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CHAPTER4

Individual differences in the adoption of sound
change

This chapter has been accepted for publication as: Voeten, C. C. (to appear). Individual
differences in the adoption of sound change. Language and Speech. https://doi.org/
10.1177/0023830920959753.

Abstract
It is still unclear whether an individual’s adoption of on-going sound change starts in production
or in perception, and what the time course of the adoption of sound change is in adult speakers.
These issues are investigated bymeans of a large-scale (106 participants) laboratory study of an on-
going vowel shift in Dutch. The shift involves the tense mid vowels /eː,øː,oː/, which are changing
into phonologically-conditioned upgliding diphthongs, and the original diphthongs /ɛi,œy,ɔu/,
whose nuclei are lowering. These changes are regionally stratified: they have all but completed in
the Netherlands, but have not affected the variety of Dutch spoken in neighboring Belgium. The
study compares production (word-list reading) and perception (rhyme-decision) data from con-
trol groups from each country to those of eighteen “sociolinguistic migrants”: Belgian individuals
who moved to the Netherlands years ago. Data are analyzed using mixed-effects models, consid-
ering not just the group level, but also individual differences. Production results show that at the
group level, the migrant group is in between the two control groups, but at the individual level it
becomes apparent that some migrants have adopted the Netherlandic norms, but others have not.
Perception results are similar to the production results at the group level. Individual-level results
do not provide a clear picture for the perception data, but the individual differences in perception

https://doi.org/10.1177/0023830920959753
https://doi.org/10.1177/0023830920959753
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correlate with those in production. The results agree with and extend previous findings on the
role of individual differences in the individual adoption and eventual community propagation of
on-going sound change.

4.1 Introduction

4.1.1 The adoption of sound change
It has been suggested that sound change originates when there is a mismatch
(or “coordination failure”; Bermúdez-Otero 2007) between a speaker and a lis-
tener. Either they have the same grammar, but one of the pair over- or under-
applies rules compensating for intrinsic variation (Ohala 1981), or the speaker
and the listener have acquired subtly different grammars in childhood and as-
sign different cue weights to the same auditory information in the phonetic
signal (Beddor 2009, Hamann 2009). When the originating individual begins
to reproduce their individual grammatical innovation, and hence begins to
transmit the sound change to other individuals through themedium of speech
production, the sound change is considered to have been actuated. After that
point, it will either spread to other members of the community or peter out.
The prerequisites for a sound change to originate, actuate, and spread are thus
exceedingly rare: one needs a specific type of variation which is conducive to
coordination failure at the right place at the right time, one or more specific
individuals to initiate a sound change based on this variation, and a specific re-
ception by the speech community (namely one in which the change is copied
and again transmitted further). The rarity of this specific combination of in-
dividual and community characteristics has been considered both the reason
why sound change takes place at all (if such eventualities were commonplace,
we would have learned to be robust against them), and is rare to actuate in the
first place (Stevens & Harrington 2014).

Following Pinget (2015), we may assume that sound change spreads
through a continuous chain of actuations by individual speaker–listener inter-
actions. The present chapter focuses on the individuals who form the links of
this chain: howdo they adopt an actuated sound change from their interlocutor
into their own grammars? This question is positioned squarely in between the
issues of actuation and community spread. It is related to Weinreich, Labov,
& Herzog’s (1968) transmission problem, but in an individualized form; the
transmission problem by Weinreich, Labov, & Herzog’s (1968) concerns the
dissemination of sound change throughout the community (or its grammar)
as a whole. The idea that sound change needs to be initiated by individuals
follows from classic models of origin and actuation by authors such as Ohala
(1981) andHyman (1976) (who have since also refined their positions to incor-
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porate representations of the phonetic implementation; Hyman 2013, Ohala
2012), and is also fully compatible with the model by Beddor (2009). It is al-
most compatible with the model by Hamann (2009); her model differs from
that by Beddor (2009) in the aspect that, like Labov (2007), Hamann posits
that the crucial phonological reanalysis can only bemade by children, and that
adults can only perform superficial phonetic reanalysis. These models can be
considered the theoretical-phonological backdrop of this chapter.

4.1.2 Perception, production, and the individual
Recent work on sound change has recognized that the adoption of sound
change by individual speakers and listeners relies on the link between their
perception and their production. Consider, for instance, Baker, Archangeli,
& Mielke (2011), who study American English [s]-retraction in words like
“street”. Their results show that speaker-specific coarticulatory variation be-
tween the [s] and the following [ɹ] leads to inter-speaker variation in the de-
gree of [s]-retraction. Speakers who strongly coarticulate the [s] with the fol-
lowing [ɹ] produce an [s] that is realized similarly to [ʃ]. For speakers who
coarticulate only weakly, that sound is considered a distinct articulatory tar-
get. When the latter speakers are paired as listeners with strong [s]-retractors,
the weak retractors have an opportunity to actuate a sound change, if their
percept of [s] as [ʃ] is reanalyzed to /ʃ/ (or to an equivalent phonological
rule) and they begin to use that system in their own productions. Beddor et al.
(2018) found that the link between production and perception extends also to
the time course according to which listeners make use of phonetic cues. Their
results show that participants’ production of coarticulatory nasalization was
predictive of the time course of their perception of the same information. As
the authors note, this suggests that differences in perception grammars need
not be restricted to cue weightings per se (cf. Beddor 2009, Hamann 2009), but
can also lie in which cues are utilized when. The results by Beddor et al. (2018)
also show that this perception–production link remains stable during on-going
sound change, i.e. participants who are more advanced along a sound change
in perception are also more advanced in production, causing them to spread
the sound change further.

There is evidence that the roles of perception and production reverse de-
pending on the degree to which a sound change has progressed at the commu-
nity level. Pinget, Kager, &Van deVelde (2019) (also in Pinget 2015) show that,
for the on-going merger of Dutch /v,z,ɣ/ into /f,s,x/ and the incipient merger
of Dutch /b/ into /p/, adoption by individuals starts in perception: one needs
to perceive a change before one will produce it. However, as the change pro-
gresses, this relationship slowly comes to reverse: an individual who does not
produce a contrast anymore may still be able to draw on subtle differences
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in perception (although cf. Labov, Yaeger, & Steiner’s 1972 “near-mergers”).
Coetzee et al. (2018) make a similar observation concerning tonogenesis in
Afrikaans: while they generally find that speakers’ use of VOT vs. F0 in the
production of phonologically voiced vs. voiceless plosives correlates with their
use in perception, four of their participants did not produce a reliable VOT con-
trast, but did rely on such cues in perception. Importantly, the reverse was not
found, corroborating Pinget, Kager, & Van de Velde (2019) that, for incipient
changes, perception precedes production.

Besides formal linguistic variation such as differences in production and
perception grammars, there is evidence that variation at the individual level
plays a role in the extent to which sound change is actuated and propagated.
Studies of this aspect of sound change largely reinforce the stereotype that lead-
ers of change are young, educated women with certain personality attributes
(Haeri 1991, Labov 2001, Milroy 1993, Yu 2010, 2013) and large social net-
works (Denis 2011, Lev-Ari 2018). These characteristics overlap with the in-
dividuals who fit Marslen-Wilson’s (1973) description of “close shadowers”
in speech-shadowing tasks, which suggests that these personality factors are
not directly responsible, but rather indirectly affect socio-cognitive processing
(see Yu 2013), and that the latter is what causes these individuals to be leaders
of sound change as well.

The role of individual-level factors, and hence of all of the factors dis-
cussed in this section, may also depend on whether a sound change is system-
internal or contact-driven.1 The theories by Beddor (2009), Hamann (2009),
and Ohala (1981) are mainly concerned with system-internal changes, such as
those in Coetzee et al. (2018) or Pinget (2015). Following Hamann (2009) and
Labov (2007), these changes spread via L1 acquisition. In contrast, contact-
driven changes are spread via contact between adult speakers and listeners.
The most obvious factor affecting adults’ adoption of contact-driven changes
is the amount of time for which they have been exposed to the sound changes.
Generally speaking, the shorter the timespan, the more heterogeneous indi-
viduals are in adopting an ambient phonetic change. This is illustrated by
Alshangiti & Evans (2011), Bauer (1985), Carter (2007), Cedergren (1987),
Chambers (1992), De Decker (2006), Evans & Iverson (2007), Harrington
(2006, 2007), Harrington, Palethorpe, & Watson (2000, 2005), Hinton (2015),
Nahkola & Saanilahti (2004), Nycz (2011), Nycz (2013), van Oostendorp
(2008), Prince (1987), Sankoff (2004), Sankoff & Blondeau (2007), Sankoff,
Blondeau, & Charity (2001), Trudgill (1988), Wagner (2008), Yaeger-Dror
(1994), and Ziliak (2012), who all found small adoption effects in small mi-
norities of studied individuals. When such changes become fully stable within
a community is not precisely known, although it has been shown that fifteen

1I thank an anonymous reviewer for pointing out this possible dependency.
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years can be enough (Gordon & Maclagan 2001, Trudgill 1999, Yaeger-Dror
1994). The speed with which a change is spread likely depends on its salience
(Auer, Barden, & Grosskopf 1998; see e.g. Rácz 2013 for what this could mean)
to the listener: individuals who are more attentive to a change in perception
are more likely to adopt the change in production, particularly if the change
involves social indexation (Beddor 2015).

4.1.3 Phonological change vs. phonetic change
The degree to which a sound change, particularly one that is contact-induced,
can be adopted by individuals depends on the type of the sound change. Ac-
cording to Labov (2007) and Hamann (2009), phonological reanalyses are
restricted to language-learning infants, with adult speakers only being able
to enact superficial phonetic changes. In the case of phonological change, the
sound change involves the phonological grammar, either by adding or delet-
ing a phonological rule, or by adding, removing, or substituting a phonemic
category. A clear example of such a case is offered by Harrington, Kleber, &
Reubold (2008), who studied /uː/-fronting in Standard Southern British En-
glish (henceforth “SSBE”). In an apparent-time study of younger and older
SSBE participants, they found that the younger group had a more fronted
/uː/ category both in production (i.e. [ʉː]) and in perception (i.e. /ʉː/). Since
Harrington, Kleber, & Reubold (2008) show that the perception change pre-
ceded the production change, they conclude that SSBE /uː/-fronting started
with a phonological change in the underlying form (/uː/>/ʉː/). In a differ-
ent study, Kleber, Harrington, & Reubold (2012) show that the same account
holds for SSBE /ʊ/-fronting, except that this change is in an earlier stage of
completion.

In contrast to phonological changes, some changes within the grammars
of individuals do not involve a representational change but merely change
the phonetic implementation of a particular segment. Such changes are re-
ported by, for instance, Evans & Iverson (2007), who followed nineteen British-
English high-school students who were about to enter university. After two
years, these students’ vowel systems had become more aligned with Standard
Southern British English in production, but no reliable change was found in
perception. The lack of reliable findings in perception suggests that only the
phonetic implementation has changed, and not the phonological representa-
tion. It also shows that, for these changes, production changed before percep-
tion did, in contrast to the aforementioned results. A possible related obser-
vation is that, as pointed out by an anonymous reviewer, one of the changes
studied by Evans & Iverson (2007) would be a phonological change instead
of a phonetic change. Specifically, Evans & Iverson’s (2007) Northern-English
students would need to split their cud–could vowels: in the North, both of these
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words have /ʊ/, but in SSBE, cud takes the vowel /ʌ/ instead,which does not ex-
ist in the Northern phoneme inventory. The successful adoption of this differ-
ence would constitute a phonological change, namely a phoneme split. How-
ever, Evans & Iverson (2007) did not find direct evidence that their partici-
pants managed to do this in either production or perception: while some indi-
viduals changed their production targets for these vowels more into the SSBE
direction, and their perception correlated with their production changes, they
did so for both vowels simultaneously.

The studies mentioned in the previous two paragraphs differ in at least two
importantways. The (successful) vowel changes in Evans& Iverson (2007) are
contact-induced phonetic changes, while SSBE /uː/-fronting is a system-inter-
nal phonological change and, as a result, also a phonetic change. The obvious
third alternative for study, and the subject of the present chapter, is a contact-
driven phonological change. As the interactions between the many factors
mentioned in this introduction—perception vs. production, system-internal
vs. contact-driven, infant vs. adult, phonological vs. phonetic change—are still
very much the topic of on-going research, filling this gap makes a small con-
tribution to the larger puzzle of sound change in general. A currently-ongoing
sound change in Dutch offers a unique opportunity to study precisely this type
of change.

4.1.4 The present study
The present study investigates the role of individual variation in sound change,
using an on-going vowel shift in Dutchwhich has led to notable sociolinguistic
variation. Dutch is spoken both in the Netherlands and in Flanders, the north-
ern part of Belgium. In the Netherlands, a sound change is currently on-going
whereby the tense mid vowels /eː,øː,oː/ are becoming diphthongs [ei,øy,ou]
(van der Harst 2011, van der Harst, Van de Velde, & van Hout 2014, Van de
Velde 1996, Zwaardemaker & Eijkman 1924), except when followed by coda /l/
(realized as [ɫ], with optional vocalization in the Netherlands; van Reenen &
Jongkind 2000) or another approximant consonant (/r,ʋ,j/) in specific phono-
logical configurations (Berns & Jacobs 2012, Botma, Sebregts, & Smakman
2012, Voeten 2015). In addition, the original diphthongs /ɛi,œy,ɔu/ have begun
to diphthongizemore strongly in theNetherlands (Blankestein 1994, Gerritsen
& Jansen 1980, Gussenhoven & Broeders 1976, van Heuven, Van Bezooijen, &
Edelman 2005, Jacobi 2009, Mees & Collins 1983, Stroop 1992, Stroop 1998,
Van de Velde 1996, Voortman 1994) except before coda /l/, while they diph-
thongize more weakly in Flanders (Van de Velde 1996, Verhoeven 2005). In
both varieties, vowels are categorically realized as monophthongs before coda
/l/ (Goossens, Taeldeman, & Verleyen 1998:maps 63/66, Voeten 2015). Thus,
the Netherlandic vowel system has six diphthongs which have corresponding
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monophthongal allophones before coda /l/, whereas the Flemish system has
threemonophthongs and three very light diphthongs, which are alsomonoph-
thongized before coda /l/. (For extensive discussions of Netherlandic–Flemish
vowel-system differences, see Adank, van Hout, & Smits 2004 and Van de
Velde et al. 2011, in addition to the aforementioned references.)

The chapter focuses its investigation on the adoption of the Netherlandic
diphthongization patterns in sociolinguistic migrants: individuals born in Flan-
ders who moved to the Netherlands post-adolescence and have lived there
for a significant amount of time. It is investigated whether these sociolinguis-
tic migrants adopt the Netherlandic realizations as well as their phonolog-
ical conditioning related to coda /l/. Thus, the present chapter fits into the
second-dialect acquisition literature (which is also the perspective of many of
the studies discussed at the end of Section 4.1.2), and is indirectly related to the
second-language acquisition literature (e.g. Flege 1987, Flege &Wayland 2019)
as well. A comprehensive treatment of these perspectives is beyond the scope
of this chapter; the reader is referred to the aforementionedworks instead. The
present chapter makes use of the situation of sociolinguistic migrants to serve
as a model of the acquisition of sound change. This is possible because the
synchronic sociolinguistic differences happen to coincide with the diachronic
changes in the Netherlandic vowel system, such that the Flemish vowel system
can be seen as a model for the Netherlandic system before these changes had
taken place. This makes it possible to use laboratory experiments comparing
sociolinguistic migrants to two suitable control groups to investigate how such
synchronic differences are adopted by individuals on their way to becoming
diachronic changes. The hypothesis is that the sociolinguistic migrants are not
homogeneous; instead, some participants in this groupwill have becomemore
Netherlandic-like, whereas others will have remained more Flemish-like. This
hypothesis is assessed separately for production and perception, using two
laboratory experiments which include suitable control groups. This makes it
possible to investigate with precision whether and which of these participants
have adopted the on-going sound changes in production and in perception.
The link between production and perception is also examined.

Concerning production, we know that Flemish-Dutch speakers do not
diphthongize their tense mid vowels /eː,øː,oː/ and only weakly diphthongize
their “true” diphthongs /ɛi,œy,ɑu/. In contrast, Netherlandic-Dutch speakers
use diphthongal realizations for all six of these vowels, especially strongly
so for the diphthongs /ɛi,œy,ɑu/. However, all of this diphthongization is
blocked categorically before a following coda /l/. Hence, predictions for
the Flemish-Dutch speakers are monophthongal realizations of /eː,øː,oː/ and
weakly-diphthongal realizations of /ɛi,œy,ɑu/, whereas predictions for the
Netherlandic-Dutch speakers are diphthongal realizations of /eː,øː,oː/ and
strongly-diphthongal realizations of /ɛi,œy,ɑu/, but only when there is no fol-
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lowing coda /l/. If there is a coda /l/, the Netherlandic group is expected
to realize a monophthong, with possible weak diphthongization due to coar-
ticulation, leveling the hypothesized group differences. The migrant group
is hypothesized to be heterogeneous: given the background sketched in Sec-
tion 4.1.1, it is expected that some participants will have been relatively suc-
cessful at adopting the Netherlandic-Dutch sound changes, whereas others
will have done so only minimally. On average, the group should then be in
between the Netherlandic and Flemish groups, though with significant intra-
group variation.

Turning to perception, the linguistic facts remain the same, but their impli-
cations are different. Previous research has shown that listeners of Dutch are
sensitive to the specific trajectory of diphthongal vowels in perception (Peeters
1991). Because Flemish speakers of Dutch do not produce diphthongization
for the vowels /eː,øː,oː/, it is expected that their category boundary between
the tense mid vowels and the diphthongs will be relatively close towards the
monophthongal realizations. In concrete terms, even a little diphthongization
will be a cue for a Flemish-Dutch speaker to perceive a vowel as /ɛi,œy,ɑu/. Al-
ternatively, a reviewer suggests that it is also possible that the Flemish group
does not perceive such light diphthongization at all, precisely because they do
not have it in their repertoire. For aNetherlandic-Dutch speaker the sameweak
diphthongization should be a perfectly regular cue for a percept of /eː,øː,oː/,
but only in absence of a following coda /l/. In this situation, it is expected that
the Netherlandic group has their category boundary further towards the diph-
thongal realizations than the Flemish group: theNetherlandic group should re-
quire more diphthongization to be present in an ambiguous signal to perceive
it as /ɛi,œy,ɑu/. This effect is expected to be quite strong, because in addition
to the diphthong–monophthong differences between the two varieties (Adank,
van Hout, & Smits 2004, van der Harst 2011, van der Harst, Van de Velde, &
van Hout 2014, Van de Velde 1996, Van de Velde et al. 2011), the Netherlandic
realizations of /ɛi,œy/ have significantly lower onsets and are more similar
to [ai,ɒy] (van Heuven, Van Bezooijen, & Edelman 2005, Jacobi 2009, Stroop
1998). If the vowel is followed by /l/, these between-groups differences are hy-
pothesized to vanish: here, neither group has grounds to expect diphthongiza-
tion for reasons beyond effects of phonetic implementation. As for production,
the migrant group is expected to be in between the two control groups at the
group level, but is expected to show significant individual variation, correlated
with the individual variation found in the production experiment.

Section 4.2 investigates the hypotheses for the production part, using a sim-
ple word-list-reading task eliciting a representative subset of the relevant vow-
els both before /l/ and before nonapproximant consonants. Due attention is
paid not just to variation at the group level, but also to individual differences.
Individual differences are investigated by analyzing the predicted random ef-
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fects of a mixed-effects model, which has only recently gained traction in so-
ciophonetics (e.g. Drager &Hay 2012, Tamminga to appear). The analysis con-
trols for one major factor, namely lexical frequency, which is known to play a
role both in sound change (Bybee 2002) and in the adoption of sociolinguistic
differences (Nycz 2013).

The perception hypotheses are investigated in Section 4.3. Participants’
category boundaries between monophthong and diphthong phonemes are
elicited on the basis of a novel experiment based on participants’ rhyme deci-
sions to nonsense words. In general, rhyme-decision tasks have been used suc-
cessfully in the related field of second-dialect acquisition (Nycz 2011) and have
the advantage of being less direct than the more traditional task of phoneme
decision (as had been used in e.g. Pinget 2015). Compared to phoneme deci-
sion, rhyme decision is less obvious about the nature of the experiment and
is more linguistic rather than meta-linguistic in nature. Both points serve to
reduce the likelihood of participants resorting to explicit cognitive strategies
that do not reflect their everyday linguistic processing, and of them letting any
overt or covert linguistic norms influence their responses. This is important
especially for the migrant participants, who may have become subliminally
or supraliminally aware of the relevant accent differences. The rhyme-decision
task tests three phonetic continua: [eː∼ɛi] (testing diphthongization), [oː∼ɑu]
(testing diphthongization plus marked lowering of the nucleus), and a control
contrast [ɛ∼ɛi] (testing diphthongization and duration). Rhyme decisions be-
tween an ambiguous auditory prime and an orthographic target are used to
obtain covert phoneme decisions: at what point along the continuum do par-
ticipants stop perceiving /eː,oː/ and start perceiving /ɛi,ɑu/? The condition
using [ɛ∼ɛi] is included as a control: these vowels are like the experimental
items in that /ɛ/ is a monophthong and /ɛi/ is a diphthong, but the boundary
between these otherwise unrelated categories is unaffected by the on-going
sound changes studied in this chapter.

Section 4.4 investigates the individual-level correlations between produc-
tion and perception, which were suggested to exist in the formulated hypothe-
ses. This is done by calculating correlation coefficients between the partici-
pants’ coefficients from the individual-level analyses of the production and
perception tasks. The findings are brought together in the general discussion
in Section 4.5. Finally, Section 4.6 concludes the chapter with possible avenues
for further study.
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4.2 Experiment 1: production

4.2.1 Method
Participants

Three groups of participants were recruited. The first group consisted of 45
Dutch students at Leiden University, the Netherlands. These students were
native speakers of Netherlandic Standard Dutch and were born and raised in
the Randstad2, which is the area of the Netherlands where the prestigious vari-
ety of Dutch is spoken which forms the basis for Netherlandic Standard Dutch
(Grondelaers & van Hout 2011). The second group consisted of 45 Belgian stu-
dents at Ghent University, Belgium. These students were all native speakers of
Belgian StandardDutch andwere born and raised in Flanders. The third group
of participants consisted of 18 Belgians who were native speakers of Belgian
Standard Dutch and had been living in the Randstad area of the Netherlands
for a long time (mean = 18.71 years, SD = 11.18 years). Two participants in the
Ghent group were excluded due to technical failures, resulting in a total of 106
participants used.

Table 4.1 details participants’ reported regional backgrounds, split out by
province. In addition to speaking the standard language (either Netherlandic
Dutch or Flemish Dutch), seven of the Ghent participants and seven of the
migrant participants reported being proficient in their local Flemish dialects.
None of the Leiden participants reported dialect competence. Figure 4.1 shows
the variation in the participants’ ages and, for the migrant participants, their
lengths of stay in the Netherlands. The migrant participants’ ages are hetero-
geneous, but their ages of arrival are not: with two exceptions, participants
were in their mid-twenties (range: 18–32 years old) when they migrated to the
Netherlands. Of the two exceptional participants, one had just turned 43 when
theymoved countries, and the other was a few days short of their 60th birthday
upon migration.

The experiments followed the Ethics Code for linguistic research in the fac-
ulty of Humanities at Leiden University, which approved its implementation.
All subjects gave written informed consent in accordance with the Declaration
of Helsinki.

2Five participants attended high school in non-Randstad areas, but as the results show, they
were not significantly different from the participants who never left the Randstad after their child-
hood years.
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Figure 4.1: Dot and violin plots of the ages of the participants in the Ghent
(n = 43, 1 missing age value), migrant (n = 18, and Leiden (n = 45,
2 missing age values) groups. For the migrant group, the chronolog-
ical ages have been linked to the participants’ ages of arrival in the
Netherlands (“AOA”).
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Table 4.1: Regional backgrounds of the participants, defined as the province
in which they attended high school. Gelderland–Zeeland are Nether-
landic provinces, while the others are Flemish.

Group
Region Ghent Migrant Leiden

Gelderland 0 0 2
Netherlandic Limburg 0 0 1
North Holland 0 0 6
South Holland 0 0 28
Utrecht 0 0 5
Zeeland 0 0 2
Antwerp 5 1 0
Brussels 0 1 0
East and West Flanders 0 1 0
East Flanders 23 4 0
Flemish Brabant 6 4 0
Flemish Limburg 0 2 0
West Flanders 14 5 0
(missing) 0 0 1

Stimuli

Words were selected from the combined CELEX (Baayen, Piepenbrock, &
Gulikers 1995) and SUBTLEX (Keuleers, Brysbaert, & New 2010) corpora3 to
elicit (possible) diphthongs followed by either coda /l/ or a nonapproximant
consonant. Words were selected such that the critical vowel always received
primary stress. Words sharing the same lemma were avoided. For the words
where the critical vowel was followed by a nonapproximant consonant, a dis-
tinction was made between low-frequency and high-frequency (henceforth:
“HF”) words, defined by the set of words falling in the first and third quar-
tiles, respectively, of the log10 word frequency. This distinction was not made
for the coda-/l/ words, due to there not being enough high-frequency V+/l/
words in the corpus. The vowels /øː/ and /ɑu/ were included in the study but
excluded from the data analysis, because the former vowel was not frequent
enough to fill the design cells with the full 20/40 tokens and the latter cannot
be followed by coda /l/ due to a lexical gap (which, as also mentioned by van
Reenen & Jongkind 2000 and Peeters 1991, is due to a historical process of /l/-
vocalization and diphthongization). Table 4.2 summarizes the stimuli design.

3CELEX was used as a starting point because it has phonetic transcriptions, but SUBTLEX was
used for its more reliable indication of word frequency (Keuleers, Brysbaert, & New 2010).
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Table 4.2: Number of words in each cell of the stimuli design of the production ex-
periment, with the column “Analyzed” reflecting which of these were
included in the data analysis. In addition to the vowels mentioned here,
the practice part of the experiment elicited 30 tokens (5 per combina-
tion) of /i,u,a:/ before coda /l/ and before non-/l/.

Following segment + frequency
Vowel Analyzed coda /l/ non-app. + LF non-app. + HF

/e:/ Yes 20 20 20
/o:/ Yes 20 20 20
/Ei/ Yes 20 20 20
/œy/ Yes 20 20 20
/ø:/ No 11 20 0
/Au/ No 0 20 20

In addition to the vowels mentioned there, the practice trials of the experiment
were used to elicit the point vowels /i,u,aː/, both preceding /l/ (5 tokens per
vowel) and preceding a nonapproximant consonant (5 tokens per vowel), but
without regard for frequency. These were also excluded from the analysis, and
only serve to provide anchor points for the vowel-space plots in Figure 4.2. The
full list of items is available in Appendix C.

Procedure

For the Leiden and migrant participants (who were tested in Leiden), the ex-
periment took place in a dimly-lit, sound-attenuating booth, where partici-
pants were seated in front of a computer screen and a studio-quality micro-
phone. For the Ghent participants, the experiment took place in a quiet room,
where participants were seated in front of a laptop and wore a studio-quality
headset. The participants performed a word-list-reading task, presented using
E-Prime (Psychology Software Tools 2012) running on Windows 7 (both set-
ups). The words selected for the experiment were presented on the screen one
by one (in pseudorandomized order), and participants were instructed to read
these words aloud into the microphone. Each trial had a fixed duration of two
seconds and was followed by a fixation cross presented for 500ms. A total of
2.5 s was thus available for speaking (the presentation of the fixation cross did
not terminate the recording).
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Data analysis

The acquired single-word recordings were forcedly aligned to their CELEX ref-
erence transcriptions using HTK (Young et al. 2002). Using Praat (Boersma &
Weenink 2016), the F1s of the vowels of interest were extracted at 25% and
75% realization of the vowel (Burg algorithm, time step 10ms, 5 formants, cut-
off point 5,000Hz for men and 5,500Hz for women, window length 25ms,
pre-emphasis from 50Hz). The choice to use 25% and 75% points is based on
findings by van der Harst (2011) that these are the first and last time points,
respectively, that are not too strongly influenced by coarticulation. Following
van der Harst (2011:82), outliers were identified for male and female speak-
ers separately and for the two measurement points separately, with outliers
defined as F1 values whose absolute values exceeded 1.5 times the interquar-
tile range within the relevant combination of gender and timepoint. These out-
liers’ formant values were removed from the data, based on the argument that
they constituted either formant-tracking errors or forced-aligner errors. Of the
71,054 measurements in total, 67,283 (94.7%) remained after this procedure.
The data were subsequently normalized using the Lobanov method; this was
found to be the best-performing method for this type of data in the compar-
isons by Adank, Smits, & van Hout (2004) and van der Harst (2011).

In order to capture diphthongization in a single variable suitable for sta-
tistical modeling, the two time points per token were converted into a single
difference score, to which I henceforth refer as “∆F1”. This score was com-
puted for each token by subtracting the measurement at 25% from the mea-
surement at 75% and encodes the amount of diphthongization present in the
vowel. Negative values indicate upgliding diphthongization, while values of
zero or slightly above it indicate lack of upgliding diphthongization. The re-
sulting data contained 32,861 difference scores, which amounts to 92.5%4 of
the original data. Finally, only the vowels /eː,øː,ɛi,œy/were selected from these
data, yielding a final dataset of 23,393 difference scores.

The F1 difference scores were analyzed using a mixed-effects model in two
ways. In both approaches, the dependent variable was ∆F1. Fixed effects were
included for “Vowel” (levels /eː,øː,oː,ɛi,œy,ɑu/; sum-coded such that /ɛi/ =−1
and the other vowels = 1; this coding schememakes the estimated contrasts rel-
ative to the grandmean of all vowels), “Following segment” (levels /l/ or non-
/l/, treatment-coded such that non-/l/ = 1 and /l/ = 0), frequency (deviation-
coded such that High Frequency = 0.5 and other = −0.5; this coding scheme
uses the mean as the reference, but estimates the difference between the two
frequency types, rather than their difference from the mean), and all appropri-

4The additional data loss compared to the previous 94.7% is because if either element of a pair
of ⟨25%, 75%⟩measures had been removed, their difference is undefined even if the other element
of the pair was still present.
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ate interactions. In the analysis in Section 4.2.2, a factor “Group” has also been
included, coded using Helmert coding such that the first contrast compares
the Ghent group and the migrant group, and the second contrast compares
the Leiden group to the average of the other two. A maximal model structure
was formed including all interactions and full random slopes by participants
and by words, but excluding correlations between random slopes. The model
was fitted to scaled-t errors, using function bam from R package mgcv (Wood
2017). From this maximal model, terms that did not achieve omnibus signifi-
cance5 were removed using backward elimination (see Matuschek et al. 2017
for justification) to arrive at a parsimonious finalmodel (per Bates et al. 2015a).

Based on the studies reported in Section 4.1.1, it can be considered question-
able to lump the 18 migrant participants together into a single explicit group.
For this reason, Section 4.2.2 presents an alternative analysis, where the in-
terest was not in group patterns, but in individual differences. The objective of
this second analysis was to find homogeneous groups in the set of participants,
in order to identify which participants are more Ghent-like and which partic-
ipants are more Leiden-like. This analysis did not include the factor “Group”
and fitted the full model directly, without performing stepwise elimination.
For each of the by-participants random-effect terms estimated by the model,
the predicted b values were extracted. These values are the individual partic-
ipants’ coefficients for the estimated random slopes. Function Mclust from R
package mclust (Scrucca et al. 2016) was used to perform a cluster analysis on
these coefficients, based on a one-dimensional variable-variance cluster model.
This analysis provides a quantitative measure of the degree to which individ-
ual participants are more Ghent-like or more Leiden-like.

The data and R code for the analyses are available at https://figshare.c
om/s/731e0a32480e876530e0 as the files production.csv and production.R,
respectively.

4.2.2 Results
Figure 4.2 shows vowel-space diagrams of the collected data,without any prior
analysis. The figure shows the four vowels of critical interest, plus the point
vowels /i,u,aː/ and the excluded diphthongs /øː,ɑu/ for context.

Analysis by groups

Table 4.3 shows the results of the analysis in which the three groups of partic-
ipants were categorized into their respective three groups a priori. The results
show that a following non-/l/ induces significant upgliding diphthongization

5Likelihood-ratio tests are not applicable to bam models with non-Gaussian errors, as these are
fitted using penalized quasi-likelihood (“PQL”); see Wood (2017:149–151) for details.

https://figshare.com/s/731e0a32480e876530e0
https://figshare.com/s/731e0a32480e876530e0
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Figure 4.2: Vowel diagrams of the data collected in the study (106 participants,
361 items). The figure is divided into nine panels, to account for the
3 groups × 3 types of following segment in the design. The vowels of
experimental interest are /e:,o:,Ei,œy/; the other vowels are included
for context.
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10
7 Table 4.3: Group-level results for the production data (106 participants, 235 items). Critical factors are “Following segment”

and its interaction with the group predictors. The key observations are that the average participant produces signifi-
cantly more diphthongization before non-/l/ than before coda /l/, and that this additionally varies between the three
groups. The migrant group produces significantly more diphthongization in this context than the Ghent group, and
the Leiden group produces even more diphthongization in this context than the average of the other two groups.

Factor Estimate (SE) t p Sig.

Intercept 0.20 (0.03) 6.86 <.001 ∗∗∗
Vowel = /e:/ 0.02 (0.04) 0.45 .65
Vowel = /o:/ −0.24 (0.05) −5.38 <.001 ∗∗∗
Vowel = /œy/ 0.11 (0.04) 2.43 .02 ∗
Following segment = non-/l/ −0.79 (0.04) −22.12 <.001 ∗∗∗
Group = Migrant–Ghent −0.06 (0.02) −2.92 <.01 ∗∗
Group = Leiden–Others 0.01 (0.01) 0.46 .64
Following segment = non-/l/ × Frequency = HF −0.05 (0.02) −2.58 <.01 ∗∗
Vowel = /e:/ × non-/l/ 0.31 (0.06) 5.59 <.001 ∗∗∗
Vowel = /o:/ × non-/l/ 0.56 (0.06) 9.91 <.001 ∗∗∗
Vowel = /œy/ × non-/l/ −0.53 (0.05) −9.68 <.001 ∗∗∗
Following segment = non-/l/ × Migrant–Ghent −0.19 (0.03) −7.14 <.001 ∗∗∗
Following segment = non-/l/ × Leiden–Others −0.20 (0.02) −12.13 <.001 ∗∗∗
Vowel = /e:/ × non-/l/ × Migrant–Ghent 0.12 (0.03) 4.45 <.001 ∗∗∗
Vowel = /o:/ × non-/l/ × Migrant–Ghent 0.11 (0.03) 3.91 <.001 ∗∗∗
Vowel = /œy/ × non-/l/ × Migrant–Ghent −0.15 (0.02) −6.20 <.001 ∗∗∗
Vowel = /e:/ × non-/l/ × Leiden–Others 0.07 (0.02) 4.21 <.001 ∗∗∗
Vowel = /o:/ × non-/l/ × Leiden–Others 0.03 (0.02) 1.81 .07
Vowel = /œy/ × non-/l/ × Leiden–Others −0.04 (0.02) −2.85 <.01 ∗∗
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(β̂=−0.79, SE=0.04, t=−22.12, p<.001), but there are large and highly signif-
icant differences between the groups in this respect. The significant “Following
segment = non-/l/ × Migrant–Ghent” interaction shows that migrants on av-
erage produce −0.19 standard deviations more diphthongization (SE = 0.03,
t = −7.14, p <.001) than the Ghent group does. There is also a significant in-
teraction of “Following segment = non-/l/ × Leiden–Others”, indicating that
the Leiden participants produce even more diphthongization than the other
two groups do: on average, they diphthongize an additional −0.20 standard
deviations more (SE = 0.02, t = −12.13, p <.001) than the Ghent and migrant
groups. There are significant per-vowel adjustments to the regression coeffi-
cients discussed thus far, but in all three groups these are small enough that
they do not rise above the crucial effect of a following non-/l/ consonant.

Analysis by participants

Figure 4.3 shows a plot of the individual participants’ random-effect coeffi-
cients (henceforth: “BLUPs”, for “best linear unbiased predictors”) for the
“Following segment = non-/l/” term; this is the single predictor of critical inter-
est. The cluster analysis found 2 clusters for this factor, which have a clear inter-
pretation: the cluster analysis managed to completely recover the Leiden and
Ghent groups, despite not having been provided with any a priori group infor-
mation. This was not the case for the other random-effect terms, where either
only one cluster was found, or where two clusters were found but these failed
to coincide with either of the group boundaries. Since these other terms were
not of theoretical interest anyway, they have been relegated to Appendix D.

The BLUPs in Figure 4.3 show that one set of participants diphthongizes
significantly more than average before a nonapproximant consonant, and one
set of participants diphthongizes significantly less than average in this envi-
ronment. All of the Leiden participants are in the former cluster, and all of
the Ghent participants are in the latter cluster. Concerning the migrant group,
ten of these participants diphthongize to such an extent that they are classi-
fied with the Leiden group, whereas the other eight are still classified with the
Ghent group. An anonymous reviewer asks whether the two migrant partic-
ipants who had arrived to the Netherlands relatively late were among those
clustered with the Ghent group. This was indeed the case.
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Figure 4.3: BLUPs for the “Following segment = non-/l/” term in the by-individu-
als (n = 106) model. Each dot is a participant’s individual random-
effect coefficient; lines indicate the standard errors. The left pane
shows the participants from the Ghent group, the middle pane shows
the participants from the migrant group, and the right pane shows the
participants from the Leiden group.
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4.2.3 Discussion
The two largest effects in the group-level analysis are the effect for “Follow-
ing segment = non-/l/” and its interaction with “Group = Leiden–Others”.
The former shows that the main difference is between all vowels before non-
/l/ versus before /l/. The latter shows, wholly in line with the hypothesis, that
the Leiden participants diphthongize significantly more than the Ghent par-
ticipants. As a group, the migrant participants are in between: they are signifi-
cantly different from the Ghent participants, but do not diphthongize as much
as the Leiden participants (their effect was approximately one third the size of
that of the Leiden group).

The results at the individual level confirm and extend these findings. The
cluster analysis shows that nearly all Leiden participants produce significantly
more diphthongization than nearly all Ghent participants. The migrant par-
ticipants are in between: some diphthongize to such extent that they are clas-
sified with the Leiden participants, some do not and are classified with the
Ghent participants. Thus, the cluster analysis makes it possible to identify pre-
cisely which individuals make positive or negative contributions to the overall
group-level effect. The critical difference in diphthongization was captured by
the BLUPs for the “Following segment = non-/l/” random slope, which is the
grand mean of all five possibly-diphthongizing vowels. This shows that these
differences in diphthongization are across the board, and are not specific to
one vowel or one subset of vowels.

The results suggest a role for age of arrival in determining the migrant par-
ticipants’ degrees of sound-change adoption, insofar as the two participants
who arrived well past their twenties were clustered with the Flemish group,
whereas the migrants who were classified with the Netherlandic group were
all in their mid-twenties when they arrived in the Netherlands. The data pro-
hibit a formal test of this observation, both because of the small sample size and
because it is confounded with participants’ lengths of exposure. However, on
purely theoretical grounds it seems likely that individuals with younger AOAs
would indeed more readily adopt accent differences such as those discussed
here. Such participants are likelymore cognitively flexible, andmay also have a
greater desire to fit into their peer group. Theymay hence be both able andwill-
ing to adopt their peers’ accents. The results by Evans & Iverson (2007) corrob-
orate this view, but the results by Nycz (2013)—who found no effect of AOA,
despite having tested a relatively comparable participant group6—again mud-
dle the picture. Further investigation of a link between age of arrival, length of
exposure, and cognitive and social factors influencing the adoption of accent
differences and sound change is left to future research.

6While Nycz (2013) does not report participants’ ages of arrival, Table 2.1 in Nycz (2011) shows
that they ranged from 21 to 47 years of age, distributed approximately normally with M = 32.26
years and SD = 6.51 years.
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4.3 Experiment 2: rhyme decision

4.3.1 Method
Participants

The participants were the same as in Experiment 1, which was performed on
the same occasion. Half of the participants had participated in Experiment 1
prior to taking Experiment 2, and for the other half the experiments were per-
formed in the opposite order.

Stimuli

The experiment used vowel pairs of [eː∼ɛi], [oː∼ɑu], and [ɛ∼ɛi]. As detailed
in Section 4.1.4, the former two are of experimental interest, whereas the lat-
ter served as a control condition. For the orthographic targets, 2 × 192 pseu-
dowords were generated according to a template of [C1_(ɫ).{t,d}ə(ɹ)]; one
pseudoword was generated for each vowel in each pair. The presence/absence
of the parenthesized /l/ and /r/ and the choice between /t/ and /d/ were per-
fectly balanced, leading to 16 items per cell for a total of 384 targets, half of
which (viz. those with the word-final [ɹ]) look like plausible Dutch nouns and
half of which (viz. those without the word-final [ɹ]) look like plausible Dutch
inflected verbs. Pseudoword pairs were generated tomaximize (a) syllable fre-
quencies and (b) transition probabilities, for both words in each pair together,
so as to maximize the naturalness of the words included in the experiment.
Real words (defined as words occurring in CELEX; Baayen, Piepenbrock, &
Gulikers 1995) were excluded to prevent the possible confounding of the ex-
periment by this extra factor.

An equal number of auditory prime words were generated in exactly the
same way as the orthographic targets. All generated prime words were read
aloud in a carrier sentence by a female native speaker ofNetherlandic Standard
Dutch from the Randstad area of the Netherlands, who read the stimuli using
her regular accent. For each vowel, two tokens were selected, one followed by
coda /l/ and one followed by a syllable boundary. Using Tandem-STRAIGHT
(Kawahara et al. 2008), a continuum of four intermediate steps (20%–40%–
60%–80%morphing from themonophthong to the diphthong realization)was
generated for each vowel pair using holistic morphing between the two se-
lected vowels. Figure 4.4 shows an example of the resulting waveforms, spec-
trograms, and F1 trajectories (the critical difference between monophthongal
and diphthongal realizations) for the [eː∼ɛi] contrast. Thesemanipulated vow-
els were spliced into the original prime words. Any F0 discontinuities were
smoothed out using the PSOLA algorithm in Praat (Boersma&Weenink 2016).
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The prepared prime pseudowords were paired to the target pseudowords,
such that the prime and target would rhyme if and only if participants per-
ceived the same vowel in the prime word as they read in the target word.
As an example, the orthographic target pair ⟨nebe,nijbe⟩ (/neːbə,nɛibə/) was
paired with a set of auditory primes which can be rendered approximately
as [beːbə,beːjbə, be̞ibə,bɛibə], which respectively correspond to the 20%–40%–
60%–80% steps. The resulting stimuli were randomized across four lists, which
were assigned to participants in fixed order (participants 1, 5, and 9 received
list A, participants 2, 6, and 10 received list B, etc.). The pairing of target
and prime words was yolked across these lists, such that between all of the
participants, all combinations of target word and morphing step in the corre-
sponding primewordwere represented (listApaired ⟨nebe,nijbe⟩with [beːbə]
and ⟨kede,kijde⟩ with [veːjdə], list B paired the same two targets with primes
[beːjbə] and [ve̞idə], etc.). This ensured that all participants would be pre-
sentedwith all steps of the continua andwith allwords in the experiment,with-
out repeating individual pseudowords with a different morphing step (which
would be another possible confounding factor). The full list of prime–target
pairs is available in Appendix E.

Procedure

Participants were seated in the same booth as in Experiment 1. Instructions
about the procedure of the experiment were presented on the computer screen.
Participants could start the experiment whenever they were ready by pressing
one of the five buttons on the Serial Response box that was in front of them.
For each trial in the experiment, the prime word was played while the target
word was displayed on the screen. Participants had to indicate, by pressing
either the leftmost or the rightmost button on the response box, whether the
prime and target word rhymed or not. For half of the participants, the leftmost
button indicated “yes” and the rightmost button indicated “no”; for the other
half of the participants, this was swapped to counterbalance for any possible
left–right response bias to the stimuli. All experimental items were presented
twice: once for each of the two orthographic targets assigned to the auditory
prime for each participant. After completion of a trial, a fixation cross appeared
for 500ms, after which the next trial was presented. There were three breaks
spaced evenly throughout the experiment. Before the real experiment began,
participants were presented with a few practice trials. These consisted of a to-
tal of 12 prime–target combinations, generated and administered according to
exactly the same procedure as the main experiment.

While the general approach of rhyme decision has been used before (Nycz
2011), the paradigmproposed in the present study,whichuses nonsensewords,
is novel. Therefore, the experiment was subjected to extensive piloting, on two
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occasions: once with a group of colleagues in Leiden University’s linguistics
department, to solicit comments on anything from the general principles be-
hind the experiment to subjective experiences of individual stimuli, and once
with a group of Netherlandic-Dutch speakers and a control group of Flemish
sociolinguistic migrants (different from the group tested in the present chap-
ter) to validate that the expected effects were indeed borne out. The lessons
learned from the first pilot were used to improve the second pilot, which vali-
dated that this experimental paradigm could indeed capture participants’ per-
ceptual categories in sufficient detail. These results, reported in more detail in
Chapter 3, showed the expected, approximately linear, increase from a very
small towards a very large probability of reporting a diphthong percept as the
morphing step increased.

Data analysis

To directly test the effect of morphing step on participants’ vowel perceptions,
participants’ yes/no responses to the prime–target combinations were recoded
into vowel percepts associated with each auditory prime. Responses with re-
action times <100ms or >5,000ms were excluded from the dataset. The re-
maining data were analyzed using a similar approach to the one used in Sec-
tion 4.2.1. Separate7 mixed-effects logistic-regression models were fitted for
the three conditions [eː∼ɛi], [oː∼ɑu], and [ɛ∼ɛi]. The dependent variable was
“Phoneme decision”, which coded whether the participant’s judgment was
consistent with the monophthongal phoneme (/eː,oː,ɛ/, coded as 0) or the
diphthongal phoneme (/ɛi,ɑu,ɛi/, coded as 1). Fixed effects were added for
“Step” (coded for linear, quadratic, and cubic trends using orthogonal polyno-
mials) and “Following segment” (deviation-coded such that non-/l/ = −0.5
and /l/ = 0.5; this coding scheme tests for the difference between the two stim-
uli while using their average as the reference). Random intercepts and slopes
for all predictors by participants were included, as was a random intercept by
items (the prime-target pair presented in each trial). As in Section 4.2.1, mod-
els were run bothwith andwithout an explicit factor “Group”.When included,
the factor “Group”was coded in the sameway as in Section 4.2.2, with all fixed-
effect interactions and a random slope by items. For the by-groupsmodel, func-
tion buildglmmTMB from R package buildmer (Voeten 2019b) was used to iden-
tify the maximal random-effect structure that still converged, and terms were
eliminated using backward stepwise elimination based on the likelihood-ratio

7The reason for fitting three separate models as opposed to one model with “Condition” as a
factor is that the three models differ not only on the initial and final endpoints of the continuum,
but also on the acoustic range spanned by the four intermediary steps. As such, quantitative differ-
ences between the three conditions are not interpretable: they could be due to linguistic differences
or due to differences in the acoustic endpoints.
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test. The data and R code for the analyses are available at https://figshare.com
/s/731e0a32480e876530e0 as the files rhyme.csv and rhyme.R, respectively.

4.3.2 Results
Cluster analyses on the by-participants model revealed no robust groupings:
all analyses yielded only one cluster. For this reason, only the results from
the three by-groups models are reported here. These results are shown in Ta-
ble 4.4. This table only shows results that achieved significance according to
a Bonferroni-corrected α of .017; significance stars have been corrected to re-
flect two-tailed p-values of .017 (∗), .0033 (∗∗), and .00033 (∗∗∗). Appendix F
presents also the results that did not reach significance.

To aid interpretation of the model coefficients, Figure 4.5 plots the raw data
on which these models have been based. The three panels of this figure corre-
spond to the three fitted models, which will now be discussed in turn.

The model for the [eː∼ɛi] condition reveals significant linear and quadratic
effects of “Step” (β̂ = 1.24, SE = 0.13, OR = 3.47 : 1, z = 9.87, p <.001; β̂ = 0.33,
SE = 0.08, OR = 1.39 : 1, z = 4.22, p <.001), indicating a steeper-than-linear
trend of obtaining a diphthong percept at later morphing steps. A following
/l/ increased the odds of a participant choosing the diphthongal target, both
at the baseline (β̂ = 0.83, SE = 0.11, OR = 2.29 : 1, z = 7.59, p <.001) and
as a (linear) function of morphing step (β̂ = 1.68, SE = 0.21, OR = 5.37 : 1,
z = 8.14, p <.001). The Ghent group had lower baseline odds of obtaining a
diphthong percept than the other two groups (β̂ = −0.51, SE = 0.13, OR = 1 :
1.66, z= −3.95, p<.001), but their odds also increased more steeply as a linear
function of the morphing step (β̂ = 0.63, SE = 0.15, OR = 1.87 : 1, z = 4.06,
p <.001). Taken together, these results paint a picture where participants be-
comemore likely to opt for the diphthong target at latermorphing steps, which
is exactly what was expected based on the manipulation. In the coda-/l/ con-
dition, participants were already more likely to obtain a diphthong percept,
and became even more so at the later morphing steps, doing so more rapidly
than in the non-/l/ condition. The differences between the groups revolved
around the difference between the Leiden andmigrant groups on the one hand
and the Ghent group on the other—the latter initially showed a preference for
the monophthongal targets, but went for the diphthongal targets more rapidly
than the other groups at the later morphing steps.

For the [oː∼ɑu] model, the results show the same effect of participants
becoming more likely to select the diphthong target at later morphing steps,
which again developed according to a combined linear and quadratic trend
(β̂ = 1.73, SE = 0.15, OR = 5.65 : 1, z = 11.48, p <.001; β̂ = 0.45, SE = 0.11,
OR = 1.57 : 1, z = 4.17, p <.001). There were again significant effects of a fol-
lowing /l/ (β̂= 0.95, SE = 0.12, OR = 2.59 : 1, z= 7.83, p<.001) and its interac-

https://figshare.com/s/731e0a32480e876530e0
https://figshare.com/s/731e0a32480e876530e0
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Table 4.4: Results of the rhyme-decision task (106 participants, 1,536 items). Only signif-
icant results are shown; the reader is referred to Appendix E for the full result
set. The key results are (1) the significant linear trends of participants indicat-
ing more diphthong percepts at later morphing steps; (2) participants becoming
more likely to give diphthong responses to a following coda /l/, demonstrating
perceptual compensation in the non-/l/ words; (3) significant between-groups
differences in the effect of morphing step in the [e:∼Ei] and [E∼Ei] models.

Factor Estimate (SE) Odds ratio z p Sig.

Model = [e:∼∼∼Ei]

Intercept −1.46 (0.10) 1 : 4.30 −14.49 <.001 ∗∗∗
Step (Linear) 1.24 (0.13) 3.47 : 1 9.87 <.001 ∗∗∗
Step (Quadratic) 0.33 (0.08) 1.39 : 1 4.22 <.001 ∗∗∗
Following segment = /l/ 0.83 (0.11) 2.29 : 1 7.59 <.001 ∗∗∗
Group = Migrant–Ghent −0.51 (0.13) 1 : 1.66 −3.95 <.001 ∗∗∗
Step (Linear) × /l/ 1.68 (0.21) 5.37 : 1 8.14 <.001 ∗∗∗
Step (Linear) × Migrant–Ghent 0.63 (0.15) 1.87 : 1 4.06 <.001 ∗∗∗

Model = [o:∼∼∼Au]

Intercept 0.20 (0.07) 1.22 : 1 2.76 .01 ∗
Step (Linear) 1.73 (0.15) 5.65 : 1 11.48 <.001 ∗∗∗
Step (Quadratic) 0.45 (0.11) 1.57 : 1 4.17 <.001 ∗∗∗
Following segment = /l/ 0.95 (0.12) 2.59 : 1 7.83 <.001 ∗∗∗
Step (Linear) × /l/ −0.66 (0.25) 1 : 1.93 −2.67 .01 ∗
Step (Quadratic) × /l/ −0.74 (0.22) 1 : 2.09 −3.32 <.001 ∗∗

Model = [E∼∼∼Ei]

Intercept −0.94 (0.07) 1 : 2.55 −13.12 <.001 ∗∗∗
Step (Linear) 2.49 (0.15) 12.06 : 1 16.44 <.001 ∗∗∗
Step (Quadratic) 0.27 (0.10) 1.31 : 1 2.59 .01 ∗
Step (Cubic) −0.74 (0.11) 1 : 2.09 −6.99 <.001 ∗∗∗
Following segment = /l/ 0.96 (0.12) 2.60 : 1 7.90 <.001 ∗∗∗
Group = Migrant–Ghent −0.21 (0.08) 1 : 1.23 −2.64 .01 ∗
Group = Leiden–Others 0.09 (0.04) 1.10 : 1 2.50 .01 ∗
Step (Linear) × /l/ −1.38 (0.24) 1 : 3.98 −5.84 <.001 ∗∗∗
Step (Cubic) × /l/ 0.87 (0.21) 2.38 : 1 4.13 <.001 ∗∗∗
Step (Linear) × Migrant–Ghent 0.43 (0.17) 1.53 : 1 2.52 .01 ∗
Step (Linear) × Leiden–Others −0.23 (0.08) 1 : 1.26 −2.91 <.01 ∗∗
Step (Linear) × /l/ × Leiden–Others −0.31 (0.11) 1 : 1.36 −2.95 <.01 ∗∗
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tion with “Step” both linearly and quadratically (β̂= −0.66, SE = 0.25, OR = 1
: 1.93, z = −2.67, p = .01; β̂ = −0.74, SE = 0.22, OR = 1 : 2.09, z = −2.32, p
<.001). Differences between the groups are not borne out in this model. These
results show that all groups of participants again becamemore likely to obtain
a diphthong percept at later morpheme steps. If a coda /l/ followed, they be-
came even more likely to opt for the diphthong, but the gap between the two
following segments narrowed at the later morphing steps. Themost important
effects are those that are not found: the hypothesized group differences do not
appear to be borne out in the [oː∼ɑu] condition.

Finally, the [ɛ∼ɛi] model is the model for the control condition, where the
diphthong [ɛi] was morphed together with the—as far as the relevant sound
changes are concerned, arbitrary—vowel [ɛ]. Reassuringly, the same linear
and quadratic effects for “Step” are obtained (β̂ = 2.49, SE = 0.15, OR = 12.06
: 1, z = 16.44, p <.001; β̂ = 0.27, SE = 0.10, OR = 1.31 : 1, z = 2.59, p = .01). An
additional cubic effect is also observed (β̂ = −0.74, SE = 0.11, OR = 1 : 2.09,
z = −6.99, p <.001). These effects together create a curve that that has a sharp
increase between steps 2 and 3, and much lower increases between the first
two steps and between the last two steps. A following coda /l/ again increases
the odds of participants choosing the diphthong target (β̂ = 0.96, SE = 0.12,
OR = 2.60 : 1, z = 7.90, p <.001). As for the [oː∼ɑu] model, the interaction
terms of “Step” by “Following segment = /l/” show that the gap between the
two following consonants closes towards the later morphing steps, with evi-
dence for both a linear trend and a cubic trend (β̂ = −1.38, SE = 0.24, OR = 1
: 3.98, z = −5.84, p <.001; β̂ = 0.87, SE = 0.21, OR = 2.38 : 1, z = 4.13, p <.001).
The cubic trend corresponds to what can be observed happening in Figure 4.5
at the 60% step, where the non-/l/ condition briefly overtakes the /l/ condition.
There are significant differences between all three participant groups. The mi-
grant participants are less likely to opt for the diphthong target (β̂ = −0.21,
SE = 0.08, OR = 1 : 1.23, z = −2.64, p = .01), but become significantly more
likely to do so at later morphing steps (β̂ = 0.43, SE = 0.17, OR = 1.53 : 1,
z = 2.52, p = .01). This simply means that their decision boundary between
steps 2 and 3 is steeper. The Leiden participants are in between, both at the
baseline (β̂= 0.09, SE = 0.04, OR = 1.10 : 1, z= 2.50, p= .01) and in interaction
with “Step (Linear)” (β̂ = −0.23, SE = 0.08, OR = 1 : 1.26, z = −2.91, p <.001).
The latter effect becomes stronger in the presence of a following /l/; because
this is a three-way interaction, Figure 4.6 provides a visualization to ease in-
terpretation. It can be observed in this figure that the difference between the
Leiden group and the other two groups follows a steeper slope in the non-/l/
than in the /l/ condition, with the non-/l/ condition elicitingmuch fewer diph-
thong responses in the first threemorphing steps.However, by the finalmorph-
ing step, these effects have crossed over, such that there the non-/l/ condition
elicits slightly more diphthong responses than the /l/ condition than the /l/
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Figure 4.5: Averaged raw data from the rhyme-decision task (106 participants,
1,536 items). The general trends are that (1) participants becomemore
likely to indicate a diphthong percept at later morphing steps; (2) this
effect is larger before coda /l/ than before non-/l/, indicating that partic-
ipants are perceptually compensating in the latter but not the former
condition; (3) there are differences between the groups both at the
baseline and as a function of the morphing step.

condition does between these participant groups. Thus, the group differences
are such that the S-curve patterns visible in Figure 4.5 are slightly steeper for
the Leiden participants, and even more steep for the Ghent participants. How-
ever, as the [ɛ∼ɛi] condition was a control condition, this does not matter all
that much: these differences must be ascribed solely to the differences in the
[ɛi] phone, which were already covered in a much more meaningful way in
the [eː∼ɛi] model. Rather, the [ɛ∼ɛi] model serves to show that a classic S-
curve pattern is obtained when two arbitrary sounds are morphed together
in a rhyme-decision experiment, providing additional validation of the exper-
imental method itself.
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Figure 4.6: Partial-effect plot of the three-way interaction in Table 4.4. The plot
shows the difference between the Leiden group and the others, in their
interaction of “Step” (on the x axis) and “Following segment” (as sepa-
rate lines), in the [E∼Ei] condition. The y axis is on a logarithmic scale,
as this is the scale on which the partial effects in the logistic-regression
analysis are linear. Observe that the Leiden group has much lower
odds of reporting a diphthong percept than the other two groups in
the first three steps, but at the fourth morphing step this preference
reverses and the Leiden group has slightly higher odds of reporting
a diphthong percept than the two other groups. Finally, note that this
effect is much more pronounced, in having a steeper linear slope lead-
ing to larger group differences in the earlier steps, in the non-/l/ case
than in the /l/ case.
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4.3.3 Discussion
Contrary to what would be expected based on the results from Experiment 1,
Experiment 2 did not reveal significant differences at the level of the individual
in the cluster analysis. The group-level analysis, however, showed the expected
effects of “Step” and its interaction with “Following segment = non-/l/” for all
three models.

For the [eː∼ɛi] model, the results show that a following coda /l/ makes
participants more likely to opt for the diphthong target as a function of the
morphing step. In other words, a following coda /l/ shifts participants’ per-
ceptual category boundary further towards /eː/. This is in line with the pre-
diction that participants allow for some diphthongization to be present in an
/eː/ realization, but only when it is not followed by coda /l/. This result shows
that participants perceptually compensate for some diphthongization in the
speech signal, but only in the phonological context where such diphthongiza-
tion is allowed, demonstrating phonotactic knowledge. A second finding was
that participants’ category boundaries are located at different positions. The
Leiden group initially shows smaller odds of perceiving the diphthong target,
but at later morphing steps catches up to the baseline, implying that the Lei-
den participants’ category boundary lies closer to /ɛi/. This agrees with the
prediction that this participant group is willing to tolerate more diphthongiza-
tion in the speech signal before switching from a slightly-diphthongized-/eː/
percept to a slightly-monophthongized-/ɛi/ percept. The same is true for the
migrant participants, but only in the /l/ condition, showing that these partici-
pants compensate more strongly for diphthongization in a context in which it
is unexpected, mirroring what they do in production.

The [eː∼ɛi] condition does not sample the entire continuum of possible real-
izations of /eː/ and /ɛi/, due to the on-going lowering of the latter diphthong.
This is reflected in the results: even in the final step of the continuum, the
proportion of /ɛi/ responses is still low. Compare this to the [oː∼ɑu] condi-
tion, in which the proportion of diphthong responses is much higher in all
four steps of the continuum. This condition sampled the full range of the diph-
thong phoneme, including the lowered [ɑu] realization, and for this reason
reaches a much higher proportion of diphthong percepts at the final stage of
the realization, which is 80% on the full [oː∼ɑu] continuum. Note that sam-
pling a wider continuum also implies using larger step sizes along the four in-
termediate points: the first step of 80% [oː] morphed with 20% [ɑu] includes
more diphthongization than the first step of the [eː∼ɛi] continuumwould have.
This is also reflected in the results: the proportion of diphthong responses
at all four steps is higher for the [oː∼ɑu] condition than it is for the [eː∼ɛi]
condition. The general trends of more diphthong responses at later morph-
ing steps, and of more diphthong responses when there is a following coda
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/l/, are similar between the two conditions. Note, however, that the group dif-
ferences are different: the statistical analysis revealed significant group differ-
ences for the [eː∼ɛi] condition, but did not do so for the [oː∼ɑu] condition.
This suggests that the group differences are robust chiefly in the former half of
the monophthong–diphthong continuum. As this is the part pertaining to the
diphthongization of /eː,øː,oː/, which is a much older sound change (first men-
tioned by Zwaardemaker & Eijkman 1924) than the lowering of the original
diphthongs (of which the earliest reference in Section 4.1.4 is Gussenhoven &
Broeders 1976), this result is not wholly surprising.

The [ɛ∼ɛi] model served as a control condition; here, the different effects
add up to produce a classic S-curve pattern, which is expected if two arbitrary
sounds are morphed together. This curve has significantly sharper edges in
the migrant group. This is likely to be due to the smaller sample size of this
group, which provides less opportunity for sharper edges to be smoothed out
by many observations.

4.4 Link between production and perception
The results from Section 4.2.2 found significant inter-individual differences in
their adoption of the sound changes in production, but the same individual
variation was not found in perception, where only group-level results were
found. Following Evans & Iverson (2007), however, it is possible that the indi-
vidual results for the perception data are correlated with those for the produc-
tion data. As explained in the Introduction, the existence of such a production–
perception link is ofmajor importance for the individual adoption and commu-
nity propagation of sound change. Section 4.2.2 showed that the individual
variation in production is represented well by the “Following segment = non-
/l/” BLUPs; the present section investigates whether the variation in these
BLUPs can be (partly) explained by the BLUPs from the individual-level ana-
lysis of the perception data.

4.4.1 Method
Running 24 correlation tests (3 models for the perception task × 8 random-
effect vectors each) would be improper for reasons of multiple comparisons.
However, since BLUPs are Gaussian random variables, it is possible to test
each of these 24 correlations simultaneously by simply performing a linear
regression analysis of these 106× 24 data points onto the 106 BLUPs obtained
from the analysis of the production experiment. Thus, a linear-regression ana-
lysis was performed with the “Following segment = non-/l/” BLUPs from the
production experiment as the dependent variable, and the 24 sets of BLUPs
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from the rhyme-decision task as covariates. All variables included were stan-
dardized (i.e. z-transformed), so that the estimated regression coefficients are
exactly equal to Pearson product-moment correlation coefficients. As compar-
isons between these 24 predictors are not of interest, neither an intercept term
nor any interactions were included in the model. The R code for this analysis
is available at https://figshare.com/s/731e0a32480e876530e0 as the file
correlation.R.

4.4.2 Results
Figure 4.7 provides a visualization of the correlations that reached significance
in the analysis. These are partial-effect plots, meaning that the plots show the
effect for each correlation termwhile controlling for the other 23 terms present
in the linear-regression model. The standardization has been reverted in this
figure, such that the visualized correlations are on the same scale as the orig-
inal BLUPs and are therefore directly interpretable as relationships between
the individual differences in ∆F1 in production and the log-odds of the diph-
thong percept in perception. In total and after adjusting for multiple testing,
the individual differences in the perception data were able to account for 34%
of the variance in the individual differences in the production data.

Participants who diphthongized less strongly (higher ∆F1) in the produc-
tion taskwere also less likely to indicate a diphthong percept in the [eː∼ɛi] con-
dition of the perception task (r = −.27). Similarly, if this condition in the per-
ception experiment contained a following coda /l/, participants became more
likely to indicate a diphthong percept if they producedmore diphthongization
themselves (r = −.23). In the [oː∼ɑu] condition, this effect was reversed: par-
ticipants were more likely to indicate a diphthong percept if they themselves
produced less diphthongization (r = .28). Finally, in the [ɛ∼ɛi] condition, par-
ticipants who diphthongized less strongly in production were quicker to per-
ceive a diphthong as a function of the morphing step (r = .43), and became so
even more in the /l/ context (r = .31).

https://figshare.com/s/731e0a32480e876530e0
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Table 4.5: Correlations of the various random slopes for the rhyme-decision task
with the “Following segment = non-/l/” random slope from the pro-
duction task (n= 106). F24,82 = 3.23, p <.001, R2 = .49, R2adj = .34.
The correlations are visualized in Figure 4.7.

Factor Estimate (SE) t p Sig.

Model = [e:∼Ei], Intercept .24 (.13) 1.80 .08
Model = [e:∼Ei], Step (Linear) −.27 (.12) −2.30 .02 ∗
Model = [e:∼Ei], Step (Quadratic) .02 (.09) 0.16 .87
Model = [e:∼Ei], Step (Cubic) −.12 (.09) −1.41 .16
Model = [e:∼Ei], /l/ −.23 (.09) −2.49 .01 ∗
Model = [e:∼Ei], Step (Linear) × /l/ −.08 (.10) −0.77 .44
Model = [e:∼Ei], Step (Quadratic) × /l/ .12 (.09) 1.40 .17
Model = [e:∼Ei], Step (Cubic) × /l/ −.02 (.09) −0.22 .83
Model = [o:∼Au], Intercept .13 (.10) 1.33 .19
Model = [o:∼Au], Step (Linear) .01 (.15) 0.08 .94
Model = [o:∼Au], Step (Quadratic) −.17 (.11) −1.54 .13
Model = [o:∼Au], Step (Cubic) −.06 (.09) −0.60 .55
Model = [o:∼Au], /l/ .28 (.11) 2.53 .01 ∗
Model = [o:∼Au], Step (Linear) × /l/ .16 (.12) 1.36 .18
Model = [o:∼Au], Step (Quadratic) × /l/ .01 (.09) 0.12 .91
Model = [o:∼Au], Step (Cubic) ×/ l/ −.09 (.10) −0.86 .39
Model = [E∼Ei], Intercept −.12 (.13) −0.91 .36
Model = [E∼Ei], Step (Linear) .43 (.13) 3.31 <.01 ∗∗
Model = [E∼Ei], Step (Quadratic) −.02 (.10) −0.20 .84
Model = [E∼Ei], Step (Cubic) .02 (.10) 0.23 .82
Model = [E∼Ei], /l/ −.09 (.11) −0.86 .39
Model = [E∼Ei], Step (Linear) × /l/ .31 (.11) 2.87 <.01 ∗∗
Model = [E∼Ei], Step (Quadratic) × /l/ .08 (.11) 0.73 .46
Model = [E∼Ei], Step (Cubic) ×/ l/ .08 (.11) 0.77 .44
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Figure 4.7: The partial correlations that reached significance in the analysis
(n= 106), backtransformed to the original linear-predictor scales. Par-
ticipants who produce more diphthongization are more likely to in-
dicate a diphthong percept in the [e:∼Ei] perception model at later
morphing steps as well as when a coda /l/ followed the vowel. In the
[o:∼Au] model, participants who produce more diphthongization are
less likely to indicate a diphthong percept when a coda /l/ follows.
Finally, in the control model [E∼Ei], participants who diphthongize
more in production are less likely to indicate a diphthong percept as
a function of the morphing step in both the non-/l/ and /l/ conditions.
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4.4.3 Discussion
The correlations show that participants who realize vowels such as /eː/ with
less diphthongization are also less likely to perceive slightly-diphthongized
realizations of this vowel as realizations of /ɛi/. These participants are thus
less advanced on the sound change diphthongizing [eː] to [ei]: they diph-
thongize less themselves, and perceptually allow for more diphthongization
in the speech signal before switching their percept to the diphthongal target.
For participants who are further along the sound changes, the presence of a
following coda /l/ makes an important difference. In this situation, these par-
ticipants have no reason to expect diphthongization based on the phonological
context. This is why, at the group level, this condition resulted in significantly
more diphthong percepts. For participants who are less far along on the sound
change, i.e. who diphthongize less in production, the difference a following
coda /l/ makes is much smaller, as these participants have no need for the
phonological rule blocking diphthongization before /l/. The [eː∼ɛi] correla-
tions also reflect this. These results corroborate the findings by Beddor et al.
(2018) and Coetzee et al. (2018).

In the [oː∼ɑu] condition of the perception experiment, the latter effect re-
verses. Recall that this is also the condition that sampled a more complete
continuum of the diphthong phoneme, and the condition in which between-
groups differences were not borne out. The latter suggests that the differences
between /l/ and non-/l/ observed in this condition are not driven by between-
groups differences in phonological rules. If participants do not assign differ-
ential weight to the effect of a following coda /l/ (as the previous paragraph
argued for the [eː∼ɛi] condition), the observed correlation follows naturally.
Participants who are further along the sound changes then allow for more in-
trinsic diphthongization, and will thus indicate more monophthong percepts
even in the presence of a following coda /l/, whereas participants who are less
far along the sound changes are more likely to indicate a diphthong percept.

In the control condition [ɛ∼ɛi], participants who diphthongize less in pro-
duction are more likely to perceive slightly-diphthongized realizations as /ɛi/.
This condition is not affected by the on-going sound changes, and hence there
is no reason for participants to expect any intrinsic diphthongization to be
present in the monophthongal endpoint of the perception continuum. In this
case, participants who produce less diphthongization also allow for less diph-
thongization in the speech signal before switching to an /ɛi/ percept, so this
vowel’s category distinctions in perception and production directly mirror one
another. Similarly, in the [eː∼ɛi] condition when followed by coda /l/, partici-
pants also have no reason to expect any intrinsic diphthongization and indeed
show the same behavior.
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4.5 General discussion
The main goals of this chapter were to further advance our understanding of
sound change by investigating in detail a contact-driven phonological change
and by also taking into account variation at the individual level. At the group
level, both the production and the perception results showed significant influ-
ences of the distinction between a following coda /l/ vs. another consonant as a
function of the participant group, demonstrating between-groups differences
in phonological knowledge. This was also borne out in a particularly clear way
by the individual-level production results.While the group-level results in pro-
duction simply placed the migrant group in between the two control groups,
the individual-level results revealed a more nuanced picture, by showing that
the migrant group was not homogeneous: some individuals had adapted so
much that they were classified with the Leiden participants, but other individ-
uals had not and were classified with the Ghent participants.

The results for the rhyme-decision task were quite different: at the group
level, the migrant group showed a systematic shift in one of the two critical
conditions (the boundary between [eː∼ɛi]) and in the control condition (the
boundary between [ɛ∼ɛi]). This pattern of results suggests that the migrant
participants’ perception of the /ɛi/ category shifted more towards the Nether-
landic system. Contrary to the results for the production data, these findings
were only observed at the level of the whole group; in the variation between
individual participants, no systematic patterns were observed. However, sig-
nificant and meaningful relationships were found between the individual dif-
ferences in perception and those in production.

The production results and their correlationwith the perception results cor-
roborate the results by Evans & Iverson (2007), and also agree with findings
from the field of L2 acquisition, which show that L2 learners change their pro-
duction over long periods of time, but not their perception (Flege 1987, Flege &
Wayland 2019). The production results and their substantial inter-individual
differences are also in line with Nycz (2013) and Evans & Iverson (2007). Al-
though Evans & Iverson (2007) do not actually discuss it, the production re-
sults in their Table 1 (p. 3,817) show that some speakers changed their phon-
etic implementations to larger or smaller degrees, and some did not at all.
When considered as a single group, their results show a small but systematic
change across the board. The production findings from the present experiment
paint exactly the same picture: some migrant individuals have changed their
Flemish-Dutch vowels to conform to the Netherlandic-Dutch system, some
have not, and at the group level, these individual effects are large enough to
quantitatively push the whole group towards a more Netherlandic vowel sys-
tem. The individual differences between perception and production fit right
into the picture painted by Beddor et al. (2018) and Coetzee et al. (2018), in
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that participants who are more advanced in production are, generally speak-
ing, alsomore advanced in perception. It additionally appeared that, while Sec-
tion 4.3’s results for the [eː∼ɛi] condition could be explained by differences in
phonological knowledge between the participants, the results for the [oː∼ɑu]
condition were driven more by phonetic expectations than by phonological
knowledge. Following Baker, Archangeli, & Mielke (2011), Pinget (2015), and
Pinget, Kager, & Van de Velde (2019), this is in line with the [oː∼ɑu] data re-
flecting a sound change that is in an earlier stage of completion, in which phon-
etic variation has not yet been fully encoded into a complete sound change. As
this continuum incorporates not just the diphthongization of the tense mid
vowels but also the much more recent lowering of the original diphthongs,
this is a possibility, although the present set of experiments cannot prove this
conjecture.

On the question if adoption starts in perception or in production, the results
from the present chapter are in linewith Evans& Iverson (2007): change in pro-
duction was easily detected, change in perception was not. Specifically, while
the sociolinguistic migrants as a group had shifted the category boundary of
at least their /ɛi/ phoneme to be more like the Netherlandic group, it was not
possible to single out a discrete set of specific individuals who were uniquely
responsible for this group-level effect, although individual-level correlations
betweenperception andproductionwere found (whichwas also true for Evans
& Iverson). These correspondences make it plausible that the changes in these
socoiolinguistic migrants started out in production, and hence that the contact-
driven phonological change studied here iswholly similar to Evans& Iverson’s
(2007) contact-driven phonetic change. These results are compatible with the
observation by Pinget (2015) and Pinget, Kager, & Van de Velde (2019) that
sound changes become production-driven when they have almost come to
completion. This follows from the idea that sociolinguisticmigrants are compa-
rable to individuals who have remained conservative while their environment
has adopted a novel sound change.

4.6 Conclusion
The present chapter investigated the role of the individual in the adoption of
sound change. The focus of investigation was sociolinguistic migrants, in this
case Flemish-Dutch speakers who moved to the Netherlands multiple years
to decades ago. The results are partially in line with the findings by Evans &
Iverson (2007). On the one hand, in agreement with Evans & Iverson, group-
level adoption of the sound changes was found in production; specifically, the
group as a whole had undergone a quantitative shift to be more Netherlandic-
Dutch like, and ten of the eighteen participants had changed to such a de-
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gree that, in a cluster analysis, they were classified as having become quali-
tatively Netherlandic. The present study also found similar effects in percep-
tion in a group-level analysis, but the same effects were not borne out in an
individual-level analysis of the perception data. However, individual-level cor-
relations were found between perception and production. These results are in
line with previous findings on individual differences by Beddor et al. (2018)
and Coetzee et al. (2018). They also fall in line with findings on the individual
level by Baker, Archangeli, & Mielke (2011), Pinget (2015), and Pinget, Kager,
& Van de Velde (2019) inasmuch as they suggest that younger sound changes
are more reliant on superficial phonetic variation than on structural phonolog-
ical variation. Taken together, the results from the present study contribute to
our knowledge of phonological change, and also provide another demonstra-
tion how individual differences can provide a richer view of the adoption of
sound change than could have been obtained by considering only patterns at
the level of the group, precisely as Stevens & Harrington (2014) had foreshad-
owed.

The present study is not without its limitations, of which I highlight one
which could inspire future research. The migrant group of participants was
quite small (n = 18), which limited the individual-level analyses reported in
this chapter. While the results were very clear for purposes of the present
chapter, in showing that the productions of the migrant group could be clas-
sified into the expected two groups with sufficient statistical power, the mi-
grant group was too small to determine what factors drove this classification
in the first place. For instance, do participants’ degrees of adoption correlate
with the amount of time they have lived in the Netherlands? If it does, does it
do so still after controlling for participant age—in other words, do the partic-
ipants adopt lifespan changes or are these instances of age-grading (Wagner
2012)? To further tease apart these two possibilities, it would be particularly
fortuitous if future research recruited control participants matched in age to
the migrant group. However, such evidence could also be gathered from other
sources, such as the Dutch teacher corpus (van Hout et al. 1999), which maps
the regional variation in the sound changes discussed in this chapter in great
detail, and in which age was explicitly taken into account as a variable during
the data collection. The combination and integration of these different sources
of knowledge into a single larger picture of the on-going Dutch sound changes
would be a welcome continuation of the research presented in this chapter.
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