -10.073 <0.001 b
height=mid -2.170 0.240 -9.033 <0.001 b
backness=non-back 2.024 0.343 5.899 <0.001 il
roundness=round 2.367 0.310 7.633 <0.001 i
stress=yes 2.486 0.182 13.688 <0.001 oex
consonant=b* -28.079 0.852 —-32.960 <0.001 il
consonant=d -23.367 0.873 —26.754 <0.001 el
consonant=g -23.150 0.881 -26.261 <0.001 e
consonant=t 9.027 1.084 8.777 <0.001 il
consonant=k 9.513 1.153 13.688 <0.001 el

* Reference level = p

Table 5. Approximate significance of smooth terms modeling geographical variation.
edf = estimated degrees of freedom, ref.df = referential degrees of freedom

edf ref.df F P
lon,lat 16.490 19.646 4.228 <0.001 e
lon,lat: b 4.145 2.000 1.198 0.300
lon,lat: d 2.001 5.238 2.240 0.107
lon,lat: g 5.178 6.278 1.369 0.228
lon,lat : p 2.000 2.000 9.276 <0.001 ek
lon,lat : t 2.539 2.572 11.319 <0.001 bl
lon,lat : k 3.844 3.988 3.944 0.003 h
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Gender: We hypothesized that male informants have shorter VOT than female in-
formants. While the model shows a slight trend to that effect, it does not approach
significance.

Palatalization and stress: The data strongly support the hypotheses that palatalized
plosives and stress are associated with higher VOT.

Vowel height: The data support the hypothesis that following high vowels increase
VOT, but does not support a more complex continuum effect of vowel height;
post-hoc pairwise comparison finds no significant difference between mid and
low vowels.

Vowel backness: The hypothesis was that following vowel backness influences VOT
in interaction with plosive place of articulation, such that bilabials have higher
VOT before back vowels. Recall from Section 3.4 above that the inclusion of such
an interaction does not improve the model fit; in effect, this means that the added
complexity of such an interaction effect cannot be justified by its additional explan-
atory value. The data instead show that following back vowels significantly decrease
VOT relative to front vowels.

Roundness: As with backness, the hypothesis was that following vowel roundness
influences VOT in interaction with plosive place of articulation, such that bilabials
have higher VOT before round vowels. Once again, including such an interaction
does not improve the model fit. The model rather finds that rounding in the fol-
lowing vowel significantly decreases VOT.

Phoneme: Post-hoc pairwise comparison of this factor strongly (and trivially) shows
that phonological laryngeal setting has a large influence on VOT, with fortis plosives
being longer than lenis ones. It partially supports the hypothesis that place of artic-
ulation has an influence on VOT, finding strong support for labial < alveolar/velar,
but no support for alveolar < velar; all pairs are significantly different except (d ~ g)
and (t ~ k). Mortensen and Tondering (2013) found that /t/ was significantly longer
than /k/ in Standard Danish; the descriptive statistics (see Table 3) suggest that this
finding may also hold within some dialect areas, but this has not been tested further.

Geography: The findings related to the non-linear predictor of geography constitute
the most significant findings of this study. There is a strong main effect of geog-
raphy, suggesting that a primary geographical pattern is shared by all plosives.
Additionally, all fortis plosives show further patterns of geographical variation.
Table 5 only tells us that significant differences exist; in order to inspect these
differences, we need to visualize the fitted values. In Figures 15 and 16, the effects
of longitude and latitude are separated, and smooth curves are plotted for VOT
by coordinates. These plots take the full fixed effects specification of the GAMM
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Figures 15-16. Non-linear smooths of fitted values with 95% confidence intervals
for VOT by latitude and longitude, respectively

into account, meaning that the plots reflect default values for the fixed effects (the
same as those seen in Table 4 above). Figure 15 shows an overall dip in VOT going
south-north, which is most pronounced for the fortis plosives; among the fortis
plosives, the pattern is clearest for (t), least so for (k). There is a clear dip in the
center of the peninsula. In Figure 16, going west-east, the main pattern is a general
increase in VOT relatively far towards the east coast. This pattern is clearest for
(t). In Figure 17, the main effect of geography on VOT is projected onto a map. In
Figures 18-20, the specific effects of the individual fortis plosives are projected onto
maps; note that these effects can only be interpreted in conjunction with the main
effect. Very high VOT is found in a small area around Djursland; high VOT is also
found in the Southern dialect area, as well as the eastern part of the Mid-Southern
area; as well as in a small area covering parts of the Northern and North-Eastern
areas; the far north has somewhat shorter VOT, and a large area in the mid-western
part of the peninsula has very short VOT. The additional geographical effects of
the fortis plosives seen in Figures 18-20 are very similar: more so than can be seen
from Figure 17, there is also a continual effect of decreasing VOT going north-south
for the fortis plosives. The main effect of geography is highly non-linear, and with
a few exceptions does not follow the major traditional dialect areas. The results are
discussed further below.
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Main effect Ip/

Figures 17-20. Fitted VOT values for main effect attributable to area, as well as effects of
individual fortis plosives, plotted by coordinates. Darker shading indicates higher fitted
values. Black lines indicate traditional dialect boundaries
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5. Discussion and conclusions

The primary goal of this paper was to uncover the extent of regional variation in
plosive realization in Jutland. This follows up on the results of Puggaard (2018),
which showed that a variant of /t/ with short VOT is not, as previously assumed,
limited to Northern Jutland. I have provided stronger support for that finding, and
further found that variation is not limited to /t/, but reflects more general patterns,
at least in the fortis plosives.

Shorter variants of plosives than in modern Standard Danish are consistently
found across the Jutland peninsula. The longest values are found in southern
Jutland, parts of mid-eastern Jutland, and Djursland. The long aspiration phases
in southern Jutland are assumed to be part of the traditional dialect of this area,
possibly due to areal influence from German, which has rather high VOT compared
with the Jutlandic dialects (e.g. Hullebus et al. 2018). High VOT in eastern Jutland
and Djursland may be due to Standard Danish influence from a number of major
cities along the east coast, including Aarhus, the largest city of Jutland. This would
be in line with Trudgill's (1974) gravity model of interdialectal influence, where
sound change spreads on the basis of both population size and physical distance.
However, there is no indication of a similar effect in the northern part of the pen-
insula, where the two largest urban areas at the turn of the 20th century (Aalborg
and Randers) do not correspond to particularly high VOT.!? Locations of major
cities are shown in Figure 21.

Given the overt status of the short, non-affricated /t/ variant in the north of
Jutland, it is further noteworthy that the shortest VOT values are not found in the
far north, but rather in the center of the peninsula. At this point, there is no good
explanation for why VOT values are so short in the center of the peninsula; we
must assume that it was simply a feature of the local variety. On the basis of both
the descriptive statistics and the GAMM output, it is clear that variation follows
consistent complicated geographical patterns. The GAMM results in particular
suggest multiple continua of variation.

Using a large corpus of legacy recordings of elderly dialect speakers, I have
shown that plosives in the traditional Jutlandic dialects are generally shorter than
in modern Standard Danish. The results further lend credence to previous find-
ings: palatalization and stress were both shown to increase VOT. High vowels
increase VOT, but no difference was found between mid and low vowels. Front
vowels and round vowels increase VOT, and the results do not lend credence to

12. Likewise, the city of Esbjerg is in an area with rather low VOT. Esbjerg is a special case, as it
was a very young city at the turn of the 20th century, settled only a few decades earlier.
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Figure 21. Cities with population sizes higher than 10,000 in the year 1901.
Data from Matthiessen (1985)

previous findings about the influence of backness and roundness interacting with
plosive place of articulation. The study also finds no effect of gender on VOT.
Although the corpus used here was collected with lexicographic research in mind,
I hope to have shown that it is also suitable for research in phonetics - and could
potentially be suitable for a wide range of other research areas at all levels of
linguistic description. A recent conference paper (Puggaard & Goldshtein 2020)
investigated regional patterns of stop affrication in the data analyzed here, and
suggested implications for underlying phonological representations; Goldshtein
(2019) used the corpus in his investigation of tone in southern Jutland; Goldshtein
& Ahlgren (forthc.) used the corpus to investigate discrepancies in the discursive
constructions of dialect authenticity by dialect speakers and researchers in the
interviews. No studies have used the corpus for research in syntax, but it should be
well-suited for that as well. Finally, I hope to have shown the generalized additive
mixed modeling can be fruitfully applied to studies of geographical distributions
of phonetic variation.



104 Rasmus Puggaard

Acknowledgements

I would like to thank the editors and two anonymous reviewers for helpful comments on a pre-
vious version of this paper. I would also like to thank a number of people for commenting on
various stages of this (or adjacent) manuscripts, or helping out in other ways: Mi$a Hejna, Martin
Kramer, Yonatan Goldshtein, Cesko Voeten, Bert Botma, Janet Grijzenhout, Anna Jespersen, and
the Peter Skautrup Centre for Jutlandic Dialect Research. Finally, I'd like to thank the people
who stopped by the poster for a chat at ICLaVE|10, and other audiences in Aarhus, Drammen,
Amsterdam, and online. Any remaining faults are, of course, my own.

References

Aakjeer, Svend. 1925. Tingsted og Maalkeerne. Frem A 1, 571-575.

Abramson, Arthur S. & D. H. Whalen. 2017. Voice Onset Time (VOT) at 50. Theoretical and
practical issues in measuring voicing distinctions. Journal of Phonetics 63. 75-86.
https://doi.org/10.1016/j.wocn.2017.05.002

Allen, J. Sean, Joanne L. Miller & David DeSteno. 2003. Individual talker differences in voice-
onset-time. Journal of the Acoustical Society of America 113(1). 544-552.
https:/doi.org/10.1121/1.1528172

Andersen, Poul. 1955. “Klusilspring” i danske Dialekter. Nordisk Tidsskrift for Tale og Stemme
15(1). 70-77.

Andersen, Torben Arboe. 1981. Dialektbénd og databehandling. Ord & Sag 1. 11-18.

Baayen, R. Harald, Jacolien van Rij, Cecile de Cat & Simon N. Wood. 2018. Autocorrelated errors
in experimental data in the language sciences. Some solutions offered by generalized addi-
tive mixed models. In Dirk Speelman, Kris Heylen & Dirk Geeraerts (eds.), Mixed-effects re-
gression models in linguistics (Quantitative Methods in the Humanities and Social Sciences),
49-69. Cham: Springer. https:/doi.org/10.1007/978-3-319-69830-4_4

Benjamin, Barbaranne J. 1982. Phonological performance in gerontological speech. Journal of
Psycholinguistic Research 11(2). 159-167. https://doi.org/10.1007/BF01068218

Bennike, Valdemar & Marius Kristensen. 1912. Kort over de danske folkemdl med forklaringer.
Copenhagen: Gyldendalske Boghandel.

Berry, Jeff & Maura Moyle. 2011. Covariation among vowel height effects on acoustic measures.
Journal of the Acoustical Society of America 130(5). 365-371. https:/doi.org/10.1121/1.3651095

Blumstein, Sheila E., Emily B. Myers & Jesse Rissman. 2005. The perception of voice onset time.
An fMRI investigation of phonetic category structure. Journal of Cognitive Neuroscience
17(9). 1353-1366. https://doi.org/10.1162/0898929054985473

Boersma, Paul & David Weenink. 2018. Praat. Doing phonetics by computer. Version 6.0.43.
https://fon.hum.uva.nl/praat/.

Britain, David. 2010. Conceptualizations of geographic space in linguistics. In Alfred Lameli,
Roland Kehrein & Stefan Rabanus (eds.), Language and space. An international handbook
of linguistic variation. Volume 2: Language mapping (Handbooks of Linguistics and Com-
munication Science 30/2), 69-102. Berlin & New York: De Gruyter Mouton.
https:/doi.org/10.1515/9783110219166.1.69

Brendum-Nielsen, Johs. 1927. Dialekter og dialektforskning. Copenhagen: J.H. Schulz.


https://doi.org/10.1016/j.wocn.2017.05.002
https://doi.org/10.1121/1.1528172
https://doi.org/10.1007/978-3-319-69830-4_4
https://doi.org/10.1007/BF01068218
https://doi.org/10.1121/1.3651095
https://doi.org/10.1162/0898929054985473
https://doi.org/10.1515/9783110219166.1.69.10.1515/9783110219166.1.69
https://doi.org/10.1515/9783110219166.1.69

Chapter 4. Regional variation in VOT of Jutlandic Danish 105

Chambers, J. K. 2000. Region and language variation. English World-Wide 21(2). 169-199.
https:/doi.org/10.1075/eww.21.2.02cha

Chambers, J. K. & Peter Trudgill. 1998. Dialectology (Cambridge Textbooks in Linguistics). 2nd
ed. Cambridge: Cambridge University Press. https:/doi.org/10.1017/CBO9780511805103

Cho, Taehong, Gerard J. Docherty & D. H. Whalen (eds.). 2018. Marking 50 years of research on
voice onset time. Special issue of Journal of Phonetics 71.

Cho, Tachong & Patricia A. Keating. 2001. Articulatory and acoustic studies on domain-initial
strengthening in Korean. Journal of Phonetics 29. 155-190.
https:/doi.org/10.1006/jph0.2001.0131

Cho, Taehong & Peter Ladefoged. 1999. Variation and universals in VOT. Evidence from 18
languages. Journal of Phonetics 27. 207-229. https:/doi.org/10.1006/jpho.1999.0094

Chodroft, Eleanor, Alessandra Golden & Colin Wilson. 2019. Covariation of stop voice onset
time across languages. Evidence for a universal constraint on phonetic realization. Journal
of the Acoustical Society of America 145(1). 106-115. https://doi.org/10.1121/1.5088035

Chodroft, Eleanor & Colin Wilson. 2017. Structure in talker-specific phonetic realization. Covar-
iation of stop consonant VOT in American English. Journal of Phonetics 61. 30-47.
https://doi.org/10.1016/j.wocn.2017.01.001

Davidson, Lisa. 2016. Variability in the implementation of voicing in American English obstru-
ents. Journal of Phonetics 54. 35-50. https://doi.org/10.1016/j.wocn.2015.09.003

Docherty, Gerard J. 1992. The timing of voicing in British English obstruents (Netherlands Phonet-
ics Archives 9). Berlin & New York: Foris. https:/doi.org/10.1515/9783110872637

Ejskjeer, Inger. 1990. Stod and pitch accents in the Danish dialects. Acta Linguistica Hafniensia
22(1). 49-75. https://doi.org/10.1080/03740463.1990.10411522

Ejstrup, Michael. 2010. Pa godst forskelligt dansk. Nydanske Sprogstudier 39. 93-136.
https:/doi.org/10.7146/nys.v39i39.13534

Fasiolo, Matteo, Raphaél Nedellec, Yannig Goude, Christian Capezza & Simon N. Wood. 2020.
mgcViz. Visualisations for generalized additive models. Version 0.1.6. https://CRAN.R-pro-
ject.org/package=mgcViz.

Fasiolo, Matteo, Raphaél Nedellec, Yannig Goude & Simon N. Wood. 2019. Scalable visualization
methods for modern generalized additive models. Journal of Computational and Graphical
Statistics. https://doi.org/10.1080/10618600.2019.1629942

Fischer-Jorgensen, Eli. 1972. ptk et bdg francais en position intervocalique accentuée. In Albert
Valdman (ed.), Papers in linguistics and phonetics to the memory of Pierre Delattre (Janua
Linguarum 54), 143-200. The Hague & Paris: Mouton.
https:/doi.org/10.1515/9783110803877-014

Fischer-Jorgensen, Eli. 1980. Temporal relations in Danish tautosyllabic CV sequences with stop
consonants. Annual Report of the Institute of Phonetics, University of Copenhagen 14. 207-261.

Francis, Alexander L., Valter Ciocca & Jojo Man Ching Yu. 2003. Accuracy and variability of acous-
tic measures of voicing onset. Journal of the Acoustical Society of America 113(2). 1025-1032.
https://doi.org/10.1121/1.1536169

Gauchat, Louis. 1903. Gibt es Mundartgrenzen? Archiv fiir das Studium der neueren Sprachen
und Litteraturen 111. 365-403.

Gilliéron, Jules & Edmond Edmont. 1902-1910. Atlas linguistique de la France. Paris: Champion.

Goldshtein, Yonatan. 2019. Towards a dialectology of tone in South Jutland. Paper presented
at the 10th International Conference on Language Variation in Europe, Fryske Akademy,
Leeuwarden.


https://doi.org/10.1075/eww.21.2.02cha
https://doi.org/10.1017/CBO9780511805103
https://doi.org/10.1006/jpho.2001.0131
https://doi.org/10.1006/jpho.1999.0094
https://doi.org/10.1121/1.5088035
https://doi.org/10.1016/j.wocn.2017.01.001
https://doi.org/10.1016/j.wocn.2015.09.003
https://doi.org/10.1515/9783110872637
https://doi.org/10.1080/03740463.1990.10411522
https://doi.org/10.7146/nys.v39i39.13534
https://doi.org/10.1080/10618600.2019.1629942
https://doi.org/10.1515/9783110803877-014
https://doi.org/10.1121/1.1536169

106 Rasmus Puggaard

Goldshtein, Yonatan & Liv Moeslund Ahlgreen. Forthcoming. Ideologies of language and place.
Negotiations of dialectal authenticity in traditional Danish dialectology. To be published in
Journal of Postcolonial Linguistics 4.

Goldshtein, Yonatan & Rasmus Puggaard. 2019. Overblik over danske dialektoptagelser. Ord ¢
Sag 39, 18-28

Gooskens, Charlotte. 2005. Traveling time as a predictor of linguistic distance. Dialectologia et
Geolinguistica 13. 38-62. https://doi.org/10.1515/dig.2005.2005.13.38

Gosy, Maria. 2001. The VOT of the Hungarian voiceless plosives in words and in spontaneous
speech. International Journal of Speech Technology 4. 75-85.
https://doi.org/10.1023/A:1009608900453

Gronnum, Nina. 1998. Illustrations of the IPA. Danish. Journal of the International Phonetic
Association 28(1/2). 99-105. https://doi.org/10.1017/5S0025100300006290

Grennum, Nina. 2005. Fonetik og fonologi. Almen og dansk. 3rd ed. Copenhagen: Akademisk
Forlag.

Gudiksen, Asgerd & Henrik Hovmark. 2008. Bandoptagelser som kilde til @malsordbogen. Nor-
diske Studier i Leksikografi 9. 173-182.

Hansen, Aage. 1971. Den lydlige udvikling i dansk. Fra ca. 1300 til nutiden II: Konsonantismen.
Copenhagen: G.E.C. Gad.

Hansen, Inger Schoonderbek. 2008. Jysk Ordbog. Rapport fra en digital ordbog. Nordiske Studier
i Leksikografi 9. 209-218.

Hanson, Helen M. 2009. Effects of obstruent consonants on fundamental frequency at vowel
onset in English. Journal of the Acoustical Society of America 125(1). 425-441.
https:/doi.org/10.1121/1.3021306

Hay, Jennifer & Paul Foulkes. 2016. The evolution of medial /t/ over real and remembered time.
Language 92(2). 298-330. https:/doi.org/10.1353/1an.2016.0036

Higgins, Maureen B., Ronald Netsell & Laura Schulte. 1998. Vowel-related differences in laryn-
geal articulatory and phonatory function. Journal of Speech, Language, and Hearing Research
41.712-724. https://doi.org/10.1044/jslhr.4104.712

Hovdhaugen, Even, Fred Karlsson, Carol Henriksen & Bengt Sigurd. 2000. The history of linguis-
tics in the Nordic countries. Helsinki: Societas Scientarum Fennica.

Hovmark, Henrik. 2006. @malsordbogen mellem synkroni og diakroni. LexicoNordika 13.
129-145.

Hullebus, Marc A., Stephen J. Tobin & Adamantios I. Gafos. 2018. Speaker-specific structure in
German voiceless stop voice onset times. Proceedings of Interspeech, 1403-1407. Hyderabad:
International Speech Communication Association.
https:/doi.org/10.21437/Interspeech.2018-2288

Jensen, J. M. 1902. Et vendelbomadls lyd- og formlcere. Copenhagen: H.H. Thieles Bogtrykkeri.

JO = Jysk Ordbog. Edited by the Peter Skautrup Center for Jutlandic Dialect Research, Aarhus
University. https://jyskordbog.dk.

Keshet, Joseph, Morgan Sonderegger & T. Knowles. 2014. AutoVOT. A tool for automatic meas-
urement of voice onset time using discriminative structured prediction. Version 0.91. https:/
github.com/mlml/autovot.

Kirby, James P. & D. Robert Ladd. 2016. Effects of obstruent voicing on vowel F0. Evidence from
“true voicing” languages. Journal of the Acoustical Society of America 140(4). 2400-2411.
https:/doi.org/10.1121/1.4962445


https://doi.org/10.1515/dig.2005.2005.13.38
https://doi.org/10.1023/A:1009608900453
https://doi.org/10.1017/S0025100300006290
https://doi.org/10.1121/1.3021306
https://doi.org/10.1353/lan.2016.0036
https://doi.org/10.1044/jslhr.4104.712
https://doi.org/10.21437/Interspeech.2018-2288
https://doi.org/10.1121/1.4962445

Chapter 4. Regional variation in VOT of Jutlandic Danish 107

Klatt, Dennis H. 1975. Voice onset time, frication, and aspiration in word-initial consonant clus-
ters. Journal of Speech and Hearing Research 18. 686-706.
https://doi.org/10.1044/jshr.1804.686

Kraehenmann, Astrid. 2001. Swiss German stops. Geminates all over the word. Phonology 18.
109-145. https:/doi.org/10.1017/50952675701004031

Kristiansen, Tore. 1990. Udtalenormering i skolen. Skitse af en ideologisk bastion. Copenhagen:
Gyldendal.

Kristiansen, Tore. 1998. The role of standard ideology in the disappearance of the traditional
Danish dialects. Folia Linguistica 32(1/2). 115-129. https://doi.org/10.1515/flin.1998.32.1-2.115

Kristiansen, Tore. 2003a. Danish. In Ana Deumert & Wim Vandenbussche (eds.), Germanic
standardizations. Past to present (Impact: Studies in Language and Society 18), 69-91. Am-
sterdam & Philadelphia: John Benjamins. https:/doi.org/10.1075/impact.18.04kri

Kristiansen, Tore. 2003b. Language attitudes and language politics in Denmark. International
Journal of the Sociology of Language 159. 57-71. https://doi.org/10.1515/ijs.2003.009

Labov, William. 1963. The social motivation of a sound change. Word 19(3). 273-309.
https://doi.org/10.1080/00437956.1963.11659799

Ladd, D. Robert. 2011. Phonetics in phonology. In John Goldsmith, Jason Riggle & Alan C. L. Yu
(eds.), The handbook of phonological theory (Blackwell Handbooks in Linguistics), 348-373.
2nd ed. Chichester: Wiley-Blackwell. https:/doi.org/10.1002/9781444343069.ch11

Lisker, Leigh & Arthur S. Abramson. 1964. A cross-language study of voicing in initial stops.
Acoustical measurements. Word 20. 384-422.
https://doi.org/10.1080/00437956.1964.11659830

Lisker, Leigh & Arthur S. Abramson. 1967. Some effects of context on voice onset time in English
stops. Language and Speech 10(1). 10-28. https://doi.org/10.1177/002383096701000101

Maegaard, Marie & Malene Monka. 2019. Patterns of dialect use. Language standardization at
different rates. In Marie Maegaard, Malene Monka, Kristine Kehler Mortensen & Andreas
Candefors Steehr (eds.), Standardization as sociolinguistic change. A transversal study of three
traditional dialect areas (Routledge Studies in Language Change), 27-46. London & New
York: Routledge. https:/doi.org/10.4324/9780429467486-2

Matthiessen, Christian Wichmann. 1985. Danske byers folketal 1801-1981 (Statistiske Un-
dersogelser 42). Copenhagen: Danmarks Statistik.

Meulman, Nienke, Martijn Wieling, Simone A. Sprenger, Laurie A. Stowe & Monika S. Schmid.
2015. Age effects in L2 grammar processing as revealed by ERPs and how (not) to study
them. Plos One 10(12). https:/doi.org/10.1371/journal.pone.o143328

Mobius, Bernd. 2004. Corpus-based investigations on the phonetics of consonant voicing. Folia
Linguistica 38(1/2). 5-26. https:/doi.org/10.1515/flin.2004.38.1-2.5

Monka, Malene. 2019. Southern Jutland. Language ideology as a means to slow down dialect
leveling. In Marie Maegaard, Malene Monka, Kristine Kohler Mortensen & Andreas Can-
defors Steehr (eds.), Standardization as sociolinguistic change. A transversal study of three
traditional dialect areas (Routledge Studies in Language Change), 47-89. London & New
York: Routledge. https:/doi.org/10.4324/9780429467486-3

Monka, Malene & Henrik Hovmark. 2016. Sprogbrug blandt unge i Bylderup anno 2015. Danske
Talesprog 16. 73-114.

Mortensen, Johannes & John Tondering. 2013. The effect of vowel height on voice onset time in
stop consonants in CV sequences in spontaneous Danish. Proceedings of Fonetik 2013. The
XXVIth annual phonetics meeting, 49-52. Linkdping University.


https://doi.org/10.1044/jshr.1804.686
https://doi.org/10.1017/S0952675701004031
https://doi.org/10.1515/flin.1998.32.1-2.115
https://doi.org/10.1075/impact.18.04kri
https://doi.org/10.1515/ijsl.2003.009
https://doi.org/10.1080/00437956.1963.11659799
https://doi.org/10.1002/9781444343069.ch11
https://doi.org/10.1080/00437956.1964.11659830
https://doi.org/10.1177/002383096701000101
https://doi.org/10.4324/9780429467486-2
https://doi.org/10.1371/journal.pone.0143328
https://doi.org/10.1515/flin.2004.38.1-2.5
https://doi.org/10.4324/9780429467486-3

108 Rasmus Puggaard

Neiman, Gary S., Richard J. Klich & Elaine M. Shuey. 1983. Voice onset time in young and
70-year-old women. Journal of Speech and Hearing Research 26. 118-123.
https://doi.org/10.1044/jshr.2601.118

Nerbonne, John & Wilbert Heeringa. 2007. Geographic distributions of linguistic variation re-
flect dynamics of differentiation. In Sam Featherston & Wolfgang Sternefeld (eds.), Roots.
Linguistics in search of its evidential base (Studies in Generative Grammar 96), 267-297.
Berlin & New York: Mouton de Gruyter.
https:/doi.org/10.1515/9783110198621.267

Nixon, Jessie S., Jacolien van Rij, Peggy Mok, R. Harald Baayen & Yiya Chen. 2016. The temporal
dynamics of perceptual uncertainty. Eye movement evidence from Cantonese segment and
tone perception. Journal of Memory and Language 90. 103-125.
https:/doi.org/10.1016/j.jml.2016.03.005

Paris, Gaston. 1888. Les parlers de France. Revue des patois gallo-romans 2. 161-175.

Pedersen, Inge Lise. 2003. Traditional dialects of Danish and the de-dialectalization 1900-2000.
International Journal of the Sociology of Language 159. 9-28.
https://doi.org/10.1515/ijsl.2003.012

Pedersen, Karen Margrethe. 1983. Om transskription af bandoptagelser og anvendelse af tek-
sterne til leksikografiske og syntaktiske undersogelser. Et EDB-projekt. Folkmalsstudier 28.
131-138.

Puggaard, Rasmus. 2018. Realizations of /t/ in Jutlandic dialects of Danish. Linguistica Lettica
26, 368-393.

Puggaard, Rasmus. 2019. Flexibility of frequent clause openers in talk-in-interaction. The Danish
front fields det “it, that” and s& “then” Nordic Journal of Linguistics 42(3), 291-327.
https:/doi.org/10.1017/50332586519000088

Puggaard, Rasmus. 2020. Replication data, metadata, and scripts for study of regional variation
in VOT of Jutlandic varieties of Danish. DataverseNL. https:/doi.org/10.34894/JHN1Q7

Puggaard, Rasmus & Yonatan Goldshtein. 2020. Realization and representation of plosives in
Jutlandic varieties of Danish. Variation in phonetics predicts variation in phonology. Paper
presented at Laboratory Phonology 17, University of British Columbia, Vancouver. https:/
youtu.be/u8ZVKTOBzt4.

R Core Team. 2020. R. A language and environment for statistical computing. Version 4.0.0.
https://www.R-project.org/.

Ryalls, Jack, Marni Simon & Jerry Thomason. 2004. Voice onset time production in older Cau-
casian- and African-Americans. Journal of Multilingual Communication Disorders 2(1).
61-67. https://doi.org/10.1080/1476967031000090980

Ryalls, John, Alison Zipprer & Penelope Baldauft. 1997. A preliminary investigation of the effects
of gender and race on voice onset time. Journal of Speech, Language, and Hearing Research
40. 642-645. https://doi.org/10.1044/jslhr.4003.642

Schachtenhaufen, Ruben. 2010. Looking for lost syllables in Danish spontaneous speech. In Peter
Juel Henrichsen (ed.), Linguistic theory and raw sound (Copenhagen Studies in Language
40), 61-85. Frederiksberg: Samfundslitteratur.

Scheuer, Jann, Anne Larsen, Marie Maegaard, Malene Monka & Kristine Kohler Mortensen.
2019. Language ideologies. A key to understanding language standardization. In Marie
Maegaard, Malene Monka, Kristine Kghler Mortensen & Andreas Candefors Staehr (eds.),
Standardization as sociolinguistic change. A transversal study of three traditional dialect areas
(Routledge Studies in Language Change), 189-218. London & New York: Routledge.
https:/doi.org/10.4324/9780429467486-8


https://doi.org/10.1044/jshr.2601.118
https://doi.org/10.1515/9783110198621.267.10.1515/9783110198621.267
https://doi.org/10.1515/9783110198621.267
https://doi.org/10.1016/j.jml.2016.03.005
https://doi.org/10.1515/ijsl.2003.012
https://doi.org/10.1017/S0332586519000088
https://doi.org/10.34894/JHN1Q7
https://doi.org/10.1080/1476967031000090980
https://doi.org/10.1044/jslhr.4003.642
https://doi.org/10.4324/9780429467486-8

Chapter 4. Regional variation in VOT of Jutlandic Danish 109

Schouten, M. E. H. & Arjan van Hessen. 1992. Modeling phoneme perception. I: Categorical
perception. Journal of the Acoustical Society of America 92(4). 1841-1855.
https://doi.org/10.1121/1.403841

Séguy, Jean. 1973. La dialectométrie dans I’ Atlas linguistique de Gascogne. Revue de Linguistique
Romane 37(145). 1-24.

Simos, Panagiotis G., Randy L. Diehl, Joshua I. Breier, Michelle R. Molis, George Zouridakis &
Andrew C. Papanicolaou. 1998. MEG correlates of categorical perception of a voice onset
time continuum in humans. Cognitive Brain Research 7. 215-219.
https:/doi.org/10.1016/50926-6410(98)00037-8

Skautrup, Peter. 1930. Hardiske mdl 1. Copenhagen: Th. Linds Efterfolger.

Skautrup, Peter. 1937. Dialektkriterier og deres vaerdi. Sprog og kultur 6. 59-80.

Skautrup, Peter. 1952. Sammenhange i dialektal udvikling. In Jorgen Glahder (ed.), Runer og
rids. Festskrift til Lis Jacobsen, 95-103. Copenhagen: Rosenkilde og Bagger.

Skautrup, Peter. 1968. Det danske sprogs historie IV. Fra J.P. Jacobsen til Johs. V. Jensen. Copenhagen:
Gyldendal.

Séskuthy, Marton. 2017. Generalised additive mixed models for dynamic analysis in linguistics.
A practical introduction. Unpublished manuscript. https://arxiv.org/abs/1703.05339.

Stuart-Smith, Jane, Morgan Sonderegger, Tamara Rathcke & Rachel Macdonald. 2015. The pri-
vate life of stops. VOT in a real-time corpus of spontaneous Glaswegian. Laboratory Pho-
nology 6(3/4). 505-548. https:/doi.org/10.1515/Ip-2015-0015

Swartz, Bradford L. 1992. Gender difference in voice onset time. Perceptual and Motor Skills 75.
983-992. https://doi.org/10.2466/pms.1992.75.3.983

Thorsen, Peder Kristian. 1912/1927. Den bergmteste Dialektgranse i Danmark. In Jens Byskov
& Marius Kristensen (eds.), Afhandlinger og Breve, vol. 2, 107-135. Copenhagen: Schon-
bergske Forlag.

Torre, Peter & Jessica A. Barlow. 2009. Age-related changes in acoustic characteristics of adult
speech. Journal of Communication Disorders 42. 324-333.
https://doi.org/10.1016/j.jcomdis.2009.03.001

Trudgill, Peter. 1974. Linguistic change and diffusion. Description and explanation in sociolin-
guistic dialect geography. Language in Society 2. 215-246.
https:/doi.org/10.1017/50047404500004358

van Rij, Jacolien, Martijn Wieling, R. Harald Baayen & Hedderik van Rijn. 2020. itsadug. Inter-
preting time series and autocorrelated data using GAMMs. R package version 2.4. https:/
CRAN.R-project.org/package=itsadug.

Wenker, Georg & Ferdinand Wrede. 1895. Der Sprachatlas des deutschen Reichs. Marburg:
Elwert.

Wickham, Hadley. 2016. ggplot2. Elegant graphics for data analysis (Use R). New York: Springer.
https:/doi.org/10.1007/978-0-387-98141-3

Wickham, Hadley, Winston Chang, Lionel Henry, Thomas Lin Pedersen, Kohske Takahashi,
Claus Wilke, Kara Woo, Hiroaki Yutani, Dewey Dunnington & RStudio. 2020b. ggplot2.
Create elegant data visualizations using the grammar of graphics. R package version 3.3.0.
https://CRAN.R-project.org/package=ggplot2.

Wickham, Hadley, Romain Frangois, Lionel Henry & Kirill Miller. 2020a. dplyr. A grammar
of data manipulation. R package version 0.8.5. https://CRAN.R-project.org/package=dplyr.

Wieling, Martijn. 2018. Analyzing dynamic phonetic data using generalized additive mixed
modeling. A tutorial focusing on articulatory differences between L1 and L2 speakers of
English. Journal of Phonetics 70. 86-116. https:/doi.org/10.1016/j.wocn.2018.03.002


https://doi.org/10.1121/1.403841.10.1121/1.403841
https://doi.org/10.1121/1.403841
https://doi.org/10.1016/S0926-6410(98)00037-8
https://doi.org/10.1515/lp-2015-0015
https://doi.org/10.2466/pms.1992.75.3.983
https://doi.org/10.1016/j.jcomdis.2009.03.001
https://doi.org/10.1017/S0047404500004358
https://doi.org/10.1007/978-0-387-98141-3
https://doi.org/10.1016/j.wocn.2018.03.002

110 Rasmus Puggaard

Wieling, Martijn, Simonetta Montemagni, John Nerbonne & R. Harald Baayen. 2014. Lexical
differences between Tuscan dialects and Standard Italian. Accounting for geographic and
sociodemographic variation using generalized additive mixed modeling. Language 90(3).
669-692. https:/doi.org/10.1353/1an.2014.0064

Wieling, Martijn & John Nerbonne. 2015. Advances in dialectometry. Annual Review of Linguis-
tics 1. 243-264. https://doi.org/10.1146/annurev-linguist-030514-124930

Wieling, Martijn, John Nerbonne & R. Harald Baayen. 2011. Quantitative social dialectology.
Explaining linguistic variation geographically and socially. Plos One 6(9).
https:/doi.org/10.1371/journal.pone.0023613

Wieling, Martijn, Fabian Tomaschek, Denis Arnold, Mark Tiede, Franziska Broker, Samuel
Thiele, Simon N. Wood & R. Harald Baayen. 2016. Investigating dialectal differences using
articulography. Journal of Phonetics 59. 122-143. https://doi.org/10.1016/j.w0cn.2016.09.004

Wood, Simon N. 2003. Thin plate regression splines. Journal of the Royal Statistical Society B
65(1). 95-114. https://doi.org/10.1111/1467-9868.00374

Wood, Simon N. 2017. Generalized additive models. An introduction with R (Texts in Statistical
Science). 2nd ed. Boca Raton: CRC Press. https:/doi.org/10.1201/9781315370279

Wood, Simon N. 2019. mgcv. Mixed GAM computation vehicle with automatic smoothness estima-
tion. R package version 1.8-31. https://CRAN.R-project.org/package=mgcv.

Wood, Simon N., Zheyuan Li, Gavin Shaddick & Nicole H. Augustin. 2017. Generalized addi-
tive models for gigadata. Modeling the U.K. Black Smoke network daily data. Journal of the
American Statistical Association 112(519). 1199-1210.
https://doi.org/10.1080/01621459.2016.1195744

Wrede, Ferdinand. 1919. Zur Entwiklungsgeschichte der deutschen Mundartenforschung.
Zeitschrift fiir Deutsche Mundarten 14. 3-18.


https://doi.org/10.1353/lan.2014.0064
https://doi.org/10.1146/annurev-linguist-030514-124930
https://doi.org/10.1371/journal.pone.0023613
https://doi.org/10.1016/j.wocn.2016.09.004
https://doi.org/10.1111/1467-9868.00374
https://doi.org/10.1201/9781315370279
https://doi.org/10.1080/01621459.2016.1195744

	Chapter 4. Modeling regional variation in voice onset time of Jutlandic varieties of Danish
	1. Introduction
	2. Theoretical preliminaries
	2.1 Voice onset time
	2.2 Danish plosives
	2.3 The dialects of Jutland
	2.4 Language variation and geography

	3. Methodology
	3.1 Corpus
	3.2 Token selection
	3.3 Acoustic analysis
	3.4 Statistical modeling

	4. Results
	4.1 Descriptive statistics
	4.2 Generalized additive mixed model

	5. Discussion and conclusions
	Acknowledgements
	References


