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1
Introduction

The study of second language (L2) speech is concerned with the descrip-
tion and explanation of the sound systems acquired by non-native speakers.
Over the past 60 years, the field has profited from insights gained across
a range of disciplines including linguistics, the cognitive sciences and
education. As a result, L2 speech is studied from a wide range of perspec-
tives, which is reflected in the state of theoretical knowledge about the
acquisition of an L2 sound system.

Current approaches to L2 phonology view learner speech as an au-
tonomous system in the sense that its organization is to a certain extent
independent of the target language (TL) and the learner’s native language
(L1). This assumption is captured by the term interlanguage' (IL), which
refers to the L2 system internalized by a learner. It is the objective of the
field of L2 phonological acquisition to advance our understanding of the
factors that constrain and systematically shape IL variation.

A broad distinction can be made between learner-related and linguistic
constraints. The former, which are often summarized under the label
individual differences, are operative through the personality and experience
of the learner and include attributes such as language aptitude, age at onset
of learning (AOL), and TL experience.? The second class of constraints
turns to linguistic constructs to account for systematic patterns of variation
in learner speech. These mainly revolve around two notions: (i) cross-
linguistic influence, which describes the way in which learner speech is
constrained by the native language, and (ii) language universals, where
the focus is on influences that are universal in the sense that they operate
independently of the L1 and TL.

This study concentrates on linguistic constraints and pursues two
general aims. The first is to survey theoretical work on L2 phonology
from an empirical perspective. Theoretical contributions are reviewed and
applied to a diverse set of segmental structures in German Learner English
(GLE). The second aim is to offer empirical insights into phonological
variation in GLE in the domain of vowels, sonorants, and obstruents.
Accordingly, this book is structured as follows.

Chapter 2 surveys existing theoretical work on L2 speech learning.

In total, twenty contributions are evaluated with regard to their tenets,
predictive scope, and the type of IL variation they account for. It will be
argued that the latter aspect offers a new and fruitful perspective on the

! The term interlanguage was introduced
independently by Corder (1967), Nemser
(1971a), and Selinker (1972).

2 See Piske et al. (2001) for an overview.
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theoretical landscape and is of relevance for the interaction between theory
and empirical research.

Chapter 3 gives a general outline of the methodology and data used.
This includes a description of materials and procedures, data sources, and
the strategies used for statistical inference.

In the chapters that follow, the predictive scope and adequacy of
theoretical contributions is examined in the light of different segmental
structures in German Learner English. Each chapter is structured in the
same way. Following a contrastive analysis and an exploration of linguistic
constraints, a set of hypotheses is constructed to map the expectations
based on the accounts surveyed in Chapter 2. This is followed by a review
of existing empirical work and a quantitative analysis of the focal structure.

Chapter 4 addresses German learners’ acquisition of a new vowel
contrast that has received considerable attention in the literature: the
difference between front open TrRaP (had, bad) and front mid press (head,
bed). TrRAP is a new vowel for German learners. The relationship between
length and quality features, which has been largely neglected in the
literature on GLE, is assessed at various proficiency levels by means of
instrumental techniques. This offers insights into the relative weights
of these cues at different proficiency levels. The quantitative analysis is
substantiated by an extensive survey of acoustic studies on monophthongs
in British English, American English, and German.

Chapter 5 deals with the acquisition of English lateral allophones
by German learners whose L1 lacks a velarized (”dark”) variant. With
instrumental studies on this feature of GLE being scarce, the present study
aims to offer an acoustic account of laterals produced by German learners.
To this end, the acoustic degree of /1/-velarization in prevocalic and non-
prevocalic position is assessed across proficiency levels and compared
to native speaker productions. Context for the interpretation of findings
is provided by a comprehensive review of the instrumental literature on
laterals in English and German.

The focus of Chapter 6 is on the acquisition of English /r/-allophones by
German learners. Building on previous empirical and theoretical work, this
study employs an auditory analysis to examine the realization of prevocalic
and postvocalic /r/ across different levels of L2 pronunciation ability.
Insights are provided into the sensitivity of /r/-production to various
constraints, including complexity (singleton vs. cluster), linking context,
structural strength, and speaking style.

Chapter 7 is concerned with the acquisition of the labio-velar glide /w/,
a novel structure for German learners. Based on an auditory analysis, the
present investigation complements earlier work by assessing the accuracy
rate across proficiency levels and charts new territory by studying phonetic
context effects. Motivated by theoretical considerations and anecdotal
evidence in the literature, we examine /w/-production conditional on
properties of the phonetic context.

Chapter 8 investigates the production of the voiced labiodental fricative
/v/ in onset position. This study expands upon previous work and
examines onset /v/-production with a focus on three variants that are
reflective of different types of constraints on IL. An auditory analysis offers
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a systematic account of an overgeneralization error (/v/ produced as
[w]) that has been referred to as hypercorrection and over-correction in the
literature.

Chapter 9 turns to dental fricatives and presents an auditory analysis
of German learners’ production of onset /3/. Apart from the distribution
of variants across proficiency levels, attention is given to phonetic context
effects, which have not been investigated in previous work on GLE.

Chapter 10 offers a description of final voiced obstruent (FVO) pro-
duction by German learners. Unlike English, German regularly devoices
obstruents in coda position strongly, thus neutralizing the voicing oppo-
sition in pairs like Rat vs. Rad [sa:t]. By means of an auditory analysis,
this study expands upon earlier work by documenting the realization
of FVOs across proficiency levels and its sensitivity to properties of the
obstruent and the phonetic context. An acoustic analysis provides further
insights into the degree to which variation in the preceding vowel duration
is employed as an extrinsic cue to final obstruent voicing.

Chapter 11 closes with a discussion of some broader issues that emerged
when communicating between L2 phonological theory and data. These
may be of relevance to the field of L2 phonology more generally.






2
L2 phonological acquisition: Theoretical work

This chapter reviews theoretical work on L2 phonology. For expository
clarity, contributions will be grouped by three major themes. Following
some preliminary remarks, §2.2 discusses work that is primarily concerned
with the influence of the learner’s native language. Advances that put
forward more general, language-universal constraints are covered in §2.3.
Models with a focus on IL development and variation are dealt with in §2.4.
§2.5 closes with a summary and comparative overview.

2.1 Preliminary remarks

L2 phonological theories mainly differ in two regards: (i) the constraints
they stipulate to account for observable patterns and (ii) the type of
variation they aim to predict or explain. From an empirical point of view,
much is gained from differentiating two broad dimensions of IL variation:
that of the learner and that of the structure. Put simply, there is variation
among learners, as some are more proficient than others, and there is
variation among structures, as some are more difficult than others. We may
refer to these types of variability as between-learner and between-structure
variation. Furthermore, a learner or structure may also show internal
variation. For instance, a learner’s accuracy rate may vary systematically
with speaking style and a given structure may show variation that is
sensitive to the phonetic context. Thus, there is also within-learner and
within-structure variation.

The following overview will attempt to describe theoretical accounts
in terms of their scope and empirical application. Since the focus of
this study is on the role of linguistic constraints over the course of L2
phonological acquisition, the only type of between-learner variation that
is of interest is L2 pronunciation ability. Consequently, the following
treatment will distinguish between within-structure, between-structure,
and developmental variation. This distinction is made to clarify the type
of variation a particular theory aims to account for. As for terminology,
the term structure will serve as a general label for any type of phonetic,
phonological or prosodic unit. Prosodic, in turn, is understood in a broad
sense — that is, as referring to structure(s) above the level of the segment.
The labels prosodic and suprasegmental will be used interchangeably.
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2.2 Cross-linguistic influence

The central theme of theoretical approaches discussed in this section is the
influence of the learner’s native language. §2.2.1 deals with Contrastive
Analysis, which relies on the construct of transfer to account for systematic
errors in L2 speech production. Subsequent sections discuss contributions
that consider L1 transfer to operate primarily on the level of articulatory
routines (§2.2.2) and speech perception (§2.2.3).

2.2.1 Contrastive analysis

Lado’s (1957) Contrastive Analysis Hypothesis (CAH) marks the first
formal account of cross-linguistic influence in L2 acquisition. The CAH
relies on the assumption that language learning involves the formation
of a set of habits that are transferred to the L2. Correct results of habit-
shifts were termed positive transfer; errors were attributed to negative
transfer (also called interference). Lado (1957) proposed that, based on a
contrastive analysis, it should be possible to identify difficult structures,
the fundamental claim being that similar structures should be simple and
different structures difficult. The greatest difficulty was predicted to occur
in the learning of allophonic splits, where L1 allophones realize different
TL phonemes.! The association between difficulty and functional status
is presumably rooted in the correspondence between form and meaning.
Communicative relevance makes phonemic contrasts — and by implication
distinctive features — more salient, which facilitates learning.

The formulation of the CAH triggered a wave of empirical work with a
strong focus on phonology. In essence, studies noted that the role of the L1
was not as straightforward as posited by the CAH: Certain different sounds
appeared to be acquired with ease and certain similar structures posed
enormous difficulties. Empirical findings also pointed to learner errors
that could not be explained by reference to L1-TL contrasts (e.g. Briere
1966; Tarone 1978; Wode 1978, 1977; Garnica & Herbert 1979). Nevertheless,
the fundamental tenets of the CAH continue to form a basis for most
research into L2 phonological acquisition today (Major 2008; Zampini 2008;
Broselow & Kang 2013).

Contrastive analysis can be employed in two ways to predict the relative
ease of structures. First, in the original version of CAH, differences and
similarities correspond to difficulty and ease of acquisition, respectively.
Second, the functional status of a particular structure or contrast in the L1
and TL can be taken into account to elaborate on the degree of difficulty
involved. In particular, meaning-distinguishing features are predicted
to be more noticeable, making phonemic contrasts easier to acquire than
allophonic ones. This allows us to predict between-structure variation on
the basis of well-defined criteria.

2.2.2  Articulatory settings

One answer to the question of what exactly is transferred from the native
to the target language is offered by Articulatory Settings (AS) theory

! More refined approaches to Contrastive
Analysis formulated hierarchies of
difficulty and elaborated on the effect of the
functional status of sounds or contrasts in
the L1 and TL - that is, whether they are
phonemic, allophonic or absent. Stockwell
& Bowen (1965), for instance, establish

a hierarchy for L1 English-TL Spanish

and ascribe the greatest difficulty to

TL allophones and phonemes that are
absent from the L1. This arrangement was
partially supported by Hammerly (1982),
a large-scale study on Spanish learners of
English, where inaccuracies dominated

at the allophonic level. Other studies

have also reported asymmetries between
allophonic and phonemic contrasts (Hardy
1993; Elliott 1995; Elliott 1997; Eckman et al.
2003).
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(Honikman 1964). AS theory holds that cross-linguistic influence surfaces
in the transfer of L1 articulatory settings, which are speech-motor routines
of the active articulators. Automatized language-specific settings not only
allow for motor economy but also conspire to give each language a ”specific
timbre” (ibid.: 73). A distinction is made between external settings,
which are visible in face-to-face communication (e.g. lip gestures and
jaw movement), and internal settings (e.g. tongue gestures). Established
routines are shaped by the most frequently occurring segments and

their phonotactic distribution. English, for example, can be characterized
by generally neutral lip rounding. German and French, on the other
hand, exhibit more energetic lip rounding. Further, a small degree of jaw
opening is characteristic of English, where differences in vowel quality are
predominantly accomplished by tongue gestures.

L1-TL contrasts in articulatory settings necessitate the learning of
novel routines. As pointed out by Colantoni et al. (2015: 58), most studies
invoking AS theory have relied on acoustic measurements and thus
only provide indirect evidence for cross-linguistic influence in gestural
routines (see Wilson & Gick 2014 for an exception). The main caveat of
AS theory is the fact that the investigation of gestural parameters requires
specialized instruments. Nevertheless, reference to gestural routines may
help to explain certain speech motor biases in non-native productions. For
instance, L1-TL differences in lip rounding and jaw opening may explain
the prevalence of certain substitutes for TL structures. The strength of AS
theory lies in its explanatory adequacy. It considers motor behavior to be
the result of automatization, a domain-general learning mechanism that is
well-attested in L1 and L2 acquisition.

2.2.3  Speech perception

In the 1980s, a prominent research program emerged, which ascribes
inaccuracies in speech production to perceptual distortions. In this line of
research, the perception of L2 speech sounds is assumed to be constrained
by the sound categories established in L1 acquisition. In adults, L1-adapted
perception is largely automated and robust (Strange & Shafer 2008). As
a result, reliable L1 cues are foregrounded and sensitivity to non-native
contrasts declines (e.g. Werker & Tees 1999; Kuhl et al. 1992; Polka &
Werker 1994). Desensitized cues may therefore pose perceptual difficulties
for learners.?

A re-evaluation of the role of transfer in the light of similarity vs. dis-
similarity sparked a wave of research that culminated in several perceptual
models of L2 acquisition. Two aspects that received attention in research
on L2 speech perception were the degree of difference between L1-TL
phonological entities and the learner’s perception of such differences.’

Speech Learning Model (SLM)

One of the most influential contributions is Flege’s (1995) Speech Learning
Model (SLM). L2 learners are assumed to have access to the same learning
mechanisms that operate in L1 acquisition, but their perceptual sensitivity

2 This was stated early by Trubetzkoy
(1939), who noted that TL sounds have
to pass through the ”sieve” of the L1
phonological system.

* Speech perception research also focused
on learner-specific factors that could
account for between-learner variation in
perception accuracy. Thus, perceptual
sensitivity has been observed to vary as a
function of several factors, including age at
onset of learning and TL experience.
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changes with age and as a result of L1 experience. In the view taken by
Flege (1995), perceptual learning as a result of TL experience yields the
modification of established L1 categories and the creation of new TL
phonological representations. L1 and TL representations coexist in the
same phonological space.

The crucial step in phonological learning is the formation of new
categories. Whether a learner succeeds in establishing a new category
depends on their ability to perceptually distinguish L1 and TL phonetic
segments. The SLM hypothesizes that learners perceptually relate TL
sounds to the closest L1 sound. The unit of perceptual analysis is the
position-sensitive allophone. Perception is thus held to operate on a level
less abstract than the phoneme and more abstract than the surface phone.

The decisive factor is the perceived phonetic dissimilarity between the
TL sound and the closest L1 sound. The more similar the two sounds are
perceived to be, the less likely it is that a new category will be formed.
For a change in the IL grammar to occur, at least some of the phonetic
differences must be discerned. If the sounds are perceived as dissimilar, the

TL sound is parsed as a new sound and a new category will be established.

This new category may differ from the TL category in feature weights. If,
on the other hand, the learner detects no difference, category formation
will be blocked by what Flege (1995) terms equivalence classification. The
perceptually linked sounds will then be processed using a single phonetic
category and will be equivalent in production. A critical factor is age, as
perceptual capacity is assumed to vary with AOL: Younger learners are
more sensitive to acoustic differences that become backgrounded as a result
of L1 experience.*

SLM-based hypotheses about IL variation hinge on two premises: (i)
the identification of the L1 sound that is closest to the TL segment and (ii)
knowledge about the degree of perceived similarity between the two. A
quantification of the degree of perceived similarity then translates into
predictions about the likelihood of equivalence classification and the
relative difficulty of a given TL sound. Tests of the SLM therefore rely on a
valid assessment of similarity. Bohn (2002) argues that direct perceptual
assessments provide the most valid measurement of phonetic similarity
and should therefore be preferred to indirect acoustic comparisons. The
type of variation the SLM is concerned with is that between segmental
structures. Invoking the notion of perceived phonetic similarity, it resorts
to inherent characteristics of position-sensitive allophones to explain
and predict why certain segments are more difficult to learn than others.
Essentially, it thereby arrives at relative statements about perception-based
difficulty, allowing the researcher to formulate specific hypotheses on L2
speech production. Similar to the CAH, however, its scope is limited to
segmental structures and between-structure variation.?

Similarity Differential Rate Hypothesis (SDRH)

While the relationship between perceived phonetic dissimilarity and
relative difficulty has been substantiated by empirical research, a number
of studies have produced conflicting findings. Thus, it has been observed

*Flege’s (1995) SLM was formulated on
the basis of a large body of empirical work
investigating segmental perception and
production by learners from different L1s.
Bohn & Flege (1992), for instance, found
that experienced L1 German learners of
English showed authentic production

of the dissimilar sound /2¢/ but not the
similar sounds /i 1 e/. Similar findings
were reported by Flege (1987) for advanced
L1 English learners of French, who
succeeded in learning the new sound /y/
but not the similar sound /uz/.

® Since the SLM focusses on position-
sensitive allophones, however, the model
does account for within-structure variation
if the term structure refers to a phonemic
category.
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that the accuracy of similar (vs. dissimilar) structures may decline in more
experienced (vs. less experienced) learners (Major 1997, 1987; Major &
Kim 1996; Flege et al. 1997). In light of this evidence, Major & Kim (1996)
argued that similarity may be better described as affecting rate rather than
ease of acquisition. Replacing the notion of difficulty with rate, the Similarity
Differential Rate Hypothesis (SDRH) states that “[a]n L2 phenomenon
that is dissimilar to an L1 phenomenon is acquired faster than an L2
phenomenon that is similar to this same L1 phenomenon” (ibid.: 474). In
longitudinal or cross-sectional studies, this is reflected in the amount of
change in accuracy observed over time for two structures. The SDRH also
allows negative slopes — that is, deterioration as a result of IL development.

The SDRH'’s notion of rate of acquisition adds a developmental dimen-
sion to between-structure comparisons. As it is conventional to think of
change over time graphically, differences in rate translate into different
slopes. The SDRH expects steeper slopes for dissimilar phenomena. This
permits the inclusion of time as an additional variable in hypothesis-
formulation. Upon closer inspection, however, two points appear to
complicate the empirical evaluation of the SDRH:

o First, a consequential methodological decision is the operationalization
of production accuracy. Assessments using acoustic measurements,
for instance, will yield higher accuracy rates for similar phenomena,
since these are (at least initially) expected to be more similar to the TL
category. Different results may be obtained if production accuracy is
assessed categorically (e.g. a binary classification into farget vs. non-
target). The operationalization of production accuracy therefore affects
estimates of the rate of acquisition.

e Second, the improvement of structures that are initially more target-
like is constrained by a ceiling effect. As a result, the slope is more
constrained for similar structures in terms of absolute value. It is
therefore almost a logical necessity that dissimilar structures will exhibit
steeper slopes.

While the SDRH does not stipulate novel constraints to explain IL
phenomena, its shift of focus from difficulty to rate adds a developmental
perspective to the central tenets of the SLM. This opens up new avenues
for between-structure comparisons, but also raises new questions about
the comparability between structures and measurements of production
accuracy. These issues encourage careful reflection on methodology. Finally,
like the CAH and the SLM, the SDRH is limited in scope to segmental
structures and between-structure variation.

Perceptual Assimilation Model (PAM-L2)

Embedded in the framework of Browman & Goldstein’s (1992) Articulatory
Phonology, Best’s (1995) Perceptual Assimilation Model (PAM) assumes
that a speech sound is assimilated to the articulatorily closest L1 sound. This
assimilation may lead to the sound being categorized — that is, perceived
as a more or less prototypical exemplar of an L1 phonological segment
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— or uncategorized — that is, perceived as unlike any L1 segment. The
prototypicality of an exemplar can be assessed empirically via goodness-
of-exemplar ratings, where subjects are asked to rate on a continuous scale
how well a token represents a certain category.

PAM-L2 extends this model to L2 perceptual learning (Best & Tyler
2007). It differs from the SLM in two respects: (i) It assumes (cross-
linguistic) perception to operate in terms of articulatory (rather than
acoustic-phonetic) similarity, and (ii) its primary interest lies in contrasts
between TL sounds. While the SLM attends to contrasts between a TL
sound and the closest L1 sound, PAM-L2 goes one step further. While the
perceptual assimilation patterns of TL to L1 sounds also form the basis
of cross-linguistic influence in speech perception, the model is ultimately
interested in how L1-TL interference bears on the perception of contrasts
in the TL. Thus, while the SLM restricts its focus to a single TL category, a
PAM-L2-informed approach deals with pairs of TL sounds.

The model focuses on the perception of TL minimal contrasts and
stipulates two relevant factors: (i) the type of perceptual assimilation
(categorized vs. uncategorized) and (ii) the prototypicality of categorized
sounds as exemplars of the respective L1 category. PAM-L2 assimilation
patterns are shown in Table 2.1.

Pattern Assimilation Discrimination

Two Category Assimilated to different L1 Excellent
categories

Single Category To same L1 category, equal Poor
goodness-of-exemplar ratings

Category Goodness To same L1 category, different  Intermediate

goodness-of-exemplar ratings
Uncategorized-Categorized = Only one phone is perceived as  Very good

a speech sound and assimilated
Uncategorized-Uncategorized Neither phone is perceived asa Poor to excellent

speech sound and assimilated

Depending on which assimilation pattern applies, perceptual learning —
that is, new category formation — is more or less likely to occur. If the two
focal TL phones are assimilated to different L1 categories (Two Category),
learners will be able to detect the contrast, but further perceptual learning
is unlikely for either phone. If both phones are assimilated to the same L1
category and both are equally good or bad representatives of this category
(Single Category), perceptual learning will be difficult. If both phones are
assimilated to the same L1 category with different goodness-of-exemplar
ratings (Category Goodness), category formation is more likely to occur for
the more peripheral exemplar.

Facilitating factors for perceptual learning are frequency and functional
load of the contrasting phones in the TL. If only one of the phones is
assimilated to an L1 category, perceptual learning for this phone is unlikely,
but expected for the other one. Finally, if both phones are uncategorized,
their discriminability determines perceptual learning (cf. Best & Tyler

Table 2.1: Assimilation patterns and
discrimination performance posited in
PAM-L2.
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2007: 28). The predictions of PAM-L2 have found empirical support from
a number of studies, which mainly focused on Single Category, Two
Category, and Category Goodness contrasts (cf. Colantoni et al. 2015: 41).
There are clear parallels between the SLM and PAM-L2: Uncategorized
sounds correspond to new sounds, and category goodness is largely
analogous to the degree of perceived dissimilarity. In considering TL
contrasts, however, the model goes one step further than the SLM, since
perceptual learning is not only determined by L1-TL comparisons (in terms
of gestural similarity) but also by comparisons within the TL sound system.
Arguably, this provides a more realistic account of L2 perceptual learning.
Since PAM-L2 is restricted to perceptual learning, it does not explicitly
address speech production. Extrapolating its tenets, however, we would
expect learner productions to reflect different underlying assimilation
patterns. PAM-L2-derived hypotheses about L2 speech production require
an experimental assessment of the assimilation patterns and goodness-of-
exemplar ratings of the focal TL sounds and relevant L1 exemplars. In the
absence of such evidence, any hypothesis invoking the notions of PAM-L2
must be considered at best suggestive. The incorporation of psycholinguis-
tically informed concepts such as frequency and prototypicality effects is
a strength of the model. Similar to the CAH, SLM, and SDRH, PAM-L2 is
restricted to segmental structures and between-structure variation.

Desensitization Hypothesis (DH)

The SLM and PAM-L2 account for perception and production difficulties in
terms of cross-linguistic influence. Regarding non-native vowels, however,
Bohn (1995) argues that interference alone may not be sufficient for
explaining L2 perceptual categorization. Learners are assumed to be biased
towards durational cues irrespective of whether or not they operate in
L1. Duration is regarded as more salient and thus easier to access relative
to other signals even if the learner has had no prior experience with this
cue. Bohn's (1995) Desensitization Hypothesis (DH) holds that if learners
are desensitized to spectral differences in a particular region of the vowel
space, they will use duration to distinguish between vowels. Empirical
support was reported in a number of studies (Bohn & Flege 1990; Escudero
& Boersma 2004; Cebrian 2006).°

The tenets of the DH can complement SLM-informed reasoning about
new category formation by formulating testable hypotheses about the
way in which newly formed IL categories and TL categories may differ in
feature weighting. Specifically, it predicts (initial) bias toward length as a
distinctive feature. Since the DH only applies to new vowels, its scope is
restricted to this subclass of TL segments.

What the perception-based models discussed so far have in common is
their phonetic approach to speech perception. With a focus on acoustic and
articulatory levels of description, the SLM and PAM-L2 advance physically
observable surface properties of speech sounds as the primary units of
analysis. Cross-linguistic influence on speech perception has also been
addressed from a phonological perspective, where abstract underlying
representations rather than surface properties are held to determine

¢ However, it has been questioned whether
duration is in fact universally accessible.
No evidence for the DH was found by
McAllister et al. (2002), who investigated
the acquisition of Swedish quantity
distinctions by L1 American English, Latin
American Spanish and Estonian speakers.
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sensitivity to non-native contrasts. Specifically, L1-TL differences in the
inventory of phonological features are put forward to explain the relative
difficulty of TL segments. L2 perception research in this domain relies on
phonological theory to provide an abstraction of the mental organization of
features. In what follows, two such models will be discussed.

Phonological Interference Model (PIM)

Brown’s (1998) Phonological Interference Model (PIM) aims to account
for perceptual difficulty by reference to contrasts between the L1 and
TL inventory of phonological features. The underlying assumption is
that learners are able to redeploy L1 features to the perception of TL
contrasts. According to the PIM, contrasts involving at least one feature
that also operates in L1 can be discerned by the learner, as L1 features
can be rearranged to form new representations. The decisive factor for
perceptual sensitivity to a TL contrast is therefore presence/absence of (a)
relevant feature(s) in the L1. Considering the formal description of the
underlying grammar, Brown (1998) adopts a version of Feature Geometry
proposed by Rice & Avery (1995). In general, Feature Geometry holds that
phonological features are hierarchically structured, with co-occurrence
and dependency relationships between them having an articulatory basis.
In the characteristic tree-like representations, each node is assumed to
have a preferred or unmarked instantiation. For example, if a language
exhibits peripheral consonants, it will have labial (unmarked) and possibly
also dorsal consonants — but not vice versa. If a language has only one
(the default) instantiation of a node, it is predictable and therefore not
represented in the speaker’s grammar. For a non-native contrast to be
detected, at least one relevant feature must be represented in the listener’s
L1 feature tree; otherwise it will (at least initially) go unnoticed.
The fundamental claim of the PIM is straightforward: If a TL contrast is
signaled by features that are absent in the L1, the learner will struggle to
perceive this contrast. Predictions about the relative difficulty of a structure
hinge on the type of phonological grammar adopted for analysis, which is
not amenable to empirical observation. In some settings, Feature Geometry
may not provide an adequate representation of the type of contrast to be
investigated.7 In such cases, PIM-based predictions may resort to different 7In particular, due to the disputed status
types of phonological feature inventories. We will return to this point fﬁ;}f‘:afteﬂ:;ese[;astif;ll] ;snglgsi)gzggén
ShOI'ﬂY debate about the representation of complex

segments with a double articulation such
as [w] and affricates (Hall 2011: 199-207),

Feature Competition Model (PCM) Feature Geometry provides an unreliable
basis for predictions about a number of

While the PIM relies on presence/absence of features in the L1, the Feature relevant segmental features in GLE.
Competition Model (FCM) proposed by Hancin-Bhatt (1994) introduces

the gradient notion of feature prominence. Languages are assumed to

differ in the weight and salience of their phonological features, which

can be determined on the basis of their functional load. In particular,

features that are involved in fewer contrasts in the L1 are assumed to be

less prominent and thus less likely to trigger cross-linguistic influence. The

type of phonological model employed by the FCM is Underspecification
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Theory, which thinks of phonological representations in the form of
feature hierarchies. Similar to Feature Geometry, these inventories are
structured in an economic fashion, with redundant or predictable features
and feature specifications not being represented in the grammar. In general,
listeners are assumed to be biased toward certain features as a result of
L1 experience. Hancin-Bhatt (1994) proposed a metric for determining
perceptual salience, which is simply the ratio of the number of phonemes
that contain the feature (assuming underspecification) to the total number
of phonemes.?

In contrast to the PIM, which posits phonological interference to surface
in an all-or-nothing fashion, the FCM views perceptual bias as gradient.
Similar to the PIM, the FCM adopts a particular model of phonological
representation. In the context of the present study, Underspecification
Theory appears to be problematic given the lack of agreement on the
underspecified inventory for German.” Nevertheless, the tenets of the PIM
and FCM are autonomous in the sense that hypotheses can be formulated
against the backdrop of any particular phonological theory that invokes the
notion of features.

In this study, an inventory of distinctive features closely corresponding
to that of Chomsky & Halle (1968) will form the basis of the application
of both models. The feature matrices established for English and German
consonants and vowels!? are given in Tables 2.2, 2.3, and 2.4. These were
derived from Wiese (1996: 152, 164), Hall (2011: 131-132) and Giegerich
(1992: 110, 128). Following Clements (1999), affricates are classified as
[-continuant, +strident, —anterior].

From the viewpoint of the PIM, a contrastive analysis based on these
matrices shows identical sets of features for vowels, and one difference
in the inventory for consonants: German lacks the feature [strident], as
it has no meaning-distinguishing function (see Hall 2011: 132). This
severely limits the scope of the PIM for German Learner English. A
quantification of feature prominence in the spirit of the FCM is given in
Table 2.5 for German vocalic and consonantal features. Features are ordered
by prominence, which is indicated by the prominence ratio proposed in
Hancin-Bhatt (1994).

What the perception-based models of L2 phonological acquisition have
in common is their limited focus on segmental structures. In principle,
the tenets of these contributions can be extended to the prosodic level of
analysis. What remains unclear, however, is whether (non-native) listeners
can consciously attend to structures above the level of the segment and
whether they are able to perceive them contrastively. To my knowledge,
the SLM, PAM-L2, PIM, and FCM have not been discussed in the light of
prosodic phenomena. In the present study, their scope will therefore be
considered as exclusively segmental.

2.3 Language universals

While contrastive analysis dominated early L2 speech research, the 1970s
marked a shift in SLA theorizing. Influenced by the cognitive current of

8 Hancin-Bhatt & Govindjee (1999) extend
the prominence metric to include a further
factor, the frequency of specific contrasts in
the lexicon.

° Thus, Hancin-Bhatt’s (1994) matrix for
German obstruents, which is based on
Benware (1986), differs considerably from
the one proposed by Wiese (1996: 165),
both in number and choice of features.

1" We follow the literature and disregard
diphthongs in our survey of distinctive
vowel features.
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Table 2.2: Distinctive features for German
and English vowels.

German English

Feature ir 1 yr Y e € € g & al a o O W U 9 iIr 1 e & A a D O uw U 3 9
[Back] - - - - - - - - - 4+ 4+ 4+ + + + + - - - - 4+ 4+ + + + + + +
[High] + + + + - - - - - - -+ + - + + - - - - - - 4+ + - -
[Low] e - - -+ -+ + + - - - -
[Round] - - 4+ + - - - 4+ + - - 4+ + + + - - - - - - - 4+ + + + - -
[Tense] + - 4+ -+ - -+ - - -+ -+ - + - - - -+ - + + - - -
[Long] + -+ -+ + -+ -+ -+ -+ - - + - - - -+ -+ + - - -

Table 2.3: Distinctive features for English

consonants.

Obstruents Sonorants

Feature p b tdkgfvsz [ 34 &0 0 m n g | j woT
[Consonantal] + + + + + 4+ + + 4+ + + 4+ + + 4+ + + + 4+ + - - + 4+
[Sonorant] T T S T T
[Voice] -+ - 4+ -+ -+ -+ -+ - + - 4+ + 4+ + + + + + -
[Continuant] - - - - - - 4+ + 4+ 4+ + + - -+ 4+ - - - 4+ + + 4+ +
[Nasal] - - - - - - - - - - - - - - - - + + + - - - - -
[Strident] - - - - - - - -+ 4+ 4+ 4+ + + - - - - - -
[LABIAL] + + - - - - + + - - - - - - - - + - - - + - -
[coroNAL] - -+ 4+ - - - - + 4+ + + 4+ o+ + 4+ -+ -+ + -+ -
[Anterior] + + + 4+ - -+ + 4+ 4+ - - - -+ 4+ + + -+ - - - -
[DORSAL] - - - -+ 4+ - - - - - - - - - - - - + - - + - -

Table 2.4: Distinctive features for German

consonants.

Obstruents Sonorants

Feature p bt dk g f v sz [ 35 X m n gy 1 j B
[Consonantal] + 4+ + + + + + + + + + + + O+ + + + + -+ +
[Sonorant] R - + 4+ + + + 4+ -
[Voice] - 4+ + - 4+ - + + - + - 4+ + + + + + 4+ -
[Continuant] - - - - - - 4+ + + 4+ + + - - - - - + + + +
[Nasal] R T - + 4+ + - - - -
[LaBIAL] + + - - - - + 4+ - - - - - - + - - - -
[coroNAL] - -+ 4+ - - - -+ + 4+ + 4+ + -+ - + + + -
[Anterior] + + + + - - + + 4+ + - - - + + - + -
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Table 2.5: Prominence of consonantal and

Consonants Vowels X X
vocalic features in German.
Feature N Prominence ratio Feature N Prominence ratio
[Consonantal] 21 95 [Round] 8 50
[Voice] 12 55 [Long] 8 50
[Continuant] 12 55 [Back] 7 44
[Anterior] 11 50 [High] 6 .38
[coronAL] 10 45 [Tense] 6 38
[Sonorant] 6 27 [Low] 2 13
[DORsAL] 5 23
[LaBIAL] 5 23
[Nasal] 3 .14
[Strident] 0

the time, the concept of interlanguage was introduced independently by
several scholars and learner language came to be viewed as a system in its
own right (Corder 1967; Nemser 1971a; Selinker 1972). With researchers
observing parallels to universal tendencies identified in typological
comparisons of natural languages and L1 acquisition, the focus shifted
from L1-TL contrasts to more general linguistic constraints on non-native
speech. Language universals emerged as a further explanatory paradigm
for IL phenomena. This section deals with theories that invoke such
concepts to account for the patterns observed in non-native speech.

Broadly speaking, the term universals refers to generalizations about
natural languages; depending on the particular school of thought, however,
it may denote different ideas. The two major streams in the study of lan-
guage universals are the generative and the typological school. Apart from
differences in methodology and abstractness of analysis, the two strands
put forward different explanations for what they consider as universal
(Comrie 1989). The generative grammar approach is characterized by a
highly formalized and abstract description of linguistic structures and is
usually based on a fine-grained analysis of a small number of languages.
This perspective is most closely associated with the work of Chomsky
(1959, 1965). In order to account for cross-linguistic regularities and ease
of L1 acquisition, generativists assume that human beings are biologically
endowed with a language faculty or universal grammar (UG), a genetic
predisposition for learning language. The ongoing endeavor is to seek
a description of this universal grammar, which can be thought of as the
building plan for human language.

The typological approach to language universals originated in the work
of Greenberg (1976). Cross-linguistic generalizations are usually stated
on a more concrete level of analysis and are derived from the comparison
of a large number of natural languages. Such generalizations can be
differentiated along two dimensions: (i) implicational vs. non-implicational
universals and (ii) absolute universals vs. universal tendencies. The
latter binary concerns universality as such: While absolute universals
are exceptionless, tendencies reflect statistical trends. The notion of
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implication, on the other hand, distinguishes conditional and unconditional
statements about the presence of structures. Non-implicational universals
are autonomous statements in the sense that the existence of a particular
phenomenon does not depend on the presence/absence of other structures.
One example is that all languages have vowels. Implicational universals,
on the other hand, are conditional generalizations. Typically, these are
distributional statements of the form ”if B then A” — the presence of
structure B implies the presence of structure A. In other words, if we
observe B in a language, the language must also have A. Regarding onset
complexity, for example, a language that permits clusters in syllable onsets
(e.g. spy /spa1/) also has syllable-initial singletons (e.g. pie /pai/).

Both approaches to language universals have contributed to the study of
second language phonology. The implementation of typological universals
in SLA is most notably associated with the work of Eckman (1977, 1991),
whose contributions will be discussed in §2.3.1. While generative accounts
have predominantly dealt with (morpho)syntax, the apparatus of Chom-
sky’s (1981) Government and Binding Theory has been brought to bear on
L2 phonology in the work of Archibald (1994); his UG-based model of L2
stress acquisition is presented in §2.3.2.

2.3.1 Typological universals

The notion of markedness, which originated in the Prague School of Lin-
guistics (Trubetzkoy 1939; Jakobson 1968), holds that binary oppositions
between certain language structures are asymmetric: One member of the
pair is more basic, natural and frequent — in markedness terminology: un-
marked. Marked structures generally occur in fewer languages, are learned
later in L1 acquisition and are historically unstable (Kager 1999; Hall 2011).

Markedness Differential Hypothesis (MDH)

Typological markedness was introduced into SLA through Eckman’s (1977)
Markedness Differential Hypothesis (MDH), which builds on Greenberg’s
(1976) notion of implicational relationships between structural binaries.
As noted above, the presence of a marked structure B implies and thus
depends on the presence of the corresponding unmarked structure A.
According to the MDH, learners will experience difficulty with new L2
structures that are marked, the degree of difficulty being proportional

to the degree of markedness. A new structure that is unmarked, on the
other hand, will cause no difficulty. Empirical support for the MDH was
primarily reported for the acquisition of onset and coda clusters as well as
syllable-final consonants (e.g. Anderson 1987; Eckman 1981; Carlisle 1991),
owing to the fact that typological generalizations about these structures are
relatively robust (cf. Eckman 2008: 102).

Markedness has emerged as an important concept not only in L2
phonological research, but in the disciplines of phonetics and phonology
(and other linguistic fields) more generally. Its appeal as an explanatory
principle stems from the fact that it establishes a connection to linguistic
constraints and tendencies that have been identified in other fields such
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as historical linguistics, typology, and L1 acquisition. This allows SLA
research to draw on a diverse knowledge base for formulating hypotheses
and understanding IL phenomena. Findings from L1 acquisition and lan-
guage typology are particularly valuable since they may inform predictions
about IL patterns and guide the interpretation of data.

However, the employment of markedness in L2 research has also
met with criticism mainly due to the concept itself. More generally, the
term has been attacked because of its vagueness and status as “an almost
theory-neutral everyday term in linguistics” (Haspelmath 2006: 27). The
added value of the concept has been challenged, since what it refers to
or aims to describe may be captured by more substantive explanations.
This is especially true for phonology, where its relevance and explanatory
power have been questioned, not only from a general theoretic perspective
(e.g. Hume 2004; Blevins 2004), but also in SLA theorizing. Archibald
(1998: 150), for example, evaluates the contribution of the functional-
typological approach exemplified by the work of Eckman (1991, 1977) as
”an interesting description of the phenomena to be explained”.

As pointed out by Haspelmath (2006), phonological markedness can be
pinned down to frequency of use and phonetic factors such as articulatory
and acoustic properties. Frequency and phonetic difficulty are related and
in fact reinforce each other, which strengthens their association: Highly
frequent segments may undergo articulatory simplification, and due to
articulatory complexity, segments may be rare. These psycholinguistic
and physiological attributes decompose the abstract term into concrete
observables and thereby provide a more concrete basis for incorporating
markedness in applied research.!! Further, the concept gains explanatory
adequacy and reveals parallels to other fields in linguistics in which
equivalent constraints have been identified.!?

An attractive feature of markedness is the scope of its applicability. It
is not restricted to comparisons between isolated structures but allows
an assessment of other linguistic factors such as phonetic or prosodic
context. For example, syllable onsets are considered to be less marked
relative to codas. In terms of more concrete characteristics, onsets are
perceptually stronger (Strange 1992), they license a larger number of
consonants (Colantoni et al. 2015: 186), and they are cross-linguistically
more frequent (Maddieson 2013). Such markedness relationships can
be employed to explain or predict within-structure variability. Since
markedness considerations also apply to prosodic phenomena, the MDH is
not restricted to segmental units. It therefore exceeds most of the models
discussed so far in terms of scope.

Structural Conformity Hypothesis (SCH)

Since the MDH was originally proposed as a refinement of the CAH,
strictly speaking its scope is limited to areas of L1-TL difference. This led
Eckman (1991: 24) to postulate the more general Structural Conformity
Hypothesis (SCH), which states that ”[t]he universal generalizations that
hold for the primary languages hold also for ILs”. The SCH abstains from
the CAH stance of L1-TL contrasts and does not make explicit statements

" The criticism markedness has attracted
should be considered an opportunity for
L2 phonology researchers rather than a
disqualification of the concept. In fact, it
may be considered a useful cover term for
a number of explanatory factors rooted

in human cognition and the physiology
of articulation. As these attributes can be
assessed based on the empirical literature,
SLA researchers are able to assess the
markedness of structures for which no
markedness relationships have been
posited.

12 What appears to be difficult to opera-
tionalize, however, is the MDH’s notion
of relative degree of markedness, which
translates into relative degree of difficulty.
While it is conceivable to compare struc-
tures using attribute lists including (and
possibly weighting) several factors such
as frequency, articulatory complexity and
acoustic salience, it is not clear how to
establish comparability between different
types of structures such as vowels and
consonants.
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about learning difficulty. ILs are simply posited to be natural languages
which obey the same universal principles that hold for primary languages,
one such universal being markedness.!3

The fact that Eckman’s (1991) SCH is stated very broadly may be
seen both as a strength and a weakness. The investigation of a particular
structure in learner speech thus presupposes an understanding of how this
phenomenon behaves in natural languages synchronically, diachronically,
as well as in language acquisition. Identification of parallel mechanisms is
attractive for several reasons. First, it adds to the credibility of SLA findings
as it identifies a familiar phenomenon in a new population of speakers.
Such parallels are also desirable from a broader viewpoint as they further
underline the existence of universal constraints on language. Second, as
pointed out above, the researcher has at her disposal a larger body of
literature for an explanation of observations and hypothesis formulation.
Third, if a parallel tendency has been identified but its cause remains
subject to speculation, the burden of advancing an explanation rests on
many shoulders. The SCH can thus also be understood as an impulse for
interdisciplinary work striving to find common ground.

Its vague statement on the equivalence of ILs and natural languages,
however, invites subjective interpretation. The results of a study may to
a large part be dependent on the researcher’s judgement of whether a
particular constraint qualifies as a universal. The SCH’s fuzziness is not
inevitably a weakness, but it does leave room for selective quotation to
account for patterns in the data. It is therefore essential to lay out the
assumptions on which the application of the SCH is based. Indeed, the
premises or universals a researcher relies on may be the most consequential
part of an empirical study within this framework.

An advantage of Eckman’s (1991) SCH is its broad scope. Surely,
universals are to be found at many if not all levels of phonetic and phono-
logical structure. The hypothesis thus reaches out to segmental as well
as suprasegmental phenomena and is capable of accounting for variation
between and within structures.' In principle, the scope of the SCH is only
limited by our knowledge about language universals.

2.3.2  Universal Grammar

The theory of universal grammar (UG) originated in the 1960s in the early
works of Chomsky (1959, 1965). The aim of the generative enterprise is
to describe the distinctive characteristics of human language, including
the abstract representation of language in the mind. Language and the
ability to learn it are seen as genetically endowed. Prominent arguments
in favor of this claim are the independence of L1 mastery from cognitive
abilities and the input, with certain structures being acquired despite
limited positive evidence.'® In the UG model established in Chomsky’s
(1981) Government and Binding Theory, the universal footing of language
consists of a set of principles and parameters, which constrain language
acquisition. Principles are invariant — they are true for all languages.
Parameters, on the other hand, allow for variation between languages in
that they comprise a limited number of settings. Human beings are thus

3 One type of evidence for the SCH are

IL structures that occur independently of
the L1 and TL. If this particular type of
structure is attested in other languages and
resembles the outcome of what may be
considered a universal generalization or
natural tendency, this would be consistent
with the hypothesis.

*1In fact, it may also apply to speech
perception. As was mentioned above,
universal dispositions in the perception of
vowels have been put forward by Bohn’s
(1995) Desensitization Hypothesis (see
§2.2.3).

15 This is referred to as the poverty-of-the-
stimulus argument or the logical problem of
language learning.
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assumed to be genetically equipped with a fixed set of principles and a
limited choice of parameter settings. This is called the initial state, the
starting point for language acquisition. Based on this universal grammar,
children construct their L1 grammar by inferring the relevant settings from
the input. From the viewpoint of SLA, the crucial — and controversial —
question is whether an L2 learner still has access to UG, and by implication
whether the IL system developed by learners conforms to the same UG
principles as primary languages (cf. Mitchell et al. 2012: 90ff.).

UG-based model of L2 stress acquisition

A UG-based model of the L2 acquisition of lexical stress was proposed
by Archibald (1994). Embedded in Chomsky’s (1981) principles-and-
parameters framework, it rests on the assumption that cross-linguistic
variation in stress assignment can be modeled in terms of differential
parameter settings. It is posited that ILs abide by metrical universals
and learners can access parametric options to arrive at a TL-appropriate
representation. The model includes a learning theory to account for the
process by which a learner can tap into UG. An important assumption
is that learners have access to indirect negative evidence, which means
they can infer the ungrammaticality of a structure based on its absence
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in the input.!® Drawing on work by Saleemi (1992), Archibald (1994) ' In contrast, UG accounts of L1 acquisition

proposes such inductive learning to occur after a certain frequency or
time threshold is crossed. Up to this point, the learner’s performance
may show variation. A further component of the learning theory is the
notion of cue appropriateness (Dresher & Kaye 1990). Upon noticing a
mismatch between input and internal representation, a learner is able to
find the correct parameter to change. Finally, lexical dependency explains
the propagation of a change in the grammar, with new information being
generalized to lexemes within the scope of the new parameter setting via
feature-copying mechanisms.

Archibald’s (1994) UG-based model of lexical stress acquisition exem-
plifies the application of UG thinking to L2 phonological theory. It rests
on a number of theoretical premises that are idiosyncratic for the school
of generative grammar, most notably the idea of innate principles and

parameters.17 Archibald’s (1994) model crucially relies on the presence of 17 The postulation of a genetic blueprint
for language has been questioned, most

metrical universals and a fixed set of parametric options specifying lexical _
prominently by the current stream of
stress placement. More generally, the model only applies to lexical stress functional-cognitive approaches to

acquisition and is thus limited in scope. language acquisition, which argue that
language can indeed be learned through

The following sections are concerned with theoretical approaches to L2 reliance on domain-general skills (e.g.
phonology that also invoke universal constraints on IL phonology. These Tomasello 2003).
include contributions nested in the schools of Natural Phonology (§2.3.3)
and Functional Phonology (§2.3.4), and frameworks stipulating articulatory
constraints (§2.3.5).

2.3.3 Natural Phonology

Natural approaches to L2 speech hold that the innate natural phonological
processes that frame L1 acquisition also shape L2 acquisition. The theory of

consider positive evidence to be sufficient.
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Natural Phonology (Stampe 1979) stresses the role of universal articulatory
and perceptual constraints, positing that sound patterns of languages are
governed by a language-universal set of natural processes. What makes
these processes natural is the fact that they have an articulatory basis —
that is, they are explainable by reference to the physiology and movement
of the speech organs. An example for a natural process is assimilation.

In order to save a tongue tip gesture, unpopular is usually articulated as
[am'popjols]. The realization of /n/ anticipates the feature LabiaL of the
following consonant, the phonetic motivation being ease of articulation.

To account for the sound patterns of languages, Natural Phonology
distinguishes between two opposing functional principles: the speaker-
oriented principle of ease of articulation and the hearer-oriented principle
of ease of perception. Accordingly, there are two types of natural processes:
fortitions and lenitions. Perception-directed fortitions aim at maximizing
intelligibility by foregrounding distinctive features. Such strengthening
processes apply, for example, to vowels in stressed syllables or, more
generally, in situations where perceptibility is critical. If uttered insistently,
for instance, the directive Get out likely reflects two fortitions: (i) aspiration
of both alveolar stops and (ii) onset strengthening in out through glottal
stop insertion — ['get '?auth].18 Lenitions, on the other hand, serve to

minimize articulatory effort by reducing complexity in the speech stream.

These weakening processes apply, say, in unaccented syllables and in
casual speech. The utterance Can't find them, for instance, my exhibit several
lenitions: (i) deletion of [t d 3], (ii) anticipatory place assimilation of [n] in
Can't, and (iii) reduction of vowel quality in them — [kaem'famom].!

Natural Phonology takes the view that infants are equipped with a
latent set of innate universal processes. Language acquisition involves
the suppression, limitation and ordering of these processes. Through
perception, the child constructs the L1 phonological system, which is
"largely the residue of an innate system of phonological processes, revised
in certain ways by linguistic experience” (Stampe 1979: vii).

Natural Model of L2 Phonological Acquisition (NM)

A model of L2 phonological acquisition within the framework of Natural
Phonology was proposed by Dziubalska-Kotaczyk (1990a,b). The Natural
Model of L2 Phonological Acquisition (NM) posits that learners construct
an abstract L2 phonological representation by accessing the same set of
natural processes that apply in L1 acquisition. Perception plays a central
role and is assumed to operate on the level of abstract phonemic categories
(”sound intentions”) rather than phonetic surface realizations.

Initially, learners relate L2 phones to L1 phonemic categories (”sound
intentions”). The first step in L2 phonological acquisition is for the learner
to perceive L2 surface realizations in their own right without reference to
L1 phonemes. Perceptual learning is facilitated by input frequency, positive
attitudes toward the TL and explicit instruction.

Once TL phones are perceived independently of the L1, L2-specific
sound intentions (phonological categories) can be formed. Having es-
tablished a mental representation of an L2 sound intention, a learner can

18 Other examples of fortitions are dissimila-
tion, epenthesis and diphthongization.

¥ Further examples of lenition processes
are monophthongization and desyllabifica-
tion.
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access universal processes. In order to arrive at the appropriate L2 phono-
logical grammar, processes may have to be suppressed, unsuppressed, or
reordered if their organization is inconsistent with the L2-specific sound
intention. Consistent perception in terms of L2 phonological categories
requires alternations at the level of universal processes. The NM also takes
into account the notion of markedness, which is re-expressed in terms of
the concepts advanced by Natural Phonology. Structures are unmarked if
they are the result of a universal process, and marked if they require the
suppression of a natural process.

Dziubalska-Kotaczyk (1990b) offers a comprehensive model of L2
phonological acquisition, which blends a number of recurrent themes in
L2 theorizing. Similar to several accounts discussed above, perception is
assumed to play a critical role in L2 phonological acquisition. In contrast
to models such as the SLM and the PAM-L2, however, the NM is less
specific on the mechanisms underlying the categorization of TL sounds
by non-native listeners. Similar to the PIM and the FCM, perception is
assumed to operate on the level of abstract representations. In contrast to
most theoretical approaches discussed so far, the NM provides a formal
description of the learning process, abstracting L2 phonological acquisition
into three steps. Facilitating psycholinguistic factors such as frequency in
the input and learner variables such as language attitude and aptitude are
taken into account as additional influences on progress in IL development.

The application of the model to the empirical study of non-native speech
requires the researcher to relate surface structures to underlying natural
processes. As noted by Blevins (2006), this is in many cases far from
straightforward. Natural sound patterns are commonly defined as being
grounded in articulatory and perceptual properties of speech, which need
not reverberate in attributes such as cross-linguistic frequency or diachronic
stability. In any case, the types of natural processes that are assumed to be
relevant to the acquisition of a particular structure must be stated explicitly
so they are open to critical scrutiny.

Naturalness Differential Hypothesis (NDH)

As pointed out by Schmid (1997), naturalness can be considered a logical
counterpart to markedness. He proposed the Naturalness Differential
Hypothesis (NDH), a transposition of Eckman’s (1977) MDH into the
Natural framework, replacing the notion of markedness with naturalness.
In line with Dziubalska-Kotaczyk’s (1990b) model, phonological learning is
assumed to require access to and modification of processes (suppression,
limitation, reordering). A contribution of the NDH is its prediction of
relative ease of acquisition based on the status of a given process in the L1
and TL grammar — that is, whether it is latent, active or suppressed. The
constellations in L2 acquisition are listed in Table 2.6. According to the
NDH, natural processes that are active in the L1 but suppressed in the TL
are difficult to suppress. Those that are suppressed or latent in the native
language are easy to activate. Finally, processes that are latent in the NL
and suppressed in the target language will surface in IL. While Schmid’s
(1997) NDH does not bring forward new concepts, his “natural” translation
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of the MDH allows the researcher to formulate testable hypotheses. The
application of the NDH in empirical work is subject to the same caveats
outlined above and thus hinges on the type(s) of natural process(es) that
are assumed to underlie the acquisition of a TL structure.

Status of process Table 2.6: NDH predictions about learning

difficulty.
L1 TL Effect
Suppressed Active Activation of process easy
Latent Active Activation of process easy
Active Suppressed Suppression of process difficult
Latent Suppressed Process will appear in the IL

2.3.4  Functional Phonology and Optimality Theory

Optimality Theory (OT) was proposed by Prince & Smolensky (1993) as
a universal grammar scheme for phonology. The basic assumption is that
a grammar consists of a finite set of constraints, which pose demands on
the well-formedness of the output. These are assumed to be genetically
endowed — that is, part of UG — and violable, with conflicts being resolved
through a rank order. Phonological grammars select the surface realization
that is most harmonious with the underlying constraints.

There are two major classes of constraints, which place conflicting
demands on the output: faithfulness and markedness constraints. Faith-
fulness constraints require the output to resemble the underlying rep-
resentation and thus aim to preserve lexical contrast. The specification
IDENT-10(Vvoice), for example, demands voicing agreement between input
and output. Markedness constraints, on the other hand, promote ease of
articulation by favoring unmarked structures or feature values. An example
of a markedness constraint is *voicebcopa (obstruents must not be voiced
in coda position).

Depending on the rank order of iDENT-10(vO0ice) and *vOoICEDCODA,
the input /bid/ may be parsed in different ways. In English, the faith-
fulness constraint IDENT-10(voice) dominates the markedness constraint
*voIcEDCODA. As a result, the OT grammar of an English native speaker
selects [bid] as the optimal candidate and the input feature [+voice] is pre-
served. In German, this ranking is reversed. Since *voicEpcopa outranks
IDENT-10(voice), the optimal candidate is [brt].

Within the descriptive apparatus of OT, cross-linguistic influence can
be formalized as the transfer of constraint rankings. Consequently, the
task in L2 phonological acquisition is to reorder constraints to establish
an IL grammar that conforms to the TL hierarchy. What triggers a modifi-
cation in the system is the perception of a mismatch between the optimal
output parsed by the speaker’s grammar and the underlying input. The
mechanism by which the constraint hierarchy is modified is referred to as a
learning algorithm.

Functional Phonology, a model of phonological acquisition that relies
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on OT’s computational framework, was proposed by Boersma (1998). In
contrast to Prince & Smolensky’s (1993) OT, however, Boersma (1998)
takes an emergentist view of constraints, maintaining that they are learned
through speech input rather than being innate. Though couched within the
same framework, Boersma’s (1998) functional approach thus differs from
OT in this fundamental assumption.

Functional Model of Phonological Acquisiton (FM)

Boersma’s (1998) Functional Model of Phonological Acquisition (FM)
postulates separate production and perception grammars and distinguishes
between articulatory and perceptual features. Its production grammar
operates by OT principles and comprises faithfulness (rarta) and articu-
latory (ArT) constraints. These reflect functional principles of perception
(listener-oriented minimization of perceptual confusion) and speech pro-
duction (speaker-oriented minimization of articulatory effort); markedness
constraints do not exist. Newly acquired ARt constraints enter the grammar
as undominated constraints at the top of the constraint hierarchy while
FAITH constraints enter at the bottom.

The FM does not distinguish between L1 and L2 acquisition and as-
sumes that both proceed according to the same principles. Its formalization
of phonological acquisition consists of six stages. For illustration, consider a
German learner’s acquisition of the dental fricative /0.

o Initially, the learner’s grammar is empty with respect to the new
category /0/. If an acoustic input [01k] is perceptually categorized as
/sik/, it is identical to the learner’s perceived own output — no mismatch
will be detected and no learning will occur. A new perceptual category
emerges in the learner’s grammar through a stochastic construction
process. Once [01k] is perceived as /01k/, a new faithfulness constraint is
created: *pELETE(dental) (Do not delete an apico-dental gesture). This
constraint enters at the bottom of the hierarchy.

o At stage 2, the newly created faithfulness constraint is violated as the
learner will perceive their own output [sik] as /sik/. Mismatch with the
model perception /01k/ leads to further learning. Next, the sensorimotor
skills for the new gesture are learned. At this point *GesTure(dental)
enters the learner’s grammar as an undominated ARt constraint. In order
for the production grammar to render a target-like output, ART needs to
be demoted and rart promoted.?’

e At stage 3, the output is sensitive to speaking style. Focus on form
produces renditions that the comparison module perceives as a match.
Due to processing demands on working memory, however, mismatches
permeate unmonitored speech.

e Stage 4 marks the successful learning of the correct relative ordering
of the ArT and raITH constraints. The learner’s production grammar is
able to faithfully produce the model utterance as [01k], and this stage is
characterized by overly faithful production. Next, the learner proceeds
to the post-lexical level, which includes connected speech phenomena

2 The mobility of constraints depends on
brain plasticity, with younger learners
requiring fewer learning steps. The model
thereby accounts for age effects in L.2
acquisition.
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such as assimilation or deletion. Consider the perceptual specification
/manfs/.2! An overly faithful production grammar will yield [man6s],
while connected speech processes usually result in place assimilation
[mants] or deletion [mans].

e The learner’s grammar at stage 5 allows for context-dependent pro-
motion of ART constraints. Ultimately, the learner identifies patterns of
stylistic and functional morphophonological alternations. As a result,
abstract underlying forms emerge. The input to the learner’s grammar
now shifts from the model utterance to this newly created representation
and the production grammar’s output no longer depends on the input.

o The final stage 6 reflects a grammar with interacting art and rarte
constraints. According to the two functional principles outlined above,
FAITH constraints that demand the preservation of perceptual features
that are relevant for communication rank high. For arT constraints,
components blocking the production of difficult gestures rank high.

The FM thus posits different forms of variation across developmental
stages. Figure 2.1 illustrates the FM’s predictions about within-structure
variation. While the initial stages are characterized by little within-structure
variation, the learner is subsequently able to produce the structure in
a target-like fashion given sufficient monitoring and working memory
capacities. Variation at stage 3 is thus sensitive to focus on form. At stage 4,
overly faithful production is expected to yield little variation. Increasingly
native-speaker-like stylistic variation is expected to emerge at stages 5 and 6,
when the learner’s speech production is governed by functional principles.

OT has contributed to the study of SLA by offering a descriptive
scheme that is able to incorporate various theoretical insights into L2
phonological acquisition. Transfer can be formalized as the influence of
L1 constraint rankings and markedness constraints represent typological
universals. The FM breaks with OT in two important respects, however.
First, it does not posit constraints to be innate but views them as emergent
phenomena that are learned. Second, it replaces the notion of markedness
with articulatory difficulty and substitutes markedness constraints with
articulatory constraints.

Boersma (1998) proposes a comprehensive model of L2 phonological
acquisition, which integrates a number of recurrent theoretical notions.
By replacing the concept of markedness with articulatory contraints
operating within the speaker, the model relies on phonetic attributes whose
validity holds across languages. The FM thereby encompasses markedness
considerations if these are rooted in the physiology of articulation. Speech
perception also plays a central role, with a perceived mismatch between
(own) perceptual output and (model) input being the prerequisite for
stochastic learning. While identical learning mechanisms are assumed
for L1 and L2 acquisition, the FM allows for differences — that is, transfer-
induced delays in perceptual and sensorimotor learning. L2-specific
phenomena may thus be attributable to speech perception, a view that
is in accordance with several influential models of L2 phonological
acquisition (see §2.2.3). Further, cross-linguistic differences may constrain

! Note that we use simplified notation.
Boersma (1998) uses slashes to denote

a perceptual representation, that is, the
categorization of an acoustic event by the
perception grammar. The input to the
production grammar, which is stored in the
mental lexicon, is shown using pipes. The
correct notation here would therefore be
|man®s|.

Functional
principles

Focus
on form

Variation

Course of acquisition

Figure 2.1: Schematic representation of the
type and extent of variation predicted by
the FM over the course of L2 acquisition.

@®
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sensorimotor learning, which may be biased toward entrenched L1
articulatory settings (Honikman 1964).

A further attractive feature of the model is its reliance on general,
implicit learning mechanisms that have been documented in other areas
of L1 and L2 acquisition as well as other disciplines such as the cognitive
sciences. With learning being assumed to proceed in an associative fashion,
the FM incorporates frequency as a factor. In particular, input frequency
drives the stochastic learning of new faithfulness constraints and output
frequency affects the mastering of sensorimotor skills involved in learning
new gestures. By incorporating stylistic variation, the model is also able to
account for within-structure variability.

While the FM primarily deals with segmental phenomena, it does
assume post-lexical phenomena to emerge after acquisition at the lexical
stage has been completed. Other things being equal, connected speech
phenomena would thus be expected to emerge relatively late.

2.3.5 Articulatory constraints

While physiological factors are a recurrent theme in the study of IL
phonology, the status they have been assigned differs across theoretical
strands. Honikman'’s (1964) AS theory, for example, considers cross-
linguistic influence to surface in the transfer of entrenched L1 gestural
routines. Articulatory constraints were thus not studied in their own
right, but considered the outcome of L1 influence. In a similar fashion,
Best & Tyler’s (2007) PAM-L2 does not view gestures as an independent
source of variation, but as a mediator of L1 influence on non-native speech
perception. In AS theory and PAM-L2, articulatory constraints are thus
attributed a secondary role.

Other models consider gestural constraints as a primary, independent
factor rather than a vehicle for L1 transfer. Articulatory constraints thus
play a critical role in Boersma’s (1998) FM, where they impose restrictions
on the output by promoting motor economy. In this regard, these con-
straints can be considered language-universal, since they shape natural
languages in similar ways. Their universality derives from anatomical
similarities between human beings. More generally, the investigation
of speech-motor constraints on L2 speech production can build on the
findings put forward by Experimental and Laboratory Phonology (Ohala
1993, 1971), whose primary aim is to forward phonetic explanations for
recurrent sound patterns and sound change.

Model of Segmental Acquisition (MSA)

The relevance of Laboratory Phonology for L2 phonological theorizing was
stated explicitly by Colantoni & Steele (2008). Based on their research on
the acquisition of French [] and Spanish [r] by US native speakers, they
identify a number of shortcomings of current models of L2 phonological
acquisition. Predictions formulated on the basis of the MDH, SLM,

and PIM were found to be too general since they do not account for

the observed, prosodically determined variability. The authors advocate
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an integration of insights from Laboratory Phonology into existing models
of L2 speech learning and propose the Model of Segmental Acquisition
(MSA). The MSA encompasses perception and production constraints.
Perceptual processing is assumed to operate according to the mechanisms
stipulated by the SLM. While the SLM somewhat vaguely posits that
production will eventually resemble (newly established) mental categories,
Colantoni & Steele (2008) elaborate on the correspondence between mental
representation and output.

More specifically, universal properties of the speech mechanism are
assumed to constrain learner output. Learners then compare their output to
the perceived TL input and — upon detection of a mismatch — may further
modify articulatory gestures. Fossilization results from a failure to perceive
an input-output mismatch or from lack of articulatory control. Universal
constraints related to the physics of speech production thus play a central
role and may delay, impede, or cause variation in the correspondence
between underlying representation and output. Such constraints have been
identified for a number of segmental categories, most notably consonants.??

The MSA seeks to refine well-established models of L2 speech percep-
tion by adding a production channel that is regulated by physiological
constraints operating within the talker. A strength of the model is its
straightforward outline. This partly stems from the fact that it builds on
Flege’s (1995) SLM, an influential and widely familiar framework. The
existence of production constraints is not only intuitively appealing but
also adds substantive explanations to the observed variation in non-native
speech. By reference to articulatory constraints the MSA further captures
within-structure variation linked to the phonetic context.

2.4 Development and variation

One of the most notable characteristics of non-native speech is its high
degree of variability, which is observable both within and between learners
(Colantoni et al. 2015: 18). Corder (1981) introduced the distinction
between vertical and horizontal variation. While horizontal variation is
observable at a single point in time, vertical variation refers to change over
time — that is, the course of IL development. This section is concerned
with theoretical approaches that concentrate on IL variation. These can
be assigned to two broad classes. Perspectives in the tradition of the
variationist sociolinguistic study of language are discussed in §2.4.1.
Theoretical contributions that are characterized by a developmental focus
are presented in §2.4.2.

2.4.1 Variationist perspectives

The variationist approach to L2 phonology aims to uncover the regularities
that condition variable learner productions. Preston (1996) notes that two
variationist paradigms have influenced the study of SLA. The dynamic
paradigm focusses on the spread of linguistic variants over time and sees
variation as a transitory stage rather than part of language competence.
The Labovian school, on the other hand, considers variation an inherent

2 For instance, it has been argued that,
due to aerodynamic factors, voicing is
easier to maintain in sonorants than in
obstruents (Ohala 1993; Hoole 1999).
Voicing preferences have also been related
to place of articulation: the further back

a consonant is articulated, the more
difficult it is to sustain vocal fold vibration
(Ohala 1993). Accordingly, typological
comparisons have revealed that velar
stops are least compatible with voicing
(Greenberg 1970; Sherman 1975).
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property of language and aims to describe the factors that account for
the observed variability in speech. Its approach is typically strongly
quantitative and characterized by efforts to disentangle the influence of
different factors on alterations in language use. Both schools have found
their way into SLA theorizing.

Gradual Diffusion Model (GDM)

Ideas from the dynamic paradigm were introduced into SLA research
through Gatbonton’s (1978) Gradual Diffusion Model (GDM), which
builds on insights gained in studies on language variation and change in
creole communities (Bickerton 1975, 1971) and L1 speaker groups (Bailey
1973; Chen & Wang 1975). Its basic tenet is that the target-like production
of a segment develops gradually and conditional on phonetic context. This
sequence is claimed to be predictable on the basis of linguistic constraints;
precisely, the sonority of the immediate phonetic environment. Sonority
refers to relative differences between speech sounds in (perceived) loud-
ness and (acoustic) intensity. A sonority scale for the English phonemes
is shown in Figure 2.2 (cf. Giegerich 1992: 133), where sonority increases
from left (voiceless stops) to right (low vowels).

The GDM makes precise statements on the context-dependent progres-
sion of segmental accuracy. Two phases are postulated: an acquisition and
a replacement phase. In the acquisition phase, the new sound begins to
surface in certain preferred (sonorous) environments, where it alternates
with non-target forms. The emergence of the newly acquired sound then
progresses systematically to less sonorous contexts. At the end of the
acquisition phase, the output shows variable patterns in all contexts. In
the replacement phase, non-target forms begin to disappear, again starting
in preferred environments. Acquisition and replacement thus advance in
the same sequence of environments and occur in succession: Replacement
begins after acquisition has been completed in all environments.

The GDM contributes to the study of L2 phonology by highlighting
phonetic context effects in learner productions. With its introduction of
sonority as a linguistic factor conditioning production accuracy, it was
one of the first formal accounts of within-structure variation in non-native
speech. Further, its notion of a context-dependent progression of segmental
accuracy offers a framework for the systematic study of IL variation.
While the GDM was proposed based on the factor sonority, the postulated
two-stage development is independent of the specific explanatory factor
employed for determining a sequence of preferred environments.?> A

Stops Fricatives Nasals  Liquids Semi- Vowels
vi v vl 9 vowels High Low
p b f v m

t d 6 0 n j i ®
k g sz i) Il r w u a

Low Sonority High

% As Trovimovich et al. (2007) demon-
strate, other predictors can be identified
and applied to the same data to compare
their relative descriptive adequacy. A
sonority-based analysis yielded results that
were generally in agreement with those of
Gatbonton (1978). In a second analysis of
the data, the authors invoked two different
explanatory principles: cross-language
similarity and lexical frequency. While the
predictions on the basis of these factors
were more accurate, the developmental
stages were found to closely reflect the
stages and phases posited by the GDM.

Figure 2.2: Sonority scale for English
speech sounds (after Giegerich 1992: 133).
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strength of the model is the fact that it generates predictions about the
distribution of target and non-target forms in learner speech both at a
single point in time and across time. The notion of favorable environments
and the two-stage implicational nature of IL development can therefore be
applied to account for within-structure and developmental variation.

Model of Sociolinguistic Variation (MSV)

Research in the Labovian tradition typically takes a multifactorial approach
to IL sound patterns, where the distribution of discrete choices of forms
is determined as a function of different predictors.?* Usually, internal and
external sources of variability are distinguished, which broadly refer to
linguistic and social factors, respectively.

The Model of Sociolinguistic Variation (MSV) for native and non-native
speech was proposed by Fasold & Preston (2007). The MSV holds that the
choice among variants is probabilistically related to factors at three levels of
variation: (i) social context, (ii) linguistic context, and (iii) time.

The social context includes characteristics of the communicative
situation, gender of the speaker, extent of L1/L2 use and social identity.
Stylistic variation induced by focus on form and formality is also located
at this level, with speech styles that allow a speaker to monitor their
speech yielding more target-like utterances. Among the linguistic factors
in IL phonology are phonetic and prosodic context effects. Factors such
as the voicing of the adjacent segment(s) or prosodic position may be
systematically related to the preference for a specific variant.> The
third level of variation, time, refers to the relative time of acquisition of a
particular variant. Structures that are acquired early are more entrenched
and automatized, and can thus be accessed more easily relative to variants
that are acquired at a later stage or, from the perspective of the learner, have
been acquired more recently. The relative time of acquisition is thus also
assumed to exert influence on the probabilistic weight of variants.

As our discussion of theoretical approaches to L2 phonology has
shown, different constraints have been postulated to account for non-native
speech patterns. These include L1 transfer of articulatory and perceptual
routines, functional status, perceived degree of (dis)similarity, markedness,
articulatory constraints, speaking style, frequency, language universals,
natural processes, and the sonority of adjacent sounds. A strength of the
Labovian perspective is its traditionally multifactorial approach to (learner)
speech. This has two advantages. With non-native speech being the result
of a variety of linguistic and non-linguistic influences, a multifactorial
approach does justice to the complex ensemble of processes underlying
learner productions. Importantly, this allows the researcher to compare
the relative weight of factors, and thus to compare, in a statistical sense,
the explanatory power of constraints. Further, the connection to the field
of sociolinguistics discloses a rich inventory of systematic sources of
variability that are documented for native speech and which may also be
operative in learner speech. The sociolinguistic approach thus not only
contributes methodologically but also conceptually, as it puts variation at
center stage and seeks to uncover its systematic components.

# Historically, the primary analytical tool
is variable rule analysis (VARBRUL), a
procedure that jointly considers a range of
factors and gauges their association with
the variation observed in the structure

of interest. The notion of a variable rule,
which was first introduced by Labov
(1969), captures the systematic nature

of language variation in the form of
conditional probabilities for a set of
alternative forms.

% Studies on final /t d/ deletion in Chinese
learners of English, for instance, have noted
similar phonetic constraints in learner and
native speech (Wolfram 1985; Bayley 1996;
Hansen Edwards 2001).
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2.4.2 IL development

What Corder (1981) labeled vertical variation refers to developmental
change in learners over time. Theories with a developmental focus aim to
account for the systematic patterns that are observable in this dimension of
IL variation. Three contributions will be discussed in this section.

Linguistic theory of L2 phonological development

James’ (1988) Linguistic Theory of L2 Phonological Development (LTD)
focuses on the interplay of different levels of phonological representation
in the course of L2 development. The LTD is explicit about the assumed
representation of phonological structure in the learner’s grammar. Three
levels of phonological representation — lexical, prosodic, and rhythmic —
are posited to interact systematically over the course of L2 phonological
development. A non-linear framework similar to metrical phonology is
employed for the representation above the segmental level (see James
1986 for details). The prosodic level comprises seven hierarchical layers
(cf. Figure 2.3). Through s/w-marking, binary strength values (strong
vs. weak) are assigned to constituent nodes at each layer. These add up to
determine the structural weight, which in turn conditions the degree to
which contrastive features at the lexical level are implemented.
Sub-syllabic strength marking determines the realization of lexical
phonological properties and specifies the scope of syntagmatic segmental
influence, with s-marked units dominating adjacent w-marked units. Thus,
w-marked segments are more likely to be the targets rather than the triggers
of connected speech processes such as coarticulation or assimilation. Figure
2.4 illustrates sub-syllabic strength marking, which specifies strength
asymmetries within syllables (onset > nucleus, coda) and clusters (initial >
non-initial). Table 2.7 summarizes strength oppositions at the level of the
syllable, set and segment.

Syllable s s s w s S
AN N~ NN AN AN
Set SwW ‘SV‘VWW SWWSW SW Sww
L NN
Segment S S SSSW SSSSs S Ss SSS
1t fits eando 0o bed

The acquisition of L2 phonological representation is assumed to follow
a universal sequence from the lexical to the prosodic to the rhythmic
level, with the lower levels providing substance for the acquisition of
higher-level structure. The notion of structural strength is employed to
make predictions about within-structure variation, which is assumed to be

Level Strong (s-marked) Weak (w-marked)
Syllable Stressed > Unstressed
Set Onset > Coda

Segment Initial cluster element > Non-initial cluster element

Sentence (Root)
|
Clause w
/\
Phrase w S
/\ /\
Word w s w [
) | \ \ N
Formative s S S W s
\ \ /\ \ \
Syllable s s SwW s s

It fits under the bed

Figure 2.3: Supra-syllabic s/w-marking at
five hierarchical levels. The s-marks add up
to determine the structural strength of a
particular structure (James 1986, 1988).

Figure 2.4: Sub-syllabic s/w-marking
(James 1986, 1988).

Table 2.7: Sub-syllabic strength marking in
the LTD.
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sensitive to prosodic representation. Assuming a learner has established
prosodic s/w-marking in sufficient depth, James (1986) hypothesizes

a tendency toward strengthened variants in s-marked and weakened
variants in w-marked positions. The likelihood of strengthening/weakening
is assumed to depend on the relative degree of dominance, with slots
that are maximally s-marked being most likely to trigger strengthening
and vice versa. With this type of segmental variation is also sensitive to
prosodic embedding, learners at initial stages are not expected to show
such systematic alternations.

At the segmental level, James (1988, 1990) makes a (somewhat idiosyn-
cratic) distinction between variability and variation. Variation describes the
deviation of IL phones from the target and is assumed to decrease steadily
over the course of acquisition (see Figure 2.5). In other words, production
accuracy increases over time. Variability, on the other hand, describes the
extent to which different IL phones are used as realizations of a single
TL category. Initial stages are assumed to show little variability — that
is, stable L1-derived substitutes. As further variants enrich the learner’s
repertoire, variability increases and then decreases again toward the final
stages. Crucially, variability grows increasingly systematic over the course
of acquisition. At later stages, IL phones are posited to show sensitivity to
phonetic and prosodic context.

A unique feature of the LTD is its focus on the interdependence between
different levels of phonological representation. It thereby offers a frame-
work for the study of IL as a coherent system rather than a collection of
independently acquired structures and advances factors that are operative
across levels. In particular, its notion of structural strength identifies a
constraint for the explanation and prediction of within-structure variation.
To generate predictions at the segmental level of analysis, strength values
can be determined according to the asymmetries shown in Table 2.7. Fur-
ther, the bottom-up advancement of L2 phonological acquisition generates
predictions about sound patterns at subsequent developmental stages. In
general, strength and rate asymmetries grow during IL development. With
structural strength being cumulative, an increasing s/w-differentiation is
expected to yield a gradual increase in strength effects in syllables and
segments.

An important strength of the theory is its predictive adequacy, as it
generates quantitative hypotheses about IL variation.?® While James (1988)
invokes a metrical model of phonological representation, the fundamental
assumptions of the LTD are in fact independent of any particular scheme.?’

Ontogeny Phylogeny Model (OPM)

Another model primarily concerned with IL development is the Ontogeny
Phylogeny Model (OPM) proposed by Major (2001). The OPM merges

theoretical insights into transfer, similarity, and typological markedness

into a single coherent framework, which outlines the dynamic nature of IL
development. The OPM rests on two basic assumptions: (i) a learner’s IL
consists of three types of structural components: L1, L2 and U; and (ii) the
relationship between these components changes systematically over time.

Intra-learner
variation
. (variability)

Deviation
from target
(variation)

Course of acquisition

Figure 2.5: The extent of “variability” and
“variation” of phones during the course of
L2 acquisition; schematic illustration of the
patterns predicted by the LTD (James 1988,
1990).

% See Sonning (to appear) for an appli-
cation to the L2 acquisition of speech
rhythm.

? For instance, its claims are also testable
using simplified templates of prosodic
organization such as a two-way distinction
between lexical and syntactic stress.
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Thus, every structure found in learner speech is attributable to one of three
sources:

e L1: It has been transferred from the native language.
e L[2: Itis a target language structure.
e U:Itis a universal structure that is not part of L1 or L2.

Major (2001: 83) takes a broad view of universals; U is defined as
“the universal set of properties of the human language capacity and the
resulting universal characteristics of languages. In addition to abstract
linguistic constructs, U includes anatomical, functional and processing
properties of the human mind”. The OPM states that the interplay of L1,
L2 and U during IL development depends on the (i) type of structure that
is acquired and (ii) speaking style. The basic chronological assumption
is that, over the course of acquisition, the presence of transferred L1
structures decreases, while L2 (TL) structures increase. The influence of
universal language properties first increases and then decreases. This is
shown graphically in Figure 2.6a, where the vertical scale denotes degree of
influence of the respective component.

The OPM further states that normal, similar and marked structures
show different trajectories; these are shown in Figure 2.6a, b and c. Normal
structures are acquired relatively early — hence, there are only 5 stages.
While transfer dominates initially, its influence decreases quickly. Target
language structures, which are absent at stage 1, increase. At the hypothet-
ical final stage of SLA, the IL resembles the TL. The role of U increases,
reaches a maximum at stage 3, and then decreases again.

(a) Normal structure  (b) Similar structure (c) Marked structure

Degree of Influence

(d) Speaking style

Developmental stage

Compared to normal structures, similar ones are acquired at a slower
rate, which is reflected in the number of stages (7 vs. 5). Likewise, marked
structures are acquired at a slower pace. While equivalent L2 trajectories
are posited for similar and marked structures, the relative influence of
L1 and U differs. In the acquisition of similar structures, L1 transfer is
persistent; U, on the other hand, exerts no notable influence. For marked
structures, on the other hand, transfer is assumed to decrease rapidly, while
U rises to exert considerable influence.

The OPM also takes into account stylistic variation (see Figure 2.6d).
In casual speech with little focus on form, L1 influence is more likely to
surface. In formal situations, on the other hand, transfer is least influential
and L2 structures dominate. In between, U increases and decreases,
reaching a maximum in stylistically neutral situations.

Informal Formal

Figure 2.6: Graphical illustration of

the corollaries of Major’s (2001) OPM:
The relative weight of L1, L2, and U
interlanguage components in the course of
acquisition of (a) normal, (b) similar, and
(c) marked structures. Panel (d) shows
variation according to the formality of the
situation. ©®
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The OPM differs from previously discussed models in several respects.
Its scope is more comprehensive since it incorporates various findings of
L2 phonology research: transfer, universals, similarity, and markedness.
The OPM thus brings together well-documented linguistic constraints
and hypothesizes about how they conspire to shape non-native speech.
The effect of transfer and universals is harmonized by assigning different
weights to these factors, conditional on developmental stage. Whether
traces of L1 influence or language-universal biases are observable thus
depends on the proficiency level of the learner.?8

The developmental arrangement of L1, L2, and U is further assumed
to vary as a function of markedness and similarity attributes of the TL
structure. Speaking style is included as a source of variation and posited
to alter the relative weight of the structural components at every stage of
IL development. A strength of the model is the fact that it offers a compre-
hensive and coherent account of IL sound patterns. While its empirical
foundation is predominantly concerned with segmental phenomena, the
OPM'’s predictions are posited to hold for other types of phonological
structure and indeed other areas of (second) language acquisition and
language change. The model also captures different types of IL variation,
including within-structure, between-structure, and developmental vari-
ation. Extrapolating its claims to the notion of variable productions in
learner speech, the developmental and stylistic patterns in Figure 2.6 can
be translated into probabilistic predictions about the distribution of L1-,
L2-, and U-derived variants at a single point in time. The model’s broad
definition of U leaves it to the researcher to determine in which way U
might influence the acquisition of a particular structure.?’

We now turn to the last framework in our survey of the theoretical
literature: Dynamic Systems Theory, which is rooted in the Complexity
Theory paradigm.

Dynamic Systems Theory (DST)

Complexity theory originated in the natural sciences and was introduced
into SLA theorizing by Larsen-Freeman (1997). ILs exemplify complex
systems in that they comprise a large number of interacting components,
with the behavior of the whole emerging from this interplay. The isolated
study of these components is considered inadequate and it is argued
that a dynamic view of language acquisition may be more appropriate

as it embraces the complex nature of ILs and discourages reductionist
explanations. This stream of SLA theorizing is currently referred to as
Dynamic Systems Theory (DST, De Bot et al. 2007).

In general, a system can be regarded as an ensemble of cooperating
parts that form a whole. The core characteristic of a dynamic system is
change over time; DST is thus an inherently developmental theory. As such,
dynamic systems exhibit a number of distinctive properties. First, their
development is dependent on initial conditions, with differences in the
initial state possibly having far-reaching consequences (De Bot & Larsen-
Freeman 2011). A further characteristic is the complete interconnectedness
of its components. Changes in one component may impact other parts of

% See S6nning (2014, to appear) for an
application to the acquisition of vowel
reduction and speech rhythm by German
learners of English.

¥ It should be noted that the model

has also met with criticism due to its
vague definition of universals and lack of
specificity regarding the precise interplay
of L1, L2, and U over time (e.g. Gut 2009:
27).
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the system. Development is assumed to be non-linear with fluctuating
learning curves reflecting progress and backsliding.

Changes in the system and its subcomponents are assumed to be
driven by two forces: internal reorganization and interaction with the
environment. Over time, the system is drawn toward attractor states, which
are preferred states resulting from developments in the system. These
can be considered natural or unmarked states (Larsen-Freeman 1997).
The strength of attraction determines the amount of energy needed to
set the system in motion to settle in another temporary attractor state.
Fossilization is argued to reflect such an attractor state (Larsen-Freeman
2005). Repeller states, on the other hand, reflect disfavored conditions and
are thus unlikely to be observed. While individual developmental paths
may vary substantially, there will be considerable similarities between
them, which may arise from limitations in change and variability (De Bot
et al. 2007).

According to DST, IL sound patterns emerge from the interaction of a
complex system comprising a large set of interacting components. The
theory introduces a number of concepts that describe characteristics of
dynamic systems. As these terms and ideas are borrowed from complexity
theory, it is not immediately clear how they can be mapped onto linguistic
phenomena. In fact, from the perspective of L2 phonology, DST may
be considered a theory-neutral framework, offering terminology and
concepts rather than substantive claims that directly translate into research
hypotheses. Nevertheless, DST encourages researchers to emancipate from
a reductionist approach to isolated structures toward more comprehensive
accounts of the dynamic interplay between different IL phenomena.>

2.5 Summary

Our current understanding of non-native speech receives support from a
variety of theoretical contributions. These differ in scope and have brought
forward various constraints to account for IL phenomena. The purpose of
this section is to provide a comparative summary of these accounts and to
highlight unifying themes and implications for empirical work. Table 2.8
provides a summary and recapitulates the linguistic factors that are put
forward as well as the predicted areas of difficulty and expected types of
deviant productions. Further, the overview aims to show how these pieces
of theoretical knowledge relate and contrast. To this end, four aspects are
highlighted:

e Theme. The three major themes that organized this chapter provide a
bird’s-eye perspective on the type of reasoning adopted. An important
distinction is that between cross-linguistic and universal accounts.
While the former focus on L1 interference as an explanation of IL
phenomena, the latter highlight the relevance of constraints that
operate independently of the L1 and TL. The distinctive feature of
the third group is the emphasis on variation, especially in terms of IL
development.

e Mode. Theories also differ in the importance they attribute to perception

Tt should be noted, however, that Major’s
(2001) OPM and James’ (1988) LTD are
also genuinely dynamic frameworks.

Both models focus on the interplay or
interaction between different factors or
levels of representation and make specific
statements on the nature of systematic
changes over time. In contrast to DST, both
models operate on the basis of linguistic
constraints and thus invoke factors and
mechanisms that are well-documented
and familiar to SLA researchers. Their
tenets can thus be more readily applied in
empirical work.
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and production constraints. While a dominant stream of research is
exclusively concerned with speech perception, other accounts restrict
their focus to speech production without reference to perception. Finally,
a considerable number of contributions take into account both modes,
assuming that both channels are constrained in systematic ways.

e Scope. An aspect that is particularly relevant to the empirical appli-
cation of theoretical accounts is their scope — specifically, the types of
structures they are concerned with. A general distinction is that between
segmental and suprasegmental structures. With most contributions
extending to both levels of analysis, theoretical work can provide guid-
ance in a variety of research contexts. It is worth noting, however, that
perceptual models are exclusively devoted to the segmental level of
analysis.

e Variation. A further distinction that is fruitful for empirical research
concerns the type of variation that is predicted and explained. As
illustrated above, the nature of the phenomenon of interest suggests
a division into variation between and within learners and structures.
Between-structure perspectives allow the researcher to formulate
hypotheses about the relative degree of difficulty associated with a
given structure. This information may be based on perceptual similarity
assessments or intrinsic properties of the structure such as the relative
degree of markedness or articulatory complexity. The between-structure
point of view thus translates into predictions about the relative accuracy
rate of a given structure. Within-structure variation, on the other
hand, is concerned with the variable accuracy of a given structure,
generating predictions about production rates in certain contexts. These
can be defined in linguistic terms by focusing attention on phonetic
and prosodic constraints. An awareness of these different sources
of variation in learner speech allows for a systematic investigation
of IL phenomena, which can build on a theoretically grounded set
of constraints that are either intrinsic to a structure (foregrounding
between-structure comparisons) or extrinsic (encouraging within-
structure comparisons).

A final point that should be noted is the indispensability of assumptions
when contemplating the implications of theoretical accounts on empirical
work. As the discussion of contributions has illustrated, predictions often
hinge on one or several premises regarding the underlying linguistic
constraints. Predictions on the basis of the SLM, for example, rest on the
identification of the L1 sound closest to the focal TL segment as well as
the degree of perceived phonetic dissimilarity between the two. A Natural
Phonology approach to IL, on the other hand, requires the researcher to
make assumptions about which natural processes may affect the acquisition
of a particular structure. Similarly, taking an MDH perspective necessitates
the evaluation of the degree of markedness associated with a particular
structure or context. In consequence, it is critical for researchers to clearly
formulate assumptions that perform a bridging function between theory
and empirical predictions.

Table 2.8: (Opposite page) Overview of
theoretical contributions.
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Contrastive Analysis Hypothesis Lado 1957 e  Contrasts; functional status of structures in L1/TL ee o
Articulatory Settings Honikman 1964 e  Contrasts in articulatory settings ° °
Speech Learning Model Flege 1995 e o Perceived phonetic dissimilarity . °
Similarity Differential Rate Hypothesis Major & Kim 1996 e o Perceived phonetic dissimilarity ° o o
Perceptual Assimilation Model Best 1995 e o Perceived gestural similarity; frequency; functional load e o
Desensitization Hypothesis Bohn 1995 e o Perceptual bias toward vowel length . °
Perceptual Interference Model Bohn 1995 e o Presence/absence of phonological features in L1 . °
Feature Competition Model Brown 1998 e o  Prominence of phonological features in L1 . °
Universals
Markedness Differential Hypothesis Hancin-Bhatt 1994 o Contrasts; relative degree of markedness ee oo
Structural Conformity Hypothesis Eckman 1977 e o  Universal generalizations oo oo o0
UG Model of Stress Acquisition Eckman 1991 e  Contrasts and UG constraints in parameter settings e 27 e
Natural Model of L2 Phon. Acquisition Dziubalska-Kotaczyk 1990 e e Natural processes; status in L1 vs. TL; frequency o0 )
Naturalness Differential Hypothesis Schmid 1997 o  Contrasts in the status of natural processes oo oo
Functional Model of Phon. Acquisition Boersma 1998 e o  Articulatory constraints; communicative demands; freq. e e e o o0
Model of Segmental Acquisition Colantoni & Steele 2008 e o  Articulatory constraints; perceived phonetic dissimilarity e ° e ?
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Gradual Diffusion Model Gatbonton 1978 e  Sonority of adjacent segment(s) ° o0
Sociolinguistic Model Fasold & Preston 2007 e Phonetic and prosodic context in general e O
Linguistic Theory of L2 Phon. Development James 1988 e  Structural strength; level of representation ee oo
Ontogeny Phylogeny Model Major 2001 e o  Contrasts; markedness; similarity oo o000
Dynamic Systems Theory De Bot et al. 2007 ? e ee o0 e

Note. Key to symbols: e explicitly stated, o implied, ? unclear
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3
Method and data

This chapter provides details about methods and data.! Sections 3.1 and
3.2 give an overview of the materials, procedures, and participants. §3.3
describes supplementary data sets used in this study. These include
additional data on German Learner English from previous research
and empirical evidence on English L1 acquisition and English phoneme
frequencies. §4.6 gives an outline of key aspects of the statistical analysis.

3.1 Materials and procedures
Three reading tasks were used for data elicitation:

e aword list (n = 42 items),
e short phrases (n = 33 phrases, each including 2 target words), and
e mini-dialogues (n = 10).

The materials used are listed in Appendix A.1.1. Recordings took
place in a quiet location using a portable H2 Zoom device. Prior to the
recordings, participants were given time to familiarize themselves with the
materials, which were printed on cards. All speakers were asked to read at
a comfortable pace and were given the opportunity to correct themselves.
In terms of vocabulary and syntax, the stimulus design was based on the
level of English after one year of instructed learning.?

The tasks were designed to allow for an analysis of segmental and
suprasegmental aspects of speech production. The objective of the word list
was to elicit a number of segmental features. Items were divided into two
sets in order to separate a number of minimal pairs (e.g. plays-place, bag-
back). This was in many cases necessary in order for learner productions
to be assigned to the correct target item if no difference between the
renditions was discernible. A partition of the word list also ensured that
minimal pair constituents did not occur in proximity, as this might have
influenced their pronunciation.

The purpose of the short phrases task was to elicit 11 English monoph-
thongs /i 1e & A 31 ar p o1 v uz/, which were used to map each speaker’s
acoustic vowel space. The task was designed to yield 5 to 7 tokens per
monophthong. Allitems (1 = 2 per phrase) occurred in the same con-
trastive context: Isaid ”...”, not ”...”. The choice of items struck a balance

”

! The data sets analyzed in the following
chapters are openly available via the
Tromse Repository of Language and Linguistics
(TROLLing). Links to the repositories are
provided in the method and data section of
each chapter.

2 To this end, the school book Green Line
New 1 (Hellyer-Jones et al. 2003) was
consulted to ensure familiarity with lexical
and grammatical structures.
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between using familiar material and using contexts that exhibit minimal
coarticulatory influence of adjacent consonants. A classic context for the
elicitation of canonical vowels is the neutral hVt or hVd frame (e.g. heat,
hit, hat; Peterson & Barney 1952). In the current study, unfamiliar hVd- and
hVt-words were elicited by embedding them as the second item in short
rhymes so that their pronunciation could be inferred from the first (e.g.

I said "pet”, not "het”.). Overall, there were three different types of short
phrases:

e 1 =12 contrasts of familiar words (e.g. I said "sit”, not "sat”.)
o 1 = 13 rhymes of familiar words (e.g. I said "bed”, not "head”.)
e 1 = 8 rhymes including nonce words (e.g. I said "bought”, not "hought”.)

The short dialogues consisted of question-answer sequences, which
aimed at eliciting consistent accentual patterns. Subjects read both turns of
the dialogue and were given the opportunity to re-read a sequence if they
were unsatisfied with their rendition.

3.2 Subjects

A total of n = 89 subjects were recorded in the present study:

e 1 =62 German learners (39 female),
e 1 =11 AmE native speakers (4 female), and
e 1 =16 BrE native speakers (11 female)

Before the recordings, subjects filled out a questionnaire eliciting
biographical information.® All British English (BrE) and American English
(AmE) informants reported that both of their parents’ native language was
English. Neither group can be considered as representing a well-defined
variety of English, as resource limitations made it unfeasible to consider
exclusionary variables for participant recruitment. As the reported minimal
education level of all subjects was a bachelor’s degree, however, the sample
of native speakers recorded in the present study may be described as
speaking an educated variety of English. BrE informants were between 21
and 45 years of age*, and most had grown up in the London area and the
Midlands. Native speakers of AmE were between 21 and 33 years old and
were predominantly from the northeastern part of the US.

The learners recorded for the present study are best described as
a convenience sample. The aim was to capture a range of proficiency
levels that may be considered as representative of instructional-setting
learners. Figure 3.1 gives biographical details about the n = 62 learners.
All informants had learned English at school and reported that both of
their parents spoke German as a native language. Learners ranged from
grade 6 (having completed at least 1 year of formal English instruction) to
university level. Subjects were also asked to indicate where they had gone
to primary school. Figure 3.2 shows that most of the informants grew up
in northern Bavaria (Bamberg), where the recordings took place. The age
of the subjects ranged from 11 to 30 (Mean = 18) and the AOL, the average
age at which English instruction began, was 10 (SD = 1.5).
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Figure 3.1: Age distribution of the n = 62
German learners (bottom) and distribution
across grades (top; ‘+’ denotes completed
secondary education) and age.

* The form used for the native speakers was
based on the Bamberg questionnaire for lexical
and morphosyntactic variation in English
(Krug & Sell 2013). All questionnaire
forms are available from the OSE.

* The age distribution for the two native
speaker groups is given below:

BrE

AmE
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Figure 3.2: Regional background of the

learners in this study. The map was drawn
using the R package tmap (Tennekes 2020)
using data from the GADM database. @®


https://gadm.org/download_country_v3.html

With comparisons between different proficiency levels being a key
concern of the present study, a foreign accent rating (FAR) was used to
obtain a global accentedness score for each learner (see Jesney 2004 for
an overview). To this end, four mini-dialogues (dialogues 2,7, 9, 10; see
Appendix A.1.1) spoken by each learner were presented in randomized
order to two BrE native speakers, who rated the overall degree of foreign
accentedness on a 12-point Likert scale (from ”strong foreign accent” to
"native speaker level”). The software OpenSesame (Mathot et al. 2012) was
used for the implementation of the FAR task and ratings were given via the
keyboard. The scores for the four stimuli were averaged for each subject.
The distribution of the average ratings is shown in Figure 3.3. The learners
are distributed across the entire scale and therefore represent a broad range
of proficiency levels (Mean = 6.0, SD = 2.5, Min =1.6, Max = 10.8).

For the analyses in the present study, the average ratings were converted
to z-scores (i.e. standardized to have mean 0 and standard deviation 1).
These will be used hereafter to express L2 pronunciation proficiency. For
purposes of exposition, the discussion of findings will usually refer to three
proficiency levels: beginner, intermediate, and advanced. These labels
correspond to the following ranges of z-scores:

e Beginner: Range [—2, —1], Mean = —1.5 (n = 12 learners)
e Intermediate: Range [—1, +1] , Mean = 0 (n = 37 learners)
e Advanced: Range [+1, +2] , Mean = +1.5 (n = 13 learners)

For some of the structures investigated in the present study, the two
standard varieties offer different targets. Thus, allophones may differ
in distribution (e.g. for rhotics and laterals) and/or acoustic features
(e.g. vowel quality and duration). In such cases, German learners with
an orientation toward BrE or AmE should be treated separately since
they form two different populations of speakers. Further, they must be
compared to different reference values — those for BrE and AmE. We
therefore assigned to each learner a variety score that ranges from -1
(indicating perfect alignment with BrE) to + 1 (AmE). To determine these
scores, five segmental features that contrast between the standard varieties
were selected and analyzed:®

The realization of laterals ([1] vs. [1]) as in lunch, willing
The Lot vowel: /p/ vs. /az/ as in stop, pot

The Goart vowel: /ou/ vs. /ou/ as in show, alone

The Nurse vowel: /3:/ vs. /34/ as in bird, urge
Post-vocalic /r/ as in year, tour

In Appendix A.2, we describe how these these features were combined
into a variety score for each learner. Figure 3.4 shows the distribution of
scores by proficiency. At upper-intermediate levels (around z = +0.5)
learners begin to form two groups, which become clearly distinct at
advanced proficiency levels. For the analysis of features where BrE and
AmE offer different targets, we will choose z = 0 as the point from which
on we begin to describe two different populations of learners. This means
that beginner and lower-intermediate learners are treated as a homogenous
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Figure 3.3: Results of the foreign accent
rating: Original scale and z-transformed

ratings. @®

® Some features could not be measured:
Yod-dropping (news, student) and the /ae/
vs. /az/ contrast (path, dance) did not occur
in the recorded material. T-flapping (as
in better, writer), on the other hand, could
not be analyzed since, in the population
of German learners represented by our
sample, [r] may surface due to L1 transfer:
Like AmE, the Franconian accent shows

t-flapping.
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Figure 3.4: Variety score by proficiency
level.
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group and described with, say, a single trend line. For upper-intermediate
and advanced learners, this trend line is allowed to branch out to trace
the behavior of the two populations that gradually emerge. In Figure 3.4,
grey shading is used as an additional indication of the target accent: Black
signals AmE, white BrE. This visual cue will be encountered again in later
chapters, where it allows us to enrich graphs with information about the
target variety.

3.3 Supplementary data

This section introduces supplementary data used throughout the following
chapters. These include data from previous work on German Learner
English which were reanalyzed for the purposes of the present study
(83.3.1). §3.3.2 describes the set of studies used for a survey of the L1
acquisition of English consonants, and §3.3.3 offers a review of studies on
English phoneme frequencies.

3.3.1 German Learner English

Our analyses of segmental features in GLE make use of supplementary
data sets that were taken from the literature or kindly provided by other
researchers.

Pascoe (1987)

Pascoe (1987) carried out an extensive auditory analysis of the productions
of n = 26 instructional-setting learners from southern Bavaria (age:

14-16 years). Informants were sampled from grade 8 to 10 from different
school types in the area of Munich and had been learning English for
approximately 3 to 6 years. The analysis was based on semi-free speech: the
retelling of a picture story and a guided telephone conversation. Detailed
phonetic transcriptions are provided for all subjects, and we will refer to
this data base as the SpIL corpus.® For the purpose of the present study,
these data were reanalyzed with respect to factors not considered in the
original investigation.” In order to establish comparability to the present
study, the L2 pronunciation proficiency of the subjects was determined
based on the overall accuracy rate of the 49 segmental and suprasegmental
parameters reported by Pascoe (1987). These scores ranged from .70 to .95.
For use in the present investigation, it was assumed that these figures give a
comparable reflection of pronunciation proficiency. For the analysis, these
were converted to z-scores. Figure 3.5 shows the correspondence between
these and the original proportions.

Wunder (2012)

A study® by Wunder (2012) investigated the production of coda obstruents
by n = 30 German learners (age: 11-20; 15 female) from a grammar school
in northern Bavaria (Bamberg). Subjects were sampled from grades 6, 9,
and 12 (n = 10 each) and a reading passage was used for data elicitation

z-scores
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Figure 3.5: Correspondence between the
overall accuracy rate reported by Pascoe
(1987) and the FAR scores assigned for
purposes of comparison. @®

® The research project was titled Spoken
Interlanguage.

7 To this end, the phonetic transcriptions,
which are provided in the appendix of
Pascoe (1987), were searched manually for
relevant occurrences.

8 These data were collected for an MA
thesis at the University of Bamberg.



(see Appendix A.1.2). These recordings were kindly provided by the
author for further analysis. To assess the proficiency of the informants, I
rated their productions on a scale from 1 to 12. While these ratings are not
directly comparable to those from native speakers, this serves to establish at
least some degree of comparability between the data sets.

Rank (2016)

The third supplementary data are from a study® on /v/-and /w/-
production by n = 26 instructional-setting learners. Subjects were mostly
from southern Germany (Bavaria) and had learned English in an in-
structional context for at least 7 years. The sample may be considered as
representing intermediate to advanced proficiency levels. Two tasks were
used for data elicitation, a word list and a reading passage (see Appendix
A.1.3). The author kindly provided her primary data for reanalysis. The
original recordings were not available.

Rank (2018)

The final supplementary data are from a study'’ on the production of
postvocalic /r/ by n = 21 advanced learners. Most of the subjects were
from southern Germany (Bavaria) and studied English at the University of
Bamberg. Three tasks were used for data elicitation: a word list, a reading
passage, and a casual conversation with the author of that study (see
Appendix A.1.4). The primary data (but not the original recordings) were
made available for reanalysis.

3.3.2  Emnglish L1 acquisition

Our review of L2 phonological theories in Chapter 2 revealed that the L1
phonological development of English-learning children may inform L2
speech research. Relevant insights include the sequence of acquisition

of segmental structures as well as typical error patterns. A number of
large-scale, cross-sectional analyses have shed light on the L1 acquisition of
English consonants. Attributes of these studies'! are listed in Table 3.1. We

observe differences in sample size, age range, and the positions investigated.

Each provides detailed information about individual segments, sample
sizes, and accuracy rates, which allows us to combine the information in a
joint analysis.?

The estimates from this survey are shown in Figure 3.6. The plotted
values are thresholds and indicate the age at which a certain proportion of

Study N Position Agerange Place

Wellman et al. 1931 204 I, M,F 2,0-60 US (Iowa)

Templin 1957 480 I, M,F 3;,0-8;0 US (Minnesota)
Prather et al. 1975 147 I, F 2,0-4,0 US (Oregon)

Smit et al. 1990 997 I F 3;,0-9;0 US (Iowa, Nebraska)
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° These data were collected for a term paper
supervised by the author of the present
study.

10 These data were collected for a BA thesis
co-supervised by the author of the present
study.

! The data are available on the OSF
(https://osf.io/yv572/).

12 We ran a segment-by-segment series of
beta-binomial regression models using
the R package aod (Lesnoff & Lancelot
2019). Each model estimated, separately
for initial and final position, the average
trend line across the four studies, i.e. the
increase in accuracy rate with age. The
code can be found in the OSF project
(https://osf.io/sk5wd/).

Table 3.1: Studies on English L1 acquisi-
tion. Positions refer to I(nitial), M(edial),
and F(inal). N denotes the number of
children analyzed.


https://osf.io/yv572/
https://osf.io/sk5wd/
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children produce the sound accurately (cf. Amayreh & Dyson 1998):

e Age of customary production: .50 (lower end of the bar)
e Age of acquisition: .75 (dot)
o Age of mastery: .90 (upper end of the bar)

Points sitting on the horizontal axis indicate that a threshold is reached
by the age of 2. Lines without cross-bars at the upper end indicate that
mastery (i.e. accuracy rates of .90 or higher) is expected at the age of 9 or
higher.

.90
8 %.75 Accuracy rate
.50

Final

8’ Initial
nitia
<

. |
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3.3.3 English phoneme frequencies

A factor highlighted by several theoretical contributions is input frequency.
To estimate the rate of occurrence of English phonemes in the input,
findings from 1 = 9 studies dealing with different genres were combined.'®
Details about these are summarized in Table 3.2.

Study Variety  Genre N
Denes 1964 BrE Teaching material 72,000
Fry 1974 BrE — —
Dewey 1923 BrE, AmE Prose 370,000
Hayden 1950 AmE University lectures 65,000
Delattre 1965 AmE Prose, drama 6,500
Roberts 1965 AmE Basic writing vocabulary 67,000
Mines et al. 1978 AmE Interview 104,000
Blumeyer 2012 AmE BNC —
Carterette & Jones 1974 AmE Natural speech 252,000

As the use of symbols for vowel categories was too variable to yield
reliable comparisons, the analysis is restricted to consonants. Figure
3.7 summarizes the distribution of the log-transformed frequencies
(per 100 segments) across the studies. Overall, results are in fairly good
agreement.!* The boxplot at the right margin, which is highlighted with a
grey fill, summarizes the distribution of the median frequencies (i.e. the

Figure 3.6: Age and order of acquisition
of consonants in English L1 acquisition.
Results from a survey of 4 studies (see
Table 3.1 for details). The points denote the
age of acquisition, where .75 of children
produce the sound correctly (grey open
circles: initial position; filled circles:

final position). The lower end of the bar
indicates the age of customary production
(.50), the upper end the age of mastery
(.90).

13 The data can be accessed via the OSF
(https://osf.io/d8zjy/).

Table 3.2: Studies on English phoneme
frequencies. N refers to the number of
phoneme occurrences.

* There is considerable variation in /r/,
which is presumably due to the pooling of
rhotic and non-rhotic varieties. Variation
is also evident for /j/, which might be
attributable to genre-related variation in
rate of the high-frequency pronouns you
and your.


https://osf.io/d8zjy/

filled circles in the display). The distribution is symmetric on the log scale.

The overall median frequency is 1.9 per 100 segments and the interquartile
range extends from 1.0 to 3.2; the extremely infrequent phoneme /3/ is a
clear outlier (Mdn = 0.1 per 100 segments). For the purposes of the present
study, the frequency of a segment will be assessed by comparison to the
log frequency distribution described by the boxplot at the right margin of
Figure 3.7.
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3.4 Data analysis

This section gives an outline of the methods used for data analysis. §3.4.1
starts with a discussion of hierarchical data structures and the implications
for analysis. We then move on to a discussion of key features of Bayesian
inference (§3.4.2), the paradigm we adopt for statistical analysis. §3.4.3

then outlines the strategies we use for the specification of statistical models.

3.4.1 Hierarchical data structures and multilevel models

Empirical research in the field of L2 phonology typically involves multiple
observations per subject. To illustrate, in a study on the production of
final voiced obstruents each speaker may produce several items and

thus contribute multiple data points. This sampling situation is shown
schematically in Figure 3.8, where observations (e) are nested within
subjects (s). In this case, there are n = 5 subjects, who produced n = 4
items each.

When drawing conclusions from these data, it is important to take
into account this hierarchical structure. In simple settings such as the one
shown in Figure 3.8, there are two levels at which inferences can be made.
The first level is that of the subject. In this example, each subject has a
certain ability to produce FVOs, which we may express as a percentage.
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Figure 3.7: Comparison of estimates for the
frequency of English consonant phonemes
across 9 studies. The boxplot at the right
margin summarizes the distribution of the
estimated medians. @®
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Figure 3.8: Illustration of hierarchically
structured data, where observations are
nested within subjects.
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At this level, a sample of size n = 4 is used to draw inferences about the
subjects” accuracy rate. At the second level, the subjects constitute a sample
of size n = 5 from the population of German learners. We can similarly
draw inferences about this population based on n = 5 observations. In
essence, therefore, the data arose from a two-stage sampling procedure:
n = 5 speakers (the primary sampling units) were sampled from the
population of German learners, and then n = 4 cases (the secondary
sampling units) were sampled from the population of FVO renditions
of each speaker. If this structure is ignored, the analysis may produce
overconfident results. This is the case if we use n = 20 observations to
(directly) draw inferences about the population of German learners,
skipping the second level at which observations are grouped within
subjects.

From a statistical perspective, the assumption of independence'® be-
tween the n = 20 data points is not met, because observations from a single
learner can be expected to be similar and therefore correlated; they do
not contribute independent pieces of information to the analysis. As the
accuracy of an estimate depends on sample size, inferences about the
population of German learners based on n = 20 data points without ac-
counting for the structure in the data will inevitably produce overconfident
summaries. This is to say that uncertainty estimates such as confidence
intervals and p-values will be too small.

One way of dealing with structured data is to compute a summary
measure for each subject and then (in this case) continue with n = 5 data
points (e.g. a percentage for each subject). While this guards against
overconfidence in the results, multilevel models'® can do better, especially
in L2 speech research and studies on language variation in general. The
reason for this is that linguistic data are typically structured in multiple
ways. In our exemplary FVO production study, there is in fact a second way
in which observations are organized. Let us assume, for instance, that each
subject was given the same word list (with n = 4 items). There is reason

to believe that the productions of each word across learners are correlated.

This may be due, say, to familiarity with the item or properties of the final
voiced obstruent (e.g. fricative vs. stop). Again, the n = 20 observations
are not independent due to the fact that the productions of a given item
are likely to be similar. Each observation can therefore be assigned to
two different clusters of data points: to a specific subject and to a specific
item. This is illustrated in Figure 3.9, where observations are grouped by
s(ubject) and w(ord). The connecting lines illustrate why such designs are
often referred to as crossed or cross—classz’ﬁed.17 In this sense, linguistic data
are in many research contexts naturally crossed.!8

Our default analysis tool throughout this study will be multilevel
regression, with varying effects on subjects and words. Our analyses
thereby take into account the crossed clustering of observations. Before we
go further, we discuss two issues that are involved when specifying and
interpreting multilevel regression models.

15 For a discussion of the statistical
independence assumption in language data
analysis, see Winter (2019: 232-233) and
Winter & Grice (2020).

16 Multilevel models are also referred to as
mixed-effects models, hierarchical models,
or random coefficient models. The standard
reference for these models in language data
analysis is Baayen et al. (2008).

17 More specifically, it is the factors (or
classificatory variables) subject and word
that are crossed.

181t has been convincingly argued that
hierarchically structured data should be
the default assumption in language data
analysis (see Johnson 2014; Winter & Grice
2020).
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Figure 3.9: Illustration of hierarchically
structured data, where observations are
grouped by subject and word. @®



Specification of the variational structure in multilevel models

When formulating a multilevel regression model, we need to give some
thought to the variational structure of the model (see Cox & Donnelly 2011:
112-113), which, for our present purposes, concerns the question of which
varying (or “random”) effects to incorporate into the analysis. Different
strategies may be pursued, and decisions should be informed by (i) the
purpose of the analysis and (ii) our background knowledge about the
data and phenomenon. Our default strategy will be to specify a “maximal”
variational structure (Barr et al. 2013). This structure reflects our preference
for a model that allows the association between a given predictor and

the outcome to vary across subjects and/or words.!¥ We will therefore
include varying (or “random”) slopes for all predictors that, based on
our background knowledge, can be expected to vary in strength across
subjects and/or words. Since the variational structure is motivated by
linguistic considerations, we forego a model-comparison-based elimination
of random components and stick to our pre-data specification.

Population-averaged vs. subject-specific estimates

When it comes to interpreting multilevel regression models for categorical
outcomes, complications arise. Categorical outcomes in the current
study are of two types: binary responses (binary logistic regression) and
nominal outcomes with 3 or more unordered categories (multinomial
logistic regression). In these settings, we need to distinguish between two
types of estimates a multilevel model can offer. This issue arises from the
fact that these regression models operate on a transformed, non-linear
scale. The two meanings that can be communicated for hierarchically
structured categorical outcomes are usually referred to as a subject-specific
(or conditional) interpretation (the default for multilevel/mixed-effects
models) and a population-averaged (or marginal) interpretation.?Y These
labels are unfortunately not very helpful, so let us consider an example. We
will stick to our illustrative FVO setting, now with a hypothetical scenario
of n = 20 subjects (of low proficiency) and n = 100 observations each. We
have measured the FVO accuracy rate for each learner and express it on
the proportion scale, which expresses the share of target-like realizations.
These range between roughly 0 and .30 (i.e. 0 and 30%). The distribution is
shown in Figure 3.10. It is symmetric and centered at .15 (or 15%). This is
the average on the proportion scale.

Categorical regression models don’t work directly with these propor-
tions, but operate on a transformed scale, in our binary illustration the logit
(i-e. log-odds) scale. Figure 3.10 shows how the proportions map onto
this scale. Note that the distribution changes shape: It is now asymmetric.
The mean of this distribution of logits is also indicated. This is the default
mean returned by a multilevel logistic regression model. If we translate
this average back to the proportion scale we arrive at .12 (or 12%), which
is different from the average over the original proportions. In the current
study, we are typically interested in the average over proportions, and we
therefore always post-process the regression output to approximate these
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1 The alternative, i.e. not including varying
slopes on predictors of interest, would
require us to assume constant effects across
clusters. This is to say that, for a given
predictor variable, each lexical item and
each learner shows the same directionality
and magnitude of association (with
observable variation being attributable

to sampling variation). We usually do

not feel comfortable with this assumption
and therefore default to including varying
slopes to capture and accomodate variation
between clusters.

» This issue is discussed in Stroup (2013:
99-114); see also Molenberghs & Verbeke
(2005: 297-306), Rabe-Hesketh & Skrondal
(2012: 529-532), and Agresti (2013:
495-498).

Proportion scale
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Figure 3.10: Illustration of the mismatch
between the average computed over the
proportions, (filled circle at the top), which
is population-averaged estimate, and the
average over the logits (filled circle at

the bottom), the subject-specific estimate.
Back-transformation of the average on the
logit scale leads to a different proportion
(grey empty circle at the top), which

is the subject-specific estimate on the
proportion scale. The arrows reflect the
(re-)transformation bias. ©@®
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values (i.e. population-averaged estimates). To this end, we exploit the
flexibility of the Bayesian paradigm?! for data analysis, to which we now
turn.

3.4.2  Bayesian inference

The current study relies on Bayesian methods for statistical inference. In
this section we briefly describe what we consider the key advantages of
Bayesian estimation, and discuss and illustrate the use of prior distributions
(or priors, for short) in data analysis. Finally, we discuss our methods for
assessing the reliability of our computational procedures.

Advantages

While Bayesian data analysis is becoming increasingly common in empiri-
cal research, frequentist (or “classical”) methods still form the backbone of
most quantitative work. In the present study, priority was given to Bayesian
methods, mostly for two reasons:

o In certain settings, classical procedures run into computational dead-
ends. We confronted this issue on numerous occasions, where software
quit with a warning message (failure to ”converge”), forcing us to make
compromises in our analysis.?> Bayesian inference can handle these
situations, which is why we opted for this paradigm in the first place.
Further, Bayesian methods allow us to fit models which are currently
not routinely available?? in the frequentist facilities offered in R (R Core
Team 2020).

o The output of a Bayesian analysis offers great flexibility for the summary
and presentation of results. This allows us to communicate results using
quantities that are familiar to every linguist. For instance, the output
of categorical regression models (e.g. binary or multinomial logistic
regression) can be back-transformed to the natural and more intuitive
scale of proportions (or percentages), which can further be enriched
with measures of statistical uncertainty (and, in the case of categorical
outcomes, translated to population-averaged quantities).

Priors

Probably the most salient feature of Bayesian estimation is its ability to
incorporate into the analysis knowledge about the phenomenon of interest.
This pre-data state of information enters the model via prior distributions
over the parameters. The statistical inferences produced by a Bayesian
analysis therefore combine this prior information with that in the data. The
output is referred to as a posterior distribution, a compromise between
these two sources of information.?*

We can usually build on previous research to arrive at a preliminary
state of information about certain quantities of interest. Rarely is it reason-
able to assume every parameter value from negative to positive infinity
to be equally plausible before having seen the data. It is crucial for re-
searchers, however, to make transparent and justify the specification of

! Specifically, we follow the procedure
described by Molenberghs & Verbeke
(2005: 301). For each cluster variable

(i.e. subject and word), we simulate, for
each line in the posterior distribution, a
random sample of 1,000 values from a
(usually multivariate) varying effects
distribution. We use the parameter values
in the respective line of the posterior

to propagate the uncertainty into the
approximation. We then add the relevant
parts of this simluation to the linear
predictor, then convert to proportions, and
then take the average. This leaves us with a
posterior distribution of proportions, which
we then summarize and interpret.

2 Such compromises usually entail a
reduction of the variational structure of the
model (see above), which would condition
our results on a set of premises that do
not sit well with our understanding of the
phenomenon under study and the way in
which we expect it the vary across speakers
and lexical items.

» Examples are the use of multilevel
models for multinomial outcomes and the
use of breakpoint regression to enable our
model to describe, at advanced stages of
L2 acquisition, diverging populations of
learners that reflect orientation toward
different target accents.

#Tt is of interest to note that frequentist
procedures may in fact be considered

a special case of Bayesian analysis:

The inferences generated by the two
approaches converge as the amount

of prior information added to a model
approaches zero, by which we mean a flat
prior distribution extending from negative
to positive infinity.
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prior distributions, which should be based on accepted knowledge and/or
empirical evidence in the literature.

Let us consider the effect of prior distributions in more detail by
showing how linguistic knowledge may be integrated into an analysis
by means of an example taken from this study. As such, prior distributions
differ in the amount and type of information they offer. Accordingly, a
distinction can be made between?®

non-informative,

weakly informative,
informative and diffuse,
informative and sharp, and
regularizing priors.

To illustrate the application of different priors, let us look at data from
Chapter 10, which deals with German learners’ production of final voiced
obstruents. In native speech, final obstruent voicing affects the duration
of the preceding vowel. An important cue to the distinction of minimal
pairs such as bat-bad and back-bag is the duration of the nucleus, which
is longer before voiced obstruents. The difference in preceding vowel
duration (PVD) may be expressed in relative terms (as a ratio). Previous
research has shown that AmE native speakers typically produce PVD ratios
of about 1.50, meaning that vowels are on average 50% longer before voiced
(vs. voiceless) obstruents. Let us assume (as is the case in this study) that
we have recorded n = 11 native speakers of AmE and are interested in the
average PVD ratio they produce. In this case, we estimate an average.

We could choose a non-informative prior, which means that we “let the
data speak for themselves”. We are then making the assumption that PVD
ratios of, say, 0.1, 1.5 and 30.0 are equally plausible. In Figure 3.11, this
non-informative prior distribution is represented as the dotted horizontal
line, which assigns equal probability to all values from negative to positive
infinity. The resulting estimate is a duration ratio of 1.91.

In this context, some thought reveals that we are not completely ignorant
about the likelihood of different PVD ratios. For instance, negative values
are impossible, and we can therefore truncate the prior at zero. Reflection
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Figure 3.11: Shape and effect of different
priors for the estimation of the PVD
ratio. Illustration of non-informative,
weakly informative, and informative
prior distributions and their effect on the
estimate (see Chapter 10 for details). @®

» These labels are largely adopted from
the literature (see, e.g. Gelman et al.
2014). It is important to note, however,
that prior distributions mainly differ
along two dimensions of information: (i)
location and (ii) spread. The location of

a prior controls which values receive the
greatest pre-data weight. The spread of
the prior, on the other hand, determines
how tightly the prior probability mass

is distributed around these values. Put
simply, the location expresses our state of
information about (or best guess at) the
parameter value, and the spread indicates
the precision of this information (or how
confident we are in our guess). It follows
that informative priors can be informative in
two ways, namely through (i) the choice
of the location of the prior and (ii) the
concentration of the probability mass
close to this value. We will therefore make
a distinction between sharp and diffuse
informative priors.
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about durational characteristics of speech might further suggest that
ratios exceeding 5:1 are implausible and we may reasonably assume

that the duration ratio is likely somewhere between 0.2 and 5.0. This

is an example of a weakly informative prior constructed on the basis

of our general knowledge about language and the measurement scale
(i.e. ratios, which must be non-negative). The corresponding distribution
in Figure 3.11 assigns 90% probability mass to values between 0.66 and
3.40. Using this prior, the estimate is 1.90, and thus virtually identical to the
non-informative case.?

In our present example, the literature offers more guidance on likely
values for the PVD ratio in AmE. As discussed in detail in Chapter 10,
at least n = 20 studies have looked at this phenomenon in AmE, and
the distribution of estimates in the literature can be used to construct an
informative prior distribution. Based on previous instrumental work, the
PVD ratio in this population of speakers is expected to be somewhere
around 1.50. If our analysis can be informed by previous empirical work
that is directly relevant to the estimation task at hand, we will, in this
study, talk about informative priors. These are centered at a value that is
considered most likely in the light of the literature. Informative priors may
differ in sharpness, however. Sharpness indicates the prior uncertainty in
the value of interest. Figure 3.11 shows two informative prior distributions,
one diffuse and one sharp. Sharp priors require solid evidence in the
literature, that is, a large number of studies producing highly consistent
estimates about the same phenomenon in the same context(s) and for the
same population of interest. As this is rarely the case, we will exclusively be
dealing with diffuse informative priors in this study. These are grounded in
previous research findings, but give enough leeway for deviations from the
empirical record.

In our case, a diffuse informative prior with 90% of its probability
between 1.07 and 2.07 would give an appropriate expression of the current
state of information.?” The resulting estimate of 1.88 is a compromise
between the information in the data (1.92) and the literature (1.50). The
sharp informative prior, which assigns 90% probability mass to the interval
[1.31; 1.70] and is in any case difficult to motivate given the heterogeneous
estimates in the literature, puts more weight on the a priori information
and produces an estimate of 1.74.

The final type of pre-data information, regularizing priors (McElreath
2020: 214-216), may be specified so as to make an analysis more cautious or
conservative. This is the case when we encode skepticism by considering
values of zero to be most likely, a priori. In essence, regularization makes
a model skeptical toward estimates that do not receive much support
from the data. The amount of regularization is determined by (i) the
spread of the regularizing prior and (ii) the amount of evidence in the
data. This is illustrated in Figure 3.12, which shows cases in which the
information in the data is vague (left) and solid (right). The dashed curve
shows the regularizing prior, which is the same in both examples. The
dotted curve represents the information in the data. In the left panel, this
information is vague, which may be due, say, to a relatively small sample
size. This vagueness is reflected in the wide range of plausible parameter

% Weakly informative priors may not
affect inferences much, but they can

save computational time, as they mildly
guide the computational algorithm that
modern Bayesian inference relies on to
approximate the posterior distribution of
model parameters.

7 This estimate ignores systematic
variation among study estimates that may
be linked to differences in elicitation task,
vowel type and obstruent class.
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values suggested by the data. The solid curve represents the compromise
between data and regularizing prior. In this case, the estimated probability
distribution for the parameter is pulled toward zero, as the model was
told to be skeptical of vague estimates. In the right panel, there is solid
information in the data for the parameter of interest. The estimated
probability distribution is therefore dominated by the data and only mildly
drawn toward zero.

When we analyze a set of data, our objectives allow us to distinguish
between parameters of primary interest and auxiliary parameters.?
Parameters of primary interest are those that relate to or directly answer
our research question. Auxiliary parameters, on the other hand, are part of
the statistical model but not interpreted. Our strategy for specifying priors
will differ for these two groups of parameters. For parameters of primary
interest, the default choice will be regularizing priors. The amount of
skepticism they express will be made transparent. If the literature suggests
certain parameter values to be more likely, we will move toward diffuse
informative priors. For auxiliary parameters, we will proceed in the same
way, but more often default to regularizing specifications. This is because
(i) our literature review concentrates on the quantities of direct interest and
(ii) auxiliary measures are rarely reported in empirical publications. In any
case, the location and sharpness will be explained and justified by reference
to the scale of measurement and/or quantitative evidence gathered in our
survey of previous work.

The statistical analyses in this study were carried using the open-source
software R (R Core Team 2020), the R package rstan (Stan Development
Team 2020), and the Bayesian inference engine Stan (Carpenter et al. 2017;
Stan Development Team 2018). The posterior distributions generated by
the models were processed in R and visualized using the R package lattice
(Sarkar 2008).

MCMC diagnostics

Bayesian procedures also differ from classical ones in the way inferences
are generated. Modern Bayesian data analysis relies on the use of Markov
chain Monte Carlo (MCMC) algorithms, which are computationally ex-
pensive procedures that approximate the posterior distribution of model
parameters (see McElreath 2020: 263-296). This approximation is not
guaranteed to be reliable and the researcher must check for signs of malper-
formance. The key strategy is to run several MCMC chains in parallel?’
and then compare them to see if they produce similar approximations. If
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Figure 3.12: Illustration of the effect of
regularizing priors. The solid density curve
represents a weighted combination, or
compromise, between the information in
the data (dotted line) and the regularizing
prior centered about zero (dashed

line). The regularizing effect is more
pronounced when the data offer only
sparse information about a parameter (left

panel).

*In the statistical literature, auxiliary pa-
rameters are also referred to as “ancillary”
or “nuisance” parameters.

» Each analysis in the present study

used four chains. The Stan defaults of

a warm-up period of 1,000 draws plus
1,000 post-warm-up iterations were used,
yielding n = 4,000 samples of the posterior
distribution. If there were signs of non-
convergence, the number of iterations

was increased until all diagnostics were
satisfactory.
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they do, the chains are said to have “converged”. Several diagnostics are
available to assess convergence:

e Rvalues: These scores offer a rough measure of agreement among the
chains. Values above 1.01 indicate that that the chains may be offering
different approximations. As a minimal requirement, then, all R values
must be smaller than 1.01. As the number of parameters in a model can
be quite large, we will inspect histograms of R values.

e Rank plots: These graphical aids allow us to compare chains in more
detail. 30 If the collection of profiles in these displays deviates from a
horizontal band, there is reason for concern and we must identify the
problematic parameter(s).

o Effective sample size (ESS): This is a measure of the amount of informa-
tion the MCMC samples offer about the posterior distribution. Vehtari
et al. (2020) note that this measure should be higher than 400. For a
given parameter, an ESS can be determined for the center and the tails
of the posterior distribution. When summarizing and interpreting the
output of a model, we use the center of the posterior to produce a point
estimate and look into the tails to derive an uncertainty estimate. We use
quantile plots to inspect, for each parameter, the ESS at representative
quantiles.3! In these graphs, then, all ESS estimates should exceed 400.

For each model we present a graphical summary of MCMC conver-
gence diagnostics, as illustrated in Figure 3.13. The left panel shows the
distribution of the R values; the 1.01-threshold is marked by a vertical
line.3? The middle panel shows a rank plot. The profiles should form a
horizontal band that doesn’t fan out at the margins. Finally, the right panel
indicates, for the parameters of primary interest, the effective sample size.
The 400-threshold is marked by a grey horizontal line. The percentiles we
will refer to in our summaries (i.e. the 51, 25t 50t 75t and 95t are
marked on the horizontal axis. Based on the graphical diagnostics shown
in Figure 3.13, then, the MCMC algorithm appears to have converged.
The R values (left display) are all well under the 1.01-threshold, the rank
plot (middle) shows relatively flat profiles, and the quantile plot indicates
that the effective sample size for the quantiles of interest is well above the
minimal requirement of # = 400 for all parameters.

4000
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[0} '
O 20 0 2000 *:2teie
(0]
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0
01— . 0+ . . o
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R Rank Quantile

% Put simply, we combine the samples
from all chains and rank-order the values
from lowest to highest. We note down

the rank of each sample and then split

the chains again. Each chain should

then have a similar rank profile, i.e. the
proportion of low ranks (or high ranks) as
the other chains. Rank plots offer a visual
comparison of these rank profiles. Vehtari
et al. (2020) suggest plotting a histogram
for each chain; the distributions should

be flat and cover the entire range of the
horizontal axis. To save space and directly
compare distributions, we will superpose
histogram profiles (see also McElreath
2020: 284). Moreover, we will combine
into a single display the chains of all key
parameters in the model.

31 These include the .05, .25, .75, and .95
quantiles, which form the basis of the 50%
and 90% percentile intervals we report.

2 Ideally, all values are to the left of the
line and ”0” occurs to the right of the line
(indicating that no value was higher than
1.01). If there were values above 1.01, these
cases are discussed.

Figure 3.13: Graphical inspection of
convergence diagnostics. From left to right:

histogram of R values, rank plot, and a
quantile plot. @®
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3.4.3 Modeling strategies
Deductive modeling

Our strategy for building regression models for statistical inference may
best be described as a form of deductive modeling (see Tizén-Couto &
Lorenz 2020): Our decisions are primarily informed by the context and
linguistic background of the analysis. The choice of predictor variables, for
instance, is motivated by theoretical considerations, which earnes them
their place in the analysis. We therefore see no point in applying model
comparison to reduce the set of variables in our analysis. The same applies
to the variational structure, as discussed above.

Robust estimation

Outliers are a concern in applied research, since classical procedures are
sensitive to deviations from normality. In practical terms, this means

that a few aberrant data points (or subjects or lexical items) can have an
undue influence on our data summaries. This study makes use of a simple
technique to guard against the influence of outliers. We slightly modify
our statistical models and replace normal error distributions by Student-t
distributions, which allows for extreme scores without affecting inference
for the more typical observations in the sample (Gelman et al. 2014:
435-445; Kruschke 2015: 458-461; McElreath 2020: 233). For the regression
models with continuous outcomes, we use t-distributed errors both for
the individual measurements and for for the varying effects distributions.
For our categorical regression models (binomial and multinomial logistic
regression), we only apply this feature to the varying effects. We set the
degrees-of-freedom parameter v, which controls the thickness of the tails,

51

to 7.33 ¥ See Appendix A.3.1 and Figure A.3 (p.

253) for an illustration.

3.5 Constraints on generality statements

Similar to most empirical work, the present study aims to offer insights
that apply not only to the limited set of observations studied, but to a
larger population of entities. From a statistical perspective, inferential
elements in our analysis contribute to this aim by indicating the statistical
uncertainty associated with our estimates. Of course, these quantities can
only be valid for generalizations to the broader context of entities that our
sample actually represents. It is therefore critical to think about and clearly
delimit the scope of our inferences (see Yarkoni 2019). In other words, we
must distinguish the sampled population from the target population. In
the present study, for instance, we may wish to extend our findings about
the PVD ratio to the way in which German learners contrast final voiced
and voiceless obstruents in general. However, it is unlikely that our data
cover the full range of contexts in which this contrast may be signaled. Our
inferences are therefore limited to the set of circumstances we have elicited.
We must reflect on the degree to which the sampled instances allow us to
extend our conclusions to other, unobserved contexts.
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Before we consider the results of our analyses in each chapter, we
will therefore pause to reflect on constraints on generality (Simons et al.
2016). We will distinguish three directions into which we may wish to
generalize the indications in our data. Thus, language-externally, we define
the population of German learners to which our statements can be applied.
This language-external scope may vary depending on the segmental
structure, since dialectal idiosyncracies may narrow the generalizability
for some categories of speech. A language-internal orientation, on the
other hand, seeks to delimit the scope of our inferences across all possible
instances of a language structure. As our analyses rests on a limited set
of lexical items, we state the extent to which we may generalize to other
words, or instances of the target structure. If the items in our sample
represent a narrowly defined set of contexts, our findings may not extend to
instances that differ systematically from these. Finally, we will consider to
which speaking styles we can extend our insights.

3.6  Presentation of results

When presenting the results of regression analyses, we will focus on di-
rectly interpretable, meaningful quantities in the text and relegate technical
details to the appendix.3*. Two key features of our presentation strategy
are (i) the use of transparent measures such as proportions (instead of
log-odds or odds ratios) when dealing with categorical outcomes, and (ii)
the use of uncertainty intervals instead of p-values when communicating
inferential estimates.>®> We will default to 50% and 90% uncertainty bounds,
which we determine based on relevant quantiles from the posterior distri-
bution of the quantity of interest. Findings will primarily be presented in
graphs and corresponding estimates will be listed in tables.>® Technical
details, which include information about the model structure, MCMC
diagnostics, and the posterior distribution of parameters, are deferred to
the Appendix and the online supplements. The regression models we

fit deviate in some ways from default implementations and we therefore
describe their structure in detail in the Appendix, including comments
about the formulation of priors.

3 See Vanhove (2020), who advocates the
liberal use of appendices and supplemen-
tary materials to unclutter the linguistic
line of argumentation.

¥ See Sénning (2019) for a discussion and
Vanhove (2019) for practical advice.

% The general strategy is influenced and
inspired by Long (1997), Long & Freese
(2014), and Long & Mustillo (2018). Two
graph types that are frequently applied
throughout the following chapters are the
dot plot (see Sonning 2016) and the line
plot (see Sénning 2020b).



4
The TRAP-DRESS contrast

This chapter is concerned with the acquisition of a new vowel contrast by
German learners: the front mid vowel in bed vs. the front open vowel in
bad. After a contrastive analysis of English and German monophthongs in
§4.1, §4.2 considers linguistic factors constraining the L2 acquisition of the
bed-bad distinction. Guidance offered by theoretical work is discussed in
§4.3, which derives predictions from the contributions covered in Chapter 2.
The current state of empirical knowledge is reviewed in §4.4, followed by
an outline of the aims (§4.5) and methods (§4.6) of this study. Following
constraints on generality (§4.7), §4.8 presents the results. §4.9 concludes
with a summary and discussion.

4.1 Contrastive analysis

The description of vowels involves two key parameters: length and quality.
In IPA notation, quality is denoted by different symbols and length is
indicated by diacritics (e.g. long [e:] and half-long [e’]). It is common
practice to describe vowel quality using vowel charts, where location
reflects auditory quality. To this end, the cardinal vowel diagram (Jones
1918) is used as a reference grid. Its margins span the physiological limits
of the vowel space, with 16 cardinal vowels providing auditory anchors
for the classification of vocalic sounds. The top panel of Figure 4.1 shows
this conventionalized chart with the 8 primary cardinal vowels [ieeaa oo
u]. Such vowel charts are partially physically grounded, reflecting tongue
height and advancement, which is shown in the lower panel. However,
these articulatory labels should be considered a convenient heuristic only,
since the same auditory effect can in fact be achieved by different tongue
gestures. As such, auditory vowel descriptions are therefore argued to be
more reliable (Cruttenden 2014: 39).

The number of distinctive vowel categories (i.e. phonemes) differs
across languages. Figure 4.2 shows the distribution of inventory sizes in
n = 317 languages in the UPSID database (Maddieson 1984: 126); counts
range from 3 to 24. From a typological perspective, then, English and
German have complex vowel systems. For General American (GA), the
number of vowels has been put at 15, for General British (GB)! at 20 (e.g.
Jones et al. 2011; Wells 2008); German falls in between with 18 categories
(e.g. Kohler 1995).

Front Central Back

Close \

Close-mid

Open-mid \\
Open

Figure 4.1: The cardinal vowel diagram
showing the eight primary cardinal vowels
(top) and their articulatory correspondence

(bottom). @©®

20

Percent

5 10 1517+
Number of Vowels

Figure 4.2: Distribution of the number of
distinctive vowel qualities in the UPSID
database (Maddieson 1984). @®

! We will follow Cruttenden (2014) and
use the term General British to refer to
the supra-regional variety that may be
considered the British standard accent.
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American English British English

German
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While similar in complexity, the vowel systems of English and German
differ noticeably. Our contrastive analysis starts out with a comparison
of auditory descriptions in the literature. The fact that vowel quality is
indicated relative to the cardinal vowels makes it possible to establish
comparability across different accounts of the same language or accent.
To this end, a normalization procedure was devised, which allows us to
directly compare vowel chart locations reported by different authors.?

As for terminology, we will resort to the labels British English (BrE) and
American English (AmE) instead of GB and GA when discussing data that
may not be purely reflective of either standard variety. Figure 4.3 provides
a summary of the auditory descriptions given in previous studies® on

e British English (Scherer & Wollmann 1986; Giegerich 1992; Kortmann
1999; Roach 2004; Eckert & Barry 2005; Davenport & Hannahs 2005;
Clark et al. 2007; Wells 2008; Konig & Gast 2009; Jones et al. 2011;
Ladefoged & Johnson 2011; Collins & Mees 2013),

e American English (Giegerich 1992; Ladefoged 1999; Davenport &
Hannahs 2005; Wells 2008; Konig & Gast 2009; Ladefoged & Johnson
2011) and

e German (Scherer & Wollmann 1986; Kohler 1995; Becker 1998; Kort-
mann 1999; Eckert & Barry 2005; Konig & Gast 2009).

Among other contrasts, German lacks the open front vowel /z/ (here-
after referred to as TraP), which may be described as an unrounded front
mid-open to open vowel. Neighboring vowels are unrounded short central
open to mid-open /a/ (hereafter struT) and unrounded short front mid
/e/ (hereafter press). The unrounded long open central to back /a:/
(hereafter paLMm) is further back and slightly more open than TrAP.

The closest counterparts in the German inventory are unrounded mid
front /e €1/ (hitte, Médchen) and unrounded central open /a a:/ (hat,
mahnen). German front mid-open /ce/ is rounded and its quality is therefore
very different from that of adjacent unrounded vowels. TRAP, DREsSs and
sTRUT are checked vowels — in contrast to paLM, they do not occur in open
syllables. In German, the short monophthongs /e a/ are similarly restricted
to closed syllables; only the tense vowels /e: a:/ are licensed in open
syllables. On a phonotactic level of comparison, TRaP is thus more similar
to the German short monophthongs /¢ a/.

Figure 4.3: Vowel quality in American
English, British English, and German:
Survey of auditory descriptions of
monophthongs. Small grey IPA symbols
show the locations given by different
sources. Black IPA symbols mark the
average location across all studies. The
graphs summarize the results of studies on
BrE (n =12), AmE (n = 6) and German (n
=6).

2 The edges of the vowel diagram are used
as reference points: By measuring the
vertical distance from the top and bottom
edge and the horizontal distance from the
left and right edge, the position of each
vowel can be expressed relative to these
margins. Figure 4.3 shows these locations,
which are directly comparable conditional
on the assumption that the studies in our
survey express vowel quality relative to the
cardinal vowels.

3 The data are available at https://osf.io/
a98hg/.
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TRAP and DREss are subject to regional and social variation. A sound
change taking place in present-day GB is the lowering and retraction of
TRAP (Wells 1982; Henton 1983; Bauer 1985; Harrington et al. 2000; Hawkins
& Midgley 2005; Mair 2006: 165). In the north of England, TrAP is generally
shorter and fully open (Cruttenden 2014: 121).4 As for press, relatively
high (or close) qualities tend to be associated with older speakers; more
open qualities are typical of younger speakers (Wells 1982: 291; Harrington
et al. 2000; Hawkins & Midgley 2005; Hughes et al. 2005: 48). While a more
open quality is also typical for bress in northern English accents, a closer
variant is found in London (Cruttenden 2014: 117).

In AmE dialects, TRAP and DREess are affected by several regionally
confined vowel shifts. Metropolitan areas from New England to Wisconsin
are affected by the Northern Cities Vowel Shift (Labov et al. 2006: 122),
which describes a rotation in certain areas of the vowel space leading to
fronting and raising of Trap (and partly diphthongization, e.g. man [ee 19])
and backing of press. A common development is the raising of Trap only
before nasals. In the Southern Vowel Shift, bress raises and diphthongizes
to [e1]. Breaking of TraAP is observed in large parts of the South, where the
vowel begins and ends in open front position and shows an intermediate
[j]-transition. The California Vowel Shift also involves systematic changes
in vowel quality. In northern California, press is lowering and shifting
toward TrAP, which in turn splits into two variants: It diphthongizes to [ij]
before nasals and shifts toward [a:] elsewhere (Wolfram & Schilling 2016:
372f.). We thus see divergent tendencies in TraP in BrE and AmE dialects.
In this study, the neutral designations TRAP and pRress will be employed
whenever possible. When shorthand symbols are needed, "&” and "e” will
be used. This is in accordance with Jones et al. (2011) and Wells (2008) and
allows us to distinguish TrRaP from German /a a:/ and to distinguish press
from German /¢ e1/.2

According to the auditory descriptions summarized in Figure 4.3 above,
AmE and BrE both distinguish press and TrAP in terms of vowel quality.
We can quantify the quality contrast with the help of a Euclidean distance®,
which reflects in the distance between two categories in the auditory vowel
space. To make these quantities comparable across studies, the auditory
coordinates shown in Figure 4.3 were first converted to z-scores.” This
procedure allows us to express the auditory distance between TrRaP and
DREss for each of the studies listed above. Figure 4.4 compares these scores

across studies, which are grouped by variety (AmE at top, BrE at bottom).

The box plots in the middle summarize the distribution of distances for
each variety. We see a fair amount of variation within each variety, but on
average, the auditory distance is greater in BrE (D = 0.91) than in AmE (D
=1.08).8 The dispersion of scores within each variety at least partly reflects
social, regional and diachronic trends.?

Auditory vowel descriptions of BrE and AmE have received support
from instrumental studies. The key acoustic correlate of vowel quality is the
formant structure of the vowel. Formants are areas of high intensity in the

frequency spectrum and can be measured using speech analysis software.

Vowel measurements are often visualized using the first two formants.
A scatterplot, with the first formant (F;) on the vertical axis (increasing
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*Some reference works therefore prefer
the IPA symbol /a/ (e.g. Upton et al. 2001;
Cruttenden 2014).

® However, see Schmitt (2007) for argu-
ments in favor of /&/ to denote DREss.

¢ It may be unusual to see Euclidean
distance measures applied to auditory
vowel descriptions. This may be due to the
fact that ear-phonetic vowel charts do not
lend themselves as easily to quantification
as acoustic measurements. For the latter,
the calculation of distances is a widely
used technique (e.g. Harrington & Cassidy
1999: 243). As we have quantified the
location of vowels in the auditory space,

it is straightforward to subject these
measurements to the same set of statistical
procedures as acoustic data.

7 A method similar to that proposed by
Lobanov (1971) was used (see §4.6 for
methodological details).

8 We will use the symbol D to refer to a
Euclidean distance.

° Thus, the small distance derived from
Ladefoged (1999), who models his
description on a young Californian speaker,
is due to lowered press. On the other hand,
BrE accounts with the largest distances
between press and TraP (Eckert & Barry
2005; Collins & Mees 2013) capture current
sound changes, most notably lowering and
retraction of TRAP.
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from top to bottom) and the second formant (F) on the horizontal axis
(increasing from right to left), yields a remarkably close correspondence to
ear-phonetic vowel charts (Joos 1948).

Figure 4.5 gives an overview of the formant measurements!’ reported in
previous work!! on

o British English (Wells 1962; Wiik 1965; Henton 1983; Nolan 1983;
Deterding 1997; Deterding 1990; Hawkins & Midgley 2005; Steinlen 2005;
Ferragne & Pellegrino 2010; Williams & Escudero 2014),

e American English (Peterson & Barney 1952; Delattre 1965; Childers &
Wu 1991; Bradlow 1995; Hillenbrand et al. 1995; Yang 1996; Lee et al.
1999; Assmann & Katz 2000; Wang 2007; Strange et al. 2007), and

e German (Delattre 1965; Rausch 1972; Wiangler 1981; Ramers 1988;
Clafien et al. 1998; Steinlen 2005; Sendlmeier & Seebode 2007; Strange
et al. 2007).

Looking at Figure 4.5, we see that acoustic studies draw a somewhat
different picture of the DRESS-TRAP contrast, suggesting that the distance
in the F1-by-F, vowel space is smaller for AmE. Figure 4.5 shows that
the varieties primarily differ in the spectral properties of TrRap, which is
produced with higher F; in BrE, that is, it assumes a lower position in the
acoustic vowel chart. The location of press, on the other hand, is virtually
identical.

Again, we can directly compare the quality contrast across studies by
using a Euclidean measure, which gives the acoustic distance between TrRAP
and press.!? Values from the studies!® in our survey are graphed in Figure
4.6, where they are grouped by variety. Similar to the auditory distances
shown in Figure 4.4, there is considerable between-study variation. How-
ever, the same systematic contrast between the varieties emerges: vowel
quality differences are larger in BrE speech (D, = 0.89) than in AmE
speech (D,p; = 1.19).1* The measurements for AmE are highly dispersed,

0.6 0.8 1.0 1.2 14

AmE . Konig & Gast 2009
. Wells 2008
. Giegerich 1992
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. Ladefoged & Johnson 2011
[ Ladefoged 1999

BrE e - Collins & Mees 2013
. Eckert & Barry 2005
. Jones 2011
. Ladefoged & Johnson 2011
. Giegerich 1992
. Koénig & Gast 2009
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. Scherer & Wollmann 1986
. Kortmann 1999
. Davenport & Hannahs 2005
. Roach 2004
. Clark et al. 2007

0.6 0.8 1.0 1.2 1.4

Auditory distance (z-scores)

10 Measurements were transformed from

Hertz to Bark and then normalized to
z-scores (see §4.6 for methodological
details). The scores are therefore on the
same scale as those derived from auditory
work.

I The data can be accessed via the
OSF: AmE (https://osf.io/r86dv/),
BrE (https://osf.io/b9gyv/), German
(https://osf.io/xbr94/).

12 The Euclidean distances are calculated
from the Lobanov-normalized F; and F,
Bark values (see https://osf.io/tvmnd/ for
details).

13 Details can be found in the online
supplements: https://osf.io/tvmnd/.

4 The subscript zBk is meant to clarify
that the Euclidean distance is based on
z-transformed (i.e. Lobanov-normalized)
Bark measurements.

Figure 4.4: Auditory vowel quality
contrast between TrRaP and DRrEss: Auditory
distances for AmE and BrE. The plotted
values are Euclidean distances on the scale
of z-scores. These were calculated based on
the location of TrRaP and prEss in Figure 4.3.
The boxplots in the middle summarize and
compare the distribution of scores.
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American English

British English

which is in part due to regional variation.!> The fact that the auditory and
acoustic procedures yield very similar average distance scores (BrE: 1.08
and 1.19; AmE: 0.91 and 0.89) throws into relief the external validity of
formant measurements, on which the subsequent instrumental analyses

rely.

Let us finally consider the parameter length. While TraP is traditionally
classed as a short vowel, acoustic studies indicate that it is generally longer
than the other short monophthongs, both in British and American speech.
The measurements reported in previous work!® are summarized in Figure
4.7. Vowel duration is plotted on the log scale and the original values (in
ms) are shown at the top margin. We see that TraP clearly patterns with
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German
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Figure 4.5: Acoustic vowel quality in
American English, British English, and
German: Survey of F1-by-F» measurements
of monophthongs. Coordinates are
arranged to mirror position in the vowel
chart. Plotted values are z-scores based on
Bark-transformed measurements. Small
grey IPA symbols show measurements
given in references. Black IPA symbols
mark the average location across all studies.
The graphs summarize the results of
studies on BrE (n = 10), AmE (n = 10)
and German (n = 8). If you are holding
the print version of this book, you can

lift the left-hand page for a side-by-side
comparison with the auditory vowel spaces
in Figure 4.3 (p. 54). @®

!5 Indeed, the studies with the smallest
values (Hillenbrand et al. 1995; Bradlow
1995; Lee et al. 1999) recorded speakers
from the Inland north dialects.

1 The data are at https://osf.io/r2fy5/
and further details are given in the online
supplementary files: https://osf.io/tvmnd/

Figure 4.6: Acoustic vowel quality contrast
between TrAP and DrEss: Acoustic distances
for AmE and BrE. The plotted values

are Euclidean distances on the scale of
z-scores (which are calculated based on
Bark-transformed formant measurements).
These correspond to the distance between
the vowel categories in Figure 4.5. For all
studies, average values are reported. The
boxplots in the middle summarize and
compare the distribution of scores. €@®
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the long monophthongs. An advantage of using logarithmic scaling is that
distances in the graph signal relative (rather than absolute) differences.!” It
appears that, on average, TRAP is about 30% to 40% longer than press. We
will now turn to a more detailed survey of temporal differences between
these vowels.

Throughout the present study, we will express durational differences
between vowels in relative terms, using ratios, as this allows us to directly
compare findings in the literature.'® These ratios will express the duration
of TrAP divided by that of prEss. A ratio of 1.50 would tell us that TrAP is
50% longer than press (e.g. 300 ms vs. 200 ms.). Figure 4.8 shows the ratios
derived from instrumental work on AmE (top; n = 11 studies) and BrE
(bottom; 1 = 6 studies).!” On average, TRAP is about 35% longer than prEss
in AmE and 25% longer in BrE (Man,g = 1.36; Mp,g = 1.25).

Overall, the acoustic results indicate a trading relationship between
duration and spectral distance: In AmE, a greater contrast in duration

1.0 1.2 1.4 1.6
AmE e Peterson & Lehiste 1960
. Hillenbrand et al. 2001
[ Strange et al. 2007
. Wang 2007
] Hillenbrand et al. 1995
. Black 1949
. Rositzke 1939
. Bohn & Flege 1992
. Jacewicz et al. 2007
° Liu et al. 2014
] House & Fairbanks 1953
------------------ I
) [Ce] )
BrE . Wiik 1965
. Ruth 1943
] Wells 1962
. Maurer 2014
. Steinlen 2005
° Williams & Escudero 2014
1.0 1.2 1.4 1.6

Duration ratio

Figure 4.7: Duration of TRaP and DREss

in comparison to other English monoph-
thongs: Survey of 8 studies (Rositzke
1939; Black 1949; Peterson & Lehiste 1960;
Wiik 1965; Hillenbrand et al. 1995, 2001;
Strange et al. 2007; Liu et al. 2014). The
graph is based on log-transformed average
durations; the axis at the top translates
these back into the original ms values.
The floating axis at the very top shows
the relative differences (duration ratios)
signaled by the log-transformed values.

e@®

17 The floating scale at the top can serve as a
measuring stick to read relative differences,
expressed as ratios, from the graph. For
convenience, it is anchored at the median
duration of DREss.

18 Absolute differences appear less suitable
because they are more sensitive to speech
rate — with increased tempo, absolute
differences between segment durations
become smaller. There are also perceptual
reasons in favor of a relative measure.
Thus, across different domains of human
sensation, it has been observed that
perception operates in relative (rather than
absolute) terms (Dehaene 2003; Varshney
& Sun 2013).

1% Details can be found in the online
supplementary files: https://osf.io/
tvmnd/.

Figure 4.8: Vowel length contrast: Survey
of TRAP-to-DREss duration ratios reported
across different studies for BrE and

AmE (see web supplement for details:
https://osf.io/tvmnd/). The boxplots in
the middle summarize and compare the
distribution of scores.
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compensates for a smaller degree of spectral separation. The trade-off
between these signals emerges clearly when we draw into a single display
the duration ratio and the acoustic distance between TrRAP and press. Figure
4.9 shows the relationship between quality and length for the subset of n
= 7 studies that report both acoustic properties. The shape of the point
cloud indicates that speakers who do not differentiate the vowels in terms
of duration (lower half of the display), distinguish them in terms of quality.
Vice versa, speakers who do no not exploit quality to mark the category
contrast (left half of the display) make use of temporal cues. The data
points in Figure 4.9 furthermore clearly pattern by variety: AmE speakers
(o) are biased toward temporal cues, whereas BrE speakers (+) maintain
a clear quality contrast. No points occupy the lower left corner of the plot,
which is where speakers with merged categories would fall.

In summary, auditory and instrumental evidence suggests that the
phonological contrast between TRAP and DREss is implemented in different
ways in BrE and AmE. In terms of vowel quality, the distance is greater
in BrE, which is mainly due to a more open articulation of TrRap. In AmE,
the durational contrast between the vowels is greater, which is largely
attributable to the longer duration of Trap. The auditory and acoustic struc-
ture of the German vowel space shows no equivalent to English TrRaP. In
contrast to English, however, German has two unrounded mid front vowels
/€/ as in hitte and /e:/ as in Midchen, which differ in length. Acoustic
studies suggest that vowel quality does not play a role in contrasting these
categories (cf. Figure 4.3); vowel duration therefore serves as the primary
cue distinguishing /¢/ from /e:/. Table 4.1 summarizes duration ratios
reported in instrumental studies; these range from roughly 1.50 to 2.50.

Study [e:] [e] Ratio [a:] [a] Ratio
Antoniadis & Strube 1984 175 81 216 184 78 236
Ramers 1988 188 89 2.11 186 91 2.04
Steinlen 2005 187 87 215 198 84 236
Hoffmann 2011 (Kiel Corpus) 125 82 1.52 154 81 1.90

Hoffmann 2011 (LeaP Corpus) 150 61 246 97 73 1.33
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Figure 4.9: Relationship between qual-

ity and length as contrastive features:
Duration ratio by acoustic distance for
TRAP/DRESS in BrE and AmE. While AmE
speakers exploit duration to contrast TRAP
and press, BrE speakers more strongly rely
on quality.

Table 4.1: Acoustic properties of German
/ere/ and /a: a/: Mean duration (in ms)
and ratio.
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4.2 L2 acquisition of English TRAP: Linguistic factors

4.2.1 Markedness

Cross-linguistically, certain vowel qualities are favored over others. Figure
4.10 gives a summary of the distribution of the roughly 2,500 vowels in
the UPSID database (Maddieson 1984: 124). To provide an overview of
the prevalence of different auditory features, the vowel space is divided
into nine regions, with black circles denoting unrounded vowels and grey
circles rounded vowels. The area of the circles in Figure 4.10 is proportional
to the number of vowels attested in the respective region. We see a clear
bias toward 5 positions and the front low area of English TRAP appears to be
generally disfavored. While lower mid front unrounded [€] occurs in .41 of
the languages, the figures are smaller for low front unrounded [a] (.06) and
raised low front unrounded [z] (.11).

The typological distribution of vowel quality is in good agreement with
a set of natural processes proposed by Donegan (1978). She classifies
vowels in terms of three features: palatality [+pal], labiality [+lab],
and sonority [+high +low]. These labels correspond to the articulatory
features given in Figure 4.1. Front vowels are [+pal], back vowels are
[+lab], central vowels are [—pal, —lab]. Sonority is linked to vowel height:
Lower (or more open) vowels are more sonorous. Two universal pairs
of processes proposed by Donegan are (i) raising vs. lowering and (i)
bleaching (centralization) vs. coloring (fronting/backing). Their effects are
illustrated schematically in Figure 4.11. Raising predominantly affects front
and back vowels. Coloring is most likely to be observed for high vowels
and least likely for low vowels. Bleaching, on the other hand, is assumed
to primarily affect low vowels. Open front vowels such as Trap therefore
tend to be affected by raising and bleaching, which is consistent with their
cross-linguistic rarity and diachronic instability.2?

Raising/Lowering

Coloring Bleaching

(T) O <« Oo—

In L1 acquisition, vowels are acquired early. Even the relatively complex
system of English monophthongs is mastered by most children around the
age of 2,6 (Cruttenden 2014: 109).2! The last vowel distinctions to emerge
in English L1 acquisition are those between articulatorily similar categories
such as TrRaP, DREss, and sTruT (ibid.: 109).

In sum, there is a discrepancy between evidence from typology, lan-
guage change, and natural phonology on the one hand, and L1 acquisition
on the other. While TraP appears to be a marked and unnatural structure,
it is acquired early by English-learning children. Relative to other vowels,
however, it emerges late due to its articulatory similarity to press and
sTRUT. The summary in Table 4.2 indicates that the evidence supports a
classification of [&] as a marked structure.

High @ éc% <>
i range @ <>
Low O@Q

Figure 4.10: Typological distribution of
vowel quality; black circles denote un-
rounded vowels, grey circles show rounded
vowels. The area of the circles is propor-
tional to the number of vowels attested in
the UPSID database (Maddieson 1984).
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» Indeed, vowel shifts that are currently
observable in BrE and AmE dialects are in
line with these processes.

Figure 4.11: Natural processes affecting
vowel quality (Donegan 1978): Arrows
show process direction and strength at
each location in the vowel space; adapted
from Smith (1980). Trap, which is shown
in grey, is affected by raising and bleaching.

2 The full range of vowel phonemes is
thus established at an age where most
consonants have not been acquired
(cf. Figure 3.6).
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4.2.2  Frequency and orthography

Looking at the frequency distribution of English vowel phonemes, we find
that the rate for TraP, about 1.6 per 100 segments, is close to the average
(figures based on Cruttenden 2014: 159). The grapheme-to-phoneme
correspondence for TraP in English is unambiguous: Its orthographic
representation is almost exclusively <a> (Cruttenden 2014: 119). The
grapheme <a>, however, may also denote press in a few high-frequency
words (many, any). DREss is most frequently spelled <e ea> (get, head).

4.2.3 Similarity

A number of studies have shed light on German learners’ perceptual
sensitivity to cues relevant for the Trar-DREss distinction. Weiher (1975) in-
vestigated the perception of this contrast by n = 12 early-stage instructional-
setting learners from northern Germany.?? A discrimination and an identifi-
cation task with nonce words (n = 132) were used. In the discrimination
task, subjects heard sets of 4 stimuli. Three of these were identical and the
task was to sort the odd one out (e.g. from the set [emps]-[eemps]-[emps]).
In the identification task, an X-ABC design was used. Subjects heard a
stimulus and had to match it with one of the three forms that followed
(e.g. [sleyz]—-[sleenz]—[sliyz]—[sleyz]). The learners’ performance on both
tasks was excellent, with an overall error rate of only .04.

Further evidence for German children’s sensitivity to front open
vowel contrasts was reported by Butcher (1976). The study assessed
German, French and BrE listeners’ perception of a number of language-
independent vocalic contrasts. Among the contrasts tested was that
between the cardinal vowels [¢] and [a]. We may interpret this contrast as
reflecting perceptual sensitivity in the open front region of the vowel space.
Perceptual dissimilarity ratings were obtained for two age groups (10-12
vs. 17-22 years) in each L1 (n = 26-34 in each of the 6 groups). The results
are shown in Figure 4.13, where the vertical axis denotes the amount of
perceptual sensitivity in the open front region of the vowel space. There
was a clear effect of age: Children judged [e] and [a] to be less similar than
adults. Perceptual desensitization also varied by L1. Overall, L1 French
and English listeners, whose native languages have contrasts in this region
of the vowel space, showed greater sensitivity. Even though age effects
surface in each L1 group, the decline was most apparent among German
listeners: While German children showed good perceptual sensitivity,
adults perceived almost no difference between the vowels.
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Table 4.2: Summary of markedness criteria
for [2e]: Open circles o denote no (or
inconclusive) evidence; (+)+ refers to
(strong) evidence for marked status; (-)-
refers to (strong) evidence for unmarked
status.

005 025 1 2 4 8
Frequency (per 100 segments)

Figure 4.12: Frequency of TraP relative to
other English vowels (1 = 20), expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the absolute values of the
rates. Data are from Cruttenden (2014).
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2 Subjects study were between 10 and

11 years of age, with an average of 0.5
years of instruction. Weiher (1975)
reported findings by school type. For our
present purpose, however, these learners
represent the same population (early-stage
instructional-setting learners) and figures
were therefore pooled.

[0)
3]
3 French
©
B English
i
>
5 0.5
o
e
0 German
Children Adults
(10-12 years) (17-22 years)

Figure 4.13: Decline of perceptual sensi-
tivity in the front low area of the vowel
space: Dissimilarity ratings for cardinal [e
a] by age and L1; data from Butcher (1976);
values from Tables VII, VIII, IX, X, XI, XII.
CO)



62 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

Barry (1977) used synthesized stimuli to test n = 26 German learners'?>

perceptual sensitivity to spectral contrasts along the acoustic continuum
crossing the TRAP-DRESs-STRUT category boundaries. Learners were com-
pared to a control group of n = 6 native speakers. A set of n = 14 stimuli
represented equal steps along the bet-bat-but continuum and the partic-
ipants were asked to categorize each token as either bet, bat, or but. The
results are shown in Figure 4.14, where the horizontal axis represents
the acoustic continuum and the vertical axis shows the share of tokens
for each stimulus that was identified as press (dotted line), Trap (solid
line), or struT (dashed line). Responses by the native listeners produced
clear boundaries between the vowel categories, which are marked in the
diagram using light grey lines. Findings for the German learners revealed
the following patterns: (i) the TRAP-DRESs boundary assumed a similar
location on the continuum but was weakly defined; (ii) the sTrRuT-TRAP
boundary was well-defined but shifted to the left — that is, compared to
native listeners, sTruT occupied a larger portion of the perceptual space.
These findings show that the differentiation between press and TRAP is
more difficult for German learners than that between TrRAP and sTRUT.

A cross-sectional study by Wieden & Nemser (1991: 160) reported on
the development of L2 speech perception in n = 384 Austrian learners at 6
proficiency levels (n = 64 each). The authors used years of instruction as an
indicator of developmental stage, which ranged from 0 years (grade 3; 8-9
years of age) to 8 years (grade 11; 16-17 years old). In an X-ABC matching
task, [feeps] was contrasted with two sets of distractors: English [faps],
[feps] and German [faps], [farps].?* Perceptual matchings are summarized
in Figure 4.15, which shows how the categorization of [feeps]-stimuli varied
across developmental stages. The top panel gives the results for the [ a ¢]-
set. The accuracy rate was .60 at early stages. TRaP was slightly more likely
to be misheard as [A] than as [e] at most stages. Similar patterns emerge
in the lower panel, which plots the [ a a:]-set. The initial accuracy rate
was .50. While [a] did not figure prominently as a perceptual substitute,
[a:] was a frequent mismatch for Trap. The fact that TraP is more likely
to be confused with [a:] than [a] may point to reliance on duration in
discrimination tasks involving this unfamiliar vowel.

Flege et al. (1997) provide further insights into cue reliance by German
listeners. The study included three groups of n = 10 adult subjects each:
native speakers of AmE and two L1 German groups differing in English-
language experience.?’ The authors’ findings are summarized in Figure

(]
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Years of instruction Years of instruction

# The learners in this study were between
17 and 24 years of age and had received
between 6 and 9 years of instruction. Barry
(1977) reports data for a test group (n =
10) and a control group (1 = 16). For the
present review, these were combined by
computing a weighted average.

(a) Native speakers

-

Share of responses
o

Share of responses
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Figure 4.14: Perceptual sensitivity to
spectral information: (a) native speakers
and (b) German learners. The graph
shows identification curves for 14 synthetic
stimuli covering the vowel qualities for
DRESS, TRAP, and sTrRuT; adapted from Barry
(1977: 130-131) with permission. For the
German learners, the data for the test
group (1 = 10) and the control group (1 =
16) were pooled and panel (b) shows the
weighted average over the two groups.

# The vowel symbols in these phonetic
transcriptions are meant to represent
those vowel qualities that are typical for
the respective phonemes in English and
German.

? The experienced group had been living
in an English-speaking environment for an
average of 7.5 years, compared to 0.6 years
for the inexperienced group.

Figure 4.15: Perception accuracy of TRAP
against two English distractors press and
sTrRUT (left) and two German distractors
(right); adapted from Wieden & Nemser
(1991: 160) with permission.



4.16, which shows the degree to which each group relied on spectral and
temporal cues to distinguish TrRaP and press. Whereas native speakers
mainly resorted to spectral information, the inexperienced German listeners
relied strongly on length. The experienced group was more similar to
the native speakers in terms of cue weighting, but differences remained.
Compared to inexperienced listeners, they made greater use of spectral
cues and less use of temporal signals. These findings suggests that (i) adult
learners can learn to adjust their L2 perceptual weightings, and (ii) more
experienced learners differ from less experienced ones in cue reliance for
the TRAP-DRESS contrast.

To summarize, there is evidence that young learners show good percep-
tual discrimination between press and TrRAP, and that spectral sensitivity in
the auditory region of TRAP appears to decrease after the age of 12. Overall,
German listeners show greater sensitivity along the TRAP-sTRUT compared
to the TRAP-DRESs continuum. However, considerable variation in percep-
tual sensitivity to quality contrasts has been observed in adults. It appears
that German learners are biased toward temporal signals for discriminating
DREss and TRAP, both as students in an instructional setting and adults with
a limited amount of language experience. On average, perception skills
improve for students in instructional settings. Adult learners may adjust
cue reliance as a result of language experience, with the balance tipping in
favor of spectral information (vs. duration). Nevertheless, they may still
show perceptual foreign accents in comparison to native speakers.

4.3 L2 acquisition of TrRAP: Theoretical predictions

We now consider German learners’ acquisition of the TRAP-DRESs contrast
from the viewpoint of L2 speech theories. Each framework is consulted
to arrive at predictions about expected patterns in the acquisition process.
Following this, theory-based statements are summarized in Table 4.5.

CAH For L1 German learners, TRAP is a new allophone of a new phoneme,
which suggests relative ease of acquisition. Based on a contrastive analysis,
German /¢ €1 a az/ are the most likely substitutes.

SLM With German [a a: € €2] as perceptually close L1 sounds, the degree
of perceived dissimilarity determines whether a learner identifies TRAP as
a new sound or equivalence-classifies it with an L1 vowel. While there is
evidence to suggest that German learners are sensitive to the TRAP-DRESS
contrast (Weiher 1975), they have also been observed to experience greater
difficulty at the TRAP-DRESs boundary than at the TrRaP-sTRUT boundary
(Barry 1977), suggesting that [€ €:] are perceived as closer in terms of
vowel quality. As for vowel length, Wieden & Nemser’s (1991) findings
indicate that TrRAP is perceived as more similar to German [a:] (vs. [a]) and,
extrapolating from this finding, also to long [e:] (vs. short [€]). Flege et al.
(1997) also observe an overreliance on duration for the TRAP-DRESS contrast.
Nevertheless, the duration contrast for the German tense-lax vowel pairs /¢
€1/ and /a a1/ is typically much larger than that between English TrRap and
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Figure 4.16: Cue reliance for the TrAP-
prEss distinction by Inexp (erienced)

and Exp (erienced) German learners in
comparison to native speakers; data from
Flege et al. (1997). @®
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press (cf. Table 4.1 and Figure 4.8). Based on the empirical evidence, we
may therefore assume that (i) [e €:] are the L1 sounds perceptually closest
to TraP; and (ii) the degree of perceived similarity between [€ €:] and TraP
is moderate to high.

According to the SLM, the distinction between pRrEss and TRAP in speech
production hinges on the underlying perceptual categorization of both TL
sounds. Based on existing evidence, TRaP may be perceived by learners as a
new sound or as an exemplar of German /e/ or /e:/. The same is true for
DRrEss, for which equivalence classification with /e/ or /e:/ appears to be
more likely, however. These categorization options produce six scenarios?®,
which are listed in Table 4.3. These patterns translate into different cue
weights in speech production. Thus, the employment of length and quality
cues depends on which categories the vowels are assigned to. Due to a
consistent length contrast between TrAP and DREss, pattern 6 is unlikely to
occur and thus excluded from the following discussion.

Categorization Contrast

TRAP DRESS Length Quality Comment

1 € - - Merged categories

2 € - - Merged categories

3 € + -

4 New e (+) (+)  Depends on cue weights of new category
5 New e +(+) (+)  Depends on cue weights of new category
6 =€ € + - Unlikely

Figure 4.17 shows the expected type of contrast in speech production
graphically. The arrangement corresponds to that shown in Figure 4.9:
The horizontal axis marks the degree of quality contrast and the vertical
axis reflects the magnitude of the temporal contrast. The SLM states that
a newly established IL category may differ from the TL category in cue
weighting. The diagram attempts to represent this uncertainty with dashed
regions for patterns 4 and 5. The hypothesized categorization patterns rule
out cases in which a category contrast is signaled by quality only.

FCM Stipulating German [e €: a a:] as likely L1-derived perceptual
substitutes, the relevant phonological features for FCM-based predictions
are: long (0.50) > back (0.44) > low (0.13). Table 4.4 shows that German
[e:] is predicted as the most likely substitute.

Vowel Rank [long] > [back] > [low]
[e:] 1 + - -
[a:] 2 + + +
€] 3 - - -
[a] 4 - + +

[

8B,
+
|

+

% Since the aim of the present study is

to shed light on the contrast between

two vowel categories, we do not go into
detail about within-category variability in
categorization patterns. Thus, it may in fact
be more appropriate to consider, at least
for temporal cues, the position-sensitive
nature of vowel duration, which varies
systematically as a function of the voicing
of the following consonant (see Chapter
10).

Table 4.3: Different patterns of perceptual
categorization of press and Trap and
corresponding use of length and quality as
cues to the contrast in speech production.

®

4

Length contrast

O1,2

Quality contrast

Figure 4.17: Implication of different catego-
rization patterns for the implementation
of length and quality for the TRAP-DRESS
contrast in speech production. Numbers
correspond to those given in Table 4.3.
Dotted lines indicate uncertainty in the
cue weights associated with the newly
established category for TraP.

Table 4.4: Substitutes for [z]: Predictions
of the FCM.
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SCH/MDH The following assumptions find support from the literature
review: TRAP is (i) a marked segment and (ii) relatively more marked than
[e €1 a az]. It is thus predicted to be a difficult vowel in L2 acquisition. As

for the TRAP-DRESS contrast, acoustic evidence from BrE and AmE indicates
that length and quality engage in a trading relationship, with a tendency
for vowel length to compensate for relative proximity in quality. Learners
may thus be expected to show similar strategies for maintaining a category
contrast, with a possible (universal) bias toward duration, as suggested by
Bohn (1995).

NM/NDH Following Donegan (1978), we will assume that raising

and bleaching are natural processes that have to be suppressed in the

acquisition of TraP. These processes are active in German, but suppressed

in English.27 The L2 acquisition of TRAP thus requires German learners to % Bleaching is arguably resurfacing in
suppress two natural processes. The NDH predicts difficulty for this type gﬁsglgggzztz 0(1;235231;"5% inboth BrE and
of acquisition scenario, with substitutes reflecting either raising toward

[€] or bleaching toward [a]. While natural processes interfere with the

production of target-like vowel quality, no such limitations exist for the

acquisition of length features. Length contrasts are thus expected to emerge

before quality contrasts. The NM further takes into account frequency

effects. Based on the figures provided by Cruttenden (2014: 119), TRAP is a

moderately frequent structure and occurs at an average rate in learner input

and output. Frequency is therefore expected to be neither facilitative nor

inhibitory in the acquisition of TRAP.

FM The FM holds that once [#] is perceived as /2¢/, a new faithfulness
constraint is established. Sensorimotor learning produces a new undom-
inated articulatory constraint. At stage 4 of the FM, the learner’s speech
production first evidences learning of the new vowel, where the model
posits variable production as a function of focus on form. Once the correct
ordering of the constraints has been established, the output will be overly
faithful to the underlying representation. The final stages are character-
ized by an increased interplay of functional principles that operate at

the post-lexical level. In casual utterances and unstressed contexts, less
canonical realizations are expected to surface, with a more centralized
vowel quality (vowel undershoot) and possibly shorter duration. Vowel
duration at this stage may reflect context-dependent lengthening (before
voiced obstruents) and clipping (before voiceless obstruents). Given the
FM'’s statistical view on learning, input and output frequency are expected
to affect perceptual and sensorimotor learning in a way that is neither
debilitative nor facilitative.

MSA  To the best of my knowledge, there is no evidence indicating natural
physiological constraints on the production of front open vowels. Given
this state of knowledge, the MSA reduces to the SLM.

LTD The LTD predicts target-like [2] to first emerge in structurally
strong syllables. While this affects stressed syllables at the lexical level,
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the acquisition of prosodic representation yields finer-grained strength
asymmetries in connected speech. Based on these strength values, seg-
ments are predicted to differ in distinctness of the features [front], [low]
and [quantity]. Further, the LTD predicts variability in TRaP-production to
become increasingly systematic over the course of acquisition, reflecting the
influence of phonetic and prosodic context.

OPM The discussion above has shown that two of the linguistic factors
highlighted in the OPM, similarity and markedness, are likely to play

a role in the acquisition of TRap. The OPM does not explicitly address

the acquisition of structures that are both similar and marked. However,
based on the assumption that perception precedes production, we can
extend the OPM to describe the acquisition of structures that are similar
and marked. The hypothesized interplay of L1, L2, and U is shown in
Figure 4.18. The acquisition of a structure that is both similar and marked
may thus be assumed to proceed at a very slow rate, expanding over 9
developmental stages.”® Assuming that the perception of differences * This is in contrast to 7 stages for marked
between TraP and similar L1 categories are a prerequisite for learning, ;’trr Zfﬁﬂ:mucmres and 5 for normal
the initial stages resemble those of the Similarity Corollary. Transfer

thus dominates up to the intermediate stages. Once a new category is

established, IL development is shaped in analogy with the Markedness %
Corollary, with U emerging as an influential force. TL structures emerge 2
at a very late stage when other normal, similar or marked structures have 5
already been acquired. 8
The effect of similarity on the acquisition of the TRAP-DREss contrast D
was discussed above. Based on the OPM, at later stages U is expected to e
exert influence on both vowel quality and vowel duration. In particular, Developmental stage
vowel quality is expected to show a bias toward unmarked variants — that Figure 4.18: Extrapolation of the OPM to
is, toward a front mid or central open quality. Acquisition of the front low structures that are both similar and marked.

This graph should be compared to Figure

vowel quality may thus be impeded further by a universal magnet-effect 26,

of the front mid area, and later deflected toward a central low quality.
Assuming that vowel duration is indeed a universally accessible feature, we
expect U to lead to overreliance on vowel duration at later stages.

Table 4.5 offers a summary of the set of predictions we have arrived at.
Reviewed next are empirical insights on TraP-production in GLE.

4.4 English TrRAP in German Learner English: Previous work

This section gives a survey of previous work on the acquisition of TrRAP by
German learners. After a discussion of auditory investigations, we will turn
to acoustic studies.

Auditory studies

Insights into TrRaP-production by German learners have been reported by a
number of auditory studies. Sieg (2004, quoted in Wode 2009) investigated
speech production development in immersion-setting learners between

6 and 10 years of age. Correct production rates for TRaP remained low
throughout grades 1 to 4 (.10/.25/.20/.15). Learners almost categorically



Theory Predicted patterns in L2 acquisition by German learners
CAH Early acquisition of TRAP

Substitutes: [a a: € €]
SLM Late acquisition by the majority of learners

Substitutes: [e €]
FCM Perception-based substitute in speech production: [e:]
MDH Late acquisition of TrRaP
SCH Substitutes: Bias toward length features

NM/NDH No frequency effect for Trap
Late acquisition of TraP
Substitutes: [a a: € €]

™M No frequency effect for Trap
Development: Deviant production > Stylistic variability > Overly
faithful production > Variability reflecting connected speech processes
Effect of speaking style (focus on form) at early stages of acquisition
Style-dependent vowel undershoot at late stages

LTD Acquisition order: Stressed > unstressed syllables

OPM Late acquisition of TraP
Substitutes: [€ €:] at earlier stages, [a a: € €] at later stages

More formal speech: Higher degree of TL-like production
Less formal speech: Higher degree of L1 transfer

used [e] as a substitute (> .98); [a] was also observed, but with a share of
only .01 or less.

Another study including learners at an early stage of L2 acquisition
was conducted by Weiher (1975), who analyzed the production of [1 e
&] by n = 12 northern German Sth-graders.29 Three tasks were used: the
repetition of nonce words, the repetition of English words and the reading
and repetition of English sentences. The findings show that the correct
production rate and the predominant direction of deviation varies with
elicitation method and speaking style. For nonce words, the accuracy rate
was .64; the majority of deviant productions was toward [a a:]. For the
English words, accuracy was at .60, with no preferred direction of deviation.
In the English sentences, the rate was .47 and most deviations were too
close — that is, deflected toward DREss.

These findings suggest an influence of speaking style and word famil-
iarity on TRAP realization. More specifically, unfamiliar words (i.e. nonce
words) triggered a preference for [a a:]; in contrast, no preference was
found for familiar items. When pronouncing unfamiliar items, learners
apparently rely more strongly on perception. Familiar English words, on
the other hand, seem to have undergone merging with press. In sentences,
deviations were almost exclusively too close (.86) and thus similar to [€].
This may be due to the fact in connected speech, less monitoring results in a
stronger tendency toward L1-derived [e].

An auditory study by Pascoe (1987)% explored the acquisition of a wide
range of segmental features by learners from southern Bavaria. Among
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Table 4.5: The acquisition of TRaP by
German learners: Summary of predictions
based on theoretical work.

¥ Learners were 10 to 11 years of age, with
0.5 years of instruction on average.

% See §3.3.1 for details.
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the n = 49 features investigated, TRaP ranked lowest in terms of correct
production rate (only .06).

In a further study on instructional-setting learners from southern
Bavaria, Kucharek (1988: 132, 145) investigated TrRaP-production in four
groups: learners in grade 6 (n = 169), 7 (n = 138), 8 (n = 117), and 12
(n =94) and teachers (n = 62), adding to a total of n = 580 participants.
Production accuracy was assessed with 4 items (rat, Dad, accident, bad),
which were elicited with a reading passage. The results, which are sum-
marized in Figure 4.19, showed accuracy rates below .25 in all grades, with
only moderate improvement from around .10 to .25. Among teachers,
production accuracy was at .60.31 %! This indicates that inaccuracies among

Langguth (2009) reported on the production of Trap by German ;?f:f;j:;%?jltsefgﬁg lte:;:;;sgfnay be partly
learners at a grammar school in northern Bavaria (Bamberg). The study
included n = 7 students each from grades 5 (age: 10 to 11), 9 (14 to 15) and 11
12 (17 to 18). The tasks included a word list and a (near-)minimal pair list.
TRAP-accuracy was .30, with a moderate improvement across age groups
(.25/.30/.40). Performance was better in the word pair task, where most
pairs contrasted TRaP with DREss (.40 vs. .20 for the word list). The most
frequently observed substitutes were [¢] (.40) and [e:] (.20).

Teachers

Accuracy rate
o

In sum, the evidence reported in auditory studies indicates that TraP 0
. . . . 6 7 8 12
is acquired relatively late by German learners. Table 4.8 gives a summary Grade
of empirical work. Accuracy rates have been found to vary as a function . ,
L. . ! . Figure 4.19: TrAP-accuracy in the pro-
of proficiency, task type, and speaking style. The predominant substitute ductions of German instructional-setting
for TraP is [(:)], but [a a: e e: €] are also attested. Factors that have learners in grade 6,7,8, and 12 in compari-
. . s . son to teachers; data from Kucharek (1988).
been observed to influence production accuracy and the distribution of o

substitutes are also listed. Values reflect absolute differences (A) on the
proportion scale.

Results Notes Study Table 4.6: Empirical evidence from
auditory studies on TrRaP in German
Accuracy rate  47-.64 Grade 5; age: 10-11 years Weiher 1975 Learner English: Reported accuracy rates,
.25-40 Grades 5,9, 12; age: 10-18 years Langguth 2009 ~ constraints on accuracy, and constraints on
.10-25 Grades 1-4; age: 6-10 years Sieg 2004 substitutes.
.10-25 Grades 6-12; age: 11-18 years Kucharek 1988
.06 Grades 8-10; age: 14-16 years Pascoe 1987

Constraints on accuracy rate
Task type A = .20 Minimal pairs (.40) > single words (.20) Langguth 2009
Speaking style A =.17 Isolated words (.60) > sentences (.47)  Weiher 1975
Constraints on substitutes
Familiarity Unfamiliar: [a az], familiar: [e a a:] Weiher 1975
Speaking style Sentences: [g], single words: [e a a:] Weiher 1975

Acoustic studies

The acquisition of the TRaP-DRESs distinction by German learners has also
been addressed using acoustic methods. Barry (1977) investigated the
production of prEss, TRAP and sTRUT by 11 = 10 German learners from
northern Germany (age: 17-19 years), who had been learning English



at school for 6 years. Based on a perceptual assessment (see §4.2.3) two
groups were formed: learners with (n = 4) and without (n = 6) established
perceptual categories. Subjects with established vowel categories produced
a greater spectral distance (Dp; = 1.68)3? than the perceptually less
sensitive learners (Dpgx = 0.33).

A study by Kautzsch (2010) focused on university students of English

who had been taught in an instructional setting for a minimum of 7 years.

Two groups (n = 20 each) were compared: students in their first or second
year at university, and more advanced learners in their third year or later.
The vowels were acoustically more similar in the productions of beginners
(Dpk = 0.27) than in the advanced group (Dpgi = 0.65).

Maurer (2014) examined advanced university students who had
completed a stay abroad in an English-speaking country for at least
4 months. Subjects were divided into two groups depending on the
pronunciation model chosen (BrE vs. AmE; n = 30 each). The study also
included a control group of less advanced students who had not been
abroad (n = 6), and two native speaker groups (BrE and AmE; n = 10
each). For each vowel, n = 11 tokens from a word list task were analyzed.
Degree of overlap in the Fi-by-F, vowel space (units: Hertz) was measured
using Pillai scores (Olson 1976; Hay et al. 2006), which express the degree
of spectral separation (0 = complete overlap; 1 = perfect separation). The
author observed that learners differed markedly from native speakers in
the degree of spectral separation between press and TrRaP. Nevertheless, a
clear difference emerged between the advanced learners and the control
group. The fact that Maurer reported Pillai scores makes it difficult to
compare her findings to those obtained in other studies — no formant
measurements were given. However, the appendix includes Fi-by-F;
scatterplots for each speaker (Figures D.1-1 to D.4-10). These allow us
to eyeball the average F; and F, produced by each subject. These rough
estimates were transformed to Bark and the distance between press and
TRAP was determined for each speaker. Figure 4.20 shows the distribution
of these distances by group. Overall, the control group shows the smallest
spectral distance (Dp = 0.31) and among more advanced students,
AmE-oriented learners produced smaller acoustic distances (Dpy = 0.74)
compared to the BrE group (Dp = 1.16). Figure 4.20 suggests considerable
variability among advanced learners.

Further insight is provided by Steinlen (2005), who studied n = 10
native speakers of BrE and n = 10 learners from northern Germany who
had learned English in an instructional setting for about 9 years. Their
average age was 26 years and none had been to an English-speaking
country. The learners almost completely merged the two vowels in the F;-
by-F; space (Dpy = 0.11; D, = 0.09). The native speakers’ TRAP-to-DRESS
duration ratio was larger than that of the learners (1.22 vs. 1.09). Figure
4.21 compares the findings by Steinlen (2005) to the measurements for
native speakers.®3

Flege et al. (1997) studied the production, perception and intelligibility
of front vowels in three groups of n = 10 adult subjects each: native
speakers of AmE and two L1 German groups differing in English-language
experience.* The results showed consistent differences between the learner
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%2 Dy will be used as a shorthand symbol
to denote the Euclidean distance between
vowels measured on the Bark scale.

Mean 0.31 1.16 0.74 1.77 1.48

1ol

BrE AmE BrE AmE
Control Advanced Native
Learners Speakers

Acoustic distance (Bk)

Figure 4.20: Spectral distance between TraP
and press in German learners compared
to native speakers; the plotted values
were approximated by eye based on the
scatterplots provided in the appendix of
Maurer (2014). @®
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Figure 4.21: Acoustic cues for the TRAP-
DRESS contrast: comparison of Steinlen’s
(2005) measurements (black) with those
reported for BrE (+) and AmE (o) native
speakers (cf. Figure 4.9).

% Note that the Euclidean distances in this
figure are based on z-transformed Bark
measurements (D,pi). For the source of the
reference values, see Figure 4.9.

* The experienced group had lived in an
English-speaking environment for a longer
time (an average of 7.5 vs. 0.6 years).
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groups, which are summarized in Figure 4.22a and b. The experienced
group produced a spectral and durational contrast similar to that of
native speakers. The inexperienced group did not contrast the vowels

to the same degree. The difference between the groups is reflected in

the duration ratios (1.18, 1.35, 1.31) and spectral distance in the Bark-
difference space, expressed as a Euclidean distance (0.45, 2.00, 1.84) 35
The intelligibility scores show that the learners’ renditions of bet and bat
were often misidentified by native speakers. The identification patterns
are summarized in Figure 4.22c. In the inexperienced group, .47 of the
bat-tokens were misheard as bet. In the experienced group, the confusion
rate was .34. It was further observed that .22 of the bet-tokens produced by
the experienced group were identified as bit. This may reflect a change of
the articulation of DREss as a strategy for category separation.>® None of the
bed-tokens in the inexperienced group were misidentified as bid.

To sum up, acoustic studies corroborate auditory work in showing that
TRAP is acquired late. German learners typically produce an insufficient
spectral contrast between press and Trap. Nevertheless, certain learners
are able to achieve a native-speaker level. Figure 4.23 summarizes the
acoustic distance scores derived from the literature and Table 4.7) lists
formant measurements. In terms of the realizations of target TRAP that
are observable in German learner productions, acoustic data suggests a
gradual development toward a native-speaker like contrast. Further, learner
productions show sensitivity to the target accent, with learners aiming for
BrE on average producing larger spectral contrasts than those opting for the
AmE model. Studies investigating both spectral and temporal cues suggest
that the duration contrast is acquired before the spectral contrast.

DRESS TRAP Distance

Study N Proficiency F; Fp FF B Bk zBk
Barry 1977 6 Lower 53 120 56 122 033 —
4 Higher 52 124 68 119 168 —

Steinlen 2005 10 — 53 119 54 119 0.11 0.09
Kautzsch 2010 20 Lower 51 119 54 11.8 027 —
20 Higher 52 121 58 11.8 064 —

Maurer 2014 6 Lower 59 122 62 122 031 —

60 Higher 62 128 7.0 123 095 —

Figure 4.22: Cue reliance by English-

language experience. Right panel: Location
of the rectangle indicates identification rate
as KIT, DREss and TRAP. Data are from Flege

etal. (1997).

* This is yet another scale on which the
acoustics of vowels can be expressed.
Unfortunately, these values are not directly
comparable to the Dpy and D,py scores we
are using.

% These findings are consistent with
observations by Arnold & Hansen (1974:
58), who note that press may be raised to
distinguish it from TraP.

0 1 2
BrE P---O -
AmE r--1T
GLE . a
] . b
o o [
. d
0 1 2

Acoustic distance (Bk)

Figure 4.23: Summary of the instrumental
evidence on the spectral TRAP-DRESS
contrast in German Learner English in
comparison to properties of the target
language varieties (top). The plotted
values are Euclidean distances on the
Bark scale. Boxplots show the distribution
of scores in native speech. Key to the
studies: (a) Barry 1977, (b) Maurer 2014,
(c) Kautzsch 2010, (d) Steinlen 2005.

Table 4.7: Acoustic evidence for the
spectral contrast (Bk) between TraP and
pREss in German Learner English.



4.5 Aims of this study

The objective of this study is to jointly consider vowel length and quality in
the acquisition of the TRAP-DRESs contrast by German learners. The analysis
is motivated by the following questions:

o Are the initial stages of IL development characterized by merging of the
vowels in terms of both length and quality?

o In the course of IL development, are length and quality cues learned
simultaneously or are learners biased toward one of the two?

e How do learners at high proficiency levels implement this contrast? Do
BrE- and AmE-oriented learners align with the acoustic values for their
target varieties?

Category separation among lower-proficiency learners

As illustrated in Figure 4.17, the implementation of the TRAP-DRESs contrast
in speech production may vary depending on how learners perceptually
categorize these vowels. Focusing on vowel length and quality as (poten-
tially) distinctive cues, the contrast may be signaled by both (categorization
patterns 4 and 5), only length (3 and 6) or neither (1 and 2). While acoustic
studies have shed light on the TRAP-DRESS contrast in learners aged 16 or
older, evidence on early-stage instructional-setting learners is lacking.
This study aims to address this gap by investigating whether the lack

of length and quality contrast that has been reported for less proficient
subjects (Barry 1977; Bohn & Flege 1992; Flege et al. 1997; Steinlen 2005;
Kautzsch 2010; Maurer 2014) holds when looking at a larger cross-section
of developmental stages. With perception studies indicating that German
learners aged 12 or younger are more sensitive to quality contrasts in the
open front portion of the vowel space, evidence for merging of bress and
TRAP by adult speakers may not generalize to this population of learners.

Cross-sectional patterns in cue development: Length vs. quality

Previous experimental work indicates strong tendencies toward TRAP-DRESS
merging in lower-proficiency learners. The acquisition of the contrast thus
appears to follow after a period insufficient category separation on both
dimensions. In Figure 4.24, this phase is reflected by position in the lower
left corner, which denotes the absence of a length and quality contrast.
Following this stage, two developmental paths along the length and quality
grid appear particularly plausible. If length and quality are acquired
simultaneously, this would be reflected in a straight line, which is shown
as (a). In case of a bias toward length, development on the grid should
be curvilinear (as in (b)), reflecting the acquisition order “length before
quality”. A bias toward length is predicted by the SCH and Bohn’s (1995)
DH. The few indications in the literature suggest an earlier emergence of
a length contrast (Flege et al. 1997; Steinlen 2005). This study shall throw
further light on the relationship between these cues in the productions of
learners at different levels of L2 pronunciation ability.
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Length contrast
D

Quality contrast

Figure 4.24: Emergence of length and
quality cues in the acquisition of the TraP-
DRESs contrast after a phase of merging.
TRAP-DRESS merging is denoted by position
in the lower left area signaling insufficient
length and quality distinction between the
vowels. Two hypothetical paths along the
length and quality grid are shown, marking
(a) the simultaneous acquisition of both
cues, and (b) an initial bias toward length
to signal the contrast between the vowels.

®@®
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Category separation by proficient learners

With the two standard varieties providing different targets for the Trap-
DRESs contrast, the relative weight given to length and quality cues is
expected to vary depending on the target variety toward which they are
oriented. Further, motivated by economy principles, learner speech may
generally show a trading relationship similar to that observable in native
speech, with lack of contrast in one being compensated for by the other.

4.6 Method and data

Informants, materials and procedures

The following analyses are based on vowels elicited in the short-phrases

task.3” Each subject produced 1 = 12 tokens (6 for each vowel), which % The data sets analyzed in the present

sums to 1 = 654 vowels for the learners (n = 26 missing cases) and n = chapter are openly available via the Tromso
Repository of Language and Linguistics

278 for the native speakers (n = 8 missing). Each speaker produced the (TROLLing) at https://doi.org/10.18710/

following items: ATIRRV (S6nning 2020c).

e DRESss: get, set, pet, het, bed, head
e TRAP: sat (2x), cat, hat, bad, had

The acoustic analysis was carried out in Praat (Boersma & Weenink
2019) and the data were segmented manually following the principles
outlined in Macha¢ & Skarnitzl (2009). Vowel duration was determined
using the onset and offset of F, and the vowel target was determined
visually at the point of maximal displacement (Di Paolo et al. 2011). The
F1 and F, measurements were transformed from Hertz to Bark using the
formula by Traunmdiller (1990) and then normalized to z-scores using
the method proposed by Lobanov (1971). The label zBk will be used as a
shorthand for these transformed and normalized formant frequencies.

Using the Bark instead of the Hertz scale to measure vowel quality
gives a closer reflection of auditory differences between vowels (Thomas
2011: 158). The aim of normalization, on the other hand, is to make vowel
measurements directly comparable between speakers. Thus, on the Bark
scale, the location of vowels is influenced by physiological differences
between speakers — that is, it varies with vocal tract length (ibid.: 160-171).
Normalization techniques aim to control for this variation and allow
for comparison of vowels produced by different speakers on the same
scale and in the same display. The method proposed by Lobanov (1971)
has been observed to yield good results (e.g. Adank et al. 2004; Flynn
2011). In order to apply this normalization technique, 5 to 7 tokens of each
monophthong were elicited per speaker (i.e. a total of about 6,000 tokens)
and the average F; and F, were calculated for each vowel. These averages
were then used for normalization.

The ensuing analyses are carried out on the same scale as the literature
survey presented above, which allows for direct comparison of results.
Vowel durations (in ms) were transformed to the (natural) logarithmic
scale for analysis. For the presentation of findings, scores are presented as
ratios for ease of interpretation and comparability to the literature. The next
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section outlines the statistical analysis and may be skipped without loss of
continuity.

Statistical analysis

Analyses were carried out separately for learners and native speakers,

which means that two models were fit.3® As there are three acoustic values % The models are described in more detail
describing a single vowel token uttered by a speaker (duration, F, and Fy), in Appendix A.3.
a multivariate regression model was used, which simultaneously addresses

three outcomes. To guard against potential outliers on these outcome

dimensions, a robust Student-t distribution was chosen to represent these

acoustic measurements. The models also included, for each outcome,

varying intercepts on subject and word, which were also given a joint

multivariate distribution. This is to say that each subject was assigned a

unique duration and location for each vowel in the F;-by-F, space. The

acoustic values of press and TrRaP were thus allowed to vary between

subjects, and the objective of the model was to detect systematic differences

in vowel location and duration between speaker groups. In the level-2 part

of the model, the varying intercepts for subjects, that is, the speaker-specific

duration and formant frequencies for the vowel categories, were regressed

on predictors of interest:

e For learners, these were target variety and proficiency level: The model
describes, for each vowel category (press and TraP), how duration, Fy,
and Fy, considered jointly, vary depending on the proficiency level and
the target variety of the speaker. From intermediate stages onwards,
the model is open to the possibility of divergent patterns for learners
oriented toward different standard varietes. Both predictors were
enriched with varying slopes for the lexical items.

o For native speakers, variety was the focal predictor. This means that the
three acoustic parameters were allowed to vary between BrE and AmE
speakers. The model also included by-word varying slopes for variety.

The phonetic context, more specifically the voicing of the following
segment, is known to influence the duration of a vowel (see Chapter
10). Even though voicing contexts were balanced across the two vowel
categories, the voicing of the following consonant was included in the
model to partial out this source of variation in vowel duration. The voicing
of the following context was therefore included as a predictor in the level-2
model for varying duration intercepts on word.

As for the prior distributions, previous instrumental work on prEss
and trAP in BrE and AmE, which was summarized in §4.4, was used
to construct prior distributions for parameters. Figure 4.25 shows, for
the Fq-by-F, vowel plane and the log duration scale, how the acoustic
values reported in previous work map onto the priors. For GLE, there is
little quantitative work to build on. Accordingly, priors were vague but
reasonable, informing the model that TraP and pRrEss should be somewhere
in the central to front and mid to low area of the vowel space. As for
duration, the measurements for [a a: € €:] listed in Table 4.1 were used as
reference values to construct a prior that expects vowel duration in the
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range from 60 to 250 ms with probability .68, thus easily allowing for more
extreme parameter values.

The prior specification for dispersion parameters relied on the fact
that formant measurements are expressed as z-scores. Since a standard
deviation of 1 describes the scale of the scatter of vowel categories in the
F1-by-F; plane, the dispersion for a single category, whether assessed
across words, subjects, or measurements, is certainly expected to be (well)
below 1. Our priors therefore assign probability .86 to the interval [0, 1].

Appendices A.3.1 (native speakers) and A.3.2 (learners) describe the
model specification (including all priors) in detail, and report convergence
diagnostics and the posterior distribution of all model parameters.

4.7  Constraints on generality

Before we turn to the results of the present investigation, let us delimit the
scope of our inferences.

o Language-external scope: The sampled population may be considered as
largely representative of German Learner English as spoken predom-
inantly in southern Germany, more specifically northern Bavaria. It
appears that there are no dialectal features that would limit the gen-
eralizability of the present findings to other, especially Standard High
German, populations of instructional-setting learners. Especially the
lower proficiency levels represent the type of English that may be consid-
ered typical of instructional-setting learners. Our findings therefore do
not extend to naturalistic learners.

Language-internal scope: The degree of generalizability to other instances
of these vowel categories is limited. Where possible, the test words were
chosen with the aim of (i) minimizing coarticulatory effects (hence

a preference for /h/-onsets and alveolar onsets and codas) and (ii)
maximizing segmentability (hence a dispreference for sonorants). The

Figure 4.25: Prior information on the
acoustic properties of TRAP and DREss in
AmE (left), BrE (center), and German
Learner English (right). In the top row,
50% and 90% density ellipses show

the prior distribution in the F1-by-F»
plane. The IPA symbols show the average
across studies in the literature (large grey
symbols) and, for press and TrRAP, the
scatter of values across studies (small
grey symbols). In the bottom row, density
curves represent the prior distributions
for log duration, overlaid on the values
reported in previous work, where each
circle denotes a study. For German learners,
there is little quantitative work to build on
and the priors are therefore more diffuse.

e@®



findings, then, only apply to such phonetic contexts. Furthermore, all
instances were read with a nuclear accent, so our insights are limited to
prosodically prominent environments.

o Speaking style: As we relied on a reading task for data elicitation, the
results extend to this type of speech production only. We must also
take into consideration the possibility of orthography-induced speech
behavior, which suggests that these data should be considered as
representative of careful reading style only.

4.8 Results

We report our findings for the natives speakers (§4.8.1) and the learners
(§4.8.2) in turn.

4.8.1 Native speakers

Before we consider the output of the regression analysis, we will take a look
at the distribution of our measurements. To this end, we first average the
formant and duration measurements for each speaker and then inspect
these averages visually. Figure 4.26 offers a descriptive summary of the
native speaker data. The left-hand panels show the distribution of speakers
in the vowel space, where each point denotes, for a single speaker, the
average Fi-by-F, calculated over all tokens for the vowel category. The
average readings for DrEss are less dispersed than those for Trap. Both
vowels seem to pattern differently in the two groups: For press, BrE
subjects show lower F; values, indicating a slightly higher position in the
acoustic vowel space. For Trap, BrE speakers show lower Fj, on average,
which reflects a retracted vowel quality.

Figure 4.26¢ graphs the duration averages for each vowel category. The
averages for a speaker are connected by a line, and the slope of the line
indicates the direction and magnitude of the durational contrast. Lines are
steeper for the AmE subjects, who produce longer Trar-tokens. We can
express the durational contrast for each speaker with a ratio, which gives us
a single value per speaker. Figure 4.26d compares the ratios for BrE subjects

THE TRAP-DRESS CONTRAST 75

Figure 4.26: Overview of the acoustic mea-
surements for the n = 26 native speakers:
(a) Average formant measurements for
each vowel category: Open circles denote
AmeE subjects (n = 11), filled circles BrE
subjects (n = 15); (b) Average durations
for each vowel category by speaker and
variety: Each line denotes a speaker; and
(c) Average duration ratios by variety:
Each point represents a speaker. @®
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to those of AmE subjects. We see considerable variation within each group,
and AmE subjects appear to show higher ratios, on average.

Let us now summarize these measurements more compactly so we can
compare them to the values reported in the literature. 4.27a shows the
estimates from our model in comparison to the ratios observed in previous
work, which are summarized with boxplots (cf. Figure 4.8). Our results
agree with those in the literature, with BrE subjects on average producing
smaller TRaP-to-DREss duration ratios (1.21 vs. 1.54 for AmE speakers). The
wide uncertainty intervals reveal the imprecision of the estimates, which
is due to (i) the small number of speakers recorded (n = 11 for AmE; n =
15 for BrE), and (ii) the large variation among speakers within each group,
which was evident from Figure 4.26d.

Figure 4.27b locates the Fq-by-F, measurements for TRar and DREss
relative to those reported in previous studies (grey; see Figure 4.5), with
50% and 90% uncertainty contours. AmE TRAP and DREss agree with
previous work: While both are slightly lower in this study, the distance
between, and relative positioning of, the vowels is similar. BrE Trap
appears to be more retracted, and BrE press more open compared to
previous findings. As most informants were in their twenties, this could
be attributable to recent sound changes — that is, opening of bress and
lowering and retraction of TRaP (see §4.1). Estimates for the acoustic
properties of TrRaP and press produced by AmE and BrE subjects are
reported in Table 4.8.

Let us finally consider the relationship between temporal and spectral
cues. Figure 4.27c compares the speaker groups in this study to the values
documented in the literature (cf. Figure 4.9), with 50% and 90% uncertainty
ellipses. The positioning of the native speaker groups conforms to the
familiar clustering by variety: AmE speakers make greater use of length
as a contrastive feature. The speaker groups recorded in this study make
rather similar use of vowel quality, at least as far the distance in the vowel
space is concerned. Figure 4.27b, however, demonstrates that these absolute
distances arise from different spatial patterns. To the extent that F; and F
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Figure 4.27: Estimates for the AmE and
BrE native speakers in the present study
in comparison to values in the literature:
(a) Duration ratio - boxplots show values
reported in the literature (n = 11 for AmE,
n = 6 for BrE; see Figure 4.8); (b) Location
in the F1-by-F> plane; (c) Relationship
between quality and length as contrastive
features (cf. Figure 4.9). Both speaker
groups pattern with the attested values for
their respective varieties. Error bars and
contours denote 50% and 90% posterior
intervals. @®
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AmE BrE
Posterior quantiles Posterior quantiles

Parameter Mdn 05 25 75 .95 Mdn 05 25 75 .95
Duration ratio ~ 1.54 1.38 1.47 1.61 1.72 121 1.00 1.12 130 1.47
DRESS

Fq 0.63 0.47 0.56 0.69 0.78 0.87 0.74 0.82 0.92 1.00

F, 0.78 0.69 0.75 0.81 0.87 0.66 0.60 0.64 0.69 0.73
TRAP

Fy 145 125 137 153 1.65 152 135 145 158 1.69

F 057 0.44 052 0.63 0.71 0.09 -0.01 0.05 0.13 0.19

correspond to auditory vowel locations, AmE speakers primarily signal
the contrast in terms of vowel height (F;); BrE speakers, on the other hand,
make use of both height (F;) and advancement (F;). This information is
lost when considering only the absolute distance in the Fq-by-F, vowel
space.

4.8.2 Learners

For the learner data, we also start with a closer look at the distribution
of our measurements. To this end, we take averages of our Fy, F,, and
duration readings and graph them. Figure 4.28 shows the dispersion
of our formant measurements in the acoustic vowel space, with native
speaker values added for comparison (black: BrE, grey: AmE; these are the
averages over studies shown in Figure 4.5). The right-hand panels zoom in
to the two vowel categories and add information about the target variety
orientation of learners (black: AmE, white: BrE). We note that, for Trap,
values that approximate those found in native speech tend to stem from
learners with a clear orientation toward one variety. For Dress, we see that
these speakers also surface at the lower right end of the point cloud.

As for the duration of the vowel categories, Figure 4.29a graphs, for
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Table 4.8: Estimates of the duration ratio,
F; and F; (zBk) for AmE and BrE native
speakers.

Figure 4.28: Overview of the F; and F,
measurements for the n = 62 German
learners: The panels on the left show
measurements in the context of the acoustic
vowel systems for native speakers (black:
BrE, grey: AmE; IPA symbols denote
averages across studies surveyed above, see
Figure 4.5). The rectangles show the area
in the vowel space that is enlarged in the
right-hand panels. The panels on the right
show the dispersion of the measurements
in the F1-by-F> plane, where grey shading
is used to indicate target variety orientation.

@®
TRAP DRESS
0e° e ;
0@f o ° Fog
o b
(o]
i S Fe,
° oo o ©° BrE
Se
[e]
[e]
]
1 1 I
F; (zBk) AmE



78 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

(a) Duration (b) Duration ratio

300

— T 204 °
3 2 e
S 8 ) [ BrE
2 200 i °
1 1 O) o
8 S 154 . o ©
@ o o ©° °
é ﬁ o 8 ® O. ’:’ e % °
—
c o ° g o
Re] c g 0° ° o
= kel ° ° AmE
E ?U‘ ° €] % ° ) o® m
S 100 5 14 é’)o o o.o
A o
I I R T T T
TRAP DRESS -1 0 1

Proficiency (z-score)

each speaker, the average duration for each vowel, with the lines signaling
the difference. On average, TRAP is longer than press, but the magnitude
of the difference varies markedly across learners. Figure 4.29b shows the
TRAP-tO-DRESS ratio by proficiency. There is considerable variation across
the entire scale, and target variety orientation does not seem to be linked to
differences in durational contrast.

A model-based summary of these patterns is shown in Figure 4.30,
which distinguishes, at higher proficiency levels, between AmE-oriented
(left panel) and BrE-oriented learners (right panel). The graphs show
how the TrRaP-to-DREss duration ratio varies across proficiency levels, with
50% and 90% uncertainty intervals. At the right margin of each graph, our
estimate for the respective native speaker group is displayed, along with
the distribution of values from our literature survey (see Figure 4.27a).
Given the high level of uncertainty, the information value of the duration
data is low. We can summarize the patterns as follows:

o Average ratios vary between about 1.15 and about 1.30.

o There is a hint at a U-shaped trend, with learners of low and high
proficiency averaging at higher ratios than intermediate learners.

o There is massive uncertainty in the estimates at advanced levels, but
BrE-oriented and AmE-oriented learners do not diverge systematically
from one another.

(a) AmE learners (b) BrE learners
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Figure 4.29: Overview of the acoustic
measurements for the n = 62 German
learners: (a) Average duration for each
vowel category by speaker: Each line
denotes a speaker; (b) Average duration
ratios by proficiency: Each point represents
a speaker and grey shading indicates target
variety orientation.

Figure 4.30: Use of length as a contrastive
cue by German learners: Duration ratio
by proficiency level. At higher proficiency
levels, two populations of learners are
distinguished: Those oriented toward
AmE (left) and those oriented toward BrE
(right). Estimates for the native speakers in
this study are added at the margins. Error
bars/bands reflect 50% and 90% posterior
intervals. @®
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The location of TraP and Dress in the F1-by-F; plane also changes across
proficiency levels. Figure 4.31 shows findings separately for press (top row)
and traP (middle row). The left-most column of panels summarizes the
cross-sectional patterns by showing three proficiency levels: beginners,
intermediate and advanced learners. These estimates are connected with
lines, which is to suggest, for each vowel, a developmental path in the
vowel plane. For advanced levels of pronunciation ability, we distinguish
between BrE-oriented (black) and AmE-oriented learners (grey). The
"paths” are therefore allowed to branch out. The IPA symbols denote the
native speakers values from our literature survey (grey: AmE, black: BrE;
cf. Figure 4.5.). The columns to the right show, for each proficiency level,
uncertainty contours for our estimates. The following patterns emerge from
Figure 4.31:

e Both vowels in general undergo lowering in the vowel plane. TrRaP also
undergoes retraction.

o DREss shows a constant rate of change, consistently shifting by a small
amount across proficiency levels.

o TRAP parallels this trend up until intermediate levels of proficiency and it
seems that the two categories shift in tandem.
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Figure 4.31: F;-by-F; location of TRaP and
DRESS in German learner productions:
DRESs (top row, filled circles), Trap (middle
row, empty circles), and a comparison of
the two (bottom row). Advanced learners
are divided into AmE-oriented speakers
(grey) and BrE-oriented learners (black).
IPA sybols denote native speaker values
from the literature (grey: AmE, black:
BrE; cf. Figure 4.5). The plotted values are
Lobanov-normalized (i.e. z-transformed)
Bark measurements. Error bars reflect 50%
and 90% posterior uncertainty contours.
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e On average, learners at the beginning and intermediate stages appear to
produce no discernible spectral contrast between the vowels.

e From intermediate to advanced levels, TrRaP undergoes lowering and
retraction. For both AmE- and BrE-oriented advanced learners, it is
further back, consistent with native speaker values.

e Itis only at advanced stages, then, that a contrast is signaled in the
acoustic vowel plane.

e The two groups of advanced learners differ systematically in that
BrE-oriented learners produce a larger quality contrast.

e For TrAP, both groups show values that may be considered as character-
istic of their target variety.

e For press, however, both advanced learner groups produce acoustic
values that differ noticeably from those of native speakers.

The spectral contrast as a measure of category separation is shown in
Figure 4.32, which graphs the Euclidean distance between TraP and DREss
by proficiency level for learners in comparison to the figures produced by
native speakers in this study. The following points are noteworthy:

o Native speakers produce distances of about 0.85, on average.

o Learners consistently fall short of this value. Lower proficiency levels
show distances of about 0.10 to 0.15, which is less than a fifth of the
distance observed in native speech.

e Atupper intermediate and advanced levels learners begin to approxi-
mate the spectral distance in native speech. On average, BrE learners
reach values of 0.75 (at z = 1.5), and AmE learners of 0.44. While both
fall short of the respective targets, the divergence between the learner
groups is in line with reported differences between standard British and
American English.

4.9 Summary and discussion

This chapter was concerned with the acquisition of the English TRAP-DRESS
contrast by German learners. A key difference between the vowel systems
of the two languages is the absence of a front open vowel in German.

In English, this region of the vowel space is occupied by TrRaP. Acoustic

Figure 4.32: German learners’ use of vowel
quality to contrast TRaP and press: Distance
in the Fy-by-F, space across proficiency
levels, for AmE-oriented learners (at left)
and BrE-oriented learners (at right). Native
speaker values from this study are shown
at the margins.



THE TRAP-DRESS CONTRAST

Table 4.9: Estimates of the duration

Posterior quantiles
q ratio, F; and F; (zBk) for learners at

Parameter Proficiency Mdn 05 25 75 .95 representative proficiency levels.
DRESS
Fy Beginner 0.52 0.40 0.47 056 0.63
Intermediate 0.65 0.56 0.61 0.68 0.73
Advanced AmE 091 0.69 0.82 1.00 1.13
Advanced BrE 0.77 0.62 0.70 0.82 0.91
P Beginner 092 0.84 0.89 0.95 1.00
Intermediate 0.99 093 096 1.01 1.05
Advanced AmE 0.78 0.64 0.72 0.83 0.90
Advanced BrE 0.81 0.72 0.78 0.85 0.90
TRAP
Fy Beginner 0.58 0.45 053 0.63 0.71
Intermediate 0.78 0.69 0.75 0.82 0.88
Advanced AmE 130 1.05 1.20 141 156
Advanced BrE 145 1.29 1.39 152 1.60
F, Beginner 0.89 0.80 0.86 0.93 0.99
Intermediate 0.94 086 091 097 1.02
Advanced AmE 0.62 0.45 055 0.70 0.80
Advanced BrE 0.53 0.41 0.48 0.58 0.65
Duration ratio Beginner 127 1.09 1.19 134 146
Intermediate 112 1.00 1.07 117 1.25
Advanced AmE 126 098 1.14 139 1.60
Advanced BrE 125 1.04 1.16 134 149

studies indicate that native speakers of English contrast TRAP from DREss in
both length and quality. These cues are in a trading relationship, however,
and speakers of BrE typically foreground quality to differentiate these
vowels; native speakers of AmE, on the other hand, make greater use of
length to cue this category contrast.

Linguistic constraints appear to inhibit the L2 acquisition of the TrRAP-
DREss contrast by German learners. Thus, an assessment of TRaP from
the viewpoint of markedness indicated that front open vowels may be
considered marked based on their cross-linguistic (in)frequency and
susceptibility to language change. Further, previous research has shown
that the sensitivity of German listeners to vowel quality contrasts in the
relevant portion of the acoustic vowel space declines after the age of 12,
with a majority of older learners experiencing perceptual difficulties at the
TRAP-DRESs boundary. The literature on speech perception further suggests
that German learners are biased toward temporal signals for this vowel
contrast.

Theoretical frameworks resort to different types of linguistic constraints
to hypothesize about the course of TrRaP-acquisition by German learners.
Except for the CAH, which assumes a facilitating role of the phonemic
status of TrRaP, theoretical contributions unanimously consider the front
open vowel a difficult structure. From the viewpoint of markedness and
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naturalness, equal likelihood is assigned to [ €:] and [a a:] as L1-derived
substitutes. Perceptual constraints, however, predict German [e €:] as the
most likely variant in L2 speech production.

Claims about the difficulty of TRAP and the tendency toward substitution
by L1 [e :] find support from empirical work. The production of Trap
by L1 German learners has been addressed by a number of studies, with
auditory work typically reporting accuracy rates below .40. Weiher
(1975), who studied early-stage instructional-setting learners aged 10 to
11, deviates in this regard, noting accuracy rates above .50. Instrumental
studies, which have exclusively dealt with learners aged 16 or older,
provide acoustic details about the implementation of the contrast by
German learners. While most work is restricted to spectral measurements
(Barry 1977; Kautzsch 2010; Maurer 2014), two studies also report on
temporal properties (Flege et al. 1997; Steinlen 2005). As for vowel quality,
previous work suggests that learners are able to acquire a target-like
contrast between press and TrRaP. The majority, however, fails to reach
native speaker values. The two studies that have reported on temporal
measurements noted that inexperienced learners produce an insufficient
spectral distinction between the vowels.

This study aimed to provide new insights into German learners’ ac-
quisition of the TRAP-DRESs contrast by (i) jointly considering temporal
and spectral properties of both vowels and (ii) studying a wide range of
proficiency levels, to extend the scope of acoustic evidence to younger
instructional-setting learners. Building on theoretical work, experimental
insights into German learners’ perception of relevant vowel categories,
and existing acoustic work, it was hypothesized that German learners
may eventually progress from a phase of TRAP-DRESs merging to a more
target-like implementation of the contrast. This progression was projected
to be characterized either by simultaneous acquisition of both types of cues,
or a bias toward vowel length as a distinctive feature. A tendency toward
the exclusive use of vowel quality to contrast prRess and TrRaP was precluded
on the grounds that the corresponding perceptual categorization pattern
appears implausible in the light of theoretical considerations and external
information (see Table 4.3).

To provide a basis for the interpretation of the results, a survey of the
acoustic correlates of the TRAP-DREss contrast in BrE and AmE was carried
out. This review highlighted systematic differences between the varieties,
which are relevant for judging the native-likeness of learner productions.
Thus, speakers of AmE tend to rely more strongly on temporal cues
(i.e. vowel quantity), whereas BrE native speakers primarily exploit
spectral signals (i.e. quality) to distinguish TrRaP and press. Findings for the
native speakers recorded in this study were consistent with the literature,
which points to the adequacy of the materials and procedures used to
study variation in the production of both vowels. As for the German
learners, the results for the duration ratio as a measure of the temporal
contrast between TRAP and DRess hinted, tentatively, at a U-shaped pattern,
with lower and higher proficiency levels showing somewhat greater
temporal differentiation. The figures for intermediate to advanced learners
are consistent with results presented by Flege et al. (1997), who noted



duration ratios of 1.18 and 1.35 in inexperienced vs. experienced German
learners. Steinlen’s (2005) duration ratio of 1.09 is also consistent with
values reported in the present study. The spectral analysis of bress and
TRAP revealed that both vowels shift with increasing levels of pronunciation
ability, relocating to a more open and back position in the F1-by-F, vowel
space. Larger movement was observed for TraP, which primarily occurred
at high levels of pronunciation proficiency. As the figures reported in this
study are on the zBk (rather than the Bark) scale, a direct comparison to
the vowel locations reported in previous studies on GLE is not possible.
Using the Euclidean distance between the two vowels, this study found that
German learners generally fall short of the type of spectral contrast found
in native speech.

The findings of the present study are in line with the theory-based speci-
fication of TrAP as a difficult structure and concur with earlier experimental
work by showing that a target-like production of TraP and the TRAP-DRESS
contrast only occurs in highly proficient learners. This difficulty, however,
was predicted by recourse to different explanations, such as perceptual
distortion, markedness, and natural processes disfavoring front open vowel
qualities. As these linguistic constraints produce identical predictions, the
underlying processes cannot be disentangled on the basis of evidence from
speech production. The mechanism(s) underlying Trap-production by
German learners at different proficiency levels thus remain to be more
fully explored in future investigations. To this end, perception data must
be gathered on the learners studied. As such, the stipulation of constraints
that are not perceptual in origin can only be put on a firmer basis once per-
ceptual origins can, at least the level of the individual learner, be ruled out
as viable explanations. Based on the indications in the literature, we would
expect perceptual sensitivity to vary with age and therefore, perhaps, with
the overall proficiency level of instructional-setting learners. This opens
up interesting avenues for further study. As to the search for explanatory
mechanisms, it appears that progress can only be made via a combination
of perception and production data.

The results produced by the present investigation provide tentative evi-
dence that press and TrRAP are not merged completely by lower-proficiency
learners. The duration ratios reported for this population of learners are
consistent with categorization patterns 3 and 5 described in Table 4.3. The
tendency toward temporal cues may thus be reflective of the categorization
of Trap as L1 [e:] and press as L1 [€]. This interpretation is compatible with
the observation that the two vowels are contrasted in length but not (or
much less so) in quality. However, the average duration ratio observed for
this subgroup (1.30) is smaller than the contrast between German /e:/ and
/&/ (1.50 to 2.50; see Table 4.1). A second perceptual categorization process
that is consistent with the findings presented here is the formation of a new
category for TrRaP. This new category differs from the IL category for pbress
in having a greater value of the feature length. It also differs from the TL
category for press in that spectral cues are backgrounded. Evidence from
speech production cannot determine whether the duration ratios observed
in lower proficiency learners reflects two-category assimilation (TraP —
/€1/, DrRESS — /€/) or new category formation, with duration being the
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more easily accessible cue (as suggested by Bohn 1995). Nevertheless, it
seems that categorization patterns 1, 2, and 6, can be excluded as plausible
underlying perceptual mechanisms.
An unexpected pattern, which we must interpret cautiously, was the
U-shaped trajectory, which indicated that the magnitude of the temporal
contrast may deteriorate in intermediate learners. From the viewpoint of
linguistic constraints, there does not appear to be a plausible explanation
for this finding, at least at the level of depth provided by this study. We are
therefore not prepared to believe that this patterns reflects a genuine cross-
sectional trend. Should this indication nevertheless be picked up in future
work, it would seem necessary to first reflect on how such a pattern may be
accounted for on theoretical grounds.39 A factor that may have given rise * Tt is worth noting that a reanalysis of
to a regress in duration contrast is a change in press-production as a result ;}ﬁiiséattﬁzr;arilobce;r:jd:sl?ﬁ:tl 3&2?; d for
of overgeneralization. This is to say that features of the newly acquired, or proficiency. It is thus tempting to speculate
emerging TRAP-category may have been extended to press. In the context on SOCialhfaCtor;ﬁatdm:}Y be inVOl"ei/ SFCh
of L2 speech, this processes has also been referred to as overcorrection or ;se:f Effclu:ric: odationasatesito
hypercorrection. A similar explanation was proposed by Major (1987) to
account for the productions of more vs. less proficient Portuguese learners
of English, whose L1 also lacks TraP but has /¢/, a vowel similar to DrEss.
The intelligibility of their press-productions declined while that of Trap
improved. The way in which overgeneralization surfaces in length and
quality features does not appear to be well understood, however. Further
research is clearly needed to address this issue. What can be stated on the
basis of the present data is that, on average, spectral properties of bress
appear to change in parallel with TRAP.
Besides the scope statements formulated earlier, the conclusions that
can be drawn from this study are limited in several respects. Thus, a more
detailed account of the relationship between the IL categories for press
and TrAP and the L1 categories /¢/ and /e:/ could have been given had
the subjects” productions in their native language also been documented.
This would have warranted more defensible statements on the degree of
equivalence between the L1 and IL categories in speech production. A
further limitation concerns the temporal measurements reported in this
study. While spectral quantification was considered in the context of the
full system of monophthongs — that is, converted to z-scores reflecting
position in the learner’s IL vowel system — the assessment of length
contrasts would have profited from a similar approach. Thus, vowel
duration could have been measured relative to other monophthongs in
the IL vowel system, which would have yielded a richer account of the
TRAP-DRESs duration contrast. This study only considered the relative
contrast between the two vowels. This approach lacks sensitivity to changes
in the duration of TrRaP and press individually. Thus, a complementary
measurement of a normalized vowel duration would have yielded insights
into the nature of the differential length contrasts observed in learner
productions. As was noted above, this generates an interpretative dilemma,
as changes in the duration ratio may reflect changes in TrRap duration, bress
duration, or both.
Apart from these caveats, the present study has made methodological
contributions to the field of non-native vowel production research. A



comprehensive survey of the auditory and acoustic properties of BrE and
AmE monophthongs was carried out. These data, which are available in the
web appendix?’, may serve as a point of departure for future studies on L1
and L2 varieties of English. One point that emerged from this review was
that vowel duration and quality must be considered jointly. Sole reliance
on spectral measurements may miss a category contrast that is signaled
(predominantly) by durational cues.

A further methodological trait that may be of value to future work is the
choice of zBk scores as the unit of analysis. By controlling for physiological
differences between speakers, these scores aim at maximizing comparability
to other work on native and non-native vowel production. Measurements
from this study and the literature may serve as reference values for future
research. The data that is made available online also lists Hertz and Bark
measurements, as these may be more suitable for certain purposes. Finally,
a method for normalizing auditory vowel descriptions was proposed. This
procedure bears potential in that it allows for direct comparison of different
accounts in the literature (see Figure 4.3). More importantly, from the
viewpoint of acoustic work, the derived scores permit external validation
of acoustic measures, whose main purpose in most applied work is the
quantification of perceptible differences. Relevant to this study, the acoustic
measure used to express differences in vowel quality, zBk, was thereby
shown to offer a valid reflection of auditory impressions. Auditory z-scores
can also serve as a frame of reference for the assessment and comparative
evaluation of different types of psychoacoustic transformation (e.g. Hertz,
Bark, mel) and the multitude of methods that have been proposed for
vowel normalization (see Adank et al. 2004 for an overview).

Research on the L2 acquisition of TRAP can draw on a substantial body
of literature to map out linguistic constraints that translate into theoretical
predictions. A critical issue to be resolved is whether the production of
front open vowel qualities is constrained by the general motoric capacities
of language users. Knowledge about articulatory constraints could provide
more genuine explanations for the markedness of TRaP and complement
observations from typology and language change by stipulating underlying
processes rooted in the physiology of articulation. Further work is also
needed on German learners perceptual (re)organization of phonological
categories during the course of L2 development. In particular, evidence
on cue reliance by beginning instructional-setting learners aged 10 to
12 is currently lacking. Quantifiable evidence on the relative weight of
temporal and spectral cues to the TRAP-DRESs contrast could shed new light
on perceptual constraints in this population of learners and would provide
a sounder basis for the interpretation of observations in speech production.
As the preceding discussion has revealed, it is crucial for future perception
studies to investigate reliance on both temporal and spectral signals.

In summary, the present study arrives at the following recommenda-
tions for future work on the production of TrRap and press by German
learners:

o The acoustic parameters studied should include duration and spectral
measurements. With the literature review indicating a trading rela-
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tionship between these cues in native speech, investigations restricting
their focus to only one of these features provide limited insight into the
implementation of the contrast in learner speech.

o Given that press-production shows systematic variation in the course
of L2 development, assessments of TRaP should be made relative to
DRESS, as a change in the former need not result in an increased category
contrast. This suggests that studies on TrRaP in GLE must (at least) also
include prEss.

e Acoustic information on both L1 and IL productions by each learner
is desirable as it permits evaluation of changes relative to both L1 and
TL reference points. In combination with temporal measurements, this
yields more reliable conclusions about the degree to which equivalence
classification and category formation may be evidenced in speech
production.

o For direct comparison with native speaker productions, zBk scores have
proven a useful measure, as they aim to control for between-speaker
variation arising from differences in the physiology of the vocal tract.
While the use of normalized formant measurements may not establish
perfect comparability between different accents or languages, it allows
for comparison of relative locations (e.g. using zBk distances in the
vowel space) and provides an acceptable level of comparability for
future studies on the same (or similar) learner varieties.

e Similarly, a quantification of vowel duration relative to other monoph-
thongs should offer more detailed insights through comparisons to other
vowels. This provides a new perspective for the assessment of changes
in the implementation of length features across developmental stages.

o Finally, it is essential for studies to report as much information as
possible on the acoustic properties of the vowels investigated. This
facilitates surveys and reanalyses of published work and thus the
accumulation of quantitative and substantive insight. Ideally, studies
should make available the primary data on which their conclusions are
based.



5
Laterals: Clear and dark |1/

Following our discussion of vowel contrasts in the preceding chapter, we
now turn to German learners’ acquisition of English laterals. Together
with rhotics, which are the focus of the next chapter, they form the class of
liquids. In contrast to prototypical consonants, the acoustic and articulatory
properties of liquids are continuous rather than discrete, which means that
in many cases, it is difficult to determine clear-cut category boundaries.
Further, the same auditory effect may be achieved by different gestures. It is
therefore not surprising that, from a synchronic and diachronic perspective,
laterals and rhotics are a versatile class of speech sounds. Indeed, they
are affected by a number of cross-linguistically attested phonological
processes such as lambdacisms, where a rhotic alternates with a lateral, and
rhotacisms, the reverse pattern. Both types of liquids may also be subject to
vocalization — that is, alternate with or diachronically change into vowels.
In terms of their phonotactic properties, they differ from other consonants
in the number and range of combinations they form in onset and coda
clusters.

This chapter is concerned with the acquisition of English lateral allo-
phones by German learners. §5.1 presents a contrastive analysis of lateral
realization in English and German. Linguistic constraints relevant for the
L2 acquisition of English lateral allophones are addressed in §5.2. After a
consideration of theory-based predictions about English laterals in German
Learner English (§5.3), §5.4 reviews relevant empirical work. An outline of
the aims (§5.5) and method (§5.6) of this study is followed by limitations
as regards the generality of our findings (§5.7). Results are then presented
in §5.8 and §5.9 closes with a summary and discussion.

5.1 Contrastive analysis

The lateral /1/ is produced with contact between the tip of the tongue and
the upper teeth ridge. The airstream is frictionless and flows laterally, at
both sides of the tongue. With the alveolar closure constituting the primary
place of articulation, the tongue body may form a secondary constriction. A
velarized articulation involves raising of the back of the tongue toward the
velum or retraction toward the uvula, creating a secondary constriction in
the back of the mouth. This gives a back vowel resonance to the consonant,
producing a dark lateral, which is phonetically transcribed as [1]. The
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palatalized variant is referred to as clear or light and denoted as [1]. It
involves raising of the front of the tongue toward the hard palate, which
gives a front vowel resonance to the consonant (Cruttenden 2014: 219).

While English and German both have the lateral phoneme /1/, there are
differences in phonetic realization: German does not have a dark variant.
General British! (GB) has three major allophones — clear [1], devoiced clear
[1], and dark [}]. Clear [1] is typically found before vowels and /j/. It occurs
in word- and syllable-initial singletons (like, London) and clusters (black,
glue), word-medially in intervocalic position (silly, alive), and (in connected
speech) in word-final position if the following word begins with a vowel
or /j/ (will you, feel it). In onset clusters, clear [I] may be fully devoiced
after voiceless stops in accented syllables (play, click) or partially devoiced
after voiceless stops in unaccented syllables (butler, helpless) or voiceless
fricatives (slow, fly). Dark [1] is found before consonants (help, will she),
in word-final position before a pause (well, all), or as a syllabic consonant
[1] (angle, table), which may be partially devoiced following a voiceless
consonant (bottle, apple) (Cruttenden 2014: 217-218). The complementary
distribution of the allophones is thus governed by prosodic constraints
at the level of syllable structure. In the following, the terms prevocalic,
intervocalic, and non-prevocalic will be used to refer to prosodic position.

There is considerable regional variation in the distribution of clear
and dark /1/ in the British Isles. In large parts of the north of England
and northern Wales, for instance, dark [1] may occur in all positions. In
other dialects, such as those of South Wales and Tyneside, clear [1] tends
to be observed in all environments (Wells 1982: 390; Carter 1999; Carter &
Local 2007; Cruttenden 2014: 219).2 One of the sound changes observable
in present-day BrE is the spread of /1/-vocalization in non-prevocalic
position, especially in younger speakers from London and the southeast
(Collins & Mees 2013: 94). With the tongue not touching the teeth ridge,
there is no occlusion and the consonant takes on a vowel-like quality.
Cruttenden (2014: 219) notes that vocalization is more common after labial
consonants. In contrast to GB, GA is often described as having a generally
dark allophone in all positions (Ladefoged & Maddieson 1996: 361). Before
stressed vowels, however, the degree of velarization is smallest (Wells 1982:
490).

In Standard High German, /1/ is typically realized as a palatalized
clear [1] (Moulton 1962: 32; Kufner 1971: 47; Scherer & Wollmann 1986: 98;
Konig & Gast 2009).3 However, there is dialectal variation, with southern
German dialects showing a higher degree of palatalization and speakers
from Rhineland having a velarized variant, most notably in word-final
position (Kufner 1971: 47; Kohler 1995: 164). Word-finally, southern
German and Austrian dialects have been described as exhibiting clear [1]
after front vowels and dark [1] after back vowels, with the tip of the tongue
curled back during the articulation of the latter (Koziol 1959: 76; Scherer &
Wollmann 1986: 98).

Acoustic studies on /1/-variation in English and German have shed
more light on the gradience in clearness and darkness as a function of
external (e.g. regional) as well as internal factors such as prosodic and
phonetic context. Acoustically, the degree of velarization is reflected in the

! We follow Cruttenden (2014) and use
the term General British for the standard
accent also known as “Standard Southern
British English”, “Received Pronunciation”,
or "BBC English”.

2 Nevertheless, instrumental studies
have shown that such apparently mono-
allophonic dialects also show varying
degrees of velarization reflecting the
influence of syllable structure; thus, coda
/1/s are generally darker than onset /1/s
(Carter 1999; Carter & Local 2007).

* X-ray data reported by Delattre (1965)
confirm this, showing no evidence for
velarization in prevocalic or postvocalic
position.



formant structure of the sounds. Clear [1] is generally agreed to exhibit an
F1 of about 250 to 400 Hz; F, may range from 900 to 1600 Hz (Lehiste 1964;
Dalston 1975; Nolan 1983). For dark [1], F; has similar or slightly higher
values, and F, is much lower, ranging between 600 and 900 Hz (Lehiste
1964; Dalston 1975). The primary acoustic correlate distinguishing [1] and
[1], then, is F, which is lower in velarized variants. A metric that serves
as an acoustic measure of darkness is the difference between F; and F5.
Expressed in perceptually more meaningful Bark units, this measure will
be referred to as the "F, — F; Bark difference”, (hereafter denoted as Agy;
read: “Bark difference”). The lower the Apy score, the higher the degree of
velarization.*

Figure 5.1 shows Apy scores reported in (or derived from) previous
work®. Scores are grouped by language/accent and prosodic position. Bars
indicate further sources of systematic variation, which will be discussed
below. A summary of the distribution of measurements is displayed in
Figure 5.2. Both figures show no evidence for position-sensitive degrees
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* For methodological considerations see
§5.6.

® For details see https://osf.io/ya8pz/.

Figure 5.1: L-realization by position in
German, BrE and AmE: Survey of the
F, — Fy Bark difference score (Agg) as an
acoustic correlate of velarization (M =
male, F = female, B = both). Horizontal
bars indicate variation induced by the
adjacent vowel(s). Asterisks mark
sources of recordings used for additional
measurements (details are given in

the online supplement to Chapter 5:
https://osf.io/ya8pz/).


https://osf.io/ya8pz/
https://osf.io/ya8pz/

90 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

AmE Prevocalic - -4
Intervocalic IR
Non-prevocalic i- 1o

BrE Prevocalic i--{ e}
Intervocalic
Non-prevocalic by BN

German  Prevocalic r{e_F--
Intervocalic =]
Non-prevocalic o C=H

2 4 6 8 10
Agk (F2 = F4 Bark difference)

of velarization in German; the measurements for all contexts are around
8 Ap. In BrE and AmE®, on the other hand, the acoustic structure of

the allophones differs considerably in prevocalic vs. non-prevocalic
position. Overall, /1/ is confirmed to be somewhat darker in AmE. While
the difference in non-prevocalic contexts is small, it is more pronounced
prevocalically, which is reflected in a median difference of about 2 Ag; (5
Apy for AmE vs. 7 Apy for BrE). However, prevocalic and non-prevocalic
/1/ are still clearly separated in AmE, which is evident from the fact that
the distributions do not overlap. The acoustic evidence also suggests that
prevocalically /1/ is clearer in German than in BrE, which is reflected in a
median difference of about 1 Agy.

Further sources of variation in lateral darkness are reported in the
literature. Thus, the vocalic context has been shown to systematically
influence the formant structure of laterals. In general, F; and F, are
correlated with the respective formants in the vowel. Coarticulatory effects
vary between prevocalic and non-prevocalic laterals, however. Lehiste
(1964) investigated the acoustics of /1/-allophones produced by n =5
male speakers of AmE. While word-final /1/ was found to be largely
independent of the quality of the preceding vowel, substantial differences
were observed in pre- and intervocalic position, which can be seen in the
range of values shown in Figure 5.1.

Vowel-induced coarticulation in prevocalic /1/ has also been reported for
BrE (Bladon & Al-Bamerni 1976; Nolan 1983) and the effect of the follow-
ing vowel appears to be similar in both varieties. Figure 5.3 summarizes the
findings of Lehiste (1964) and Nolan (1983) and shows how;, in prevocalic
contexts, the degree of velarization is affected by the following vowel: the
darker the shading, the stronger the “darkening effect”. The major link
appears to be with vowel height rather than advancement. In particular, the
open vowels [& A ar p] have a consistent darkening effect.

The realization of German /1/ has been found to vary as a function of
vocalic context in all positions (Recasens 2012). For prevocalic /1/, Simpson
(1998) reported coarticulatory effects on F; in 12 vocalic contexts in the
speech of one male adult. The effect seems to be similar to that observed in
English.

English dark [1] also reflects coarticulation patterns induced by adjacent
vowels, albeit to a much smaller degree. Recasens (2012) compared

Figure 5.2: Acoustic degree of [-darkness
by language/accent and position: Boxplots
summarizing the distributions of Bark
difference scores (Apx) shown in Figure 5.1.

e@®

¢ Here, we use the labels British English
(BrE) and American English (AmE)
instead of GB and GA since the estimates
reported in the literature may not be purely
reflective of the respective standard variety.
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coarticulatory influence of [i] and [a] on prevocalic, intervocalic, and
non-prevocalic /1/ in a number of languages including AmE and German.
Judging from Figure 5.3, [i] and [a] appear to be fairly representative of the
range of vowel-induced coarticulation effects observed in laterals. Figure
5.4 summarizes the findings reported by Recasens (2012) and highlights
two contrasts between AmE and German:

e As discussed above, AmE shows a pronounced effect of context, which
surfaces in the tilted black profiles; no such effect occurs in German,
where the profiles are flat.

e In German, there is a consistent effect of the vocalic context in all
positions: The i- and a-profiles are displaced by 2 to 3 Apy scores. AmE
intervocalic and non-prevocalic /1/, on the other hand, appear to be
resistant to coarticulatory influence of the preceding vowel.

Further systematic differences in lateral darkness have been identified in
English. Instrumental evidence reported by Lee-Kim et al. (2013) shows
morphological structure to play a role in the degree of velarization in
intervocalic position. Stimuli were embedded in sentences read by n =
6 AmE native speakers (2 female). Three contexts were compared: (i)
word-final /1/ followed by [h] (stem), (ii) intervocalic /1/ preceding a
morpheme boundary as in tall-est (pre-boundary) and (iii) intervocalic
/1/ following a morpheme boundary as in flaw-less (post-boundary).
Five vowels [a: av ou a1 u:] preceded /1/ in each context. The left panel
in Figure 5.5 summarizes the results. Note that the vertical axis covers a
much smaller range of Ay scores than Figure 5.4; the rectangles attached
to the y-axes assist in drawing scale comparisons. Expectedly, intervocalic
/1/s were lighter than those in non-prevocalic position. A consistent
effect of morphological context was also observed: Intervocalic /1/ was
darker before than after a morpheme boundary. However, compared to
the influence of vocalic context, this difference is rather small (0.5 Agy).
Vowel-induced variation was smallest at the dark end of the continuum,
where differences span about 1 Ay (vs. 1.5 Apy in intervocalic contexts).
This corroborates findings of Lehiste (1964) and Bladon & Al-Bamerni
(1976) on the coarticulatory resistance of [1].

Past work on the acoustic variation in /1/-allophones also observed a
systematic influence of adjacent consonants. The measurements for word-
final syllabic /1/ reported by Lehiste (1964) suggest that [1] is clearer after
velar consonants (see also Faure 1972). In general, degree of velarization
increased for more anterior places of articulation and was highest after
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Figure 5.3: Phonetic context effects on
prevocalic /1/: Influence of the following
vowel on [-velarization. Darker shading
indicates darker realizations; data for BrE
are from Nolan (1983) and for AmE from
Lehiste (1964).
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TG AmE
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vocalic vocalic prevocalic

Dark

Figure 5.4: Phonetic context effects on
prevocalic, intervocalic, and non-prevocalic
/1/ in English and German: Bark difference
scores (Apg) as an acoustic correlate of
darkness in two vocalic contexts; data from
Recasens (2012). @®
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Figure 5.5: Effect of morphological context
on [-darkness in AmE: Bark difference
scores (Apy) by position (intervocalic

vs. non-prevocalic) and preceding vowel;
data from Lee-Kim et al. (2013). @®
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dental consonants. The overall effect, however, was small (range: 0.6 Agg).

In summary, auditory and acoustic evidence points to different patterns
of variability in English and German laterals. Three major sources of
variation have been identified: language/region, prosodic position, and
phonetic context. Figure 5.6 summarizes and compares these factors.

The effect of prosodic position differs between BrE, AmE, and German.
BrE clearly differentiates laterals in prevocalic (P) and non-prevocalic (N)
position. AmE also maintains this contrast, albeit to a smaller degree. This
is primarily due to darker prevocalic /1/. The third factor, phonetic context,
further contributes to the variability in the acoustic structure of laterals.
In Figure 5.6, the effect of adjacent vowels is shown using vertical bars
indicating the range of observed acoustic variation. In German, this effect
is much larger than that of prosodic position. It appears to operate in all
positions but is smallest for non-prevocalic /1/. In AmE, coarticulatory
effects appear to be restricted to pre- and intervocalic contexts. As yet,
little is known about the context sensitivity of BrE intervocalic and non-
prevocalic /1/. The contribution of minor factors discussed above is shown
at the right margin, where the length of the segments indicates their
influence on Agy scale.

Velarized [1] is a new sound for L1 German learners. To produce [1],
the back of the tongue needs to form a secondary constriction, a vocalic
gesture similar to [u:]. Acoustically, a distance of roughly 5 to 6 Agy
distinguishes German and English non-prevocalic /1/, which gives a
quantitative reflection of the learning task. German clear [1] appears to be
similar to English clear [1]; however, acoustic evidence suggests that the
BrE allophone is slightly darker. Prevocalically, the acoustic distance to BrE
/1/ is about 1 Ay, that to AmE /1/ roughly 3 Ag;. Acquisition of English
laterals not only requires mastering the speech motor differentiation
between clear and dark /1/, but also learning their position-sensitive
distribution. As for the second major factor contributing to /1/-variation,
transfer of vocalic context effects in prevocalic (and intervocalic) position
is expected to yield target-like coarticulation patterns. However, vowel-
induced assimilation must be unlearned for non-prevocalic /1/.

Figure 5.6: Summary of the factors
influencing the acoustic structure of
laterals: (i) region/language along the x-
axis, (ii) prosodic position (P = prevocalic,
I = intervocalic, N = non-prevocalic) and
(iii) vocalic context (indicated with vertical
bars). The size of minor effects is shown at
the right margin. @®



5.2 L2 acquisition of clear and dark/1/: Linguistic factors

5.2.1 Markedness

Typological comparisons show that clear and dark /1/ differ in their rate of
occurrence. In the UPSID database, a proportion of .80 of the documented
laterals are approximants, by far the most common type being plain voiced
approximants (.75). Considering place of articulation, .95 of the laterals do
not involve a secondary constriction and only .03 of the 418 laterals in the
database are velarized (Maddieson 1984: 77). In terms of cross-linguistic
frequency, it appears that a secondary place of articulation is disfavored.
An asymmetry between clear and dark /1/ is also suggested by evidence
from L1 acquisition of English. Figure 5.7b shows accuracy rates reported
in different studies.” Word-initial and -final contexts are distinguished and
the curves summarize the trends. A comparison of /1/-allophones to other
English consonants , which is shown in the left-hand panel, reveals that
/1/ emerges relatively late, especially in word-final position. The age of
acquisition, which is indicated by the circles is 3;9 in initial position (grey)
and 5;2 in final position (black). The positional allophones thus differ
appreciably in their development.

(a)
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8 .75 Accuracy rate
.50
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o 61
j=2 Initial
< 1t
4 B
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In L1 acquisition, liquids are affected by the phonological process of
gliding, a regular error pattern whereby the glides [w j] replace liquids.
Onset /1/ is typically glided to [j], coda /1/ is reported to be substituted

by [w] or affected by vocalization — that is, replacement by a (back) vowel.

Olmsted (1971), for instance, reported [w] as the most frequent substitute
for /1/ (with a share of .56).

One factor accounting for the delayed acquisition of [}] may be artic-
ulatory complexity. Its production requires two lingual constrictions, an
anterior closure of the tongue tip against the alveolar ridge and a secondary
constriction in the back of the mouth. Typical substitutes may result from a
lack of sufficient motor differentiation of anatomically coupled articulators
(Gick et al. 2008). Lingual complexity may thus be reduced by gestural
omission, such as the loss of the anterior gesture in [w]-gliding, which is
characteristic of English L1 acquisition. Besides articulatory complexity,
prosodic position appears to play a role in explaining the asymmetry

Accuracy rate
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7 See §3.3.2 for details.

Figure 5.7: Laterals in English L1 acquisi-
tion in comparison to other consonants.
Panel (a): Points mark the age of ac-
quisition (.75), bars indicate the age of
customary production (.50 accuracy, lower
end), and age of mastery (.90, upper end).
Estimates are based on a joint analysis of 4
studies (see §3.3.2). Panel (b): Accuracy
rate in initial (grey) and final position
(black) by age. The points denote estimates
reported in the individual studies, the
trend lines are averages based on the joint

analysis. @®
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between clear and dark /1/. Other things being equal, syllable codas are
structurally more marked than onsets. This is corroborated by the following
observations:

e In L1 acquisition, open syllables are acquired before closed ones
(Jakobson 1968; Levelt et al. 1999/2000; Lle6 et al. 2003).

e CV syllables are maximally unmarked; they occur in every language
(Maddieson 2013).

e An implicational relationship holds between CV and CVC syllables, with
the presence of the latter implying that of the former (Rice 2007).

o Cross-linguistically, onsets bear a higher functional load; the number of
contrasts in coda position is more restricted (Colantoni et al. 2015: 186).

e Perception accuracy is lower in coda position (Ohala & Kawasaki 1984;
Strange 1992).

Regarding the structural properties of syllable codas, Vennemann
(1988: 21) proposed a number of universal preference laws. Thus, natural
languages seem to prefer codas with fewer consonants and steeper sonority
clines® between the nucleus and the coda offset. Singleton postvocalic /1/
thus resembles a disfavored coda due to its proximity to vowels on the
sonority scale (cf. Figure 2.2).

Further evidence indicating the status of dark /1/ as a marked structure
is its historical instability, which can be observed in ongoing sound changes
in present-day English. In a wide range of dialects, dark [1] is affected
by I-vocalization (cf. Johnson & Britain 2007). Through omission of the
alveolar constriction, [1] is replaced by a structurally and articulatorily
simpler vocalic gesture, a phenomenon familiar from L1 acquisition.

Markedness statements may further be derived for the structural
characteristics of onsets and codas. One factor that applies to both I-
allophones is complexity: Onsets and codas of length n + 1 imply those of
length n (Anderson 1987; Yavas 2005). As degree of markedness increases
with complexity, singleton laterals are less marked than those occurring in
clusters.

To sum up, the available evidence suggests that [1] is relatively more
marked than [1] - it is typologically rare, acquired late in L1 acquisition
and subject to synchronic and diachronic variation. This is presumably
attributable to its higher degree of articulatory complexity, as it involves
two simultaneous gestures of the tongue. The markedness of English dark
[1] is further due to its distribution: Codas differ from onsets in perceptual
robustness and articulatory distinctness and are thus the disfavored
context.

Criterion 1 M
Implicational relationship o o
Cross-linguistic frequency - ++
L1 acquisition + ++
Synchronic/diachronic instability o +
Articulatory complexity - ++

8 Vennemann (1988: 21) talks about
consonantal strength, which, for our
purposes, can be considered the inverse of
sonority.

Table 5.1: Summary of markedness criteria
for lateral allophones. Open circles o
denote no (or inconclusive) evidence; (+)+
refers to (strong) evidence for marked
status; (—)— refers to (strong) evidence for
unmarked status.



5.2.2  Frequency and orthography

Frequency estimates for /1/ range from 3 to 5 occurrences per 100 segments,
with a median of just under 4 (see §3.3.3). /1/ is therefore among the most
frequent English phonemes. Allophone frequencies, on the other hand,
are rarely reported. An exception is Delattre (1965), who observed rates of
2.6 for [1] and 2.3 for [t] in AmE. Both figures are above the overall median
consonant frequency (1.9). Syllabic /1/ appears to be an infrequent sound,
with Mines et al. (1978) reporting a rate of 0.4. Apart from silent / as in
salmon, walk, and would, English orthography provides an unambiguous
representation for the lateral /1/. However, there is no graphemic cue that
points to the appropriate allophonic variant.

5.2.3 Similarity

L2 studies on the perception of laterals have typically focused on phonemic
differences such as the contrast between English /r/ and /1/, because
learners whose L1 shows no liquid contrast usually experience difficulties
with this opposition. It appears that, to date, no study has investigated L2
perceptual discrimination between /1/-allophones. Bohn & Best (2012),
however, shed some light on L1 German listeners’ perceptual sensitivity
to English approximants. The authors investigated the perception of

the AmE /r/-/1/ contrast using a two-choice identification and an AXB
discrimination task. Participants were n = 18 students at Kiel University
in northern Germany (average age: 21). The authors observed equally
categorical perception by learners and native speakers — no statistical
differences surfaced for boundary location and slope. The same is true for
the overall performance on the discrimination task (German: .73; English:
.78). However, identification and discrimination were statistically poorer
for German listeners toward the /1/-end of the continuum. While these
findings do not provide information on the distinction between clear

and dark /1/, they may be interpreted as indirect evidence for a lack of
perceptual sensitivity in contrasts involving dark [t]. Bohn & Best (2012)
reason that due to “modest” phonetic distances, German learners may
perceptually link velarized [t] and their native [1], processing them using a
single phonetic category.

Knowledge about the perception of lateral allophones by L1 speakers
is also scarce. One exception is Miiller (2015), who investigated cue
weighting by speakers of Greek and Albanian to differentiate between [1]
and [1]. While both languages have clear and dark laterals, the contrast is
phonemic in Albanian, but not in Greek. Synthesized VCa stimuli were
varied along two dimensions, the F, — F; difference and the duration of the
vowel-to-consonant transition. Five vowels [a ¢ 1 0 u] preceded the lateral.
The stimuli varied from 3.9 to 8.4 Apy, and therefore cover the range of
values attested in English and German (cf. Figure 5.2). Transition duration
had no effect on the perception of the [1]-[}] contrast, but speakers of both
languages made use of formant structure. For the Albanian listeners, whose
L1 has a phonemic /1/-/1/ contrast, the discriminating effect of this cue
was much higher: The difference in the share of [}]-categorizations along
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Figure 5.8: Frequency of /1/ relative to
other English consonants, expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the absolute values of the
rates. Data are pooled across 9 studies (see
§3.3.3 for details).
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the F, — F; dimension was around 40 percentage points compared to

15 points for the L1 Greek listeners. A tentative conclusion from these
findings may be that speakers with [1] and [1] as allophones of the same
L1 phoneme have no robust perceptual categories for the two sounds,
leading to relatively poor discrimination of non-familiar stimuli. Yet even
those speakers whose L1 has two phonemes /1/ and /1/ did not perform
exceptionally well in this experiment. Miiller’s (2015) results thus suggest
that, perceptually, laterals may be inherently difficult segments.

5.3 L2 acquisition of clear and dark /1/: Theoretical predictions

The linguistic factors outlined in the preceding section provide a basis for
theoretical work on L2 phonology to generate predictions about systematic
variation in the acquisition of /1/-allophones by German learners. Table 5.3
at the end of this section offers a summary.

CAH For German learners, velarized [1] is a new allophone of a shared
phoneme. Acquisition is therefore expected to be relatively difficult.
English clear [1], on the other hand, is considered as largely equivalent to
German [1], which suggests ease of acquisition. Learners are expected to
show transfer of the L1 clear variant and its coarticulation patterns — that
is, a notable influence of vocalic context on the acoustic structure of /1/ —
in all positions. In prevocalic position, this yields variants that are slightly
clearer compared to BrE and markedly clearer than in AmE. Coarticulation
effects are expected to be similar. In non-prevocalic position, this yields

a general lack of velarization and a lack of coarticulatory resistance to
adjacent vowels.

SLM While there is no empirical work on the perception of English [1 1]
by German learners, we can assume that German [l] is perceived as the L1
sound closest to both TL allophones. The acoustic evidence reviewed above
suggests that English [1] is more similar but not identical to German [1].
While BrE and AmE dark [1] is much darker (difference: 5 Agy), prevocalic
/1/ is only slightly darker in BrE (1 Apy), but considerably darker in AmE
(3 Apk). We may thus formulate the following assumptions: (i) German
[1] is the perceptually closest L1 sound to English [11]; (ii) the degree of
perceived similarity between German [1] and English [1] is high; and (iii)
the degree of perceived similarity between German [1] and English [1] is
moderate to high. The SLM then predicts persistent L1 transfer of [1] by the
majority of German learners. As it posits the position-sensitive allophone
as the level of analysis, it predicts category formation to emerge earlier
for allophones that are perceived as most dissimilar from German /1/,
thus predicting the acquisition sequence non-prevocalic — intervocalic —
prevocalic. Target-like /1/-production is thus expected to emerge last in
prevocalic position.

FCM  While the FCM takes a phonological approach to IL speech per-
ception, feature prominence hierarchies may also serve as a basis for
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hypothesis-formulation on allophonic variants, if these differ in features
that are distinctive in the L1. Following observations in L1 acquisition,
we can postulate [l w] as potential substitutes in IL speech production.
While the former is available as an L1-derived substitute to learners at

all developmental stages, [w] is a new sound that enters the IL grammar
during the course of L2 acquisition (see Chapter 7). The two consonants
differ in five features with the following prominence ranking: consonantal
(0.95) > anterior (0.50) > coronal (0.45) > dorsal, labial (0.23). Classifying
[t] as [+cons, +ant, +coORr, +DOR, —LaB], the most likely substitute is [1].

Consonant Rank [cons] > [ant] > [cor] > [DOR, LaB] ;l;?b}:ecsl\./%: Substitutes for [1]: Predictions of
e .

] 1 + + + --

[w] 2 - - - ++

[1] + + + +-

SCH/MDH The literature review of [l 1] suggests the following assump-
tions: (i) [1] is a marked structure; and (ii) [] is relatively more marked
than [1]. The MDH thus predicts English velarized [1] to be a difficult
structure in L2 acquisition. While a bias toward less marked [1] is expected,
systematic patterns of variability observed in natural languages also sug-
gest [w] as a potential substitute for [t]. Further, given that onsets are both
perceptually and articulatorily more robust, velarized [1] is expected to
be easier to acquire in onsets. Finally, based on the association between
markedness and coda complexity, dark [1] is expected to emerge in coda
singletons before clusters. As for syllabic [1], its degree of difficulty relative
to singletons and clusters is less clear, as it may be considered a cluster
element or an autonomous nucleus.

NM/NDH It seems that lateral approximants have not received much
attention from natural phonologists. Given the natural tendency toward
simple articulatory gestures (principle of economy), it appears reasonable
to assume that the production of velarized [}], which involves a complex
tongue maneuver, may require suppression of two types of lenitions.
Simplification may thus be achieved by omission of the secondary dorsal
gesture [1] — [1] or the primary alveolar gesture [t] — [w]. The following
tentative assumptions may thus be formulated: (i) Gliding to [w] is a
natural process that has to be suppressed in the acquisition of [1]; (ii)
simplification to [1] is a natural process that has to be suppressed in the
acquisition of [1]. It should be noted, however, that only gliding to [w] is
supported by data from L1 acquisition. While simplification to [l] may be
considered active in L1 German, coda /1/-gliding is latent. The NDH thus
hypothesizes the former process, [] — [1], to be difficult to suppress. The
second process, [1] — [w], which is latent in German, is expected to surface
in learner speech. Finally, with the NM upholding input frequency as a
relevant factor, we expect no facilitating or inhibitory effect of frequency on
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the L2 acquisition of [t]. The acquisition of syllabic [1] on the other hand,
may be delayed.

FM The FM postulates that correct perception of [1] generates a new
faithfulness constraint in the grammar, followed by sensorimotor learning
and generation of an undominated articulatory constraint. Once the
appropriate perception and production constraints are established, output
is posited to vary conditional on focus on form. Stylistic variation is

thus predicted at early stages of [t]-acquisition. After a phase of overly
faithful production, the final stages are characterized by the interaction
of functional principles at the post-lexical level. This includes style-
dependent modification of the implementation of distinctive features
and coarticulation with adjacent segments. This stage may also show
style-related gestural weakening resulting in /1/-vocalization (i.e. [] —
[w]). Finally, the FM’s focus on stochastic learning suggests no frequency
effect for [1] but a delay for [1] (cf. the assumptions stated above for the
NM/NDH).

MSA  As the MSA jointly considers perception and production constraints,
its application combines the reasoning outlined above — that is, SLM-based
considerations on perceptual difficulty — and the articulatory constraints
discussed under the NM. The acquisition of [1] is therefore expected to
be doubly constrained and thus particularly difficult. While perceptual
difficulties yield substitution by L1 [l], subsequent production constraints
similarly favor the gesturally simpler [1], but may also result in gliding to

[w].

LTD The LTD hypothesizes target-like variants to be sensitive to s-
marking at different levels of phonological representation. With codas
being w-marked relative to onsets, delayed acquisition of [1] is expected
in this position. Other things being equal, the following tendencies are
predicted: (i) delayed acquisition of [}] in coda position and unstressed
syllables, and (ii) no difference between coda singletons and clusters, as
[1] is the first segment in coda clusters and thus s-marked. The LTD also
posits an effect of strength marking on observed variants, with w-marked
environments favoring weakened segments. Given that, in articulatory
terms, [1] is stronger than [1], this may affect the acquisition of [1] in that
w-marked environments show a bias toward [l] or [w]. Finally, the LTD
predicts variability in production to become increasingly systematic over
the course of acquisition, reflecting the influence of phonetic and prosodic
context. Target [1], however, is largely robust to coarticulatory influence.
This type of systematic variation may emerge at advanced stages of L2
acquisition.

OPM Based on the discussion above, [t] may be considered a marked
and similar structure. The OPM therefore predicts IL development in

terms of its Similarity and Markedness Corollary. Figure 5.9 sketches a
synthesis of these corollaries and generates the following predictions.’

? See §4.3 (Figure 4.18, p. 66) for a discus-
sion of the rationale underlying the fusion
of these corollaries.



Initially, acquisition is delayed by a prolonged phase of L1 transfer due to
equivalence classification. L1-derived [l] thus permeates the initial stages
of L2 acquisition, yielding lack of differentiation between English clear
and dark contexts — all variants are expected to be clear. Upon perceptual
learning, articulatory and markedness constraints are reflected in a phase
of persistent U-dominance. The effect of U may be hypothesized to surface
in a preference for gesturally simple segments. The two types of natural
tendencies or processes considered above may, under the umbrella of the
OPM, be considered as U influence. Therefore, the influence of U may
lead to gestural simplification either by omission of the dorsal constriction
[}] — [1] or the primary alveolar gesture [t] — [w]. While the result of
the former is indistinguishable from L1 influence, the latter may surface
independently of the L1 and TL. As shown in Figure 5.9, target-like
production is expected to emerge late. The OPM further predicts an effect
of speaking style. Formal speech is expected to show a higher degree of
target-like production and less formal speech a relatively stronger influence
of L1 transfer.

Table 5.3 summarizes the set of theoretical predictions outlined in this
section. Next, we take a look at the empirical literature on laterals in GLE.

5.4 Laterals in German Learner English: Previous work

The acquisition of English /1/ by German learners has received attention in
a number of auditory and instrumental studies, which we will review in
this section.

Auditory studies

Wieden and Nemser’s (1991: 89, 181) study on phonological features in 1 =
384 Austrian learners!? investigated /1/-production using two elicitation
tasks. In an imitation test, learners were asked to imitate nonce items that
were presented to them via earphones. In the second task, the production
test, English words were elicited using various methods such German-
to-English translation, picture stories, and short conversations. In the
production part, /1/ was elicited in prevocalic (n = 12) and non-prevocalic
(n = 8) position. Learners showed higher accuracy rates in prevocalic
(.72) vs. non-prevocalic (.16) contexts. Target [t] was typically fronted
and realized as [1]. The authors also observed phonetic context effects in
non-prevocalic position. Thus, accuracy rates were higher in clusters (salt,
cold, girls; .22) than in singletons (school, girl; .12). Cross-sectional patterns
for target [1] realization were also documented. These are shown in Figure
5.10. Correct production rates develop slowly from about .07 to .20. The
proportion of substitutes remains roughly constant across all stages, with
maximally fronted alveolar [1] at around .30 and less fronted palatalized [£]
at a rate of about .40.
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Degree of influence

Developmental stage

Figure 5.9: Extrapolation of the OPM to
structures that are both similar and marked.
This graph should be compared to Figure
2.6. @®

1 The study included learners at 6

proficiency levels, with n = 64 subjects in
each group. Years of instruction was used
as an indicator of developmental stage,
which ranged from 0 years (grade 3; 8-9
years of age) to 8 years (grade 11; 16-17
years old).
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Theory Predicted patterns in L2 acquisition by German learners
CAH Late acquisition of [1]
Substitutes in onset position: slightly clearer [1], similar coarticulatory
sensitivity to adjacent vowel quality
Substitutes in coda position: markedly clearer [1], oversensitivity to
adjacent vowel quality
SLM Late acquisition by the majority of learners
Acquisition sequence: [1] > [1]
FCM Perception-based substitute in speech production: [1]
MDH/SCH Late acquisition of [1]
Acquisition order: onset > coda, singleton > cluster
Substitutes: [1 w]
NM/NDH No frequency effect for [1]
Low frequency impedes acquisition of syllabic [1]
Late acquisition of [1]
Substitutes: [1 w]
M No frequency effect for [1]
Low frequency impedes acquisition of syllabic [1]
Development: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech processes
Effect of speaking style (focus on form) at early stages of acquisition
MSA Late acquisition of [1]
Substitutes: 1] > [l w]
LTD Late acquisition of [1]
Substitutes: weakened variants in w-marked positions: [l w]
Acquisition order: stressed > unstressed syllables, coda: singleton =
cluster
OPM Late acquisition of [1]

Substitutes: [1] > [l w]
Effect of speaking style: higher accuracy in more formal speech, higher
rate of transfer in less formal speech

Table 5.3: The acquisition of [1] by German
learners: Summary of predictions based on
theoretical work.



Sieg (2004, quoted in Wode 2009) reports results on the development of
pronunciation in immersion-setting learners at a primary school (grades 1
to 4). The majority of the participants had attended an immersion program
in pre-school; only few children did not have any knowledge of English
at the beginning of grade 1. Correct production rates of about .50 were
observed across the four grades (.55/.40/.50/.55).

Langguth (2009) investigated the production of /1/-allophones by
German learners at three proficiency levels (1 = 7 in each group): 5-
graders (age: 10-11), 9th-graders (14-15) and 12th—graders (17-18). Three
speaking styles were elicited: a word list and (near-)minimal pairs, both
read from paper, and semi-free speech elicited with questions on a text.
Overall, the correct production rate in dark contexts increased steadily
from grade 5 to 12 (.70/.80/.90). On average, dark [t] was produced more
accurately in single words (word list and minimal pairs) compared to
free speech (.82 and .71, respectively). As Figure 5.11 shows, the effect of
speaking style was most pronounced at the intermediate stage. Langguth
(2009) also observed that velarization increased in general, with the
productions of learners in higher grades sounding more "American” due
to a higher rate of dark allophones, including in positions where BrE has
a clear variant. This tendency was also pointed out by Arnold & Hansen
(1974: 28), who note that German learners may believe [] to by a typical
English sound and overuse it to sound more native-like.

Langguth (2010) analyzed the production of the English lateral in

12th-graders at a grammar school in northern Bavaria (1 = 34; age: 17-20).

Subjects read a word list and a text, and then answered questions on the
text. Production accuracy in dark contexts varied with speaking style:

[1] was produced correctly at a rate of .53 in the word list, .67 in the text,
and .75 in free speech. The majority of errors in dark contexts were due to
lack of velarization. There were no indications of a difference in accuracy
between syllabic and non-syllabic tokens.

An auditory study by Pascoe (1987)'! explored /1/-realization by n = 26
learners from southern Bavaria. Overall, the accuracy rate for dark [t] was
41, with a large difference between subjects with poor pronunciation (.17, n
= 10) and good pronunciation (.95, n = 7).

Further evidence on /1/-production by instructional-setting learners
from southern Bavaria was reported by Kucharek (1988: 131, 144), who
studied n = 580 learners divided into 4 groups: students in grade 6 (n
=169),7 (n=138),8 (n =117), and 12 (n = 94) and teachers (n = 62).
Production accuracy was assessed with 3 items (well, help, school), which
were elicited with a reading passage. As summarized in Figure 5.12,
accuracy rates ranged between .50 and .70, with a difference of about
20 in absolute terms between 6''- and 12-graders. Teachers showed a
production accuracy of .93.

In sum, auditory studies on the acquisition of the velarized lateral have
produced mixed results. Table 5.4 gives a summary of the empirical liter-
ature, showing observed accuracy rates and their variation as a function
of different variables. The notable divergence in accuracy rate between
Wieden & Nemser (1991) and the other studies may be attributable to
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Figure 5.10: Development of dark [1]
production accuracy: target-like variants
(1] vs. moderately fronted [£] vs. fronted [1]
substitutes across different developmental
stages; adapted from Wieden & Nemser
(1991: 181) with permission. In the original
chart, [t]-rates are shown for two regional
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Nemser 1991: 13).
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Figure 5.11: Development of dark [1]
production accuracy by speaking style:
The proportion of target-like variants in a
word list task and free speech; data from
Langguth (2009). @®

11 See §3.3.1 for details.
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Figure 5.12: Dark [1] accuracy in the
productions of German instructional-
setting learners in grade 6,7, 8, and 12
in comparison to teachers; data from
Kucharek (1988).
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the fact that these authors distinguished 3 (rather than 2) categories: TL
[t], moderately fronted [£], and fronted [1]. In fact, addition of the rates of
the former two variants yields figures that closely resemble the accuracy
rates observed in other studies. As for linguistic constraints on [}]-accuracy,
variable patterns have been reported for complexity and speaking style.

In terms of the types of substitutes observed in GLE, studies differ
in the level of detail provided. While most authors make a binary dis-
tinction between clear [1] and dark [1] (e.g. Pascoe 1987; Kucharek 1988;
Langguth 2009), Wieden & Nemser (1991) reported a substantial pro-
portion of palatalized variants [£], which points to the gradient nature of
/1/-velarization in learner speech, which may not be captured by a binary
categorization into “target” and “non-target” variants.

Instrumental studies, to which we now turn, offer more fine-grained
measurements of /-velarization.

Results Notes Study Table 5.4: Empirical evidence from
auditory studies on dark [1] in German
Accuracy rate .70-90  Grades 5,9, 12; age: 10-18 Langguth 2009 Learner English: Reported accuracy rates
50-70  Grades 6,7, 8,12; age: 11-18  Kucharek 1988 and constraints on accuracy.
40-55  Grades 1-4; age: 6-10 Sieg 2004
07-20  Grades 3-11; age: 8-17 Wieden & Nemser 1991
17-95  Grades 8-10; age: 14-16 Pascoe 1987

Constraints on accuracy rate
Complexity A=0 Syllabic = singleton/clusters ~ Langguth 2010
A =-10 Singleton (.12) < cluster (.22) Wieden & Nemser 1991
Speaking style A =.10 Word list (.82) > free sp. (.71) Langguth 2009
A =-22 Word list (.53) < free sp. (.75) Langguth 2010

Acoustic studies

Two studies have produced instrumental evidence on /1/-production by
German learners. Baumotte (2011) investigated the degree of velarization
in /1/-allophones produced by two groups of German learners with
different levels of pronunciation proficiency (n = 5 each; 3 female; Mg =
26). A reading task with 8 words embedded into sentences served to elicit
/1/ in three positions: prevocalic (light, lend), intervocalic (alike, believe),
and non-prevocalic (will, hall, halt, wild). A parallel set of German words
served as a control context. It is unfortunate that the author collapsed
tokens with intervocalic and non-prevocalic /1/ for the analysis, as /1/-
velarization differs systematically in these contexts. The results must
therefore be interpreted with caution. In intervocalic and non-prevocalic
position, proficient learners were observed to produce statistically lower
F, than less proficient learners (1510 vs. 1880 Hz), which the author
interprets as indicating a higher degree of velarization. F, for the German
control items was intermediate (1780 Hz). However, when measuring

the degree of velarization in terms of Apy scores, there is, in fact, no ** The observed differences in F; and
.. 12 i . F, Hertz measurements likely reflect
effect of proficiency (7.0 vs. 6.9 Apy).'< For the analysis of prevocalic /1/, physiological differences between the

participants were grouped by their adopted standard. The BrE learners speaker groups.
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produced F; values equivalent to their L1 German (1940 vs. 1920 Hz

for German) while the AmE learners produced slightly lower F, (1850
vs. 1920 Hz); none of the differences were statistical. The L1 German
values were apparently pooled across all participants, which makes more
detailed within-group comparisons difficult and further covers up possible

German English
variation due to anatomical differences. In terms of Ap; scores, the AmE Clear| ¢
learners show a slightly higher degree of velarization (6.8 vs. 7.7 Apy for the 8 F
BrE group). Although the prosodic effect is weakened by the conflation \
of intervocalic and non-prevocalic contexts, the results show that the 5 61 M, OF
degree of velarization in non-initial position varies with level of language
proficiency (see also Baumotte 2009). The lack of a native speaker control 41 ™ F
group precludes statements about how similar proficient speakers are Park

Native Bilinguals Native

to native speakers of English. A comparison of the A scores with those spaskers spazkers

obtained for intervocalic and non-prevocalic position in previous studies
¢ Fi 5.2) h indi 1 di ies betw: B to Figure 5.13: Late German-English bilin-
(cf. Figure 5.2), however, indicates large discrepancies between Baumotte’s guals’ production of final [1] (phonetic

(2011) learners and native speakers. context: /-i:l/) in comparison with En-
glish and German native speakers: Bark

de Leeuw et al. (2012) investigated the acoustic characteristics of difference scores (Agg) by language spoken

non-prevocalic /1/ in the productions of n = 10 late German-English (German vs. English), speaker group (late
bilinguals (3 male), who varied in age of arrival in Canada (16-32 years) bilinguals vs. native speakers) and sex

1 h of id 18-55 Th dv al ded G (M = male vs. F = female); data from
and length of residence (18-55 years). The study also recorded German de Leeuw et al. (2012). ©®

and Canadian monolingual control groups (n = 10 each). A word list
was used to elicit a number of monosyllabic items ending in /-i:l/. A
comparison of the control groups showed that German /1/ had statistically
lower F; (females: 350 vs. 550 Hz; males: 240 vs. 470 Hz) and statistically
higher F, values (females: 1860 vs. 1060 Hz; males: 1550 vs. 890 Hz).
The bilingual subjects produced German and English utterances. The
acoustic measurements showed high variation among the late German-
English bilinguals. Averaging across all speakers, the Ay scores of their
German and English productions were intermediate between those of the
native speaker controls. Figure 5.13 summarizes the results and shows
that late bilinguals approximate the respective native speakers but fail to
reach the values produced by monolinguals (around 3 Agy for Canadian
speakers and 9 Apy for German speakers). This divergence from both
native speaker groups may reflect L1 attrition as well as lack of complete
attainment of Canadian velarization in this context. Table 5.5 summarizes
the instrumental evidence in the literature on /1/ in GLE.

Table 5.5: Acoustic evidence for /1/-
production in German Learner English.

Hertz Bark
Study Sex N Group Position F F, Ay Fi  F» Ap
Baumotte 2011 — 3 BrE-oriented Prevocalic 528 1942 1414 52 128 7.6
— 3 AmE-oriented Prevocalic 599 1855 1256 58 125 6.7
Female/male 5 More proficient Intervocalic, Non-prevocalic 423 1513 1090 42 112 7.0
Female/male 5 Less proficient Intervocalic, Non-prevocalic 591 1883 1292 5.7 12.6 6.9
de Leeuw et al. 2012 Male 3 Late bilinguals Non-prevocalic 443 988 545 44 85 41
Female 7 Late bilinguals Non-prevocalic 506 1396 890 59 10.6 5.6
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5.5 Aims of this study

This study aims to shed light on cross-sectional patterns in the realization
of laterals by German learners. The focus is on three aspects:

e the realization of /1/ in non-prevocalic vs. prevocalic contexts and the
degree to which these are contrasted,

e the variation across proficiency levels, and

e systematic differences between learners linked to their target variety.

Cross-sectional patterns in the realization of non-prevocalic /1/

Theoretical contributions unanimously consider dark /1/ in non-prevocalic
contexts a difficult structure (CAH; SLM; MDH/SCH; NM/NDH; MSA;
LTD; OPM). It should therefore be acquired late by learners whose

L1 does not have velarized allophones. L1-derived [1] is predicted as

a substitute, and [w] may be a transitory sound due to articulatory
constraints (SCH/MDH; NM/NDH; MSA; LTD; OPM). Research on GLE
is generally supportive of the status of dark [1] as a difficult structure:
Auditory studies report accuracy rates ranging between .05 and .90 (see
§5.4). A limitation of auditory work is its reliance on discrete categories.
As velarization comes in degrees, acoustic data should provide a more
nuanced account of /1/-production. Existing instrumental studies provide
some guidance on /1/-variation in GLE. We build on this work and extend
the scope to learners at different levels of pronunciation proficiency.

Cross-sectional patterns in the realization of prevocalic /1/

The two standard varieties of English offer different targets for the pro-
duction of prevocalic /1/. Acoustically, the difference between AmE and
BrE in prevocalic contexts amounts to about 2 Agg. For AmE as a target
accent, various frameworks predict the acquisition of prevocalic [1] to
proceed with relative ease, due to onsets being either structurally strong
environments (LTD) or universally unmarked (SCH/MDH). This suggests
the possibility of higher degrees of velarization in pre- vs. non-prevocalic
position. Acoustic work on GLE reports Apy scores ranging between 6.5
and 7.5 (Baumotte 2011), which is somewhat intermediate between the
Apy span of BrE and German. Auditory work has reported on a general
increase in degrees of velarization in prevocalic position in the productions
of advanced learners (Langguth 2009). Our objective is to investigate
acoustic properties of prevocalic /1/ across different proficiency levels.

Cross-sectional patterns in the contrast between pre- and non-prevocalic /1/

Based on theoretical considerations and existing quantitative work,
learners at initial stages are expected to produce acoustically similar
laterals in both positions. With learners at more advanced stages usually
targeting a specific standard accent, the degree to which non-prevocalic and
prevocalic /1/ are contrasted is expected to show an increasingly bimodal
distribution. Learners adopting AmE as a model should continue to



produce small differences, since all variants are expected to shift toward a
darker realization. Subjects aiming at BrE, on the other hand, are expected
to show productions with an increased positional contrast. In general,
variation among learners in the magnitude of the contrast is therefore
expected to increase toward higher proficiency levels.

5.6 Method and data

Informants, materials and procedures

The acoustic analyses of the learners recorded for this study are based on
n = 15 word list items, including laterals in non-prevocalic (1 = 10) and
prevocalic position (1 = 5):13

e Non-prevocalic /1/: help, control, called, always, milk, people, animals, apples,
bottles, vegetables
e Prevocalic /1/: languages, village, alive, usually, television

The acoustic analyses therefore rely on a total of n = 898 measurements
produced by the learners (n = 605 in non-prevocalic and n = 293 in initial
position; n = 17 missing cases; one learner was excluded from the analysis
due to incomplete data). The native speakers produced n = 383 /1/-tokens
in total (1 = 256 in non-prevocalic and # = 127 in prevocalic position; n =7
missing cases).

There is general consensus that F; is the primary acoustic correlate of
the clear-dark distinction. Differences between allophones are reflected
both in the absolute value of F» as well as the difference between the first
and second formant.1* Based on the considerations outlined in §4.6, the
Bark scale more closely approximates perceptual values and is therefore
preferable to Hertz. While Bark values still reflect physiological differences
between speakers, a metric that aims to control for such variation is
the Bark difference score (here denoted as Agy). This is the difference
between Bark-transformed F; and F,.!> The analyses in the present study
rely on Fp — F; Apy scores, a metric that has also been employed in other
quantitative studies on /1/-variation (e.g. Espy-Wilson 1992; Van Hofwegen
2009). Formant measurements are usually taken at the point of maximal
displacement (Espy-Wilson 1992; Oxley et al. 2007; Lee-Kim et al. 2013)
or the midpoint (Sproat & Fujimura 1993; Huffman 1997; Carter & Local
2007; Recasens 2012). Since the segment boundaries between /1/ and an
adjacent vowel are difficult to define, measurements for the present study
were taken at the point of maximal displacement or steady state, which
was determined visually. The final part of this section details the statistical
procedures applied and may be omitted by the reader without serious
consequences for the general understanding.

Statistical analysis

The acoustic properties of laterals were analyzed separately for learners and
native speakers using robust multilevel regression models. The outcome
was the F, — F; Ay score for a single /1/-token (n = 15 per subject),
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B The data sets analyzed in the present
chapter are openly available via the Tromso
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
G6PJSF (Sénning 2020a).

4 The (number of) formants measured
and reported in previous work differs
considerably, however:

e F only (e.g. Recasens et al. 1995),

e FiandF; (e.g. Huffman 1997; Stevens
1998; Hawkins & Nguyen 2004; Oxley
et al. 2007; Khattab 2011; de Leeuw et al.
2012; Barlow 2014; Lee-Kim et al. 2013),

e Fi,Fp, and F3 (e.g. Lehiste 1964;
Dalston 1975; Nolan 1983; Flege et al.
1995; Smith 2010; Recasens 2012),

e F; and F3 (Kinnaird & Zapf 2004),

e F, —F difference in Hertz (Sproat &
Fujimura 1993; Jokisch et al. 2011) or
Bark (Van Hofwegen 2009), and

e F; —F, difference (Slawinski 1999).

15 Based on the observation that the
distance between adjacent formants

tends to be similar across speakers, it was
proposed by Syrdal & Gopal (1986) as a
vowel-extrinsic normalization method. It
should be noted that Thomas (2011) points
out that Bark-transformed F3 — F, may in
fact be the most reliable indicator for the
clear vs. dark /1/ distinction. However,
since F3 is rarely reported, the use of this
metric would have reduced the body of
quantitative work available for comparison.
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which expresses the degree of acoustic velarization. The models include
varying intercepts on subject and word. For the predictor position, the
models included varying slopes on subject. This means that each subject
received their own estimate of pre- and non-prevocalic /1/-velarization.
The purpose of the analysis was to use these values to describe systematic
differences between speakers. For native speakers, differences were
expected to surface between the varieties, and for learners, the factors

of interest were proficiency and the adopted target variety. Essentially,
then, the native speaker analysis reports four quantities: the average Apy
scores for each AmE and BrE in pre- and non-prevocalic contexts. The
learner model, on the other hand, describes how the degree of velarization
varies across proficiency levels. From an FAR score of zero onward, the
model describes two groups of learners depending on the adopted target
variety. Beginners and lower-intermediate learners are treated as a single
population, and for upper intermediate and advanced learners, we allow
cross-sectional patterns to fan out for different target accents.

Insights from the literature review on the acoustic properties of English
/1/-allophones were translated into prior distributions. For BrE and AmE
native speakers, priors for pre- and non-prevocalic contexts were centered
around the typical values reported in the literature and then spread out to
cover a wide range of Apy values. Figure 5.14 illustrates the correspondence
between the Apy scores from the literature survey, which are summarized
using box plots (lower panel), and the priors, which are represented as
probability curves (upper panel). For German learners, the prior covers
a wide range of scores and reflects the lack of information on this learner
variety. Based on the results reported by Baumotte (2011), the distributions
for both contexts were centered at 6 Apy, but made very diffuse. Since Apy
scores cannot be negative, all priors were truncated at zero (shown as a
vertical grey line in Figure 5.14. For the GLE model, proficiency was given a
regularizing prior centered at zero.

Details about the regression models are deferred to Appendix A.4.1
(native speakers) and A.4.2 (learners), where we define and describe
the structure of the models (including all priors), report convergence
diagnostics, and list the posterior distribution of all model parameters. In
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Figure 5.14: Prior information on the
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from the literature review (cf. Figure 5.1).
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what follows, we restrict our attention to transparent quantities, which we
present in graphs and tables.

5.7 Constraints on generality

The generalizability of our findings on laterals in German Learner English
is bounded in the following regards:

o Language-external scope: While our learners are predominantly from the
south of Germany, there seem to be no dialectal features that would

limit our inferences to this region (more specifically: northern Bavaria).

The following findings may therefore be extended to other populations
of German learners including Standard High German. Our subjects
represent the type English learned at school and therefore do not permit
statements about natural-setting populations of learners.

o Language-internal scope: The degree of generalizability to pre- and
non-prevocalic laterals is limited. Half of our non-prevocalic contexts
include (potentially) syllabic variants, and in the prevocalic set, 4 out of
5 tokens were in fact intervocalic. The findings for each condition are
therefore a blend of two contexts. Further, we did not control for vocalic
context, so we may be missing systematic patterns of variation along this
dimension.

o Speaking style: As we relied on a reading task for data elicitation, the
present findings extend to this type of speech production only.

5.8 Results

Let us now turn to the findings of the present study. We will deal with
native speakers (§5.8.1) and learners (§5.8.2) in turn.

5.8.1 Native speakers

Before we consider the output of the regression models, let us take a look
at our acoustic measurements. For each speaker in our data, we compute
the average Apy for prevocalic and non-prevocalic contexts and then graph
these by variety (AmE vs. BrE). Figure 5.15 shows the average readings for
the n = 26 native speakers. Non-prevocalic contexts, which appear at the
right-hand side, sit firmly at the dark end of the continuum for all speakers,
irrespective of variety. AmE informants seem to produce slightly darker
qualities, on average. In pre-vocalic position, the distributions are virtually
non-overlapping and BrE informants produce decidedly clearer variants.
There is a fair amount of between-speaker variation, which is perhaps
slightly higher in prevocalic contexts.

Our regression models represent these patterns in more compact form.
Figure 5.16 compares these estimates (points and error bars) to the range
of scores from the survey of previous work (boxplots). Prevocalic and
intervocalic position, which were reported separately in Figure 5.2, were
collapsed for the purposes of this comparison. Figure 5.16 indicates that the
results from this study are in good agreement with the literature. Table 5.6
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lists the estimated F, — F1 Apy scores for the British and American English
subjects in this study. In pre- and non-prevocalic position, AmE speakers
produced Ap scores of 3.2 and 5.1, respectively. BrE informants showed a
lower degree of velarization in final position (3.9 Api) and clear variants in
initial position (7.6 Api). In other words, as expected, both clear and dark
/1/ are clearer in BrE than in AmE subjects.

Posterior quantiles

Position Median .05 25 75 .95
AmE
Prevocalic 5.08 4.54 4.86 5.31 5.62
Non-prevocalic 322 289 3.08 3.36 3.57
BrE
Prevocalic 761 711 741 7.81 8.09
Non-prevocalic 3.88 3.54 3.74 4.02 421

5.8.2 German learners

The acoustic measurements collected for the German learners are shown
graphically in Figure 5.17, where (a) prevocalic and (b) non-prevocalic
variants are juxtaposed and learners are arranged according to their FAR
score (plotted on the horizontal axis). The points denote, for each speaker,
the Apy average across all lexical items. Our continuous assessment of
target variety orientation is added to this display by varying the fill color
of the points: Grey denotes no specific orientation, with darker shades
signaling an AmE target, and lighter values indicating orientation toward
BrE. To isolate systematic aspects of the variation in lateral darkness, we
now turn to a statistical model that aims to disentangle how Apy scores
vary as a function of phonetic context (prevocalic vs. non-prevocalic),
proficiency level, and target variety.

We skip technical details (see Appendix A.4) and look at a graphical
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summary of the results for the learners in our study. Figure 5.18 shows
the findings for the two subpopulations: (a) AmE on the left, and (b) BrE
on the righthand side. Up to a proficiency score of 0, these graphs are
identical, since we are assuming that prior to this point, our informants
resemble a single population of learners with no specific orientation

in terms of target accent. Each graph shows two lines, which represent
the different positions: Non-prevocalic contexts (lower trend line) and
prevocalic contexts (upper trend line). The grey boxplot at the left margin
shows the distribution of lateral measurements in German. At the right
margin, reference values for native speakers from the respective target
variety are shown, where boxplots again represent values reported in
earlier work (see Figure 5.16). The following patterns are noteworthy:

o Up to intermediate levels of L2 pronunciation ability, there are virtually
no changes in the quality of laterals, which remain stable at about 8 Apy
in prevocalic position and roughly 5.5 Agy in non-prevocalic contexts.

e For prevocalic laterals, these values closely resemble those reported for
L1 German and BrE native speakers. Non-prevocalic variants, however,
fall short of BrE and AmE values by about 2 Agy.

e Beyond intermediate levels, BrE- and AmE-oriented learners diverge.
Both groups seem to develop toward acoustic values that are characteris-
tic of their respective target variety.

e In non-prevocalic position, both groups progress to increasingly
darker renditions, shifting to about 4 Apg;. While these values may be
considered typical for native speakers of BrE, in AmE we commonly
observe darker laterals of about 3 to 3.5 Agy.

o The key difference between the two groups is the behavior of prevocalic
laterals. In AmE learners, these show a pronounced increase in darkness
from 7.5 to roughly 5 Ay, which is in the range of scores observed for
native speakers. In the BrE-oriented group, we find a slight increase in
darkness to just under 7 Apg, which also sits well with native speaker
measurements reported both in the literature and in the current study.
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Figure 5.18: Acoustic structure of later-
als in German learner productions by
proficiency, target variety, and position:
(a) AmE learners, (b) BrE learners. Grey
boxplots at the left margin show the dis-
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speakers from the literature. At the right
margin, grey boxplots show the distribu-
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BrE native speakers from our literature
review. Estimates for the speakers recorded
in the present study are denoted by black
points with error bars. Error bars/bands
denote 50% and 90% posterior intervals.
”Non” refers to non-prevocalic position,
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Posterior quantiles

Proficiency Median .05 .25 .50 .95
Prevocalic
Beginner 773 726 755 790 8.14
Intermediate 796 754 7.79 813 8.39
Advanced (AmE) 561 466 522 596 6.50
Advanced (BrE) 715 650 6.87 742 7.84
Non-prevocalic
Beginner 5.57 523 543 570 591
Intermediate 568 536 555 5.82 6.02
Advanced (AmE) 407 3.19 371 444 499
Advanced (BrE) 3.89 326 3.64 415 4.54

5.9 Summary and discussion

This chapter dealt with the acquisition of English /1/-allophones by
German learners. Our contrastive analysis of English and German laterals
showed that the velarized, or dark, variant is a novel structure for L1
German learners. This allophone is produced with a secondary velarized
constriction and occurs in non-prevocalic position in English. A survey of
instrumental work on /1/-allophones in the standard varieties of English
revealed systematic differences between BrE and AmE. In non-prevocalic
position, both varieties show dark variants, but a slightly higher degree of
velarization is documented for AmE. Prevocalic /1/, on the other hand, is
realized differently in the two varieties: BrE shows clear variants, which
are nevertheless slightly more velarized than in German. AmE shows dark
variants, which are, however, less velarized than in non-prevocalic position.
In contrast to English, German /1/ is clear in all positions.

Linguistic constraints are expected to interfere with the L2 acquisition
of dark [t]. Thus, a classification of velarized laterals as marked segments
finds support from typology, L1 acquisition, and the physiology of articula-
tion. The few indications from the literature on the perception of laterals
suggest acoustic correlates of velarization to be of relatively low salience. It
follows that theoretical work generally recognizes [1] as a difficult structure
for L1 German learners, who are expected to transfer L1 [1] in all positions
and may show [w] as a transitory sound.

Empirical evidence on the acquisition of dark [t] by German learners
is supportive of its categorization as an intrinsically difficult structure.

As such, laterals in GLE predominantly have been addressed using
auditory methods, and most studies have relied on a binary classification
of observed variants. A review of the quantitative literature suggests

that findings may be sensitive to the number of categories chosen for the
classification of allophones. Wieden & Nemser (1991), for instance, applied
a three-way distinction of laterals along the clear-dark continuum and
produced figures that were strikingly different from those reported in other
work. Complementary instrumental techniques therefore seem warranted,

Table 5.7: Estimates for learners at three
proficiency levels.



as they obviate a discretization of the lateral continuum and allow for
documentation of more nuanced patterns of variation.

For acoustic properties of German learners’ lateral production, the
literature provides less guidance. de Leeuw et al. (2012) reported on non-
prevocalic /1/-production by L1 German residents in Canada with a great
amount of TL experience. Findings by Baumotte (2011) on instructional-
setting learners, on the other hand, are unfortunately of limited value
due to methodological decisions. The objective of the present study was
to extend the body of acoustic evidence on laterals in GLE by analyzing
lateral production by informants across a broad range of proficiency levels.
Specifically, this study aimed to shed light on the acoustic structure of pre-
and non-prevocalic /1/-allophones as well as the degree to which they are
contrasted in speech production.

Prior to an analysis of the data collected in this study, the literature was
surveyed for instrumental records of the acoustic properties of laterals
in BrE, AmE, and German. The findings for non-prevocalic /1/ in the
productions of native speakers were consistent with the literature, showing
that AmE speakers produce somewhat darker variants. As for prevocalic
position, the results for native speakers in this study match reports in the
literature, revealing a difference of comparable magnitude between the
standard varieties.

The acoustic analysis of learner productions suggested that the degree
of velarization in German learners” productions of non-prevocalic /1/
is gradient. While learners with low levels of L2 pronunciation ability
distinguish them from prevocalic allophones, they nevertheless fall short of
AmE and BrE benchmarks. Prevocalically, learners start out by producing
laterals that are acoustically equivalent to both the L1 German counterpart
and BrE values, at least as far as properties of the first two formants
are concerned. Similar to the patterns observed for non-prevocalic /1/,
production of prevocalic /1/ increases in darkness as learners advance in
terms of their general L2 pronunciation ability.

From intermediate proficiency levels onwards, the acoustic structure of
laterals shows increasing sensitivity to the adopted target variety. AmE-
and BrE-oriented learners diverge and rearrange lateral acoustics toward
native speaker values. The systematic increase in non-prevocalic lateral
darkness across proficiency levels is estimated to be about 2 to 2.5 Agg. The
scores observed in advanced learners (4 Agy) are consistent with those
reported by de Leeuw et al. (2012), whose late German-English bilinguals
produced Apy scores of 4 to 5.

In line with previous auditory work, the findings of this study support
the characterization of dark [1] as a difficult structure for German learners.
Only at advanced levels do learners’ productions of non-prevocalic /1/
approximate those of native speakers in terms of formant structure. While
there is consensus among theories as to the difficulty of [1], this verdict is
reached by reference to different constraints. Consequently, there is a range
of plausible explanations for the difficulty of velarized laterals:

e Meaning does not facilitate acquisition (CAH).
e Learners fail to perceive the [1]-[1] contrast (SLM; OPM; MSA).
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[1] is relatively more marked than [I] (MDH/SCH; OPM).

e Acquisition of [1] requires suppression of natural processes that are
active in the L1 (NM/NDH).

e Articulatory constraints interfere with the target-like production of [1]
(MSA).

e Non-prevocalic [}] occurs in a w-marked position (LTD).

For the present, the processes underlying the acquisition of dark [1] by
German learners remain uncertain. Given the lack of experimental insight
into German learners’ perceptual sensitivity to the clear-dark contrast,
statements about perceptual constraints are not warranted at this point.
Nonetheless, findings of this study and de Leeuw et al. (2012) suggest that
inaccuracies in speech perception are unlikely to be the only constraint on
target-like production. This conclusion seems justified on the grounds that
/1/-velarization comes in degrees. This seems to indicate that learners who
have established a new category for [t] may nonetheless fail to produce
target-like laterals in non-prevocalic position. 10

The results for non-prevocalic /1/ in the production of lower-proficiency
learners did not show the expected transfer of L1 [1] in all positions. Rather,
even this subpopulation of learners produced a contrast between non-
prevocalic and prevocalic /1/, which amounts to about 2 Agy, on average. It
thus appears that learners across all proficiency levels produce a systematic
contrast between pre- and non-prevocalic /1/-allophones. Nevertheless, it
is possible that this finding partly reflects phonetic context effects. Thus,
in three of the tokens /1/ occurred in a phonetic environment favorable to
velarization (control, called, always). Further, L1 transfer of coarticulation
effects may have played a role. Apart from that, five tokens were syllabic
(people, animals, apples, bottles, vegetables) and — as yet — little is known about
the acoustic properties of this variant in German. Future work should aim
to control for these confounding factors.

The interpretation of findings could also be put on a firmer basis
through an analysis of laterals in both L1 and IL productions, as this would
permit more valid statements about the degree to which IL variants show
traces of L1 transfer. The current study relied on external evidence as
reference points. The resulting interpretative difficulties should encourage
future work to steer clear of such shortcomings.

Findings in the present investigation endorse the use of acoustic
techniques to study /1/-variation. Thus, in non-prevocalic contexts, a
large share of the L1 German subjects produced laterals at the category
boundary, which may be located roughly between 5 and 6 Ap; (see Figure
5.2). A discrete assignment of such tokens to the clear or dark category is
likely to be problematic in terms of measurement reliability and does not
adequately capture the phenomenon of interest: Lateral darkness in GLE
comes in degrees, not in categories.

While the acoustic techniques applied have shed light on the gradience
in /1/-velarization in GLE, the conclusions that are warranted on the basis
of these results are nevertheless limited in several regards. For one, while
Apy scores serve to contrast dark [1] from its clear counterpart, they do
not distinguish [t] from vocalized allophones, as [t] and [w] are similar in

16 However, the SLM would account for
this discrepancy by stating that a new
IL category may show different feature
weights than TL [1].



terms of the structure of the first two formants (Espy-Wilson 1992; Thomas
2011: 129). Another methodological caveat lies in the compounding

of pre- and intervocalic /1/ for analysis. This may have masked more
subtle nuances in lateral darkness, which are certainly to be expected

in native speech. The selected lexical material also did not control for
vocalic context, which has been shown to influence the acoustic structure
of initial (AmE, BrE, German) and non-prevocalic (German) allophones.
Non-prevocalically, the number of tokens elicited from each speaker was
rather small, especially in prevocalic position (n = 5).

Future work on lateral allophony in varieties of English can build on the
survey of instrumental work provided in this study. The correspondence
between the patterning of Apy scores and auditory descriptions in the
literature points to the external validity of this acoustic measure. In
fact, our discussion of acoustic /1/-variation across and within varieties
of English indicates that Apy scores offer a remarkable level of detail
for the study of lateral variation. Of particular value is the fact that a
quantitative reflection of /1/-velarization in target language varieties

provides a frame of reference for the interpretation of learner productions.

In that way, the statistical analysis is not restricted to internal comparisons
but can be contextualized in a meaningful way, which allows for a more
grounded interpretation of findings. For instance, consider a hypothetical
investigation that reports a “statistically significant” difference between
two learner groups, whose productions of non-prevocalic /1/ differ by 0.5
Apk. In the context of Apy reference values for English, it is perhaps more
adequate to describe this difference as negligible. With the learners in
this study representing a broad range of proficiency levels, the estimated
proficiency effect in non-prevocalic lateral darkness (2 to 2.5 Api) may also
serve as a preliminary benchmark against which measurements gained in
other populations of non-native speakers can be compared.

As discussed in the context of L2 speech theories, the implications
of theoretical work for the study of IL phenomena hinge on a set of
assumptions. For laterals, the literature provides fairly conclusive support
of the relative markedness of dark [t]. Work on the perception of lateral
allophones is lacking, however. This gap in the literature needs to be
addressed by future research. For the present, attempts to explain the
relative level of difficulty of non-prevocalic /1/ by reference to perceptual
constraints have to operate on the basis of assumptions extrapolated from
studies on other populations of listeners.

Our line-up of theoretical predictions outlines further avenues for future
work. Thus, competing predictions about the effect of coda complexity
on the acquisition of non-prevocalic /1/ make this an area for further
study. While past auditory work suggests variation in coda singletons
vs. clusters to be small, this factor has not been investigated systematically
to date. It also remains open for future research to determine whether
syllabic [1] develops in parallel to post-vocalic variants, and a separate
treatment of syllabic [I] may point to systematic differences. From the
viewpoint of theoretical predictions, this variant appears to be more elusive
as it sits at the boundary between consonants and vowels, which makes
relative statements for [1 1 1] more difficult to derive. For instance, it is not
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clear whether markedness relationships for onset vs. coda and singleton
vs. cluster asymmetries are relevant in the acquisition of syllabic variants.

Two further factors that deserve more attention are structural strength
and speaking style. As for the latter, it is worth noting that the litera-
ture has produced contradictory evidence on the accuracy rate in more
vs. less monitored speech. Non-prevocalically, the interaction between
/1/-production and the immediate phonetic environment also constitutes
a fruitful avenue for future work. Thus, a strong association between the
acoustic properties of laterals and adjacent vowels has been reported in
the literature. German /1/ is affected by the quality of the nucleus in all
positions. BrE and AmE, on the other hand, only exhibit such effects in
prevocalic position. For non-prevocalic /1/, on the other hand, the direc-
tionality of coarticulation is reversed, as it is the quality of the preceding
vowel that shows coarticulatory variation (e.g. Wiik 1965; Cruttenden 2014).
This constellation of contrasts puts forward a well-defined set of hypotheses
to be addressed by future studies. In sum, the following suggestions may
guide our ongoing efforts to understand the acquisition of English laterals
by German learners:

e Experimental work on the perception of lateral allophones by L1
German listeners and native speakers is urgently needed.

e F, —Fj Ap; scores as a measure of /1/-velarization have proven use-
ful for the investigation of both native and learner speech. One key
advantage is the fact that the literature provides a firm basis for the
contextualization and interpretation of results. The survey presented in
Figures 5.1 and 5.2 may constitute a useful vantage point for future work
on other L1 and L2 varieties of English.

e In contrast to a distinction between clear (prevocalic and intervocalic)
and dark (non-prevocalic) contexts, a grouping into prevocalic, inter-
vocalic, non-prevocalic, and syllabic allophones may provide a more
nuanced account of lateral production and may yield new empirical
insights into the position-sensitive realization of /1/ by German learners.

e Since AmE and BrE provide different pronunciation targets for pre-
vocalic laterals, the adopted pronunciation model must be taken into
account.

o Two further types of experimental control will strengthen the con-
clusions drawn from empirical work on non-native speech: (i) as
coarticulation with adjacent vowels strongly influences the acoustic
structure of laterals (see Figure 5.6), materials should be designed to
hold context effects constant across focal conditions; (ii) the acous-
tic data collected for non-native speakers should include L1 lateral
productions as a control condition.



6
English /r/

This chapter continues our treatment of English sonorants and turns
to a cross-linguistically and dialectally heterogeneous class of speech
sounds subsumed under the label rhotics. On a phonological level of
analysis, this group is denoted by the IPA symbol /r/. What unites these
sounds is their orthographic representation and the fact that, from a
diachronic perspective, they derive from an alveolar tap or trill (Ladefoged
& Maddieson 1996). Phonetically, however, there is no common feature;
rather, they are related in terms of family resemblance, with certain
members sharing articulatory and/or acoustic properties (Lindau 1985).
This chapter is concerned with the acquisition of English /r/-allophones
by German learners. §6.1 starts out with a contrastive analysis, followed
by a discussion of linguistic constraints underlying the L2 acquisition of
English /r/ (§6.2). After an outline of theory-derived predictions about
this structure in GLE (§6.3), §6.4 gives a survey of previous quantitative
work on /r/ in L2 speech production. §6.5 lays down the aims of this study,
followed by a description of methods and data (§6.6) and constraints-
on-generality statements (§6.7). Results are presented in §6.8 and §6.9
concludes with a summary and discussion.

6.1 Contrastive analysis

German and English differ considerably with regard to the phonetic
properties and distribution of rhotics. General British (GB) is a non-rhotic
accent where /r/ only occurs pre-vocalically. Rhotics are thus not realized
in postvocalic position, neither in singletons (car, near) nor in clusters
(cart, nerd). The most common allophone in GB is the voiced post-alveolar
approximant [1]. It is articulated with the tip of the tongue located slightly
behind the upper teeth ridge, creating a narrowing behind the alveolar
ridge; air escapes freely and without friction. While the sides of the tongue
touch the upper back teeth, the tongue body is lowered, with a slight
retroflexion of the tongue tip. In GB, /r/ occurs word-initially in singletons
(red, rope) and consonant clusters (bring, true) and word-medially in
intervocalic position (very, boring). In partially devoiced contexts, /r/
may involve friction, e.g. in prevocalic clusters after /d/. Fully devoiced
[1] occurs after accented voiceless stops (pray, cry); a partially devoiced
variant is typically found after unaccented voiceless stops (battery, criterion),
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voiceless fricatives (friend, throw) and in accented prevocalic clusters /str
skr spr/ (strong, scratch, sprint) (Cruttenden 2014: 223-224).

In GB connected speech, /r/ may be pronounced if the following
word starts with a vowel and the two words are linked (here is [hioaiz]
vs. [ho?1z] or [hierz]). In such contexts, /r/-production has been observed
to be sensitive to a number of social and linguistic factors (e.g. Bauer
1984; Hannisdal 2006; Mompean-Gonzalez & Mompean-Guillamoén
2009). Thus, Hannisdal (2006: 164-169) reports linking-r to be (i) more
frequent between function (vs. lexical) words (a difference! of A = .20),
(ii) less likely to occur before proper nouns than elsewhere (A = .50), (iii)
more likely before unstressed syllables (A = .30), and (iv) less likely if
another /r/ occurs in the immediate environment (A = .50). In certain
environments where postvocalic /r/ was lost, non-rhotic accents have
developed centering diphthongs /10 es vo/ as in here, there, sure. These
diphthongal glides are undergoing development into monophthongal
gestures. Thus, /eo/ has developed into [¢:], /10/ is increasingly heard as
[z] across Great Britain, /uo/ has an alternative pronunciation [o:] in many
words, and /vo/ — [u1] appears to be a recent development (Cruttenden
2014: 118, 153-156).

A considerable degree of regional and social variation is observable in
/r/. In GB, it may be realized as an alveolar tap [r]? in intervocalic position
(America, very) and after a consonant, most notably /68/ (Eckert & Barry
2005: 80). Cruttenden (2014: 225) notes that a small number of speakers
produce a once-fashionable labialized variant involving strong lip rounding.
The tongue tip gesture may even be omitted, resulting in a [w]-like sound.
A labiodental approximant [v] may also be heard and in fact appears to be
spreading in southern England (Folkes & Docherty 2000; Collins & Mees
2013: 95). Uvular trills [r] and fricatives [g] are found in parts of northern
England and Scotland.

In contrast to GB, General American (GA) is a rhotic accent, where /r/
is pronounced in all positions. The distributional differences primarily
concern post-vocalic contexts. GA is more conservative, retaining /r/ in
words like car, near, cart, and nerd. There are also differences in realization:
Retroflex [1] is the more common allophone in GA. The articulation of [{]
may vary between speakers, however. It typically involves two constrictions,
(i) narrowing in the oral cavity, which may involve the tongue tip forming
a retroflex constriction or the tongue body bunching upwards, and (ii) a
pharyngeal constriction (cf. Delattre & Freeman 1968; Ladefoged & Johnson
2011: 94). Vowels preceding [1] may anticipate gestures of the following
rhotic and thus usually show r-coloring (or vowel retroflexion) as a result
of regressive coarticulation (especially /3:/, cf. bird, fur).

! The differences quoted here and else-
where in this chapter are absolute differ-
ences on the proportion scale.

2 Cruttenden (2014: 224) labels this variant
as conspicuous, that is, characteristic of
posh or upper-class speech.

Table 6.0: (Opposite page) Major /r/-
allophones in Standard High German and
General British by position.



IPA symbol ~ Voicing Place Manner Distribution
German
Prevocalic
(5] Voiced Uvular Fricative Most common allophone; used in all regions
[r] Voiced Uvular Trill Rare; more common in intervocalic position, southern varieties, and careful speech
(] Voiced Uvular Approximant —
m Voiced Pharyngeal = Approximant Word-medially; in unstressed er; southwestern Germany, Ostmitteldeutsch
[c1] Voiced Alveolar Tap/trill Tap [r] more common than trill [r]; in Bavaria
[1] Voiced Younger speakers; in English loanwords
Postvocalic
[e] Vocalic Central-open Non-syllabic  After long vowels [ir e: €1 y: ¢ u: o:] and in the prefix er-; in careful speech also in ver-, zer-
(where [® € o] are also common) and in her- (hervor); in casual speech also before [i] (Ferien)
and in unstressed -en (héren) where careful speech has one more syllable (with onset r)
[e] Vocalic Central-open Syllabic In casual speech in the 1st Pr. Sg. and Imp. Sg. of verbs ending in -ern (dnd(e)re, zog(e)re)
(5 8] Voiced Uvular Fricative/ Also [R T r 1 1]; in careful speech after short vowels [1 € v e a & 5] word-finally or when
approximant followed by a consonant (gern, dort, diirr); however, [e] is very common in these contexts
0] — — — Common after [a:], word-finally (Haar) and when followed by a consonant (Bart)
General British
Prevocalic
[1] Voiced Post-alveolar Approximant Most common allophone; prevocalic (run) and intervocalic singletons (very); after voiced
consonants (except /d/); in the sequence [o1], [1] is syllabic if [o] is deleted (motorist)
Partially Post-alveolar Approximant In unaccented onset clusters after [p t k] (mattress), across syllable boundaries in rapid
devoiced speech; in onset clusters [spu sta ski| (sprint, strong); in accented onset clusters after
voiceless consonants (true, pray), after voiceless fricatives also in unaccented position
(mushroom)
[1] Devoiced  Post-alveolar Approximant After accented [p t k] (true, pray)
[1] Voiced Post-alveolar Fricative In onset clusters after [d] (dry)
[r] Voiced Alveolar Tap In conspicuous speech intervocalically (very) and after [0 3] (three)
Postvocalic
[0] Vocalic Central Non-syllabic ~ After [1ie u]
1%} — — — Elsewhere
[1] Voiced Post-alveolar Approximant In the sequence [ra], [1] occurs pre-consonantally if [o] is deleted (parrot, barrel)

L11 /1/ HSI'IONE
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In German, vocalic and consonantal realizations of /r/ are distinguished.

The major SHG allophone is produced with a uvular constriction, and,
depending on the amount of narrowing, is either realized as a voiced
fricative [1] or an approximant [i] (Wiese 1996: 171).3 In SHG, the uvular
fricative [¥] is found prevocalically. In postvocalic position, /r/ is typically
vocalized and pronounced as a central open non-syllabic vowel [g] (the
diacritic indicating non-syllabic status). R-vocalization occurs regularly
after long vowels and in the prefixes er-, ver- and zer-; after short vowels
and /a:/, however, it is optional (Mangold 2015: 52). Here, variation
between vocalized and consonantal realization depends on style, with [g]
being more likely to occur in casual speech (Hall 1993: 88). In unstressed
syllables with orthography -er, vocalic r [e], a syllabic vowel slightly
more open than [9], is found. The distribution of German /r/-allophones
also shows regional variation. In some southern German varieties, the
consonantal variants are realized as an alveolar tap [r] or trill [r].

Table 6.0, which shows the positional /r/-allophones in SHG and GB*,
reveals considerable variation in the realization of rhotics. The major
contrasts are the following: While German learners need to learn new
allophones in all positions, the two standard varieties represent different
targets. In prevocalic position, the new approximant allophones are GB
post-alveolar [1] or GA retroflex [q], respectively. For speakers of SHG, this
involves a change in place of articulation (uvular — alveolar) and manner
of articulation (fricative/approximant — approximant). In postvocalic
contexts, GB and GA also differ. While /r/ is typically vocalized to [e]
in German, it is dropped completely in GB. Centering diphthongs are
an exception, since the offset may be considered a form of vocalization.
However, there are differences in vowel quality, with German [] having a
more open quality, and (possibly) syllabic status; GB surface realizations
are never syllabic. If the target is GA, [1] must be learned postvocalically,
where the L1 almost always shows vocalized variants.

6.2 L2 acquisition of /r/: Linguistic factors

6.2.1 Markedness

While there is considerable cross-linguistic variation in the phonetic
realization of rhotics, typological comparisons indicate a bias toward
certain variants. The UPSID database includes detailed descriptions of
282 r-sounds (Maddieson 1984: 78-82). The most commonly attested ones
are trills (occurring in .46 of the languages, almost exclusively voiced)
and taps (.37, almost exclusively voiced). Continuant rhotics are rather
uncommon. This group includes voiced approximants of the type found
in English (.10) as well as voiced fricatives (.03), which occur in German.
In terms of place of articulation, retroflex (.12) and uvular rhotics (.01) are

clearly disfavored; the large majority of r-sounds are alveolar and/or dental.

This suggests that the German allophone [1] is marked for both place and
manner of articulation. The dialectal variants [r] and [¢] are unmarked
for both parameters. The GB post-alveolar approximant [1] is relatively
less marked for manner than retroflex and uvular variants. As regards

* With the IPA providing no symbol for a
uvular approximant, we will use a diacritic
to indicate a lowered uvular fricative,

a speech sound that lacks friction and
resembles an approximant.

*I am unaware of similarly detailed
descriptions of GA allophones, which are
therefore omitted.



manner of articulation, the approximants [1 j] fall in between taps/trills and
fricatives. The cross-linguistic frequency hierarchies for place and manner
features can thus be stated as follows:

e Place of articulation: alveolar/dental [r ¢ 1] > retroflex [{] > uvular [i]
e Manner of articulation: trill/tap [r r] > approximant [1 ] > fricative []

Studies on the L1 acquisition of English consonants have reported /r/ to

be among the segments that are acquired late (Smit et al. 1990; Dodd et al.

2003; but see Olmsted 1971). Figure 6.1b gives an overview of accuracy
rates reported in different studies (see §3.3.2), which are summarized
with trend lines for word-initial (grey) and -final (black) position. Figure
6.1a shows that /r/ belongs to the group of difficult consonants. The age
of acquisition is 5;0 in initial position (grey circle) and about 3;9 in final

position (black circle). The rate of acquisition differs by prosodic position.

Rather unexpectedly, postvocalic /r/ (Templin 1957; Prather et al. 1975)
and [o*] (Wellman et al. 1931; Smit et al. 1990) are acquired earlier than /r/
in onset position.

(a)
.90
84 .75 Accuracy rate
.50
Final
o 61
)] Initial
< niua
4 .
2 A ;
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In L1 acquisition, postvocalic /r/ typically shows vocalization (Smit
1993). Prevocalic /r/, on the other hand, is affected by gliding, a commonly
observed pattern whereby the glides [w j] replace other sounds (Locke
1983: 67). Gliding of /r/ to [w] involves articulatory simplification by
omission of the lingual constriction; it is a relatively persistent error pattern
in L1 phonological acquisition.®> Gliding of /r/ to [w] is also attested in
speech disorders (Johns & Darley 1970).

Substitutes in L1 acquisition have been observed to vary in terms
of phonetic characteristics. Cruttenden (2014: 225), for example, notes
that the labiodental approximant [v] (rather than the labio-velar glide
[w]) frequently replaces [1] in early child language. Blevins (2004: 230)
reports on evidence indicating that English-learning children do not in fact
equivalence-classify /r/ and /w/, but are able to distinguish instantiations
of these categories in adult speech. Further, they contrast them in speech
production, with r-approximations showing a lower level of intensity.
Moreover, tongue gestures have been observed to differ between /r/- and
/w/-realizations in 2 to 4-year-old English-learning children (Richtsmeier
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Accuracy rate

Figure 6.1: /r/ in English L1 acquisition
in comparison to other consonants. Panel
(a): Points mark the age of acquisition
(.75), bars indicate the age of customary
production (.50 accuracy, lower end), and
age of mastery (.90, upper end). Estimates
are based on a joint analysis of 4 studies
(see §3.3.2). Panel (b): Accuracy rate in
initial (grey) and final position (black) by
age. The points denote estimates reported
in the individual studies, the trend lines are
averages based on the joint analysis. @©@®

®In a longitudinal study of n = 145
children aged 2;5 to 8 years, for instance,
Roberts et al. (1990) found that while most
error patterns had decreased rapidly by the
age of 4, liquid gliding was among the few
patterns that persisted. Similar findings
were reported by Dodd et al. (2003), who
analyzed n = 684 BrE children between 3;0
and 6;11 years of age.
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2010) and perceptual studies suggest that children are able to discern
these contrasts (cf. Kornfeld & Goehl 1974). As pointed out by Richtsmeier
(2010), then, the label “substitution” may be misleading since in fact a
covert contrast exists.

Onset-coda asymmetries in speech perception and production, which
were discussed in the previous chapter on laterals (see §5.2.1), suggest
postvocalic /r/ to be relatively more marked than prevocalic /r/. From
the perspective of Vennemann’s (1988: 21) preference laws, postvocalic
singleton /r/ is disfavored due to its high sonority and resulting proximity
to vowels on the sonority scale (cf. Figure 2.2). The loss of postvocalic
/r/ in GB and SHG thus conforms to positional markedness asymmetries
and coda preference laws. Evidence from L1 acquisition, however, lacks
agreement with these principles, since postvocalic /r/ and [#] emerge
earlier than prevocalic /r/. This discrepancy is due to the persistence
of gliding in onset position. Yet, as a comparison to the other English
consonants shows, postvocalic /r/ still groups with the more difficult
sounds, which may be suggestive of coda preference effects. Nevertheless,
onset gliding appears to exert a stronger force in English L1 acquisition.

Post-alveolar [1] is usually slightly labialized and thus involves a
secondary constriction. While this makes [1] a complex speech sound, the
articulators are independent in the sense that they are not anatomically
coupled. This, however, is not true for retroflex [1]. Similar to velarized
[1], two lingual constrictions are involved: the alveolar gesture of the
anterior tongue, and the pharyngeal constriction of the tongue root (Gick
et al. 2008). The production of [1] thus requires a greater degree of motor
differentiation relative to other speech sounds (Boyce & Espy-Wilson 1997).
This may partly explain the late emergence of [1] in L1 acquisition (the
majority of the studies quoted were conducted in the US). No lingual
secondary constriction is involved in the GB post-alveolar variant [1].
Indeed, as Wode (1977) notes, children developing toward a retroflex target
typically show the progression [w] — [1] — [1], the retroflex variant being
acquired and mastered last.

A further markedness indicator of English [1 ] may be found in recent
language change. As such, GB [1] has been lost in weak positions — that
is, syllable-finally. Further, tendencies in present-day BrE toward weak-
ening of [1] to [w] or [v] through gestural omission parallel biases in L1
acquisition and may point to the diachronic instability of approximant
rhotics. In GA, however, the rhotic has undergone gestural strengthening
toward a retroflex articulation. As a result, it is resistant to coarticulatory
influence (Boyce & Espy-Wilson 1997) and may therefore be less suscepti-
ble to weakening. Strengthening also led to perceptual dissimilation from
neighboring vocalic segments®, thus lending syntagmatic salience to /r/ in
all positions. This parallels the behavior of / 1 / in AmE, which shows liquid
strengthening in laterals. As a result, laterals are generally darker and more
robust to coarticulation effects (see §5.1).

In summary, evidence from typology, L1 acquisition and the physiology
of articulation points to the status of [1] and [1] as marked segments. Dif-
ferences between the approximants pertain to articulatory complexity and
L1 acquisition, which identify retroflex [1] as the more marked structure.

¢ Except for /3:/ as in nurse, merge, which
adopted r-coloring.



However, unlike [1], [1] shows no evidence of a susceptibility of to language
change.

Criterion [ [4]
Implicational relationship o o
Cross-linguistic frequency + 4+
L1 acquisition +  +
Synchronic/diachronic instability + o
Articulatory complexity o ++

6.2.2  Frequency and orthography

A survey of the phoneme frequencies obtained in different studies shows
that /r/ is a frequently occurring consonant in English (see §3.3.3). Esti-
mates range from 3 to 7 instances per 100 segments, with a median rate
of about 6. Figure 6.2 locates /r/ in the frequency distribution of English
consonants and shows that it ranks among the segments with the highest
rate of occurrence. Orthographically, /r/ is designated as <r rr wr rh>, the
grapheme <r> providing an unambiguous representation. In non-rhotic
accents such as GB, however, spelling provides a misleading cue to the
realization of /r/ in postvocalic position.

6.2.3 Similarity

A number of studies have shed light on L1 German learners’ perceptual
sensitivity to English /r/. Weiher (1975) analyzed the perception of

/r/ (spoken by a BrE native speaker) by n = 28 German 5"-graders.”
Discrimination and identification tests contrasted [1] with [w j 1] in various
positions using nonce words (n = 94). Overall, the learners performed
well on the perception test. Correct categorization was highest in initial
position, with an accuracy rate of .96 on the discrimination test and .84 on
the identification test. In prevocalic singletons, [1] was most likely to be
confused with [w] (more than half of the substitutes in each test), but [1]
and [j] were also observed. In prevocalic clusters, the error rate was slightly
higher and [w] and [1] were the most likely substitutes. Triple clusters
showed a bias toward [1]-substitution.

Further insights are provided by Wieden & Nemser (1991: 159), who
report on the development of speech production and perception in n =
384 Austrian learners of English from grades 3 to 11.8 An X-ABC task was
used to test learners’ perceptual categorization of English sounds. For
initial /r/, [1i:ft] was contrasted with [i:ft], [wiift] and [ri:ft]. The results
are summarized in Figure 6.3. While the L1 perceptual substitute [r] only
occurred at very early stages, the rate of [w]-misclassification declined from
about .35 to .25. Correct identification increased rapidly and remained
stable at .75 after 2 years of instruction.

Bohn & Best (2012) compared German and AmE listeners’ perception
of the AmE approximant contrasts /r/-/1/ and /r/-/w/ using a two-choice
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Table 6.1: Summary of markedness criteria
for [1 1]. Open circles o denote no (or
inconclusive) evidence; (+)+ refers to
(strong) evidence for marked status; (-)—
refers to (strong) evidence for unmarked
status.

0 e
005 0.25 12 4 8
Frequency (per 100 segments)

Figure 6.2: Frequency of /r/ relative to
other English consonants, expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the absolute values of the
rates. Data are pooled across 9 studies (see
§3.3.3 for details).

7 On average, participants in this study
were 11 years of age and had received 0.5
years of instruction.
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o

o
Z

0123 5 8
Years of instruction

Figure 6.3: Prevocalic /r/: Perception
accuracy in Austrian instructional-setting
learners by years of learning. The graph
shows the proportion of [1]-tokens (mis-
)identified as [1], [w], and [r]; adapted
from Wieden & Nemser (1991: 159) with
permission. In the original graph, it seems
that the labels ”correct /r/” and ”correct
/w/” have been confused.

8 The study included learners at 6 profi-
ciency levels, with n = 64 subjects in each
group. Years of instruction was used as an
indicator of developmental stage, which
ranged from 0 years (grade 3; 8-9 years of
age) to 8 years (grade 11; 16-17 years old).
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identification task and an AXB discrimination task. The L1 German group
included n = 18 subjects, students at Kiel University with an average age
of 21. For the /r/-/1/ contrast, no statistical differences in the overall
performance on the discrimination task were observed (German: .73;
English: .78). For the /w/-/r/ contrast, German listeners gave statistically
more /w/-responses near the category boundary and English listeners’
rate of correct discrimination was statistically higher (.75 vs. .68). German
listeners showed a bias toward /w/ in the middle of the continuum,
indicating perceptual difficulties with the acoustic cues differentiating /r/
and /w/.10

A study by Engstrand et al. (2007) points to general difficulties in
the perceptual decoding of place features in /r/-approximants. The
authors investigated n = 21 Swedish listeners’ perception of approximant
realizations of /r/ with different places of articulation ranging from
coronal to dorsal. An identification and a discrimination test were used.
Overall, responses were predominantly non-categorical and the authors
observed substantial uncertainty in the discrimination of stimuli and
their identification as front or back articulations. These findings indicate
considerable ambiguity in the perception of the place of articulation
of approximant /r/-variants, which the authors propose as a factor
underlying heterogeneity and sound change in the class of rhotics in
general.

To recapitulate, German learners’ perception of English /r/ shows
relatively high accuracy rates, with target-like categorization accounting
for the highest proportion across all stages. Perceptual interference of L1
[r] is only observable at the initial stages of IL development. Across all
proficiency levels, however, the distinction between /r/ and [w]-like sounds
appears to cause the greatest difficulties and perceptual inaccuracies seem
to persist at fairly advanced stages. None of the studies included the uvular
L1 fricative (8] and approximant [g]. Especially the latter resembles the TL
sound more closely than the trill [r] and may thus be a more likely trigger
of perception difficulties. Further, little is known about the perception of
/1/ in postvocalic position.

6.3 L2 acquisition of English /r/: Theoretical predictions

Based on the linguistic factors discussed, theoretical contributions provide
guidance on the expected patterns in the acquisition of English /r/-
allophones by German learners. This section gives an overview of theory-
based predictions.

CAH The contrastive analysis of rhotics showed that German learners
need to learn new allophones of a shared phoneme. Meaning therefore
does not facilitate acquisition, and English /r/-allophones are predicted to
be relatively difficult structures. In prevocalic position, the CAH anticipates
transfer of uvular variants [ g]. Postvocalically, cross-linguistic influence
is expected to surface in the transfer of vocalized variants [e] after long
vowels and in unstressed syllables with orthography -er. After short vowels

? The native speaker data and the stimulus
material (spoken by an AmE phonetician)
were taken from Best & Strange (1992).

10 Acoustically, the two sounds are in fact
remarkably similar (Ladefoged & Johnson
2011: 203). Both show upward trajectories
of the second and third formants; however,
the F; rise is sharper in [w], whereas the
F3 rise is sharper in [1]. It appears that
German listeners are not sensitized to these
nuances.



and monophthongs similar to German /a:/, careful speech may also
evidence transfer of [ 1].

SLM Our literature review suggests the following auxiliary assumptions
for prevocalic /r/: (i) [w] and [v] are the perceptually closest L1/IL sounds;
(ii) [w v] are perceived as moderately similar to [1 j]. While this implies
relatively accurate perception of English /r/ by the majority of German
learners, a minor population may experience perception-based difficulties
in the production of English /r/. Accordingly, the SLM predicts target-
like perception (and production) for the majority of German learners.
Perceptual confusion is most likely to surface in [w]-like sounds in speech
production. However, these predictions only apply to prevocalic /r/, since
the indications in the literature are restricted to this context.

FCM Based on the FCM, prominence-driven biases in perception translate
into the rank order of variants given in Table 6.2. This suggests a preference
for [r ¥ B] in speech perception.

Consonant Rank [cons] > [ant] > [por] > [LaB]
[r ¥ ¥ 1 + - + -
[v] 2 + + - +
[w] 3 - - + +
4 .- -

SCH/MDH Based on the literature reviewed above, three auxiliary
assumptions may be formulated: (i) [1 y] are marked segments; (ii) [1] is
relatively more marked than [1]; and (iii) [x ] are relatively less marked
than [r ¥ 8] in both place and manner of articulation. Acquisition thus
involves replacement of a marked structure by a relatively less marked
one. Hence, the MDH predicts English /r/-allophones to be acquired
with relative ease. The SCH, on the other hand, arrives at different pre-
dictions. Since [1 j] are marked structures, difficulty is expected. Further,
regular error patterns observed in L1 acquisition and language change
are predicted to surface in learner productions. As for substitute sounds,
two tendencies appear plausible against the backdrop of the SCH. First,
a universal inclination toward unmarked structures might surface in the
tendency toward unmarked rhotics — specifically, the alveolar tap [¢] or
trill [r]. Further, giving primacy to articulatory constraints, gestural sim-
plification is expected to surface in gliding to [w v] in prevocalic position
and vocalization in postvocalic position. Finally, universal generalizations
are also relevant at the level of syllable structure, with expected ease of
acquisition in onsets relative to codas, and singletons relative to clusters.
This means that postvocalic [1] is expected to emerge later and production
accuracy in both prevocalic and postvocalic position is expected to be
higher in singletons.
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Table 6.2: Substitutes for [1 g]: Predictions
of the FCM.
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NM/NDH Data from English L1 acquisition indicates that mastering ap-
proximant post-alveolar and retroflex rhotics [1 j] requires the suppression
of two lenition processes. Thus, prevocalic /r/ is affected by labialization,
which involves omission of the lingual gesture to yield a [w]- or [v]-like
sound. Postvocalic /r/, on the other hand, is influenced by derhotaciza-
tion — that is, articulation as a non-rhotic vowel or deletion. Both may be
considered lenition processes as they reduce articulatory effort by gestural
simplification. Predictions within the framework of natural phonology
may therefore be formulated based on the following assumptions: (i)
Labialization is a natural process that must be suppressed in the acquisition
of prevocalic [1 g); and (ii) derhotacization is a natural process that must
be suppressed in the acquisition of postvocalic [1 y]. English L1 acquisition
thus requires suppression of the process of labialization. Derhotacization,
on the other hand, is active in BrE but has to be suppressed by AmE chil-
dren. In German, the process of labialization is latent and derhotacization
is active. The NDH thus makes the following predictions: (i) Prevocalic [1
1): With labialization being latent in the L1 and suppressed in the TL, the
NDH predicts that this process will surface in IL, yielding [w]- or [v]-like
substitutes; (ii) Postvocalic @ [o]: Since derhotacization is active in both
the L1 and the TL, non-rhoticity is expected to be acquired with ease; and
(iii) Postvocalic [1 g]: The production of [1 y] in postvocalic position requires
the suppression of derhotacization, which is active in L1. Acquisition of
postvocalic [1 7] is thus expected to be difficult. Finally, the NM considers
input frequency as a facilitating factor in perceptual learning. Figures in
the literature suggest that /r/ is a frequent structure and therefore occurs
at a high rate in learner input and output. Perceptual learning for /r/ is
thus predicted to occur early, which in turn is a prerequisite for consistently
correct production.

FM The FM postulates that correct perception of [1] generates a new
faithfulness constraint in the production grammar. Learning of the
sensorimotor skills to produce [1] leads to a new, undominated articulatory
constraint. A phase of variable production conditional on focus on form
is followed by a phase of overly faithful output. The model thus predicts
an effect of speaking style at early stages of /r/-acquisition. At the final
stages, the learner acquires the interaction of functional principles at

the post-lexical level. Apart from style-dependent modifications of the
degree to which distinctive features are implemented, this stage involves
the acquisition of linking-r in connected speech. Finally, given the FM’s
focus on statistical learning, the working assumption related to frequency
suggests early perceptual and sensorimotor learning of [1].

MSA The MSA complements SLM-based perceptual constraints with
the potential effect of articulatory difficulties. As mentioned above, the
production of post-alveolar [1] involves multiple constrictions; however,
these gestures are performed by independent articulators, suggesting that
motor constraints do not feature prominently in the acquisition of the BrE
variant. AmE [1], on the other hand, must be considered more complex



due to the tongue forming two simultaneous constrictions. The MSA thus
predicts retroflex [1] to emerge late in L2 acquisition.

LTD Based on the LTD, we expect /r/-realization to vary as a function of
structural strength. At the level of the syllable, this implies the following
tendencies: (i) delayed acquisition in unstressed syllables; (ii) delayed
acquisition of postvocalic /r/ in general; (iii) delayed acquisition in
prevocalic clusters (vs. singletons), and (iv) no difference between
postvocalic singletons and clusters, as /r/ is the first segment in postvocalic
clusters and thus s-marked. The effect of strength marking on observed
variants favors vocalization and deletion in w-marked units — that is, in
postvocalic position generally, but also in prevocalic clusters. In postvocalic
position, this may surface in a preference for deletion or L1-derived
vocalized variants, and consequently relative difficulty of [1 7]. In prevocalic
clusters, we likewise expect deletion or gestural weakening to [w v]. Finally,
the assumption of increasingly systematic influence of phonetic and
prosodic context suggests linking-r to emerge relatively late.

OPM Based on the discussion above, the acquisition of English [1 g
may be best described in terms of the OPM’s Markedness Corollary. We
thus expect the acquisition of the English /r/-variants to initially show L1
influence in the form of transferred allophones - that is, [ ] in prevocalic
and @ [e ¥ B] in postvocalic position. The influence of U may surface as
outlined above (SCH/MDH). In prevocalic position, we would expect an
emergence of unmarked rhotics [r ¢] and/or articulatory simplification —
that is, labialization to [w]- or [v]-like sounds. Further, universal constraints
disfavor the acquisition of approximant rhotics [1 g]. These are expected to
emerge last both in pre- and postvocalic position, the latter depending on
the pronunciation model chosen. The OPM also makes predictions about
the effect of speaking style. More formal speech is thus expected to show a
higher degree of target-like production. Less formal speech, on the other
hand, is predicted to be characterized by a stronger influence of L1 transfer.

Table 6.3 gives a summary of the predictions we have derived from
theoretical work. We now turn to previous work on English /r/ in German
learner speech.

6.4 English /r/ in German Learner English: Previous work

Several studies have dealt with the acquisition of English /r/ by German
learners. While early contrastive treatments of L1 German/L2 English
stated that German learners tend to transfer [r ] (Koziol 1959; Kufner
1971; Keutsch 1974), empirical evidence on /r/-production by German
learners was first reported by Weiher (1975). A sample of n = 12 early-stage
instructional-setting learners from northern Germany!! was analyzed using
three tasks: nonce words, familiar English words, and English sentences.
Subjects were asked to imitate tokens produced by a BrE native speaker
and therefore only produced /r/ in prevocalic position. Overall, high
accuracy rates were observed both in prevocalic singletons and clusters

ENGLISH /r/

' The participants in this study were
between 10 and 11 years of age, with an
average of 0.5 years of instruction. In the
original study, findings were reported
separately for two school types. For

the purpose of this study all learners
represent the same population (early-stage
instructional-setting learners) and Weiher’s
(1975) findings were therefore pooled
across both groups.
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Theory

Predicted patterns in L2 acquisition by German learners

CAH

SLM

MDH
SCH

NM/NDH

M

MSA
LTD

OPM

Late acquisition of /r/

Prevocalic substitutes: [ ]

Postvocalic substitutes: Vocalized [e] in general, especially after long
vowels; after short and /az/-like vowels and also [¥ 1] (careful speech)

Prevocalic /r/: Early acquisition by the majority of learners
Substitutes in prevocalic position: [w v] in a minor population of
learners

Prevocalic /r/: Early acquisition

Late acquisition of /r/

Acquisition order: onset > coda; singleton > cluster

Prevocalic substitutes: gliding to [w v]; emergence of unmarked [r ¢]
Postvocalic substitutes: vocalization [o ], deletion &

Frequency-driven early perceptual learning facilitates correct
/r/-production

Substitutes in prevocalic position: [w v] as transitory sounds
Postvocalic [1 j] acquired late

Postvocalic @ [o] acquired early

High input frequency leads to early perceptual learning

High output frequency effects early sensorimotor learning
Development: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech processes
Effect of speaking style (focus on form) at early stages of acquisition
Linking-r acquired late

Acquisition order: [1] > [q]

Substitutes in onset clusters: & [w V]

Substitutes in coda position: & [e]

Late acquisition of linking-r

Acquisition order: stressed > unstressed syllables; onset > coda;
prevocalic /r/: singleton > cluster; postvocalic /r/: singleton = cluster

Late acquisition

Prevocalic substitutes: [ ] at early stages; [w v] at intermediate stages;
[1 1] at advanced stages

Postvocalic substitutes: @ [e ¥ ] at early stages; & [o] at intermediate
stages; [1 12" / @ [e] at advanced stages

Effect of speaking style (focus on form): Higher/lower degree of
TL-like production in more/less formal speech

(all = .95), with no noticeable effect of task type on production accuracy.
However, substitution patterns varied as a function of onset complexity. In
the nonce word task, the predominant substitute in prevocalic singletons
was [w] (.90). In clusters, [¢] was the most frequent substitute (around
.50), followed by [w] (< .20), [l] and [8] (each .15). Figures were similar
in Cr- and CCr-clusters. In the English words, [w] was also the preferred
substitute in prevocalic singletons (.67). For the English sentences, no
information on context-sensitive substitution patterns was reported.
However, [w] was again the most frequently observed realization (.50).!2

Table 6.3: The acquisition of /r/ by
German learners: Summary of predictions
based on theoretical work.

12 Three judges rated the acceptability of
all /r/-productions. The results showed
that while participants’ productions were
accurate in terms of place and manner of
articulation, the temporal coordination of
gestures as well as the transitions in sound
sequences were not mastered in a NS-like
fashion. The acceptability ratings were
slightly higher in the sentences compared
to the individual words.



Learner productions were reported to exhibit a high degree of labialization.
Thus, /r/ was produced with lip rounding even in unrounded vocalic
contexts.

Wieden & Nemser (1991: 165) reported on the production of /r/ by
n = 384 Austrian learners of English.!® In an imitation test, participants
repeated nonce words they heard via headphones. Figure 6.3 summarizes
the results for the three items [[1u:d], [1auvd3d], and [01ebz]. The correct
production rate climbed from 0 to .75. [w]-type substitutes decreased
sharply at early stages. Phonetically deviant responses — which included
L1-derived [ ¥] and variants intermediate between [1] and [w] - fluctuated
around .25. Different patterns were observed in the production test,
where German words were translated into English. The proportion of
[w]-types was not as high as in the imitation test, likely due to an influence
of orthography. The authors only report figures for the correct responses;
these roughly follow the same trajectory as in the imitation test, rising from
.15 to .60.

Wieden & Nemser (1991: 92) also report on the nature of deviant
productions. They observe a higher tendency toward rounded variants
in the cluster /gr/ (green, .20) and in written (.40), the latter presumably
reflecting an influence of orthography (rate of rounding in other contexts:
.10). The tendency toward a velar place of articulation was also strongest in
green (.30) compared to the other contexts (.10). Finally, the highest rates
of vocalization were observed in very (i.e. intervocalically) and green (.20),
followed by prevocalic singletons (.13) and clusters where /r/ combined
with a non-velar consonant (.07).

Insights into the naturalistic acquisition of English /r/-allophones by
German learners are provided by Wode (1977), who studied n = 4 L1
German children (age: 4-9) during a 6-month stay in California. The
author reports the developmental sequence [w] — [1] — [1]. L1-derived
substitutions were also observed, but the author argues that they do
not belong to what he refers to as the natural sequence of L2 acquisition.
According to Wode (1977), children acquiring an L2 in a natural setting
follow the same developmental path as L1 English-learning children,
given that the target sound is sufficiently different from any potential L1
substitute.

Sieg (2004, quoted in Wode 2009) studied primary school immersion-
setting learners from grade 1 to 4. Production accuracy was high, fluctuat-
ing between .70 and .90 (development from grade 1 to 4: .70/.90/.75/.85).
The proportion of [w]-type substitutes (including [w 1w v] decreased
(.90/.40/.40/.20); [#] increased and then decreased (.10/.40/.10/.05), which
could be due to an influence of orthography instruction during the first
two years at primary school. Alveolar trills [r] were observed sporadically
at early stages (.05/.15/.00/.00). The rate of zero-realizations increased
steadily (.00/.05/.50/.70). Since the author provides no information on
prosodic position, it is difficult to interpret these figures, however.

Langguth (2009) analyzed /r/-production in three groups of German
learners (n = 7 each): Sth—graders (age: 10-11), 9th—graders (14-15) and
12"-graders (17-18). The main objective of the study was to determine
the influence of the Eastern Franconian dialect on L2 English. Unlike the
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3 The study included learners at 6
proficiency levels, with n = 64 subjects in
each group. Years of instruction was used
as an indicator of developmental stage,
which ranged from 0 years (grade 3; 8-9
years of age) to 8 years (grade 11; 16-17
years old).

- other
variants

Share of variants
o

[w]-types
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Figure 6.4: Prevocalic /r/: Production
accuracy in Austrian instructional-setting
learners by years of learning, ranging from
0 (grade 3) to 8 (grade 11). The graph
shows the proportion of target-like [1],
[w]-types, and other variants. Adapted
from Wieden & Nemser (1991: 165) with
permission.
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velar trill [r], alveolar taps [¢] or trills [r] are characteristic for this southern
German dialect. Three speaking styles were elicited: a word list, a (near-
)minimal pair list, and semi-free speech prompted with questions on a
text. Overall, the author noted that most errors were due to deletion (.64),
resulting from a failure to produce /r/ either in initial consonant clusters or
as a linking sound in connected speech. Across all task types, an increase
in correct production rate in prevocalic /r/ was observed (.90/.95/.97),
excluding one outlier in 9" grade. The rate of postvocalic /r/ realization
varied as a function of prosodic context. Overall, learners produced .58
of postvocalic singletons, .63 of /r/ in postvocalic clusters, and .35 of
postvocalic singletons in word-medial position before a consonant.

In another study on instructional-setting German learners, Langguth
(2010) investigated /r/-production in 12t"-graders at a grammar school
in northern Bavaria (n = 34; age: 17-20). Subjects read a word list and a
text, and answered questions on the text. Only 2 of the subjects showed
consistently non-rhotic productions. While in the word list .37 of postvo-
calic /r/s were produced, the rate in the text was .21 and in free speech .28.
For r-colored schwa [2], the overall production rate was .33, compared to
.51 after full vowels. These results indicate an effect of speaking style and
structural strength on the production of postvocalic /r/.

Kautzsch (2017) reported on the production of postvocalic /r/ by n
= 40 advanced German learners. Participants were between 20 and 25
years of age, had been taught English since the age of 10 or 11, and formed
two groups in terms of target accent (BrE vs. AmE; n = 20 each). The
study used a reading passage for data elicitation and also included n =5
native speakers for each variety. Key findings are summarized in Figure
6.5. Native speakers of AmE (grey dashed lines) consistently produced
high rates of approximant realizations. Linking contexts showed categorical
rates, and in other contexts the prevalence of [1 y] varied as a function of
syllable stress (stressed .97, unstressed .82) and word class (content words
.96, function words .79). In BrE native speech (black dashed lines), on the
other hand, [1] was categorically absent except for linking contexts, where
function words (.80) and content words (.82) showed comparable rates.

The German learners in Kautzsch (2017) aligned with their target accent.
However, the BrE group on average produced [1 j]-rates that were slightly
too high in non-linking contexts (.05 vs. 0 for native speakers) and too
low in linking contexts (.20 vs. .80). The AmE group, on the other hand,
produced fewer approximant realizations both in non-linking contexts
(.40 vs. .90) and linking contexts (.75 vs. 1). Similar to native speech, the
production of postvocalic /r/ is sensitive to the factors stress and word
class: In non-linking contexts, the share of [1 y] was higher in stressed
contexts (A =.02/.09 for BrE/AmE subjects) and in content words (A =
.02/.16 for BrE/AmE subjects). In linking contexts, the rate of [1 1] was
higher in function words (A = .23/.14 for BrE/AmE subjects).

An auditory study by Pascoe (1987)!# explored the acquisition of /r/ by
n = 26 learners from southern Bavaria. The informants — 8"-10t graders
from different school types — had been learning English for approximately
3 to 6 years. The type of speech elicited can be described as semi-free:
the retelling of a picture story and a guided telephone conversation. In

14 See §3.3.1 for details.
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prevocalic contexts, the author observed a high correct realization rate of
.87. In the group of subjects with poor pronunciation (n = 10) the rate
was .66. Pascoe (1987) also reports figures for linking-r, with an overall
production rate of .18.

Quantitative evidence on /r/-production by instructional-setting
learners from southern Bavaria was also reported by Kucharek (1988),
who studied n = 580 learners divided into 5 groups: students in grade
6 (n=169),7 (n=138),8 (n =117), and 12 (n = 94) and teachers (n
= 62). Production accuracy was assessed with 6 items (raining, wrong,
tried, address, terrible, district), which were elicited with a reading passage.
Accuracy ranged between .88 and .94, with a steady increase from grade 6
to 12. Teachers produced target [1] at a rate of .98.

In sum, the literature provides considerable guidance on /r/-production
by German learners. Table 6.4 summarizes current knowledge about
patterns of variation. Attested variants in postvocalic position are @ [1 %],
and the occurrence of [1] in this context appears to be sensitive to a number
of factors including speaking style, linking context, position in the word
and structural strength. As for prevocalic position, the set of observed
substitutes includes [w ¢ 1 & y v]. [w v] are the predominant variants, with
one study identifying [s] as the most likely substitute (Pascoe 1987). The
realization of prevocalic /r/, on the other hand, appears to vary conditional
on a number of internal and external factors, which are summarized in
Table 6.4. Target-like production has been observed to increase with years
of instruction and L2 pronunciation ability. Developmental patterns have
also been observed in the choice of substitute. Other factors that have been
noted to underlie the varying nature of prevocalic /r/ are onset complexity,
task type, and dialectal background.

6.5 Aims of this study

The objective of this study is to provide new quantitative insights into the
following aspects of /r/-production by German learners:

e cross-sectional indications of developmental patterns in the realization
of /r/ in prevocalic and postvocalic position,
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Figure 6.5: Postvocalic /r/: Rate of [1

g in advanced German learners with
different target variety orientation in
comparison to native speakers. AmE
speakers (learners and native speakers)
are shown in grey, BrE speakers in black;
learners are represented with solid

lines, native speakers with dashed lines.
Panels (a) and (b) focus on non-linking
contexts: (a) compares the rate in stressed
vs. unstressed contexts, and (b) contrasts
content and function words. Panel (a)
shows data for linking contexts, broken
down by word class (postvocalic /r/ in
content words vs. function words). Data
are from Kautzsch (2017). @®
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e linguistic factors constraining the choice of variants in both positions,

and

e systematic differences between BrE- and AmE-oriented learners in

postvocalic position.

Table 6.4: Empirical evidence from
auditory studies on prevocalic and
postvocalic /r/ in German Learner English:
reported production/accuracy rates and
constraints on accuracy and substitutes.

Results Notes Study
Prevocalic r
Accuracy rate 95-1.0  Grade 5; age 10-11 Weiher 1975
90-.97  Grades 5,9, 12; age: 10-18 years Langguth 2009
.88-94  Grades 6-12; age: 11-18 years Kucharek 1988
.00-.75  Grades 3-11; age: 8-17 years Wieden & Nemser 1991
.70-90  Grades 1-4; age: 6-10 years Sieg 2004
.66-.87  Grades 8-10; age 14-16 years Pascoe 1987
Constraints on accuracy
Complexity A=0 No effect Weiher 1975
Speaking style A=0 Imitation: nonce words = English words = sentences Weiher 1975
Constraints on substitutes
Complexity Singleton: [w]; cluster:[c] > [w 1 ¥] Weiher 1975
@ in onset clusters Langguth 2009
Familiarity No effect Weiher 1975
Task type [w] more frequent in an imitation vs. translation task Wieden & Nemser 1991
Development [w]-like substitutes decrease rapidly Wieden & Nemser 1991
[w]-types decrease rapidly Sieg 2004
[¥] increases and then decreases Sieg 2004
[r] rare and only at early stages Sieg 2004
In naturalistic acquisition: [w] — [1] — [q] Wode 1977
Dialect [r] in Franconian speakers Langguth 2009
Postvocalic r
Production rate .04 Advanced learners; target accent: BrE Kautzsch 2017
.79 Advanced learners; target accent: AmE Kautzsch 2017
18 Grades 8-10; age: 14-16 Pascoe 1987
21-37  Grades 5,9, 12; age: 10-18 Langguth 2009
.36-.63  Grade 12; age: 17-20 Langguth 2010
Constraints on production
Speaking style A =.16 Word list (.37) > free speech (.28) > reading passage (.21) Langguth 2010
Linking context A =.20 Semi-free speech Pascoe 1987
A = .35 Advanced learners; target: AmE; linking (.75) > other (.40) Kautzsch 2017
A =.17 Advanced learners; target: BrE; linking (.22) > other (.05) Kautzsch 2017
Complexity A =-.05 Singletons (.58) < cluster (.63) Langguth 2009
Positioninword A =.23 Singleton: final (.58) > medial before consonant (.35) Langguth 2009
Strength A =.20 Consonantal /r/ (.51) > r-colored schwa [&] (.33) Langguth 2010
A =.09 Advanced learners; target: AmE; stressed (.46) > unstr. (.37)  Kautzsch 2017
A =.02 Advanced learners; target: BrE; stressed (.06) > unstr. (.04) Kautzsch 2017
Word class A =.16 Advanced learners; target: AmE; content (.48) > function (.32) Kautzsch 2017
A =.02 Advanced learners; target: BrE; content (.06) > function (.04)  Kautzsch 2017
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Cross-sectional patterns: Prevocalic [r/

Theory-based predictions are in disagreement regarding the degree of
difficulty involved in the acquisition of [1 ]. While some contributions
suggest ease of acquisition (SLM; MDH; NM/NDH; FM), others expect
difficulties (CAH; SCH; OPM). Predictions also diverge for the type(s)
of expected substitutes. In prevocalic position, the range of predicted
substitutes includes:

e (58] (CAH); OPM: at initial stages

e [wv] (SLM; SCH/MDH; NM/NDH); LTD: in clusters; OPM: at interme-
diate stages

e [cr] (SCH/MDH)

A developmental progression of substitutes is predicted by the OPM,
with L1-derived [& ¥] at early stages, followed by [w v] as transitory sounds
and ultimate emergence of [1 1]. The OPM further predicts substitutes to
vary with speaking style, with a tendency toward transferred [ 1] in less
formal speech and target-like [1 1] in more formal styles. This study seeks
to provide further insights into the distribution of variants at different
proficiency levels.

Cross-sectional patterns: Postvocalic /r/

A number of accounts postulate [1 ]-acquisition to be delayed in postvo-
calic relative to prevocalic position (SCH; NM/NDH; LTD; OPM). Similar
to prevocalic /r/, the theoretical literature anticipates different substitutes
in postvocalic position:

[ 8] CAH: in careful speech after short and /a:/-like vowels
[e] (CAH; SCH/MDH; LTD; NM/NDH)
6] (SCH/MDH; NM/NDH)

& (SCH/MDH; LTD; NM/NDH)

The OPM predicts variants to depend on (i) developmental stage (with
transferred [ ¥ ©] at early stages and U substitutes & [e o] at intermediate
stages) and (ii) style (with L1 variants in less monitored speech and target-
like production in formal speech). The current investigation will focus on
cross-sectional patterns, which have not been addressed previously.

The present study will also investigate a number of linguistic constraints
that have been put forward in the theoretical literature. Specifically, the
focus will be on the following;:

Linguistic factors: Prevocalic /v/

o Complexity: Various accounts suggest an asymmetry between prevocalic
singletons and clusters in L2 acquisition, predicting relative ease of ac-
quisition before vowels (SCH/MDH, LTD). Empirical evidence reported
by Weiher (1975), however, shows no effect of prevocalic complexity.
The present study aims to shed more light on this discrepancy:.
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Linguistic factors: Postvocalic /r/

o Complexity: The theoretical literature generates opposite predictions
about the acquisition of /r/ in postvocalic singletons vs. clusters. While
the SCH/MDH assume relative ease of acquisition for postvocalic
singletons, the LTD anticipates no differences due to the fact that /r/
occurs cluster-initially (thus being s-marked). Results reported by
Langguth (2009) run counter to both predictions, showing a higher [x
1-rate in postvocalic clusters.

e Linking context: The LTD and the FM predict late emergence of /r/ in
linking contexts. Evidence reported by Pascoe (1987) and Kautzsch
(2017) seems to support this claim.

o Structural strength: The LTD predicts more target-like production in
s-marked contexts, and there are indications that postvocalic [x ] first
emerge after full and/or stressed vowels (Langguth 2010; Kautzsch
2017).

o Speaking style: The theoretical literature makes different claims about
variation conditional on focus on form. The FM expects stylistic varia-
tion at relatively early stages of /r/-acquisition, where focus on form
facilitates production accuracy. The OPM, on the other hand, predicts a
bias toward target-like variants in monitored utterances and a tendency
toward transferred structures in less formal situations. The literature
offers some evidence of style-dependent variation in postvocalic [1
1J-production, with the rate of production being higher in monitored
speaking styles (Langguth 2010).

Postvocalic /r/ and target variety

Finally, we will follow up on the findings reported by Kautzsch (2017) and
look at the realization of postvocalic /r/ depending on the adopted target
accent. Our focus will be on how, and to which extent, in terms of rhoticity,
German learners develop into two subpopulations over the course of L2
development.

6.6  Method and data

Informants, materials and procedures

The analysis of the data gathered in this study will be complemented by
three data sets:'® the SpIL corpus (Pascoe 1987), the recordings provided
by Wunder (2012), and the data from Rank (2018).

e The SpIL corpus contains a total of n = 303 prevocalic and n = 346
postvocalic tokens from n = 26 different learners.

e The materials used by Wunder (2012) contain n = 22 prevocalic tokens
and n = 26 postvocalic tokens. With n = 30 learners in the study, this
adds to n = 658 prevocalic tokens and n = 778 postvocalic /r/-tokens (n
= 2 missing observations each) for analysis.

o The study by Rank (2018) focused exclusively on postvocalic contexts
and elicited n = 1,933 tokens from n = 21 subjects in total.

5 The data sets analyzed in the present
chapter are openly available via the Tromse
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
YDKDEFG (Sénning et al. 2020a). See
§3.3.1 for further information on the
supplementary data sets.
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e The materials for the current study included n = 17 prevocalic and n
= 48 postvocalic /r/-tokens. The n = 62 learners produced a total of n
= 1,037 prevocalic tokens (n = 17 missing observations) and n = 2,933
postvocalic tokens (1 = 43 missing cases) for analysis.

The analysis of learners in the SpIL corpus and the data from Rank
(2018) relied on the phonetic transcriptions provided by these authors.
Subjects recorded by Wunder (2012) and in this study were analyzed
auditorily by the present author and productions were assigned to five
categories: [1 ], [w v], [ ©], [¢] and @. In unstressed syllables, it was in
many cases difficult to differentiate between central-open [e] and central
[0]. No distinction was therefore made between the two, and all instances of
unstressed vowels that showed no trace of rhoticity were coded as &.

Table 6.5 summarizes the distribution of variants observed in the four
data sets. Due to the low number of observations for certain variants, these
were aggregated for the ensuing analysis. Thus, for prevocalic variants, a
binary distinction was made between target vs. non-target. In postvocalic
position, [w v] and [& ] were rare and therefore excluded from analysis.
Accordingly, Table 6.5 distinguishes between observed variants and categories
used for analysis. Overall, we see similar distributions across the data sets.

All /r/-tokens were coded for complexity — that is, whether they
occurred as a singleton or constituted part of a cluster. For postvocalic

Pascoe 1987  Wunder 2012  Rank 2018 This study

Realization Pr (n) Pr (n) Pr (n) Pr (n)

Prevocalic /r/

Observed variants

[x 1] 86 (262) .78 (510) — — 87 (898)
[vw] .01 3) 22 (142) — — .11 (110)
(5 B] .09 (27) .01 5) — — .00 (0)
[e] .00 (0) .00 0) — — 0 (6)
[v] .02 (6) .00 0) — — .00 (0)
%) .02 (5) .00 1 — — .02 (23)
Categories used for analysis
[x 4] 86 (262) .78 (510) — — 87 (898)
Other 14 (41) 22 (148) — — 13 (139)
Postvocalic /r/
Observed variants
%) 77 (270) .72 (562) 44 (841) .68 (1992)
[14] 12 (43) 23 (182) 52 (1012) 25  (738)
[e] .09 (33) .04 (34) .04 (80) .07  (203)
[vw] .00 (1) .00 (1) .00 (0) .00 (3)
(5 B] 01 (3) .00 (0) .00 (0) .00 (6)
Categories used for analysis
@ 78 (270) 72 (562) 44  (841) 68 (1992)
[x 4] 12 (43) 23 (182) .52 (1012) .25  (738)

[e] 10 (33) .04 (34) 04  (80) .07  (203)
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Table 6.5: Distribution of variants in the
three data sets. "Pr” denotes the propor-
tional share of a (group of) variant(s).
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/r/ in word-medial position, the maximal onset principle was followed.
Postvocalic tokens were classified as occurring in a linking context where a
word ended in <r(e)> and was followed by a word beginning with a vowel.
Instances in which a speaker paused were not considered linking contexts.
Finally, structural strength was coded using three categories:

e strong contexts, where /r/ occurred in a lexical word after a full vowel
carrying lexical stress (e.g. door, turn, chair), including forms of be in
main verb usage,

e weak contexts, i.e. unstressed syllables in polysyllabic words (e.g. after,
dinner, hour), and

o grammatical words: monosyllabic function words (e.g. for, or) and
contracted forms of are.

Postvocalic tokens recorded in the present study were further coded for
speaking style, with productions from the word list and the short phrases
classified as isolated (reflecting increased focus on form), and tokens from
the short conversations reading task labeled sentences, which presumably
exhibit less monitored speech.

Table 6.6 shows the distribution of observations across the levels of the
linguistic factors in the data sets. While the token count gives the total
number of observations per category, the type count documents the range
of lexical items that served to elicit each condition. Due to differences
in the tasks used for data elicitation, the data from Pascoe (1987) and

Pascoe 1987  Wunder 2012 Rank 2016 This study

Condition Types Tokens Types Tokens Types Tokens Types Tokens

Prevocalic /r/

Complexity
Cluster 23 125 7 300 — — 9 868
Singleton 23 178 5 360 — — 3 186

Postvocalic /r/

Complexity
Cluster 16 68 7 240 167 1314 15 930
Singleton 54 282 13 540 99 626 23 2046
Linking context
Other context 65 292 15 600 249 1591 38 2901
Linking context 22 58 6 180 55 349 1 75
Structural strength
Strong 38 172 13 480 178 1592 26 1676
Weak 35 178 7 300 86 348 14 1300
Speaking style
Conversation — — — — 224 617 — —
Text — — — — 41 903 18 1116

Word list — — — — 21 420 23 1860

Table 6.6: Distribution of types and tokens
across the levels of the linguistic factors in
the three data sets.



Rank (2018) show greater type frequencies. As a result of controlled data
collection in the other two studies, the categories are represented by fewer
types, which are, however, balanced across subjects. The next section gives
details about the statistical procedures and may be skipped without loss of
understanding.

Statistical analysis

Prevocalic /r/ was categorized as a binary outcome (target vs. non-
target) and therefore analyzed with a multilevel logistic regression
model with proficiency and complexity as predictors. In terms of target
accuracy, singleton and cluster contexts were allowed to show different
trajectories across proficiency levels and the model therefore estimates
a trendline for each.!® The variational structure of the model included
varying intercepts on subject and word, and, following Barr et al.’s (2013)
recommendations, by-word varying slopes for proficiency and by-subject
varying slopes for complexity. The same model was fit to all three data
sets, and a mathematical definition of it is given in Appendix A.5.1. As
for the prior information included into the model, the insights gained
from the literature review were combined into an informative prior for the
population-averaged intercept of the singleton and cluster curves. This
intercept denotes the average probability of observing target-like [1] across
learners with an intermediate level of pronunciation ability (i.e. at z = 0).
Figure 6.6 shows the probability distribution, which was specified to align
with the accuracy rates reported in the literature. The a priori expectation
concentrates .90 of its mass in the interval [.22, .99]. As specified in more
detail in Appendix A.5, all other parameters were given regularizing priors.
The data on postvocalic /r/, which was coded using three categories,
were analyzed with a multilevel multinomial logistic regression model
that included proficiency, linking context, structural strength, complexity,
and (where applicable) speaking style and target variety as predictors.
The random part of the model included varying intercepts on subject and
word, as well as (i) varying slopes on subject for linking context, structural
strength, complexity, and (where applicable) speaking style; and (ii)
varying slopes on word for proficiency and (where applicable) speaking
style, target variety and linking context. The analysis of the data gathered
in the present study further included a breakpoint at the intermediate
proficiency level of z = 0. Beyond this point, developmental trends were
allowed to diverge based on the target variety chosen. This is to say that,
for upper intermediate and advanced learners, the model returns separate
estimates for AmE- and BrE-oriented learners. A detailed description
of the model is given in Appendix A.6.17 Previous studies supply prior
information for the population-averaged intercept, which denotes the
average probability of observing a given variant across learners with an
intermediate proficiency level. As illustrated in Figure 6.7, 90 percent of the
prior probability mass for [1] is between .06 and .76. For &, this interval is
[.14, .87] and for vocalized variants it is [.00, .44]. For all other parameters,
regularizing priors were specified.
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16 Tn technical terms, the model included
an interaction between complexity and
proficiency.

Density

1
0 5 1

—-~DQOTD

Figure 6.6: Prevocalic /r/: Prior for the
intercept parameter in the model in
comparison to the rates reported in the
literature ([1 g] only): (a) Weiher 1975, (b)
Langguth 2009, (c) Kucharek 1988, (d)
Sieg 2004, (e) Pascoe 1987, (f) Wieden &
Nemser 1991. @®

17 Appendix A.6 also reports convergence
diagnostics and the posterior distribution
of parameters.

[eNeReg )

Figure 6.7: Postvocalic /r/: Prior for the
intercept parameters in the model in
comparison to the rates reported in the
literature ([1 q] only): (a) Kautzsch 2017,
(b) Langguth 2010, (c) Langguth 2009, (d)
Pascoe 1987. @®
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6.7 Constraints on generality

Before turning to the results on pre- and postvocalic /r/, let us pause and
reflect on the scope of our inferences.

o Language-external scope: As the learners in all four data sets are predom-
inantly from southern Germany and northern Bavaria in particular,
dialectal features of these German varietes would caution us against
extending our inferences to other populations of German learners. As
discussed above (see Table 6.0) the varieties traditionally spoken in this
part of the country have distinct /r/-allophones (i.e. [ r ®]). However,
the distribution of variants observed in the present study shows that
these dialectal variants do not feature at all in the data. While this does
not imply that our subjects may be safely considered as representing
a broader (rather than southern) population of learners, we would
nevertheless argue that generalizations to other populations of German
learners seem warranted. Further, we must keep in mind that the cur-
rent pool of subjects represents instructional-setting learners, which
limits inferences to this population.

o Language-internal scope: To comment on the degree of generalizability to
English rhotics in general, we need to consider the representativeness
of the lexical types investigated. As can be read from Table 6.6, the data
sets differ in the amount of information they offer for language-internal
generalizations. Thus, the controlled materials used in the present study
and in Wunder (2012) yield a limited number of types, which constrains
the generality of their insights. The data sets by Pascoe (1987) and Rank
(2018), on the other hand, offer a broader inferential base. Apart from
these differences in lexical coverage, there appear to be no systematic
differences between the lexical types represented in the four data sets,
apart from a general underrepresentation of less frequent words.

o Speaking style: The findings based on the present study and Wun-
der (2012) extend to reading tasks only and may therefore feature
orthography-induced speech behavior, with the realization of rhotics
possibly being influenced by their orthographic representation. This
suggests that null variants & may be underrepresented in these data sets.
The data from Pascoe (1987) and Rank (2018), on the other hand, (also)
represent more natural speech.

6.8 Results

We will first take a look at our results for prevocalic /r/ (§6.8.1) and then
move on to postvocalic contexts (§6.8.2).

6.8.1 Prevocalic /r/

Let us first turn to a descriptive summary of the data. Figure 6.8 shows,
for each data set, the distribution of the three variants by proficiency level.
Each point denotes one learner. The top row displays the proportional
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share of [1 7], the middle row that of @, and [v] variants are given at the
bottom. Overall, the three studies produce very similar patterns:

e [11]: Toward higher proficiency levels, the rate of [1 ] approaches 1.
Learners at lower proficiency levels show considerable variation, with
production rates extending across the entire scale.

o &: We can see that zero realizations (middle row) are consistently rare
across all proficiency levels, hovering around 0, with occasional outliers
with a rate of up to .25.

e [v]: Labiodental substitutes (bottom row) are observed only at lower
proficiency levels. There is considerable variation among lower-
proficiency learners: The proportion of [v] extends from 0 to 1 and
individuals are spread out fairly evenly across the scale.

The results of the regression model are shown in Figure 6.9 and Table
6.7. Figure 6.9 concentrates on the distribution of target [1 y] by onset
complexity and proficiency level. The top panels show the predicted
rate for [1 7] across proficiency levels, irrespective of onset complexity
(i.e. averaging across singletons and clusters). The error bands denote
50% and 90% posterior uncertainty intervals. The second row of panels
shows expected rates separately for singleton contexts (solid lines) and
clusters (grey dashed lines). Specific values are reported in Table 6.7. The
three panels at the bottom show estimates for the difference between target
[1 1]-rates in prevocalic clusters and singletons. Values above 0 reflect
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Figure 6.8: Realization of prevocalic /r/
by proficiency level in the three data
sets. Production rate expressed as the
proportional share of realizations. @®
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higher accuracy rates in singletons (consistent with expectation), and
negative values signal more target-like production in clusters. Figure 6.9

indicates the following patterns:

e As for the overall accuracy rate across proficiency levels, the three data
sources are in good agreement. The rate of target [1 y] in prevocalic
contexts varies from about .60 at lower proficiency levels to (just below)

1 at intermediate stages.

o Differences between singleton and cluster contexts only surface at lower
proficiency levels. Recall that, in general, higher accuracy rates were
expected in singletons. While the data from Pascoe (1987) are consistent
with the expected cline, the subjects in Wunder (2012) and the current
study show the opposite pattern. In absolute terms, differences are
greatest at the lowest proficiency levels and amount to about .18 (Pascoe
1987), -.16 (Wunder 2012) and —.20 (the present study). Given the
conflicting trends and the large margin of error, however, these data

provide weak grounds for inferring differential accuracy rates in

singletons and clusters.

Figure 6.9: Results for prevocalic /r/:
Estimated correct production rate by
proficiency level and complexity. The top
row shows the overall accuracy rate, i.e.
the simple (unweighted) average over
singleton and cluster contexts. The panels
in the middle row show estimated trend
lines for the two contexts. The bottom row
of panels shows the observed difference in
accuracy rate between singleton and cluster
contexts. Error bands mark the 50% and
90% posterior intervals. €@®



Overall Singleton Cluster Difference

Proficiency Mdn 05 95 Mdn 05 95 Mdn 05 95 Mdn .05 .95

Pascoe 1987
Beginner 66 42 88 78 45 97 57 23 89 +.18 -17 +.55
Intermediate .97 90 99 97 89 100 97 .89 1.00 .00 -.07 +.06
Advanced 1.00 97 1.00 .99 95 1.00 1.00 .97 1.00 .00 -.04 +.02

Wunder 2012
Beginner 78 48 96 .70 31 95 90 54 1.00 -16 -51 +.11
Intermediate .92 .79 99 88 68 98 97 86 1.00 -08 -25 .00
Advanced 97 8 100 96 .77 1.00 .99 91 1.00 -02 -19 +.03
This study
Beginner 59 42 75 49 25 74 70 51 85 -20 -46 +.06
Intermediate 93 87 97 92 83 97 95 88 98 -02 -10 +.03
Advanced 98 94 1.00 99 .92 1.00 .98 94 1.00 .00 -.05 +.04

6.8.2 Postvocalic /r/

For the findings on postvocalic /r/, we again first turn to a visual data
summary. Figure 6.10 shows the distribution of variants by proficiency
level and adopted target variety for the four data sets. The top row displays
the share of [1 7] in postvocalic position for each learner, the middle row
that of null realizations, and the bottom row that of vocalized variants. For
the data from the current study, the target variety orientation of learners is
indicated via fill color: Black signals a strong inclination toward the AmE
standard, white denotes BrE as a target variety. The following insights

[14] 2 [¢]

Proficiency Mdn 05 95 Mdn 05 95 Mdn .05 .95
Pascoe 1987

Beginner .05 .01 .15 82 .67 91 12 .04 25

Intermediate .09 .04 .16 .83 .74 .90 .08 .03 .14

Advanced 15 .06 .32 78 .62 .90 .05 .01 .14
Wunder 2012

Beginner .07 .02 .15 .88 77 95 .05 .01 .13

Intermediate 15 .09 .23 82 .74 .89 .02 .00 .06

Advanced 29 15 46 70 53 .84 .01 .00 .04
This study

Beginner .09 .03 .19 .85 .74 93 .05 .01 .12

Intermediate 21 13 .30 77 67 .85 .02 .01 .06

Advanced (AmE) .61 .31 .86 38 .14 .67 .01 .00 .05
Advanced (BrE) .06 .02 .17 .93 .83 .98 .00 .00 .02

Rank 2018
Advanced (AmE) .75 .61 .86 23 14 .37 .01 .00 .04
Advanced (BrE) 11 .05 .20 .88 .78 94 .01 .00 .04
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Table 6.7: Prevocalic /r/: Target accuracy
estimates by study and proficiency level.
Mdn refers to the median of the posterior
distribution, and the .05 and .95 quantiles
mark the 90% posterior uncertainty
bounds.

Table 6.8: Postvocalic /r/: Production
rate estimates by study, proficiency level,
and target variety. The column labeled
Mdn reports the median of the posterior
distribution, and the .05 and .95 quantiles
mark the limits of the 90% posterior
uncertainty intervals. All predictors are
set to zero, which denotes the following
default condition: (i) non-linking context,
simple (i.e. unweighted) average over (ii)
strong and weak contexts, (iii) singletons
and clusters, and (where applicable) (iv)
all speaking styles.
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emerge from Figure 6.10:

e [17]: The share of approximant /r/-variants is highly variable across
all proficiency levels and in all data sets. Overall, their rate appears to
increase slightly across proficiency levels.

e J: The proportion of null realizations also varies considerably across
learners at all proficiency levels. On average, the prevalence of & seems
to decrease slightly as pronunciation ability increases.

e [e]: In each study, vocalized variants play a minor role. [e] tends to be
observed only in lower proficiency learners, and rates below .40 seem to
be typical.

o The target variety coding of the learners in the current study reveals that,
as pronunciation ability increases, German learners diverge into two
fairly distinct populations. In line with their adopted target varieties,
BrE-oriented learners show lower rates of postvocalic [1 1]. Subjects
leaning toward the AmE standard, on the other hand, show high rates of
[1 4] in postvocalic contexts.

e The data from Rank (2018) show that upper intermediate and advanced
learners align with their target variety, with AmE-oriented learners
showing a much higher share of [1 7] in postvocalic contexts. The
distribution of production rates is consistent with the behavior of upper
intermediate and advanced learners in the present study.

Figure 6.11 and Table 6.8 report model-based estimates. Figure 6.11
shows how the production rates for the three variants change, on average,
across proficiency levels:



Pascoe 1987 Wunder 2012 This study Rank 2018
1 - - - -
€ e
@ o
v L \ T @
c 1%} 14} %] o s
Be 54 1 1 \>’/ 1
g bl N
8 |re 4] 4 b g L4
- 0 fe] 49—]- e [e]
T o T R
Proficiency (z-score) Variety
1 - - - -
AmE }
54 1 1 1 [

e |

o f
*é /_\ _\ BrE
S
5 1 1 1 1%}
>
el
o AmE }
o
M T T — T T — T T — T
5 1 1 1 [e]
—— AmE, BrE
0 T T T T : r T ? ; 4——4
-1 0 1 o -1 0 1 AmE BrE
Proficiency (z-score) Variety

Adjustments: See caption for details

e The rate of [1 j] increases from about .05 to .15 (Pascoe 1987) and to .30
(Wunder 2012). The data from the present study show that advanced
German learners form two distinct populations: In AmE-oriented
learner English, [1 j] account for .61 (this study) and .75 (Rank 2018) of
the postvocalic /r/-tokens. For learners with an inclination toward BrE,
this rate drops to .06 (this study) and .11 (Rank 2018).

e Overall, null variants account for the largest share, with rates between
about .70 and .90. Only in advanced learners with a rhotic target accent
does this share drop to .38 (this study) and .23 (Rank 2018).

e Vocalized variants are rare, with rates of about .05 to .10 at the lower end
of the proficiency scale and virtually 0 at upper intermediate stages.

We next turn to the linguistic factors constraining the production of
postvocalic /r/. In the interest of simplicity, we will only be concerned
with the share of approximant variants [1 1]. Judging from Figures 6.10
and 6.11, little information is lost by this move, since two variants account
for the vast majority of realizations. In what follows, we will utilize the
output of our regression models to compare the rate of [1 j] in different
conditions. For linking context, for instance, we compare the rate of [1 1
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Figure 6.11: Postvocalic /r/: Comparison
of the results for four data sets. The

error bands mark 50% and 90% posterior
uncertainty intervals. All predictors

apart from the factor of interest are set to
zero, which denotes the following default
condition: Linking context: Other (i.e.
non-linking) context; Structural strength:
Simple (i.e. unweighted) average over
strong and weak contexts; Cluster context:
Simple average over singletons and clusters;
Speaking style (only applies to the data from
Rank 2018 and the present study): Simple
average over all styles. @®



142 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

in linking vs. other contexts. Assume, for instance, that the share of [1 {
is .50 in linking contexts and .15 in other contexts. We can express this
comparison using a simple difference, i.e. +.35, signaling a higher share of
[1 7] in linking contexts. Our model allows us to draw this comparison at
different proficiency levels, which means that we are essentially comparing
two curves, i.e. how the share of [1 1] in the two conditions varies across
proficiency levels. It follows that we also obtain a trend of difference
estimates, which might show us that the increment in the rate of [1 y] in
linking contexts may be as small as .05 at lower proficiency levels (e.g. .10
vs. .05) and increase to .40 at advanced stages (e.g. .50 vs. .10).

Figure 6.12 shows the relevant estimates based on the four data sets.
The linguistic factors are arranged into columns (from left to right: linking
context, structural strength, cluster context, speaking style). The rows
represent the different data sets (from top to bottom: Pascoe 1987, Wunder
2012, this study, and Rank 2018). The upper part of the display (the top
4 rows) show how, for each condition of interest, the rate of [1 {] varies
across proficiency levels. The 5™ row graphs, for each study, the difference
between the curves in the panels above. Thus, the left-most panel displays
three curves, which express, for each data set, the difference between the
[1 ]-rate in linking contexts and that in other contexts. This row of panels
allows for a direct assessment of the link between the rate of [1 g} and a
given linguistic constraint, and whether the directionality and magnitude
of this link is stable across proficiency levels and across data sets. The four
rows of panels at the bootom break down these difference curves by study
and add uncertainty intervals to the estimates. The following can be seen
from Figure 6.12:

e Linking context: The share of [1 1] is consistently higher in linking
contexts, with difference estimates ranging from about 0 to .40 at lower
proficiency levels and from roughly .20 to .40 at higher proficiency
levels. Overall, the difference seems to increase slightly from lower to
intermediate proficiency levels.

e Structural strength: Strong contexts seem to be more favorable to [1 1],
with differences ranging from 0 to .40. Difference estimates appear to
show no consistent trend across proficiency levels.

o Cluster contexts: The comparison of singleton and cluster contexts yields
inconsistent patterns, with difference estimates ranging between roughly
-.10 and +.10.

e Speaking style: The rate of postvocalic [1 1] is higher in isolated contexts
compared to connected speech. Difference estimates range between 0
and +.25.

6.9 Summary and discussion

The objective of this chapter was to describe patterns of variation in the
production of English /r/-allophones by German learners. A contrastive
analysis revealed that the two languages differ markedly in the realization
of rhotics. Prevocalically, English postalveolar and retroflex approximants

Figure 6.12: (Opposite page) Results for
postvocalic /r/: Estimated rate of target-
like /r/-production by proficiency level
and various linguistic factors for each data
set; from the top: Pascoe (1987); Wunder
(2012); this study; Rank (2018). From

left to right: Linking context, structural
strength, complexity, speaking style. Error
bands mark the 50% and 90% posterior
intervals. All predictors apart from the
factor of interest are set to zero, which
denotes the following default condition:
Linking context: Other (i.e. non-linking)
context; Structural strength: Simple (i.e.
unweighted) average over strong and weak
contexts; Cluster context: Simple average
over singletons and clusters; Speaking style
(only applies to the data from Rank 2018
and the present study): Simple average
over all styles. @®
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[1 1] contrast with German uvular fricative and approximant variants

(¥ ]. The two standard varieties of English diverge in postvocalic con-
texts. While GB shows /r/-vocalization (to [0]) after /1e v/ and deletion
elsewhere, speakers of GA tend toward retroflex approximants in all
positions. German, on the other hand, typically shows vocalization to

[e]. Prevocalically, then, German learners need to acquire [1] or [1] as new
allophones. In postvocalic contexts, the two standard varieties represent
different targets, either vocalization/deletion similar to L1 German (GB) or
a postalveolar/retroflex approximant (GA).

From the perspective of linguistic constraints, English [1 ] may be
considered marked structures. This conclusion receives support from
typology and L1 acquisition. Experimental work has shown that the
majority of German learners perceive English /r/-allophones accurately.
From this vantage point, theoretical contributions put forward a diverse
set of suggestions. In general, there is disagreement as to the relative
level of ease and expected substitutes in learner productions. Concerning
expected patterns in /r/-variation, a number of linguistic factors have been
suggested to show a systematic relationship with surface realizations.

The evidence offered in the literature is generally supportive of prevo-
calic /r/ being acquired early by L1 German learners. Onset complexity
appears to exert little influence. The rate of postvocalic [1], on the other
hand, has been observed to be sensitive to a number of linguistic factors.
The objective of this study was to make empirical contributions to the
study of /r/ in GLE by exploring the distribution of variants in pre- and
postvocalic contexts and across different proficiency levels. Further, this
study followed up on indications in the theoretical and empirical literature,
investigating variation in prevocalic /r/ as a function of onset complexity,
and studying variation in postvocalic /r/ conditional on the factors linking
context, structural strength, coda complexity, and speaking style.

6.9.1 Prevocalic /r/

German learners’ realization of prevocalic /r/-tokens showed high accu-
racy rates, which approached 1 at intermediate stages. This is coherent
with reports in the literature (see Table 6.4) and confirms theory-based
predictions about a low degree of difficulty. It appears that the CAH and
the SCH were less successful in predicting the relative level of ease for
prevocalic /r/. Thus, it does not appear that lack of a functional contrast
between TL [1 j] and L1-derived substitutes impedes acquisition. As far
as predictions of the SCH are concerned, it seems that markedness of
English [1 1] does not constrain acquisition in a notable manner. Contrary
to suggested parallels to English L1 acquisition, German learners did not
show a strong tendency toward gliding. While the occurrence of [v w] in
learner speech does show similarities to regular error patterns in the pro-
ductions of English-learning children, only a minority of lower-proficiency
subjects evidenced these substitution patterns. This indicates that this
process operates much more strongly in L1 acquisition. Considering those
contributions that correctly anticipate the early acquisition of prevocalic
/1/, it is worth noting that these observations are explained by reference to



different principles:

e The SLM attributes this to the perceptual distinctness of /r/ relative to
the close L1 and IL sounds [v w].

e The MDH puts forward the relatively less marked status of [1 y] in
comparison with [ ©].

e The NM and FM point to input/output frequency to explain the early
emergence of [1] in onset position.

e The LTD refers to the fact that syllable onsets are s-marked.

Considering substitution patterns it can be stated that there was no
evidence for the emergence of unmarked rhotics [r ¢]. This is unsurprising
given the salient acoustic and articulatory differences between taps and
trills on the one hand, and approximants on the other. It therefore appears
that, in the case of the heterogenous class of rhotics, perceptual constraints
may block the emergence of unmarked /r/-sounds that do not occur in
the learner’s L1 (dialect) or the TL. As for the predominant substitutes in
German learners, the results of the SpIL corpus (a clear trend toward [ ¥])
diverged from those obtained in the other data sets (almost categorically [v
w]). One explanation for this finding may be related to changes in English
language teaching and the level of exposure to native speech through the
media. Indeed, the gap between the more recent studies and that by Pascoe
(1987)18 amounts to almost 30 years. A less speculative account of the

observed divergence, however, may be given by reference to stylistic effects.

Thus, the speaking style elicited in the SpIL corpus differs from that of
the other studies. In semi-free speech, learners have at their avail fewer
cognitive capacities to focus on form. Reading passages, in contrast, allow
for monitoring. The divergent patterns are thus also in agreement with the
stylistic prediction made by the OPM: In casual speaking styles, transfer
from L1 (in this case, L1-derived onset [ ©]) is more likely to surface. A
further confounding factor may have been the L1 of the rater. Given our
current state of knowledge about L1-specialized speech perception, it is
conceivable that raters with different L1 backgrounds arrive at different
auditory categorizations of learner productions. Nevertheless, I feel that
postalveolar and uvular approximant rhotics can be distinguished with a
sufficient degree of reliability. Distinguishing between [1] and [v], on the
other hand, is more difficult in many cases.

The occurrence of [v w] as substitutes, which was predicted by several
theories, parallels observations from English L1 acquisition. This substi-
tution pattern may be interpreted as resulting from universal constraints,
such as articulatory simplification, gestural weakening, or the natural
process of labialization. Further, perception-based explanations cannot
be ruled out since predictions from the perspective of the SLM are also
consistent with the data.

Finally, findings on the role of onset complexity corroborate earlier
work by Weiher (1975), showing little systematic difference between
/1/-production in singletons and clusters, at least as far as accuracy rates
are concerned (i.e. the share of [1 7]). On the basis of current empirical
insights, then, the role of onset complexity in the production of prevocalic
/r/ remains unclear.
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18 The recordings were made between 1983
and 1985.
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6.9.2 Postvocalic |7/

The realizations observed in postvocalic contexts indicate that L1-derived
consonantal variants [ ] are rare. Vocalized [e] appears to be slightly
more likely to be transferred, but shows little variation as a function of
proficiency level. Based on the CAH, [e] was predicted to be more likely
after long (vs. short) vowels other than /a:/-like nuclei. Vocalized variants
may thus be more sensitive to linguistic (vs. learner-related) factors.
Following the leads suggested by the CAH, systematic variation in the rate
of L1-derived vocalized [e] as a function of the preceding vowel appears to
be a worthwhile avenue for future work.

Overall, the productions of German learners were predominantly
non-rhotic, with a clear bias toward deletion across all proficiency levels.
This is in agreement with predictions made by the SCH, NM/NDH, and
LTD. While generating the same predicted patterns, these theoretical
contributions arrive at different explanations. The SCH and NM/NDH
refer to the natural process of de-rhotacization in coda position. The LTD,
on the other hand, points to the fact that codas are structurally weak
environments and favor weakened realizations, with deletion evidencing
a form of maximal lenition. Thus, while the occurrence of deletion in
postvocalic contexts cannot be ascribed to L1 transfer, it remains unclear
whether it is attributable to the influence of universal tendencies (as
suggested by the SCH, NM/NDH, and LTD) or whether these are instances
of target language (GB) attainment. For instructional-setting learners who
are exposed to rhotic and non-rhotic model accents, it is not possible to
differentiate between these two structural components.

A further consistent pattern was the low rate of [1]-variants in postvo-
calic contexts, which ranged from 0 to .20 among beginners, but increased,
on average, at higher proficiency levels. The late emergence of postvocalic
[1] is indeed consistent with the prediction derived from the theoretical
literature (MDH/SCH; NM/NDH; LTD). While these findings may be
interpreted as indicating a general developmental increase in rhoticity in
GLE, this interpretation is clouded by the fact that GB and and GA (or,
more generally, rhotic and non-rhotic accents) provide different targets for
the production of postvocalic /r/. The patterns revealed by the advanced
learners in the present study and Rank (2018) indicate the emergence of
two different populations of learners, one showing development toward
consistently non-rhotic productions, the other toward a realization of /r/
in all positions. The proportional share of variants in these two studies
is remarkably consistent, with BrE-oriented subjects showing [1]-rates of
about .10, compared to .70 for rhotic learners. These figures also align with
those reported by Kautzsch (2017), who observed shares of .05 and .40
among BrE and AmE learners, respectively.

The present results are suggestive of linguistic constraints underlying
the emergence of rhoticity. Thus, [1] was observed to be favored in more
monitored speaking styles and certain environments, namely in linking
contexts and structurally strong positions. The latter finding is consistent
with LTD predictions. Evidence for stylistic effects was observed in the data
obtained in the present study and Rank (2018). As predicted by both the
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FM and the OPM, the rate of postvocalic [1] was higher in more monitored
speech. However, the FM and the OPM made different predictions about
the developmental stage at which focus on form is expected to surface

in learner productions. While the OPM assumes stylistic constraints to
apply across all stages, the FM stipulates what may be termed a window
of monitor-induced variation at early stages of acquisition. It is difficult
to empirically differentiate between these claims since, due to the late
emergence of coda [1], learners who are classified as proficient overall
may be in the early stages of coda [1] acquisition. The level of granularity
offered by the foregoing analyses therefore does not license comments on
the timing of stylistic variability.

In order for future studies on /r/-acquisition to build more confidently
on theoretical work, efforts must be directed toward understanding
perceptual constraints on /r/-production. As yet, little is known about
the perception of /r/ in postvocalic position, which makes it difficult to
hypothesize about perceptual biases in the acquisition of rhoticity. Further,
it is not clear to what extent acquisition of retroflex [1] vs. post-alveolar [1]
may be constrained perceptually.

While an auditory analysis may be successful in capturing categorical
patterns in /r/-production, complementary acoustic analyses may provide
insights at a finer level of detail. Thus, in the present investigation no
distinction was made between post-alveolar [1] and retroflex [1] variants.
With L2 phonological theories offering testable suggestions about the
acquisition order of these two approximants, future work in this domain
may profit from the application of acoustic techniques to gauge the degree
of retroflexion in pre- and postvocalic position. Furthermore, the present
investigation did not distinguish between GB target [s] and L1-derived
syllabic [e] in unstressed syllables, despite the fact that these variants
resemble different structural IL components (L1 vs. L2, in terms of the
OPM). Instrumental techniques might be of value for advancing our
understanding of more nuanced patterns of variation exemplified by these
two distinctions ([1] vs. [1]; [0] vs. [¢]).

To sum up, let us recapitulate some points that may inspire future work
on /r/-allophones in GLE:

e Given that /r/-production varies systematically with rhoticity and
theory-derived statements predict variation conditional on prosodic
position, findings for onset and coda position need to be analyzed,
interpreted, and reported separately.

e Studies concerned with linguistic constraints on the acquisition of prevo-
calic /r/ should focus on learners with low levels of L2 pronunciation
ability, as /r/-production in this position is virtually categorical at more
advanced stages.

e Research on systematic patterns in the acquisition of postvocalic /r/, on
the other hand, should target advanced learners, who are more likely
to show variable production rates that may reflect the operation of
underlying constraints.

e Research on postvocalic /r/ should control for the pronunciation model
chosen by the subjects (rhotic or non-rhotic variety), especially when
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targeting more advanced learner speech.

e To provide a sounder basis for perception-based predictions about the
acquisition of English /r/-allophones, experimental insights into the
perceptual processing of postvocalic approximant rhotics and the [1]-[{]
contrast are needed.



7
The labio-velar glide /w/

This chapter turns to the English labio-velar glide /w/ and completes
our treatment of sonorants in GLE. After a contrastive analysis (§7.1),

we discuss linguistic constraints underlying /w/-acquisition by German
learners (§7.2). §7.3 derives predictions from theory and §7.4 reviews
existing empirical accounts of /w/-production in this learner variety. The
aims and method of this study are laid out in Sections 7.5 and 7.6, followed
by the limits of the external validity of our results (§7.7). Findings are
presented in §7.8 and §7.9 concludes with a summary and discussion.

7.1  Contrastive analysis

A comparison of the English and German consonant inventories reveals
that the labio-velar glide /w/ is absent from German. Like other approxi-
mants, /w/ lacks a noise component and is therefore phonetically similar to
vowels. Its articulation involves two strictures — rounded lips and a tongue
gesture similar to that of a high back vowel. On phonological grounds, /w/
is classed as a consonant, as it occurs at the margins rather than the center
of syllables. In English, /w/ is only found in onset position, where it may
surface as a singleton or constitute part of a cluster.

The realization of /w/ is sensitive to phonetic and prosodic context. The
vocalic allophone [w] occurs in initial position (winter), intervocalically
(away), and after voiced consonants (dwell). /w/ is slightly devoiced
after /sk/ (square), after an accented voiceless fricative (switch), and in an
unaccented syllable after /p t k/ (slipway, footwork, awkward). The voiceless
bilabial fricative [s] is found after accented /t k/ (twenty, quick). Phonetic
voicing in /w/ is thus sensitive to the voicing of the preceding segment.
The degree of lip rounding varies with the following vowel. A higher
degree of labialization is found before back, rounded vowels as opposed to
front and more open vowels (Cruttenden 2014: 233f.).

While German lacks /w/, it has the phonetically similar vowel /u:/.
Phonologically, the closest sound is /v/, which is commonly realized as
a labiodental approximant [v] in word-initial position (see §8.1). Apart
from differences in place of articulation, English [w] and German [v] are
equivalent in manner of articulation and distribution, as both occur in onset
position. In some southern German dialects, /v/ is realized as a bilabial
fricative [] or approximant [] (Mangold 2015: 71).

o



150 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

In sum, the phonetically closest German sound to English /w/ is the
close back vowel /u:/. Phonologically, however, the labiodental consonant
/v/ is closest. In word-initial position, its common allophone [v] also
resembles English [w] in manner of articulation. The learning task is thus
not a phonetic one, since German has the articulatorily similar vowel /u:/.
Rather, it is phonological, as a new distribution must be learned for a
familiar speech sound.

7.2 L2 acquisition of English /w/: Linguistic factors

7.2.1 Markedness

Cross-linguistically, the labio-velar glide is a relatively frequent speech
sound: It occurs in .74 of the languages in the UPSID database (Maddieson
1984). It is also acquired early in L1 acquisition (Wellman et al. 1931;
Templin 1957; Smit et al. 1990; Dodd et al. 2003). Figure 7.1b, which
summarizes accuracy rates reported in the literature (see §3.3.2), shows
that mastery of /w/ is attained early in L1 acquisition. A comparison of
its developmental trajectory to those observed for other consonants (see
7.1b) reveals that /w/ is acquired before the age of 2, and therefore among
the consonants that emerge early in L1 acquisition. Olmsted (1971) noted
that [w] is a frequent substitute for other phones in L1 acquisition, ranking
second after [d]. This is mostly due to the fact that [w] is the preferred
replacement for [1] (.86 of the I-errors). Usage of /w/ as a substitute for
other sounds is an instance of gliding, a regular error pattern observed in
L1 acquisition, whereby sounds resembling the glides /w/ or /j/ replace
other segments, typically /r/ and /1/.!
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The early acquisition of /w/ by English-learning children may in part
be due to the fact that the labio-velar glide only occurs in onset position.
As has been discussed above (see §5.2.1), onsets are perceptually and
articulatorily more robust than codas and therefore the unmarked prosodic
environment. Another factor accounting for the patterns observed in L1
acquisition may be articulatory ease. While [w] involves two constrictions,
these are formed by independent articulators. The typological distribution
of vowel quality further indicates that high back vowels are strongly

! Substitution of [w] for labiodental
fricatives in the acquisition of L1 German
was observed in a case study by Elsen
(1991). While Olmsted (1971) observed
cases of [w]-substitution for around 2/3
of all consonants, there was no instance in
which it replaced /v/. However, Smith’s
(1973) case study on an English-learning
child did report [w]-substitution for
labiodental fricatives.
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Figure 7.1: /w/ in English L1 acquisition
in comparison to other consonants. Panel
(a): Points mark the age of acquisition
(.75), bars indicate the age of customary
production (.50 accuracy, lower end), and
age of mastery (.90, upper end). Estimates
are based on a joint analysis of 4 studies
(see §3.3.2). Panel (b): Accuracy rate by
age. The points denote estimates reported
in the individual studies, the trend lines are
averages based on the joint analysis.



associated with lip rounding (cf. Figure 4.10, p. 60), suggesting a natural
link between these strictures.

To recapitulate, typological records, L1 acquisition, and the physiology
of articulation indicate that /w/ may be considered a natural, unmarked
sound. Table 7.1 summarizes support for this classification.

Criterion [w]

Implicational relationship o
Cross-linguistic frequency -
L1 acquisition -=
Synchronic/diachronic instability o
Articulatory complexity -

7.2.2  Frequency and orthography

As Figure 7.2 shows, our survey of English phoneme frequencies (see
§3.3.3) positions /w/ above average relative to other English consonants,
with an estimated median frequency of 2.4 instances per 100 segments.
Orthographically, /w/ is denoted by <w> (water) and <qu> (query), but
also <wh> (when) and <u> (linguist). Among the exceptions are the
high-frequency words one and once (Cruttenden 2014: 232).

7.2.3  Similarity

The perception of English /w/ by German learners has received some

attention in the literature. Bohn & Best (2012) studied L1 German listeners’

perceptual sensitivity to the English approximant contrasts /w/-/r/ and
/w/-/v/ in onset position. A two-choice identification and an AXB dis-
crimination task were used. A total of nn = 18 students from the University
of Kiel in northern Germany participated in the study (Mag, = 21). For
the /w/-/r/ category boundary location and slope, the perception of
German learners was equally categorical to that of native speakers. German
listeners, however, gave statistically more w-responses near the category
boundary. As a result of this bias and German listeners’ lower sensitivity
at the /w/-end of the continuum, English listeners’ rate of correct dis-
crimination was statistically higher (.75 vs. .68 for German subjects). In
the AXB discrimination tests for the /w/-/j/ contrast, however, it was
German listeners who showed a higher rate of correct discrimination (.90
vs. .75), even at the /w/-end of the continuum. The authors attribute this

to German listeners’ oversensitivity to lip rounding as a distinctive feature.

L1 experience may thus result in a bias toward acoustic cues reflecting
rounded-unrounded oppositions, with possible overshadowing effects of
the acoustic correlates of [+ round].

Wieden & Nemser (1991: 159) investigated cross-sectional patterns in
the perception of English [w] by 1 = 384 Austrian learners.> An X-ABC task
contrasted the nonce words [wiift] vs. [wizft], [viift], and [1i:ft] spoken by
a BrE native speaker. The perceptual matchings at different proficiency
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Table 7.1: Summary of markedness criteria
for [w]. Open circles o denote no (or
inconclusive) evidence; (+)+ refers to
(strong) evidence for marked status; (-)-
refers to (strong) evidence for unmarked
status.

:
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Frequency (per 100 segments)

Figure 7.2: Frequency of /w/ relative to
other English consonants, expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the absolute values of the
rates. Data are pooled across 9 studies (see
§3.3.3 for details).
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Figure 7.3: Perception accuracy of [w]
against English [1] and German [v] in
Austrian instructional-setting learners by
years of learning, ranging from 0 (grade 3)
to 8 (grade 11). The graph shows the share
of [w]-tokens (mis-)identified as [w], [1]
and [v]; adapted from Wieden & Nemser
(1991: 159) with permission. In the original
graph, it seems that the labels “correct /w/”
and ”correct /r/” have been confused; this,
however, does not alter our conclusions.
Note that the category [v] is omitted in the
original chart.

2 The study included learners at 6 profi-
ciency levels, with n = 64 subjects in each
group. Years of instruction was used as an
indicator of developmental stage, which
ranged from 0 years (grade 3; 8-9 years of
age) to 8 years (grade 11; 16-17 years old).
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levels are reproduced in Figure 7.3. Across all stages, [w] is most likely

to be perceived correctly. At the initial stages, [w] is confused with [v] at
a rate of .40. Correct matching increased rapidly and plateaued at about
.80 at later stages. Perceptual confusion with [v] was observed to drop
sharply and level out at .10. Confusion with [1] remained constant at a rate
of approximately .10.

Iverson et al. (2008) studied the perception of English /w/ and /v/ by
n = 22 German learners (Mg = 23, Range [19; 46]). In an identification
task, subjects heard natural stimuli embedded in VCV sequences spoken by
native speakers. While the median level of accuracy was .94, considerable
variation was observed among learners, with some performing at chance
level. The authors divided the informants into two groups based on their
score in this task. The groups showed drastically different performance
in subsequent perception experiments with synthesized stimuli. Tasks
were designed to measure reliance on place and manner cues to distinguish
English /w/ and /v/ and locate the listeners’ best exemplar for each
category. While the more proficient listeners showed perceptual matchings
and best exemplar locations similar to native speakers, the low-proficiency
group exhibited no systematic discrimination between /w/ and /v/ in
terms of place and manner features.

In brief, L1 German learners show relatively high accuracy rates in the
perception of English [w]. On average, the rate of target-like categorization
is consistently higher than the misidentification rate across all developmen-
tal stages. When contrasted with the approximants /r j/, German learners
show categorical discrimination. However, they appear to be less sensitive
at the /w/-end of the respective continua if the contrast does not involve lip
rounding as a distinctive feature. At the initial stages, perceptual difficulties
have been documented for the contrast between English [w] and German
[v]. Nevertheless, sensitivity to this contrast appears to improve, on average,
during the course of IL development. For the English [w]-[v] contrast,
perceptual learning may yield cue reliance and weighting similar to that of
native listeners. However, substantial differences may be observable among
adult learners in terms of their ability to discriminate English [w] and [v].

7.3 L2 acquisition of English /w/: Theoretical predictions

This section considers /w/-acquisition by German learners from the
theoretical viewpoints discussed in Chapter 2.

CAH As a familiar allophone of a new phoneme, the labio-velar glide
/w/ is expected to cause no difficulties for German learners. While
phonologically grounded L1 transfer is predicted to surface in substitution
by [v v], distributional reassignment of the German high back vowel /u:/
would allow positive transfer, resulting in a phonetically similar segment in
speech production.

SLM Based on the results of perception studies reviewed above, we may
assume that (i) [v] is the perceptually closest L1 sound, and (ii) [v] is
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perceived as moderately similar to [w]. This points to relatively accurate
perception of English /w/ by the majority of German learners. A minor
population, however, may experience perception-based difficulties in
/w/-production. Accordingly, the SLM predicts target-like perception (and
production) by the majority of German learners. Perceptual confusion is
most likely to surface in [v]-like sounds in speech production.

FCM The phonological features contrasting [w] from [u: v v] are: conso-
nantal (0.95) > anterior (0.50) > sonorant (0.27) > porsaL (0.23). Table 7.2
shows the prominence-based ranking of substitutes. The FCM predicts [u]
as the perception-based substitute in speech production.

Consonant Rank [cons] > [ant] > [son] > [por] Zfalt;,}llz ;.éi\iubstitutes for [w]: Predictions
[u:] 1 - - + +
[v] 2 + + + -
[v] 3 + + - -
[w] + - - +

SCH/MDH The evidence cited above suggests that [w] is an unmarked
segment. The SCH and MDH therefore predict /w/ to be acquired with
ease. Further, /w/ only occurs in onset position, which may be considered
a further facilitating factor. Due to the relatively more marked status of
clusters, singleton /w/ is expected to be acquired earlier.

NM/NDH Evidence from L1 acquisition is not suggestive of any natural
processes that require suppression in the acquisition of [w]. Rather, the
labio-velar glide appears to be the outcome of natural lenition processes
such as liquid gliding and may thus be considered a naturally emerging
structure. Accordingly, it should pose no difficulties in L2 acquisition. A
mildly facilitating effect of input frequency may be assumed. This claim
rests on the insight that /w/ is a moderately frequent structure.

FM  The FM anticipates perceptual and sensorimotor learning to initiate a
phase of variable production sensitive to focus on form, which is followed
by a phase of overly faithful production. At the final stages, learner speech
is predicted to reflect functional principles that operate at the post-lexical
level. This includes style-dependent modification of articulatory effort,
which is expected to surface in different degrees of lip rounding and/or
velarization. Further, similar to native speech, phonetic context is expected
to affect [w]-production in two ways: (i) voicing may vary depending on
stress and the sonority of the preceding segment; and (ii) labialization
may vary with the place of articulation of the following vowel (see §7.1).
In addition, a slightly facilitative frequency effect is expected to surface in
/w/-perception and production.

MSA  With no known articulatory constraints on [w]-production, the MSA
reduces to the SLM.
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LTD The LTD posits [w]-accuracy to be sensitive to structural strength.
At the level of the syllable, we expect the following tendencies: (i) delayed
acquisition in unstressed syllables; and (ii) delayed acquisition in onset
clusters relative to onset singletons. Strength marking is further assumed
to be reflected in the type of variants observed. Weakened variants in
w-marked positions may thus show lower degrees of voicing, velarization
and/or labialization.

OPM In OPM terminology, /w/ is a normal structure. The model thus
predicts initial L1 transfer of [v v]. A moderate influence of universal
constraints may in fact be hypothesized to promote acquisition of [w] since
it is an unmarked segment. Given that target [w] may be motivated by both
L2 and U, it is expected to emerge early in GLE.

The set of hypotheses about expected patterns in GLE is summarized
in Table 7.3. Next, we take a look at previous empirical work on /w/-
production by German learners of English.

Theory

Predicted patterns in L2 acquisition by German learners

CAH

SLM

FCM
MDH/SCH

NM/NDH

M

LTD

OPM

Early acquisition
Phonological substitute: [v v]
Phonetic substitute: [u:]

No difficulty for the majority of learners
Substitution by [v] in a minor population of learners

Perception-based substitute in speech production: [u:]

Early acquisition
Acquisition order: singleton > cluster

Mildly facilitating effect of frequency
Early acquisition

Mildly facilitating effect of frequency

Development: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech processes
Late acquisition of context-dependent variation in labialization and
voicing

s-marked positions: early acquisition; more canonical realizations of
[+voiced, +velar, +labial]

w-marked positions: delayed acquisition; less canonical realizations of
[+voiced, +velar, +labial]

Acquisition order: stressed > unstressed syllables; singleton > cluster

Early acquisition
Substitutes at early stages: [v v]

7.4  English /w/ in German Learner English: Previous work

Contrastive accounts of German and English phonology typically make
some mention of /w/ as it is a new consonant for German learners. Thus,

Table 7.3: The acquisition of /w/ by
German learners: Summary of predictions
based on theoretical work.



Mair (1995: 15) considers the labio-velar glide an easy sound and states
that it is acquired early by German learners. Arnold & Hansen (1974: 77)
and Kufner (1971: 45) consider German /v/-allophones the most likely
substitutes for English /w/. Keutsch (1974: 67) notes that German learners
tend to anticipate features of the following vowel in their productions of
English /w/ and therefore may produce insufficient lip rounding before
unrounded vowels and insufficient velarization before front and central
vowels. Kufner (1971: 45), on the other hand, remarks that German learn-
ers experience particular difficulty in pronouncing /w/ intervocalically
and after voiced consonants. In other words, /w/-accuracy is claimed to be
sensitive to the sonority of the phonetic environment.

Empirical evidence on the acquisition of /w/ by German learners has
been reported in a number of studies. Sieg (2004, quoted in Wode 2009)
investigated /w/-production in L1 German primary school immersion-
setting learners from grade 1 to 4. The majority of the subjects had attended
a pre-school immersion program, with only few learners having had no
prior knowledge of English. The correct production rate for /w/ was high
across all age groups (.93/.95/.99/.99). The predominant substitute at all
stages was [v], followed by []. No distinction appears to have been made
between [v] and [v].

A study by Langguth (2009) investigated /w/-production in three
groups of German learners with different amounts of instruction (n =
7 each): 5t-graders (age: 10-11), 9™-graders (14-15) and 12-graders
(17-18). Production accuracy increased with age and was consistently high
(.92/.96/.99), the most frequent substitutes being [v] and [B]. This study
also did not distinguish between [v] and [v].

Iverson et al. (2008) studied the production and perception of English
/v/ and /w/ by n = 22 German learners. The subjects were between 19
and 46 years of age (Mdn = 23) and had started learning English between
the age of 6 and 44 (Mdn = 11). Four trained phoneticians (English native
speakers) rated the accentedness of both consonants produced in a single
sentence (The heavy wind swept away Valerie’s velvet scarf’) on a scale from
1 to 7, the highest score indicating native-like production. The ratings
showed that /w/ was produced in a near native-like fashion by the majority
of learners (Mdn = 6).

Pascoe (1987)3 studied 1 = 26 instructional-setting learners from
southern Bavaria (age: 14-16, grades 8-10). An overall correct production
rate of .54 for /w/ was noted, with a large gap between students with
poor and good pronunciation (.19 vs. .93). The most frequently observed
substitute was [v], with a considerable amount of inter- and intra-speaker
variation. These figures contrast with those reported by Sieg (2004, quoted
in Wode 2009) and Langguth (2009), who observed correct production
rates exceeding .90. This may in part be due to the L1 background of the
researchers. While the learner productions in Sieg (2004) and Langguth
(2009) were rated by native speakers of German, Pascoe’s subjects were
assessed by BrE speakers. It is likely that listeners with different L1
backgrounds may rate learner productions differently and empirical
accounts in the literature may therefore not be directly comparable.

Further evidence on /w/-production by instructional-setting learners

THE LABIO-VELAR GLIDE /w/

3 See §3.3.1 for details.
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from southern Bavaria is reported by Kucharek (1988: 131, 144), who
studied a total of n = 580 learners divided into 5 groups: students in grade
6 (n=169),7 (n =138),8 (n =117),and 12 (n = 94), and teachers (n =
62). Production accuracy was assessed with 4 items (when, watched, walked,
we), which were elicited with a reading passage. As shown in Figure 7.4,
accuracy rates ranged between .70 and .80, with a difference of about
.10 in absolute terms between 7" and 12"-graders. Teachers showed a
production accuracy of .98.

Table 7.4 summarizes insights gained in empirical work on /w/-
production by German learners. Reported accuracy rates range from
.20 to 1, with a tendency toward high rates. Observed substitutes are [v v 3
1]. Only little is known about factors underlying variability in production
accuracy.

Results Notes Study

Accuracy rate .93-.99 Grades 1-4; age: 6-10 years Sieg 2004
92-99 Grades 5,9, 12; age: 10-18 years Langguth 2009
71-82 Grades 6-12; age: 11-18 years ~ Kucharek 1988
19-93 Grades 8-10; age 14-16 years Pascoe 1987

7.5 Aims of this study

This investigation aims to make contributions to the study of /w/ in
German Learner English by focusing on two aspects:

e cross-sectional patterns in the realization of /w/ and
e linguistic factors constraining the realization of /w/.

Cross-sectional patterns in the realization of /w/

Predictions derived from theoretical work unanimously consider /w/

an easy structure that is expected to be acquired early by the majority of
German learners (CAH, SLM, MDH/SCH, NM/NDH, OPM). Predicted
L1-derived substitutes are [v] and [v] (CAH, OPM), with perceptual
interference causing bias toward the latter (SLM). Learners may also
transfer L1 [u:] to produce phonetically target-like variants (CAH; FCM).
Quantitative evidence in the literature suggests a developmental increase
in target-like production and this study aims to contribute to the empirical
record.

Linguistic factors

Linguistic factors influencing /w/-production are an understudied area.
Constraints put forward by theoretical accounts include onset complexity
(SCH/MSH; LTD) and structural strength (LTD). This study will focus

Accuracy rate
»

6 7 8 12
Grade

Figure 7.4: /w/-accuracy in the produc-
tions of German instructional-setting
learners in grade 6, 7, 8, and 12 in compari-
son to teachers; data from Kucharek (1988).

CO]

Table 7.4: Empirical evidence from
auditory studies on /w/ in German
Learner English: reported accuracy rates.



on phonetic context effects that have been reported to influence /w/-
production in native and non-native speech:

o Preceding segment: Based on the literature, /w/-accuracy is hypothesized
to be sensitive to characteristics of the preceding segment. In native
speech, the degree of voicing in /w/ increases with the sonority of the
preceding segment (see §7.1). For GLE, Kufner (1971: 45) claims that
production accuracy is lower after more sonorous sounds. Specifically,
difficulties in /w/-production are stated for intervocalic contexts and
after voiced segments. This study aims to offer insights into /w/-
variation as a function of the sonority of the preceding context.

e Following vowel: It was noted above that /w/-realization in native speech
varies conditional on properties of the following vowel (see §7.1), with
/w/-tokens preceding back rounded (vs. more front and more open)
vowels exhibiting greater lip rounding. Keutsch (1974: 67) reports the
same tendency for GLE, but offers no data to support this claim. Due
to the status of /w/ as a double articulation, the following vowel may
influence /w/-accuracy in GLE in two ways. The constriction location
of the vowel may affect the degree of velarization, with more canonical
instantiations of the feature [+velar] before close back vowels. The
degree of lip rounding, on the other hand, may be sensitive to the degree
of vowel labialization, with more rounded variants in the vicinity of
rounded vowels. This study will explore possible carry-over effects of
articulatory characteristics of the nucleus. Specifically, /w/-accuracy is
expected to vary with (i) the constriction location and (ii) lip rounding
of the following vowel.

7.6 Method and data

Informants, materials and procedures

The following analyses rely on four data sets, three of which are taken from
previous work on GLE:*

o The SpIL corpus (Pascoe 1987) includes a total of n = 323 instances of
Jw/.

o The database provided by Wunder (2012) contains n = 14 labio-velar
glides per subject, adding to n = 420 tokens for analysis.

o The third data set was provided by Rank (2016) and contains n = 46
/w/-items per speaker (word list: n = 16; reading passage: n = 30). This
sums to n = 1,196 tokens in total.

e In the present study, each learner produced n =19 /w/-tokens (n =5 in
the word list; n = 14 in the short conversations), amounting to a total of
n = 1,152 tokens for analysis (# = 26 missing observations).

The recordings of Wunder (2012) and this study were analyzed au-
ditorily by the present author. Learner productions were assigned to
three categories: [w], [v B], and [v]. No distinction was made between the
bilabial approximant [$] and the labiodental approximant [v] as it was
often difficult to differentiate between them. The auditory classifications

THE LABIO-VELAR GLIDE /w/ 157

* The data sets analyzed in the present
chapter are openly available via the Tromse
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
F1A340 (Sonning et al. 2020b). See

§3.3.1 for further information on the
supplementary data sets.
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Pascoe 1987 Wunder 2012  Rank 2016 This study

Realization Pr (n) Pr (n) Pr (n) Pr (n)
Observed variants
[w] 54 (174) 71 (299) 80 (957) .78 (898)
[v] 46 (149) 21 (90) .08  (96) .22 (254)
[v] .00 (0) .07 (31) .12 (143) .00 (0)
Categories used for analysis
Target 54 (174) 71 (299) .80 (957) .78 (898)
Non-target 46 (149) 29 (121) 20 (239) 22 (254)

for Pascoe (1987) and Rank (2016) are the ones offered by these authors.
Table 7.5 summarizes the distribution of variants in the data sets. For the
ensuing analyses, [v] and [v] were collapsed into a single category, resulting
in a binary classification of learner productions into target and non-target.
Accordingly, Table 7.5 distinguishes between observed variants and categories
used for analysis. The aggregation of [v] and [v] allowed for better compara-
bility (i) between the four data sets considered and (ii) with earlier studies
that appear to have made no distinction between these variants (Sieg 2004;
Langguth 2009). Overall, target accuracy ranged between .50 and .80 in the
four data sets considered.

The categories chosen for the preceding segment aimed to reflect
sonority using six classes. First, three broad contexts were distinguished,
depending on whether /w/ followed a pause, a consonant, or a vowel.
Consonants were further subdivided into voiced and voiceless. Vowels
were further broken down into spread [i: 1 €], neutral [3: o a: a &] and
rounded [p oz v u:]. The following vowel, on the other hand, was assigned
to one of 6 categories, which represent major regions of the vowel space: i
[ir 1], e[eeree], alaaai,opoor], ufvui, and central [3: a].

Table 7.6 shows the distribution of the predictor variables in the data
sets. While the token frequency gives the total number of /w/-observations
in each study, the type frequency reflects the range of different lexical
items on which the total token count is based. In the balanced data sets by
Wunder (2012), Rank (2016) and this study, is it roughly the number of
tokens divided by the number of subjects (minus missing cases). The next
paragraph provides some details about the statistical analysis and may be
bypassed with no loss of continuity.

Statistical analysis

Since /w/-production was categorized as a binary outcome (target vs. non-
target), all data sets were analyzed with multilevel logistic regression
models. These models followed Barr et al.’s (2013) recommendation and
included random intercepts on subject and word, by-subject random slopes
for the linguistic factors (preceding segment, following vowel), and by-
word random slopes for proficiency. In order to make the estimates for the
linguistic predictors more comparable across the data sets, custom contrast

Table 7.5: Distribution of variants in
the three data sets. “Pr” denotes the
proportional share of a variant.



Condition

Pascoe 1987

Wunder 2012

Rank 2016

This study

Types Tokens Types Tokens Types Tokens Types Tokens

Preceding segment

Vowel
Spread 11 68 3 90 6 182 3 186
Neutral 10 30 — — 5 130 3 186
Round 7 14 4 120 1 26 2 124
Consonant
Voiced 14 79 — — 2 52 3 186
Voiceless 14 40 3 120 11 390 1 62
Pause 12 92 2 90 12 416 6 434
Following vowel
alaaai 3 36 — — 5 156 — —
e [eer 2] 9 55 2 90 9 338 4 372
i [ir 1] 7 129 4 150 7 364 3 248
0 [poo] 6 89 4 120 3 156 5 558
u [u i 1 4 — — 2 104 — —
central [3: 9] 5 10 1 60 3 78 — —

were used to represent these categorical predictors in the analysis (see
Schad et al. 2020). The coding, which is listed in Appendix A.7, streamlines
the intercept across the analyses to represent the average accuracy rate
across shared levels of these predictors: For the following vowel, this is
the weighted average ¢, i, and o; for the preceding segment, that of neutral
vowels and voiced consonants. Since all conditions are then contrasted
with this shared set of contexts, the coefficients can be compared somewhat
more accurately. The structure of the regression models is detailed in
Appendix A.7. Regularizing priors were attached to all predictors, and a
weakly informative prior was specified for the intercept to add external
knowledge about the expected accuracy rate at a proficiency level of

0. Figure 7.5 shows the correspondence between the indications in the
literature and this distribution, which assigns 90% probability to the
interval [.39, .99].

7.7 Constraints on generality

Before we come to the results, we should specify to which extent they allow
us to generalize beyond the data at our disposal.

o Language-external scope: To the best of my knowledge, there are no
dialectal features that would restrict the generalizability of the present
findings to other populations of German instructional-setting learners.

o Language-internal scope: It seems that there are no limitations due to the
choice of lexical items in the materials across the studies. However, the
set of words is likely biased toward higher-frequency items.

o Speaking style: The findings based on the present study, Wunder (2012)
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Table 7.6: Distribution of types and tokens
across the levels of the linguistic factors in
the four data sets.

Density

—  Sieg 2004
— Langguth 2009
— Kucharek 1988
Pascoe 1987

Figure 7.5: Prior for the intercept parame-
ter in the model in comparison to the rates
reported in the literature. @®



160 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

Pascoe 1987 Wunder 2012 This study Rank 2016
14 (o] O 000 800 - o] [l Ne) o A 00 O O O coasd - o,
0O 0O0O0 o (o] © G000 0 O©@
o 0o °, 308° 3 | C.5TRR A
© o o o o o
= o oo ® 45 ° o
c o OO o0y
'-g 5 o 4 ° ° i 0%o i )
O 8 o o o o
'g o o] ° ° oO °
o o [ele] °
o (o] [e] oo
o o (o] o
04 oo oo Bl o - 1
2 1 0 1 2 -1 0 1

Proficiency (z-score)

and Rank (2016) extend to reading tasks only. The data from Pascoe
(1987), on the other hand, represent more natural speech.

7.8 Results

Let us start with a visual examination of the data. Figure 7.6 shows, for
the four data sets, how the accuracy rate for /w/ varies among speakers.
Except for the speakers in Rank (2016), subjects are arranged by proficiency
level. Each point shows the rate of target-like [w] for a particular learner.
The dispersion of individuals in the four panels is very similar:

e At lower levels of pronunciation ability, there is considerable variation
between learners in terms of /w/-accuracy. Target rates extend across
the entire range and many individuals appear to alternate frequently
between target and non-target renditions.

o Between-learner variation decreases at higher proficiency levels, as the
share of [w] in German learners’ productions approaches 1, on average.

o Categorically target-like renditions appear to be only observable among
high-proficiency learners.

We sidestep technical details about the regression models, which
we defer to Appendix A.7°, and directly turn to a visual inspection of
relevant quantities. Figure 7.7 gives a graphical summary of the results
for /w/-accuracy by proficiency. The regression lines give a condensed
summary of the descriptive patterns above. Error bands indicate 50% and
90% uncertainty intervals. Estimates of the [w]-rate at representative levels
of pronunciation proficiency are given in Table 7.7. Figure 7.7 offers the
following insights:

e While the three data sets yield similar estimates for advanced learners,
there is notable divergence at the lower end of the proficiency scale.

e Pascoe’s (1987) data suggest an increase from about .05 to almost 1
across proficiency levels.

o The systematic variability in the productions of Wunder’s (2012)
subjects is much smaller, extending from about .70 to .90.

o The learners in the present study show an increase from about .40 to .95,
on average.

Figure 7.6: Accuracy rate for /w/ by
proficiency level in the different data sets.
The graphs show the proportion of target
realizations. @@®

® Appendix A.7 reports convergence
diagnostics for each analysis and the
posterior distribution of the model
parameters.
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Findings for the effect of the following vowel are summarized in Figure
7.8. In the left panel, the vowel classes are ordered along the horizontal
axis, from rounded to neutral to spread. This arrangement aligns with the
hypothesized association between the degree of velarization in /w/ and the
place of constriction of the following vowel — that is, vowels are ordered
according to their approximate distance from cardinal [u]. The vertical axis
in Figure 7.8 signals variation in target accuracy: Points in the upper part of
the display indicate higher accuracy rates. Letters are used to denote the
source of an estimate (e.g. “P” for Pascoe 1987). What we are looking for in
this graph is whether there are vowel classes that are consistently, or at least
on average (across studies), associated with higher (or lower) accuracy
rates. The estimates are on the logit scale. For instance, the category a
[a a a:] appears to boost the accuracy rate by +2 logits, compared to the
reference condition, which is the average across the categories e, 7, and o.
The correspondence between differences in logits and the more familiar
differences in proportions depends on where along the scale from 0 to 1
comparisons are made. The right-hand panel establishes a link between
the scales. To this end, the horizontal axis shows anchor values, that is,
potential accuracy rates for the reference set (i.e. the average across ¢, i, and
0). Thus, for lower proficiency learners (with a reference accuracy rate of
about .50 to .60), an increment of +2 on the logit scale corresponds to a
difference of about +.35 on the proportion scale. For intermediate learners
(reference rate: .70), the [w]-share climbs by about +.25, and for advanced
learners (reference rate: .90), the ceiling effect shrinks the increment to
roughly +.05. Thus, the magnitude of a facilitative or impeding "“effect” of
certain vowel categories on the proportion scale depends on the reference
rate. Figure 7.8 hints at the following patterns:

o There is no discernible trend when vowel groups are arranged by their
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Figure 7.7: Results for /w/: Estimated
correct production rate by proficiency
level. Error bands mark the 50% and

90% posterior intervals. The predictor
preceding segment is held at the simple (i.e.
unweighted) average of neutral vowels
and voiced consonants; for following vowel,
values are set to the simple average over the
categories e, i, and o.

Table 7.7: Accuracy rate estimates for /w/
by study and proficiency level: Posterior
medians and 5% and 95% quantiles,
which mark the limits of 90% uncertainty
intervals.
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distance from cardinal [u]. That is, there is no consistent cline across
vowel categories from left to right.

e As for vowel labialization, there appears to be no systematic link with
accuracy rates: Round (left), neutral (center), and spread vowels (right)
appear to show similar rates, on average.

e High back and central vowels (u, c) seem to be associated with lower
levels of /w/-accuracy.

e On balance, mid and open back, and open central vowels (o, a) appear to
favor correct production.

e The indications for mid and high front vowels (e, i) are weak and
inconsistent.

Figure 7.9 is constructed in the same way and shows the patterns
observed for the preceding segment. The contexts are ordered by sonority,
in decreasing order from left to right. The following points are noteworthy:

o Higher accuracy rates are found after a pause and neutral vowels.
Voiced consonants appear to be linked with lower accuracy rates.

e Sonority: Apart from a tendency toward higher accuracy after voiceless
vs. voiced consonants, there is no across-the-board trend for sonority
since vowels do not differ systematically from consonants.

To allow for comparison of the variation by preceding segment and
following vowel, Figures 7.8 and 7.9 were drawn with the same vertical
axis limits. Given the classification scheme applied in the present study,
it appears that variation as a function of the following vowel is greater in
magnitude, indicating /w/-accuracy to be more sensitive to the following
nucleus than to characteristics of the preceding context.

7.9  Summary and discussion

This chapter was concerned with German learners’ acquisition of the
English labio-velar glide /w/. A contrastive analysis revealed the absence
of this consonant from German, whose high back vowel /u:/ is the phonet-
ically closest sound. Phonologically, the closest L1 sound is /v/, which is

Figure 7.8: Left panel: Variation in /w/-
accuracy before different groups of
vowels, which are shown on the horizontal
scale. The plotted symbols denote, on

the logit scale, the deviation of a vowel
group compared to the average accuracy
rate before [ei0]. Letters indicate the
data set from which the estimate was
computed ([PJascoe 1987, [W Junder
2012, [R]ank 2016, this [S]tudy). Higher
values denote higher /w/-accuracy. Right
panel: Translation of the logit differences
to differences on the proportion scale

for different anchor values, i.e. average
accuracy rates before [ei0]. @®
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typically realized as a labiodental approximant [v]. From the viewpoint of
linguistic constraints, English [w] was classed as an unmarked structure,
based on insights gained from typology and L1 acquisition. Perceptually,
English [w] appears to pose no difficulties for most German listeners.
Consequently, a theory-guided assessment of /w/ unanimously predicted
relative ease of acquisition for this structure. Empirical evidence is broadly
consistent with this claim, with most studies reporting accuracy rates
between .70 and 1. Linguistic factors underlying /w/-accuracy in GLE have
so far received no attention in the literature.

The objective of this study was to provide further quantitative insights
into the rate of target-like production across different levels of L2 pronun-
ciation ability by means of a parallel analysis of four data sets. Guided by
anecdotal evidence in the literature, an exploratory analysis of phonetic
context effects was conducted, in expectation of lower accuracy rates after
sonorous segments. /w/-accuracy was also hypothesized to be sensitive to
lip rounding in the preceding vowel, with more target-like production after
rounded vowels. As for the following vowel, it was assumed that shared
features trigger higher accuracy rates. Specifically, /w/ was expected to be
produced more accurately before rounded (vs. neutral and spread) vowels
and high back (vs. more front and more open) vowels.

Findings for variation in target accuracy across proficiency levels
were coherent with those in the literature but revealed variable accuracy
rate estimates. The largest discrepancies were observed between lower
proficiency learners, whose estimated correct production rate ranged from
.05 to .70. For intermediate-stage learners, these figures varied between .60
and .90 and for advanced learners the three data sets consistently suggest
accuracy rates of .90 or higher.

Two factors may help explain the variation in accuracy rate that was
observed between the lower proficiency learners in the three studies.
First, the type of speech elicited by Pascoe (1987) can be considered the
most natural. A less monitored speaking style may account for the low
accuracy rates observed among the lower proficiency learners in the SpIL
corpus. This explanation sits well with the OPM, which posits an increase
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Figure 7.9: Left panel: Variation in /w /-
accuracy after different segment groups,
arranged on the horizontal scale by
sonority. The plotted symbols denote, on
the logit scale, the deviation of a segment
group, or sonority level, compared to the
average accuracy rate before neutral vowels
and voiced consonants. Letters indicate
the data set from which the estimate was
computed ([P]ascoe 1987, [W]under
2012, [R]ank 2016, this [S]tudy). Higher
values denote higher /w /-accuracy. Right
panel: Translation of the logit differences
to differences on the proportion scale

for different anchor values, i.e. average
accuracy rates before neutral vowels and
voiced consonants. @®
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in L1-derived [v v] and a decrease in target [w] in less monitored speech.
The fact that variation is primarily observed in less proficient speakers

is unsurprising from the viewpoint of the FM, which predicts stylistic
variability at early stages of /w/-acquisition. A further indication of the
relevance of stylistic factors is the consistency of figures derived from more
monitored speech (i.e. Wunder 2012, Rank 2016, and the current study)
with those reported in earlier work, which also (predominantly) resorted
to reading tasks for data elicitation (Kucharek 1988; Langguth 2009). A
second source of variation may be the L1 of the rater. Thus, the study by
Pascoe (1987) was the only one in which a native speaker categorized the
variants produced by learners. It is possible that as a result of L1 experi-
ence, raters with different native language backgrounds arrive at different
categorizations of productions that vary along a continuum. The category
boundary between [w] and [v] may assume slightly different locations

in the perception grammars of L1 English and L1 German listeners. In
particular, while English listeners have established a robust category for [w],
it is a new sound for German listeners. Even with considerable phonetic
training, English listeners may apply different criteria for an assignment of
learner productions to the /w/-category.

With all data sets revealing considerable variation up to intermediate
levels of L2 pronunciation ability, the strong prediction about general
ease of acquisition is not supported by the present investigation. Rather,
the patterning of subjects is consistent with earlier empirical work on
the perception of [w] by German listeners, which pointed to deficient
perceptual parsing by a minor population of German learners (Wieden &
Nemser 1991; Iverson et al. 2008).

The association between the observed variation in target accuracy and
characteristics of the following vowel did not lend support to observations
by Keutsch (1974: 67), who noted that high and mid front unrounded
vowels (e, i) disfavor target-like /w/-production. The findings for these
vowel types were mixed, and the predicted pattern was only borne out by
Pascoe’s (1987) data (cf. Figure 7.8). For back vowels, the analyses yielded
unexpected results. Thus, there was no boost in accuracy before u-vowels,
despite the shared features [+round] and [+back]. Back rounded o-vowels,
on the other hand, are associated with more target-like production. As far
as these results go, it seems that the association between /w/-accuracy and
the following vowel cannot be pinned down to tongue configuration and
lip rounding. Rather, this association appears to be mostly idiosyncratic
with certain vowels favoring /w/-accuracy. The picture is far from clear-
cut, however, and more work is needed to elucidate the link between
/w/-accuracy and the nucleus of the syllable.

Results for the preceding phonetic context showed consistently higher
accuracy rates after a pause. Little systematic variation was observed for
sonority and characteristics of the vowel, and lip rounding and place of
articulation of the following vowel did not show the expected association
with production accuracy. These findings thus only partially support
Kufner’s (1971: 45) observations on the relationship between /w/-accuracy
and sonority. With target-like production being consistently higher after a
pause, it appears that utterance-initial position is a preferred environment



for [w] in GLE. A consistent effect of the sonority of the preceding segment,
on the other hand, could not be detected, as there was no discernible cline
between voiceless and voiced consonants or between consonants and
vowels. As for place features of the preceding vowel, lip rounding appears
to play a negligible role.

From the viewpoint of L2 phonological theory, knowledge about
phonetic context effects of the kind investigated in the present study
remains scarce. It seems that the immediate phonetic environment has
so far been neglected in theoretical work. Empirical research on within-
structure variation that reflects adjacency effects therefore lacks principled
guidance on expected patterns of variation. While hypotheses may be
scaffolded by recourse to patterns of variability observed in the TL and
other populations of (non-)native speakers, this approach lacks formal
grounding. From an empirical perspective, suggestions for future efforts
toward an understanding of the mechanisms underlying this form of
within-structure variation can be made. Thus, to provide a sound basis for
quantitative work, it appears that three aspects of phonetic context effects
should be taken into consideration:

e First, whether phonetic features in [w] interact with the immediate
environment may depend on the prosodic proximity of focal segments,
i.e. the level of prosodic representation at which they are conjoined.
Thus, adjacency effects may be more likely between elements in the same
syllable (e.g. in consonant clusters or between onset and nucleus or
nucleus and coda) and decrease in likelihood at higher-level prosodic
boundaries. This could explain why /w/-accuracy was more strongly
associated with the following nucleus than with the preceding context,
as the left-ward interaction crossed a syllable boundary.

e Second, phonetic context effects can operate from two directions,

i.e. forwards or backwards. Little is known about the likelihood of direc-
tionality in learner speech. Other things being equal, focal segments may
be more likely to preserve or anticipate features, reflecting preferential
sensitivity to the preceding or following context.

e Third, adjacency effects may lead to feature assimilation and/or dissimi-
lation. Thus, identical features in neighboring segments may occur as
a result of coarticualtion, or they may be actively disfavored, leading to
dissimilation.

It appears that efforts toward filling this niche in L2 phonological
theorizing may profit from close links between empirical and theoretical
work. While formalized accounts may be guided by quantitative evidence,
empirical work on within-structure variation would benefit from theoretical
advances in this domain, which may offer deeper explanatory accounts of
observable patterns.

A limitation of the present study are the narrow conclusions that are
warranted on the basis of a binary distinction between target and non-
target variants in learner speech. This is especially true in the case of /w/.
Due to its status as a double articulation, two strictures contribute to
production accuracy. Binary approaches fail to provide insight into the
acquisition of the labialization and velarization of target /w/. While it
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is desirable for future studies on GLE to contrast [v] and [v], it must be
conceded that a distinction between these variants can in many instances
not be reliably made. Complementary instrumental techniques seem to
offer promising opportunities for further research. In particular, acoustic
measurements may provide a more nuanced reflection of variation along
the [w]-[v]-[v] continuum.® While the formant structure of these sounds
provides acoustic cues corresponding to the degree of labialization and
velarization, measures such as the harmonicity median and the center of
gravity may serve to distinguish between [v] and [v w] (cf. Hamann &
Sennema 2005a; see §8.1). Acoustic information may thus differentiate
between the three major /w/-variants observed in GLE and sidestep valid
concerns about the possibility of L1 bias in the auditory categorization of
variants.

Several linguistic factors suggested in the theoretical literature are
also worthy of attention in future work. These are structural strength,
onset complexity, and speaking style. While the latter was invoked to
offer an explanation for the divergence between Pascoe’s (1987) data and
the other data sets (as well as the literature), this explanation remains
speculative due to lack of direct comparability. More work is needed to
provide insights into stylistic variation in learner productions.

In sum, the following suggestions can be made for future studies on
/w/-production by German learners:

o If the focus of a study is on linguistic factors underlying variation in
/w/-production, subjects should be sampled from lower to intermediate
proficiency levels, as this subpopulation of German learners has been
consistently observed to exhibit the greatest variation.

o The few indications offered by the present analysis suggest phonetic
context effects to operate more strongly in natural speech, and to exhibit
the closest correspondence to predicted patterns in this speaking style.
This may serve as an impetus for future work to turn attention to less
monitored learner productions.

e Care should be taken when comparing word list data with connected
speech, as initial position has been documented to consistently favor
target-like production. Better comparability may then be achieved by
controlling for preceding phonetic context.

o The description of variants in learner productions should strive to
distinguish between [v] and [v]. Given the status of /w/ as a double
articulation, a comprehensive analysis may venture to disentangle labial
and velar components of target accuracy.

e As mentioned above, the application of acoustic methods bears potential
for the study of /w/-production by German learners. This unchartered
territory remains to be explored in future work.

¢ In a sociolinguistic study on allophonic
approximant variation in Mandarin, for
instance, Wiener & Shih (2013) successfully
applied F; as a measure for distinguishing
between labio-velar [w] and labiodental

[v].



8
The labiodental fricative [v/

Following our treatment of English vowels and sonorants, the next three
chapters turn to the production of obstruents by German learners. In
contrast to sonorants, obstruents differ categorically from vowels both
phonetically and phonologically and can be considered prototypical
consonants. The two major classes of obstruents are fricatives and stops.
While fricatives are the focus of this and the next chapter, Chapter 10 deals
with obstruents in coda position.

The noise component characteristic of fricatives is produced by bringing
two articulators sufficiently close together to cause turbulence of the

escaping air. This turbulence may be accompanied by vocal fold vibration.

From a typological perspective, English and German have complex sets of
fricatives. With only .06 of the n = 314 languages in the UPSID database
(Maddieson 1984: 47) having more than 8 fricatives (see Figure 8.1), the
inventories of English (n = 9) and German (n = 10) are relatively large.

Based on articulatory and acoustic characteristics, fricatives fall into two
classes. Sibilants (e.g. /s z [ 3/) are produced with the airstream hitting an
obstacle, giving rise to a high-frequency noise component. Non-sibilants
such as /f v 0 3/, on the other hand, are characterized by airflow parallel to
the obstacle and lower-frequency noise. Phonological descriptions capture
this difference with the feature [ +strident].

This chapter deals with the acquisition of the English labiodental
fricative /v/ in onset position. §8.1 contrasts English and German in
terms of their realization of this shared phoneme. After a consideration of
linguistic constraints involved in the acquisition of /v/ (§8.2), §8.3 consults
theories of L2 phonology to formulate expected patterns in GLE. §8.4 offers

a review of previous empirical work on /v/-acquisition by German learners.

This is followed by an outline of the aims (§8.5) and methods (§8.6) of this
study. §8.7 delimits the generality of our results, which are presented in
§8.8. §8.9 concludes with a summary and discussion.

8.1 Contrastive analysis

English and German share a pair of labiodental fricatives /f v/. These are
articulated with contact between the inner surface of the lower lips and

the edge of the upper teeth, causing turbulence in the escaping air stream.
While this friction is voiceless for /f/, /v/ may involve vocal fold vibration.

Proportion

0 5 10 12+
Number of fricatives

Figure 8.1: Distribution of the number of
fricatives in the world’s languages; data
from Maddieson (1984).
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English /v/ occurs in initial (very, visit), medial (ever, oven) and final
position (leave, cave). In the onset of a syllable, it may combine with /j/
(view, Vienna). In coda position, more cluster types exist — however, most
of these include a morpheme or syllable boundary, as /v/ may combine
with inflectional allomorphs (/vz/ leaves, caves; /vd/ loved, saved) or a
syllabic consonant as the second cluster constituent (/vn/ even, oven; /vl/
evil, grovel). The sequence /lv/ (solve, twelve) is an exception as it occurs in
monomorphemic and monosyllablic words (Cruttenden 2014: 196-198).

In connected speech, word-final /v/ is prone to coarticulatory influence
and may be realized as /f/ if the following word begins with a voiceless
consonant. This is usually observed in common sequences such as have
to ['heefto] and of course [of ko:s], but also surfaces in other environments.
/v/ may be elided in casual speech, especially before consonants (Roach
2009: 114). In particular, the high-frequency function words of and have
may show elision of /v/. In of, it is especially likely to be dropped when
followed by /8/ (Collins & Mees 2013: 126).

While a phonemic comparison of English and German reveals no
contrasts, divergence occurs at the allophonic level. Due to the devoic-
ing rule of obstruents in coda position (see Chapter 10), German /v/
is only licensed in syllable onsets. It usually occurs in initial position
(Wasser, /'vase/; weil /vail/) and less commonly in medial position (Mdwe
/'mgivo/) (Kohler 1995: 154). In syllable-final position it is devoiced
both as a singleton (aktiv /ak'ti:f/) and in consonant clusters (aktivster
/ak'ti:fste/). Moreover, syllable-initial /v/ is realized differently in the
two languages. English /v/ is generally described as being produced with
more energy and stronger contact between the articulators (Koziol 1959;
Arnold & Hansen 1974: 84; Scherer & Wollmann 1986; Eckert & Barry 2005).
Specifically, the lower lips are pressed harder against the upper teeth and
its duration is longer (Koziol 1959: 80). Pascoe (1987) describes the typical
German realization of /v/ as a weak labiodental approximant [v], which
may involve contact between the teeth and the back of the lower lip, as op-
posed to the teeth sitting on top of the lower lips. Phonetically, German /v/
thus shares features with English [v] and [w]. Most Germans produce i
a weak labiodental approximant [v], a tendency that is most pronounced
in initial position. While [v] and [v] involve the same articulators, [v] and
[w] are equivalent in manner of articulation. Mangold (2015: 71) notes
that weak realizations are particularly characteristic of southern German
dialects, where /v/ may also be realized as a voiced bilabial fricative [B] or
approximant [f3].

Acoustic evidence reported by Hamann & Sennema (2005a) is support-
ive of the characterization of German initial /v/ as an approximant-like
sound. Productions of adult female speakers of Dutch and German (n =
5 each) were compared. In contrast to German, Dutch has the three-way
labiodental phonemic contrast /f v v/. Three acoustic parameters were
used to compare the realization of German /f v/ and Dutch /f v v/ in onset
position (monosyllabic context: [_a]): consonant duration, the harmonicity
median!, and the center of gravity.? The authors observed that the real-
ization of German /v/ was acoustically close to Dutch /v/ across all three
measures. The results, which are reproduced in Figure 8.2, show that, from

Max
German
W e T
Min v/
Center Harmonicity Consonant
of gravity median* duration

Figure 8.2: Acoustic properties of the
realization of German /f v/ and Dutch /fv
v/ in initial position; data from Hamann &
Sennema (2005a). *Note: To yield a regular
visual arrangement, the values for the
harmonicity median are shown in reversed
order (i.e. the maximum at the bottom).

@®

! The harmonicity median expresses

the amount of friction relative to the
periodicity in the speech sound and is
thus highest for vowels and sonorants and
lowest for voiceless fricatives.

2 This measure gives a general summary
of the spectral characteristics of a speech
sound.



a phonetic point of view, German /v/ is closer to an approximant than to a
fricative in initial position.

To summarize, the phoneme /v/ is realized differently in English and
German. English has a voiced labiodental fricative [v] in all positions; coda
/v/ may in certain contexts be realized as voiceless [f]. In German, initial
/v/ is usually lenited to [v], an approximant-like sound that involves no
friction. In coda position, /v/ is regularly devoiced. The acquisition of
English /v/ thus requires German learners to produce the new allophone
[v] both in onset and coda position. In syllable onsets, this involves fortition
of [u] to [v]; in coda position, [f] needs to be lenited to [v].

8.2 L2 acquisition of /v/: Linguistic factors

8.2.1 Markedness

A comparison of obstruent inventories in languages around the world
shows that the distribution of fricatives is more restricted compared to
stops. While stops appear to be an absolute universal — that is, they are
present in all natural languages — some consonant inventories lack fricatives
(Maddieson 1984). As for the types of fricatives attested cross-linguistically,
there are discernible patterns. In general, we find a preference for voiceless
ones and fricatives are more likely to be contrasted in place of articulation
than voicing. The most common type are voiceless s-sounds (dental and
alveolar sibilants, .84 of the languages in the UPSID database), followed by
/[/ (46) and /f/ (.43). The respective voiced counterparts occur at a lower
rate, with .31 for z-sounds, .21 for /v/ and .16 for /3/ (Maddieson 1984:
45). Statistical trends therefore suggest a frequency bias toward voiceless
(vs. voiced) and alveolar/dental (vs. labiodental/postalveolar) fricatives.
From a typological perspective, /v/ thus appears to be disfavored due

to the following characteristics: It is (i) a fricative (rather than a stop),
(ii) voiced (rather than voiceless), and (iii) labiodental (rather than
alveolar/dental).

Cross-linguistic patterns are consistent with evidence from English L1
acquisition. English-learning children acquire stops before fricatives and
they master voicing contrasts in stops earlier than in fricatives. Figure 8.3
summarizes the age of acquisition for English stops and fricatives averaged
over 4 studies (see §3.3.2). Two consistent patterns emerge (i) stops are
acquired before fricatives and (ii) voiceless obstruents are acquired before
their voiced counterparts.> On average, the lag between voiceless and

Fricative Dental 0
Alveolar S
Palatal 1)
Labiodental f \%
Affricate Palato-alveolar 5
Stop Velar k g
Alveolar td
Bilabial p

LNNOX

2 3 4 5 6
Age of acquisition
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* This pattern is also observed in other L1s
(cf. Locke 1983: 72-80). Furthermore, stop-
like production of fricatives is a regular
error pattern in L1 acquisition (Ingram
1989: 371).

Figure 8.3: Age of acquisition of English
obstruents: Comparison of voiced and
voiceless stops and fricatives. Estimates are
averages across initial and final position
and based on a survey of 4 studies (see

§332). @®
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voiced pairs is larger for fricatives than for stops. This is coherent with the
typological rareness of fricative voicing contrasts.* Note that the gap is
particularly pronounced for /fv/.

Figure 8.4b shows the accuracy rates reported in the literature for
different age groups. Word-initial and -final contexts are distinguished and
the curves give a summary of the trends. Figure 8.4a reveals that /v/ is
among the sounds that are acquired late by English-learning children. The
age of acquisition in both initial and final contexts is 5;0. Voiced fricatives
thus appear to constitute an area of difficulty in L1 acquisition. Counter to
the delay that is commonly observed in coda obstruents, initial and final
/v/ show very similar developmental trajectories. This underscores the
status of onset /v/ as a difficult sound in L1 acquisition. The most typical
substitute reported for onset /v/ is [b], followed by [f] (see Olmsted 1971;
Ingram et al. 1980 and references cited therein).

(a)
.90
81 .75 Accuracy rate
.50
Final
© 6
27 Initial
4 B

| :

hkmnpwtdfbgjnftfrldgs]ozdz

Evidence for the susceptibility of /v/ to sound change may be found
in Creole English, where it appears to be receptive to substitutions and
substrate transfer. Thus, /v/-stopping — that is, production as /b/ (‘V-B
Confusion’, Wells 1982: 568) — is observable across varieties such as West
Indian and Caribbean creole and resembles error patterns in L1 acquisition.
/v/-lenition toward an approximant articulation (“V-W Confusion’, ibid.:
568) is also attested in varieties such as Gullah, Bahamian, Bermudan, and
Vincentian creole (ibid.: 568; Holm 2000: 163).

The patterns observed in typology and L1 acquisition may be partly
rooted in the physiology of articulation. In general, the production of
fricatives involves greater precision than that of stops (Ladefoged &
Maddieson 1996: 137). Friction only arises with the right amount of
narrowing, which requires fine motor control over the active articulators.
Articulatory constraints may also account for the rarity of fricative voicing.
As Ohala (1993: 201-202) suggests, conflicting aerodynamic requirements
may disfavor voiced fricatives. For the vocal folds to vibrate, oral pressure
has to be sufficiently low; at the same time, it has to be high enough to
effect turbulence in the escaping air stream. It is argued that meeting both
requirements simultaneously may be difficult.

To summarize, evidence from typology and L1 acquisition identifies
English /v/ as a marked speech sound. It is cross-linguistically rare

Accuracy rate

* Evidence from aphasia is also supportive
of this asymmetry, as voicing oppositions
are less likely to be lost in stops than in
fricatives (see Jessen 1998: 181f.).

Initial

Age

Figure 8.4: /v/ in English L1 acquisition
in comparison to other consonants. Panel
(a): Points mark the age of acquisition
(.75), bars indicate the age of customary
production (.50 accuracy, lower end), and
age of mastery (.90, upper end). Estimates
are based on a joint analysis of 4 studies.
Panel (b): Accuracy rate in initial (grey)
and final position (black) by age. The
points denote estimates reported in the
individual studies, the trend lines are
averages based on the joint analysis. @@®



relative to other obstruents and acquired late by English-learning children.

Physiological factors may at least partly explain these patterns, with
articulatory constraints disfavoring the production of voiced fricatives.

Criterion [v]
Implicational relationship o
Cross-linguistic frequency +
L1 acquisition ++
Synchronic/diachronic instability (+)
Articulatory complexity +

8.2.2  Frequency and orthography

Studies investigating the frequency of English phonemes (see §3.3.3) have
shown that /v/ occurs at a moderate rate compared to other consonants
(see Figure 8.5). Its median frequency of 2 per 100 segments, however,
is strongly influenced by the high-frequency function words of and have,
where /v/ occurs in coda position. While the studies in our survey do not
break down frequency estimates by prosodic position, it may be assumed
that the rate of onset /v/ is certainly much lower.

English /v/ is denoted by orthography <v> in the great majority
of instances (Cruttenden 2014: 196), an important exception being the
function word of. As shown in Figure 8.6, German /v/ is represented by
the graphemes <v w>; <v> in turn may denote /f/ or /v/. Thus, while
English spelling (apart from of ) provides an unambiguous cue to the /f v
w/-distinction, German orthography is ambiguous, with /f/ represented by
<fv>and /v/ by <vw>.

German English
falsch  /falf/ (O /1 fit /fit/
viel /fiel/ /7 SN of /ov, ov/

(VY ——/N/  very  /veri/

nervdés Inerveis/ v/

wissen /vison/

(W) —/w/ water |woitd/

8.2.3 Similarity

A number of studies have shed light on German learners’ perception of
English /v/. Iverson et al. (2008) investigated the perception of English
/v/ and /w/ by n = 22 German learners. Subjects were 19 to 46 years old
(Mdn = 23) and had started learning English between 6 and 44 years of
age (Mdn = 11). Several tests were administered to assess perceptual
separation between the two sounds and the relative weight of place and
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Table 8.1: Summary of markedness criteria
for [v]. Open circles o denote no (or
inconclusive) evidence; (+)+ refers to
(strong) evidence for marked status; (-)-
refers to (strong) evidence for unmarked
status.

\

005 0.25 1 2 4 8
Frequency (per 100 segments)
Figure 8.5: Frequency of /v/ relative to
other English consonants, expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the original values of the

rates. Data are pooled across 9 studies (see
§3.3.3 for details).

Figure 8.6: Orthographical representation
of English and German /v/. While English
spelling provides a straightforward symbol-
to-sound correspondence (except for of ),
German spelling is ambiguous.
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manner cues to perceptually distinguish between /v/ and /w/. In a natural
stimulus identification task, subjects heard [v] and [w] embedded in V-
C-V sequences (spoken by native speakers) and were asked to indicate
which consonant they heard. While the overall level of accuracy was
high (Mdn = .94), there was a substantial amount of variation among
German subjects. Thus, two proficiency groups were formed based on
the identification accuracy obtained in this task (cut-off: .75; a quarter of
the subjects scored lower). The authors provide a detailed analysis of the
subjects’ perceptual sensitivity to the English /v/-/w/ contrast. To this end,
a set of synthetic stimuli (medial context: [a:_a:]) was designed to cover
the perceptual space between the categories. Tokens were varied along two
dimensions reflecting manner of articulation (4 steps from approximant
to voiced fricative) and place of articulation (4 steps from labiovelar to
labiodental). Upon hearing these stimuli, subjects had to indicate whether
they heard /v/ or /w/ and whether the stimulus was a good exemplar of
the respective category.

The patterns observed in the two proficiency groups differed. Learners
who performed well on the natural stimulus identification task also showed
good category separation in the two-dimensional space. Similarly to native
speakers, both place and manner cues were used. However, differences
were noted in the goodness ratings for English /v/ on the place dimension.
While English subjects judged step 4, the most labiodental stimulus, as
the best exemplar, German subjects’ best exemplar was located at step 3,
representing a less purely labiodental articulation. The results for the less
proficient learners showed poor category identification, which points to
perceptual distortions in this population of listeners.

Further indications on German learners’ perception of the /v/-/w/
contrast were reported by Ankerstein & Morschett (2013), who used a
forced-choice discrimination task to study a similar population of n =
21 learners (age: 18-28). The /v/-/w/ distinction was tested in the [_a:])
context. The authors observed a mean error rate of .41 and considerable
variation among subjects (SD = .21). This corroborates findings by Iverson
et al. (2008), as sensitivity to this contrast appears to be variable in adult
German listeners.

Hamann & Sennema (2005b) provide insights into German learners’
perception of labiodental speech sounds. An identification task was used
to test the perception of the Dutch three-way contrast /f v v/ by n =21
German learners of Dutch and a control group of n = 6 German listeners
with no prior knowledge of Dutch (age: 18-40). The authors noted near-
perfect identification rates for Dutch /v/ in both groups. /v/, on the
other hand, was more likely to be misheard by German learners as /v/
than vice versa. This indicates a robust perceptual representation for [v]
and perceptual bias toward [v] rather than [v]. These results suggest that
German /v/ is perceptually more similar to Dutch /v/ than it is to Dutch
/v/, corroborating acoustic evidence on the approximant-like status of
German /v/ (cf. Figure 8.2 above).

Hamann et al. (2010) found differences in the perceptual cues used
by German and English listeners to distinguish voiced and voiceless
labiodental fricatives. Reliance on two signals was investigated: the



harmonics-to-noise ratio and the duration of the fricative. The harmonics-
to-noise ratio quantifies the balance of periodicity and friction in the speech
signal (Yumoto et al. 1982; Boersma 1993). Segments that are produced
without friction (i.e. vowels and sonorants) have a high ratio (or, vice versa,
a low noise-to-harmonics fraction); voiced fricatives are intermediate and
voiceless fricatives are characterized by a low ratio. The harmonics-to-
noise ratio and fricative duration have been identified as reliable acoustic
cues for the distinction between labiodental speech sounds (Hamann &
Sennema 2005a,b). Hamann et al. (2010) studied n = 94 listeners from 4
different L1 backgrounds. These L1s differ in the size of their labial sound
inventories. While German and Croatian have 4 labial consonants /p b
fv/, English and Polish have an additional category /w/. Stimuli were
manipulated along the two acoustic dimensions and presented in a forced-
choice identification task. It was observed that English and German differ
in the perceptual boundary between /f/ and /v/. The English threshold is
located at a higher noise fraction, indicating more friction in English /v/.
The harmonics-to-noise ratio appears to be the primary cue for speakers of
all languages.

These observations point to contrasts between English and German
in the organization of the perceptual space. Figure 8.7 schematically
compares the phonological segmentation of the [w]-[v]-[v]-[f] continuum
in the two languages. This is clearly a simplification, as it reduces a
multidimensional space to a one-dimensional representation and neglects
L1-specific differences in cue weighting. Nevertheless, it serves to highlight
relevant contrasts. Thus, presence of /w/ in English requires native
listeners to establish a /w/-/v/ category boundary, which the German
perception grammar lacks. Presence of /w/ apparently shifts the category
boundary of /v/ further toward the [{]-end of the continuum (as noted
by Hamann et al. 2010). The findings reported by Hamann & Sennema
(2005b) suggest that — relative to English /v/ — German /v/ is located
further toward the [w]-end of the continuum. This appears to result from
the fact that the acoustic space is not occupied by another (consonantal)
category. Consequently, German /v/ covers a larger portion of the acoustic
space, extending further toward the [w]-end.

In sum, the literature suggests heterogeneity among German learners
in the perceptual sensitivity to the English /v/-/w/ contrast in initial
and intervocalic position. While perceptually weak learners show no
sensitivity to place and manner cues, those with established categories
achieve excellent discrimination but with slightly different best exemplar
locations for /v/. Empirical evidence indicates that perceptual problems
may arise from contrasts between German and English with regard to the
organization of the perceptual space. Presence of /w/ in English appears
to shift category boundaries. As yet, no study has explicitly addressed
German learners perceptual sensitivity to the [v]—[v] contrast. However,
findings by Iverson et al. (2008) and Hamann & Sennema (2005b) may be
interpreted as providing indirect evidence for a lower sensitivity of German
learners to the [u]-[v] contrast compared to the [v]-[w] contrast.
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Figure 8.7: Organization of the English and
German perceptual space along the [w]-[f]
continuum: Schematic representation. @@®



174 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

8.3 L2 acquisition of English onset /v/: Theoretical predictions

The linguistic factors discussed in the preceding section allow us to
derive predictions about the acquisition of English onset /v/ by German
learners. This section outlines the types of patterns anticipated by different
theoretical strands.

CAH English onset [v] is a new allophone of a shared phoneme and
therefore a difficult structure. L1 transfer is predicted to yield substitution

by [v].

SLM The literature review above puts forward the following assumptions
regarding German learners’ perception of English onset /v/: (i) [v] is the
perceptually closest L1 sound; and (ii) the degree of perceived similarity
between [v] and [v] is moderate to high. This suggests perception-based
transfer of L1 [v] by the majority of German learners. Empirical evidence
indicates that even learners with established perceptual categories still
differ from native speakers in cue weighting, with an influence of features
of their L1 [v] - that is, a less labiodental place of articulation. This suggests
that L1 influence in perception persists throughout IL development.
Consequently, productions of English /v/ in onset position are expected
to show varying degrees of L1 transfer, which may surface in less purely
labiodental and/or (slightly) more approximant-like productions.

FCM The phonological features contrasting English [v] with German
/v/-allophones are: voice (0.55) > sonorant (0.27). As shown in Table 8.2,
the most likely perceptual substitute is [v].

Consonant Rank [voice] > [sonorant]
[v] 1 + +
[£] 2 - -
[v] + -

SCH/MDH Based on our literature survey, we may assume that [v]isa
marked structure and consequently a difficult segment in L2 acquisition.
The range of clusters in onset position is limited to /vj/, in which /v/ is
expected to show delayed acquisition.

NM/NDH Evidence from English L1 acquisition showed onset /v/ to
be susceptible to substitution by [b], reflecting the fortition process of
stopping. We may therefore assume that stopping is a natural process that
has to be suppressed in the acquisition of onset [v]. In language change,
on the other hand, fortitions are less likely to be observed compared

to lenitions (see Lass 1984: 178). This is also reflected in a number of
gestural reduction patterns that are frequently observed cross-linguistically

Table 8.2: Substitutes for [v]: Predictions of
the FCM.



(Blevins 2004: 145). The fricative /v/ may therefore also be affected by

opening and undergo approximantization to [v] (cf. V-W confusion, §8.2.1).

This suggests that approximantization is a natural process that has to

be suppressed in the acquisition of [v]. From the perspective of German
learners, stopping of onset /v/ may be disfavored or blocked due to the
presence of the phonemic category /b/, which also occurs in their L1.
Approximantization, on the other hand, is active in German, yielding the
typical realization as a labiodental approximant [v]. As a result, German
learners need to suppress a process that is active in their L1, which is
expected to be difficult. As Lass (1984: 182) points out, the preferred
environment for lenitions is between vowels V_V. Pre-consonantal contexts,
on the other hand, are protected environments. We thus expect /v/-lenition
to prevail in onset and intervocalic position. Finally, the NM also takes
into account input frequency as a facilitating factor in perceptual learning.
The frequency estimates in the literature suggest that /v/ is a moderately
frequent structure but occurs at a low rate in onset position. Onset /v/ is
thus a relatively rare structure in learner input and output. Frequency may
thus be assumed to restrain the L2 acquisition of onset /v/.

FM  Upon perceptual and sensorimotor learning of [v], an initial phase
of deviant production is followed by three consecutive stages: variation
reflecting focus on form, overly faithful production, and variation sensitive
to functional principles. With learning being driven stochastically, the
above-formulated working assumption suggests an impeding effect of
frequency.

MSA The MSA complements the prediction of the SLM by incorporating
articulatory constraints. Acquisition of English [v] in onset position is
thus expected to be further delayed due to aerodynamic difficulties in the
production of voiced fricatives.

LTD The LTD predicts sensitivity to s/w-marking, yielding the following
tendencies: (i) delayed acquisition in unstressed syllables; and (ii) no
difference between onset singletons and the cluster /vj/ (/v/ is s-marked in
both cases). As for the variants observed in speech production, s-marked
environments are expected to show a tendency toward strengthened
renditions. Specifically, [v] may show fricativization to [v], devoicing to
[f], and/or stopping to [b]. Weak environments, on the other hand, are
more likely to show lenited [v], which ties in with the general expectation
of higher accuracy rates in structurally strong positions.

OPM Since onset [v] may be considered a marked and similar structure,
the OPM predicts IL development in terms of both the Similarity and
Markedness Corollary.® Figure 8.8 blends these corollaries to generate
the following predictions: An initial phase of persistent L1 transfer yields
substitution by [v]. Acquisition is expected to be further delayed by a phase
of U-dominance. Based on the discussion above, we expect U to surface
in the tendency toward lenition — that is, opening to [v]. Since L1 transfer
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Degree of influence

Developmental stage

Figure 8.8: Extrapolation of the OPM to
structures that are both similar and marked.
This graph should be compared to Figure
2.6.

°See §4.3 (Figure 4.18, p. 66) for a discus-
sion of the rationale underlying the fusion
of these corollaries.
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predicts the same variant, the effects of L1 and U cannot be distinguished,
but target-like [v] is expected to emerge very late.

Table 8.3 gives a summary of the predictions we have been able to
formulate. Next, we summarize previous empirical work on onset /v/ in
German Learner English.

8.4 Onset /v/ in German Learner English: Previous work

This section surveys existing empirical work on onset /v/-production by
German learners. Contrastive treatments of English and German have
pointed out potential difficulties involved in the acquisition of English
/v/ by German learners. Thus, Scherer & Wollmann (1986: 93) note that
L1 German speakers tend to produce insufficient contact between the
lower lips and the upper teeth, yielding a frictionless approximant sound.
Dretzke (1998: 54) also points to the tendency of German learners to
produce a sound that is too weak.

A developmental error that is often noted in connection with the
acquisition of English /v/ is “over-correction” (Barry & Gutknecht 1973:
40) or "hypercorrection” (Dretzke 1998: 54). It describes a developmental
error pattern in L2 acquisition reflecting the following stages:

e Stage 1: Initial transfer of L1-derived [v] for both English /v/ and /w/

Theory Predicted patterns in L2 acquisition by German learners

CAH Late acquisition
Substitute: [v]

SLM Late acquisition by the majority of learners
Persistent substitution by [v]
L1 influence of place and manner features also likely in advanced
learners

FCM Perception-based substitute in speech production: [v]

MDH/SCH Late acquisition
Acquisition order: singleton > cluster

NM/NDH No effect of frequency
Late acquisition
Substitution patterns: persistence of lenited variants [v] in pre- and
intervocalic position; stopping to [b b]

M No effect of frequency
Development: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech processes
MSA Late acquisition

LTD s-marked positions: early acquisition; strengthenend substitutes [v f b]
w-marked positions: delayed acquisition; lenited variant [v]
Acquisition order: stressed > unstressed syllables; in onsets: singleton
= cluster

OrPM Late acquisition
Very late acquisition by a minor population of learners (cf. SLM)
Substitutes at early and intermediate stages: [v]

Table 8.3: The acquisition of /v/ by
German learners: Summary of predictions
based on theoretical work.
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leads to productions such as weather ['veds], and very ['vei).

e Stage 2: The new sound [w] is learned and the learner makes the change
[v] = [w] in speech production. In words with an underlying /w/, this
yields a closer approximation to the target sound. However, the learner
over-corrects and also makes the change [v] — [w] in words with an
underlying /v/, which leads to less target-like production. This results
in developmental errors such as very ['weai].

e Stage 3: The learner corrects these errors, successfully rendering /v/ as
[v]: very ['vedi].

In the error analysis approach to learner speech, phenomena of this kind
are classed as intra-lingual errors and covered under the more general label
‘overgeneralization’ (Richards 1971; Selinker 1971, 1972). This term refers to
phenomena in speech production where a certain TL regularity is extended
to contexts where it is not appropriate. While this error is not explicitly
anticipated in the light of theoretical contributions, developmental patterns
of this kind are usually attributed to general cognitive processes and thus
classify as a universal feature of learner speech (cf. Major 2001: 47-48).

A number of studies have reported on the production of /v/ by German
learners. Wieden & Nemser’s (1991) analysis of n = 384 Austrian learners®
found that correct production rates for /v/ varied by context. In syllable

¢ The study included learners at 6 profi-
ciency levels, with n = 64 subjects in each
group. Years of instruction was used as an

onsets, the authors observed an accuracy of .18 in initial position (very) and indicator of developmental stage, which
.13 in medial position (television). Deviant productions were largely the ran%’etd ;rom 0 }Eearz (glrfdle;;l 575—9 years g
age) to ears raae 11; 16— ears o .
result of lenition — that is, approximantization. F;ggures fgr the ir%dividual stagesywere not
Sieg (2004, quoted in Wode 2009) reports on speech production devel- reported.

opment in German immersion-setting learners. Correct production rates
for initial /v/ were relatively low (.50/.35/.45/.95). The most frequently
observed substitute was [w]; [f] was only observed in 1%-graders.

Langguth (2009) investigated /v/-production by German learners in
grades 5,9, and 12 (n = 7 each). The author notes that only phonemically
deviant productions were counted as an error, thus excluding [v] — that
is, approximant-like realizations that were not velarized. Overall, onset
/v/ was produced with an accuracy rate of .60 word-initially and .90 in
intervocalic position.

Pascoe (1987: 178) studied /v/-production by n = 26 instructional-
setting learners from southern Bavaria (grade 8-10; age 14-16) and
observed an overall correct production rate of .70 for /v/. A considerable
difference was noted between subjects with good (.90) and poor pronuncia-
tion (.50). However, as the author does not distinguish between onset and
coda position, these results are difficult to interpret.

In a further study on instructional-setting learners from southern
Bavaria, Kucharek (1988) investigated onset /v/-production in 5 learner
groups: students in grade 6 (n =169),7 (n = 138), 8 (n = 117), and 12
(n =94) and teachers (n = 62), adding to a total of n = 580 participants.
Production accuracy for onset /v/ was assessed with only one item
(very), which was elicited with a reading passage. The results showed
accuracy rates between .70 in grade 6 and .80 in grade 12. Among teachers,
production accuracy was .92.

In sum, the empirical evidence on onset /v/-production in GLE docu-



178 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

ments variable levels of production accuracy. Table 8.4 gives a summary
of accuracy rates and the factors that have been reported to influence /v/-
production. These include proficiency level and years of instruction as well
as position in the word. As for the latter, reported effects on the accuracy
rate vary. This may be attributable to differences concerning which types of
variants were rated as deviant. Observed variants for onset /v/ are [v w {
v].

Table 8.4: Empirical evidence from
auditory studies on /v/ in German Learner
English: reported production/accuracy
rates and constraints on accuracy.

Results Notes Study
Accuracy rate 35-95  Grades 1-4; age: 6-10 years Sieg 2004
.70-80  Grades 6-12; age: 11-18 years Kucharek 1988
.60-90  Grades 5,9, 12; age: 10-18 years Langguth 2009
13-18  Grades 3-11; age: 8-17 years Wieden & Nemser 1991
.50-90  Grades 8-10; age 1416 years Pascoe 1987
Constraints on accuracy
Position in word A =-30 Initial (.60) < intervocalic (.90); [v] was not counted as an error Langguth 2009
A =.05 Initial (.18) > intervocalic (.13); [v] was counted as an error Wieden & Nemser 1991

8.5 Aims of this study

This study aims to shed light on three aspects of onset /v/-production by
German learners:

o developmental patterns reflected in cross-sectional data on the realiza-
tion of onset /v/ and
e linguistic constraints on the realization of onset /v/.

Cross-sectional patterns in the realization of onset /v/

The L2 phonological theories under consideration unanimously consider
English /v/ a difficult structure that is expected to be acquired late (CAH;
SLM; MDH/SCH; NM/NDH; MSA; OPM). The labiodental approximant
[v] is broadly considered the most likely substitute in onset position (CAH;
SLM; FCM; NM/NDH; MSA; OPM). However, on the basis of the assump-
tions formulated, the NM/NDH also suggests [b b] as likely variants, and
the LTD posits strengthened segments [f v b b] in s-marked positions.
While the empirical literature documents increases in /v/-accuracy as a
function of IL development, little is known about the likelihood of dif-
ferent variants across proficiency levels. Earlier work either appears to
make no distinction between [v] and [v] (Langguth 2009; Sieg 2004) or
does not report on the distribution of variants in different populations

of learners (Kucharek 1988). This study extends the empirical record by
shifting focus to cross-sectional patterns in German learner productions.
Specifically, over-correction errors have not previously been addressed
empirically and this investigation aims to address this gap. Considering
the three hypothetical developmental stages described above, the expected



patterning of /v/-variants in GLE is shown in Figure 8.9. Thus, learners are
expected to show initial transfer of L1 [v], followed by a tendency toward
[w]-over-correction. Target-like production of [v] is expected to occur at a
relatively late stage.

Linguistic factors

Position in the word is the only linguistic constraint that has been consid-
ered in the empirical literature (Langguth 2009). The present study seeks
to broaden the scope by focusing on the following constraints:

o Structural strength: According to the LTD, the effect of structural strength
should surface in two ways. First, a higher accuracy rate is expected in
s-marked positions. Second, deviant renditions in structurally strong
environments are predicted to show a tendency toward strengthened
variants [{ v b].

o Speaking style: The FM and OPM expect stylistic variation as a function
of focus on form. While the former predicts an effect at relatively early
stages of /v/-acquisition, the OPM expects style-dependent variation
across all stages.

8.6 Method and data

Informants, materials and procedures

The following analyses are based on three data sets:”

o The SpIL corpus (Pascoe 1987) contains n = 30 occurrences of onset
/v/, which are produced by 11 (out of 26) subjects. Due to the limited
number of observations, these data will only be discussed descriptively.

e The second supplementary data set is from a study by Rank (2016). A
total of n = 44 items were elicited with two tasks: a word list (n = 29)
and a reading passage (n = 15). This sums to a total of n = 1,144 tokens
for analysis.

e In the current study, each learner produced n = 7 /v/-tokens, summing
to a total of n = 429 renditions for analysis (n = 5 missing cases).

The analyses of the supplementary data sets relied on the transcrip-
tions provided by the respective authors. In contrast to other studies (e.g.
Sieg 2004; Langguth 2009), both Pascoe (1987) and Rank (2016) distin-
guished between the labiodental fricative [v] and the approximant [v].
/v/-realizations in the recordings collected for the current study were
assigned to three categories [v v w]. Productions that may be described as
weak labiodental stops [b] with audible contact between the lips and the
upper teeth occurred sporadically and were assigned to the category [v]. It
should be noted that the distinction between [w] and [v] is in many cases
difficult to make, since velarization is a gradient feature and approximant
productions may in fact show a simultaneous labiodental and bilabial
constriction. In uncertain cases, classification resorted to the degree of
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Production rate

Development

Figure 8.9: Expected developmental
pattern for onset /v/ production by
German learners: Distribution of variants
over the course of IL development.

7 The data sets analyzed in the present
chapter are openly available via the Tromso
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
B276ZX (Sonning & Rank 2020). See §3.3.1
for details on the supplementary data sets.
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velarization, with a token being assigned to [v] if it exhibited no back vowel
resonance.

Table 8.5 presents the distribution of variants. There is considerable
discrepancy between the auditory classifications in the three data sets.
Thus, while Pascoe (1987) reports no instances of [w], comparable rates of
[w]-variants are noted in Rank (2016) and this study. The proportion of
target-like [v] was highest in Rank (2016), which may be due to differences
in proficiency, as the study was restricted to intermediate to advanced

learners.
Pascoe 1987 Rank 2016 This study Table 8.5: Distribution of variants in
_ - 7 the three data sets. "Pr” denotes the
Realization Pr (n) Pr (n) Pr (n) proportional share of a variant.
[v] .60 (18) .73 (838) .35 (151)
[v] .37 (11) A1 (129) 45 (194)
[w] .00 (0) A5 (177) 20 (84)
[f] .03 (1) .00 (0) .00 (0)

The factors structural strength and speaking style were only analyzed
in the data set provided by Rank (2016). Speaking style reflects the task
types used — that is, isolated words read from a list and a reading passage.
Structural strength was coded using two categories:

e strong contexts: stressed syllables in lexical words (primary or sec-
ondary stress)
e weak contexts: unstressed syllables in lexical words

Table 8.6 shows the type and token frequency for the linguistic factors in
Rank’s (2016) data.

Condition Types Tokens Table 8.6: Distribution qf types. and tokeps
across the levels of the linguistic factors in

Structural strength the data by Rank (2016).

Weak 5 182

Strong 27 962
Speaking style

Word list 14 390

Sentences 29 754

Statistical analysis

As learner productions were described using the three categories [v v w],
the data were analyzed with multilevel multinomial regression models.
While the factors speaking style and structural strength were explored
using the data provided by Rank (2016), systematic variation across
proficiency levels was assessed using the data collected in this study. As
a bell-shaped pattern was predicted for the over-correct variant [w], a



quadratic term for proficiency was added to the model. This adds flexibility
to the fitted regression lines and makes them more sensitive to non-linear
patterns. Following the maximalist approach outlined by (Barr et al. 2013),
both models included random intercepts on subject and word; the model
for the data from the present study further includes random slopes on
word for proficiency (simple and quadratic term), and the model for
Rank’s (2016) data includes random slopes on subject for the two linguistic
factors, structural strength and speaking style. The model structure is
outlined in Appendix A.8. Vague priors were assigned to the intercepts,
which denote the proportion of each variant while holding (i) proficiency
at 0 (the present study) and (ii) averaging over the linguistic factors (Rank
2016). The priors specified over the three variants are shown in Figure
8.10: The 90% prior probability interval for [v] is [.01, .71], that for [v] [.05;
.83] and for [w], itis [.03, .78]. For all predictors, regularizing priors were
specified and weakly informative priors were assigned to the remaining
ancillary parameters.

8.7 Constraints on generality

Prior to a discussion of our findings, we should clarify the extent to which
these generalize to wider contexts.

o Language-external scope: According to Mangold (2015: 71), accents spo-

ken in the south of Germany show weaker /v /-variants in onset position.

For speakers of these dialects, the perceptual space illustrated in Figure
8.7 may then be structured differently, with category boundaries located
further to the left. This would mean that the acoustic space covered
by L1 /v/ would extend further into the phonetic domain of English
/w/. This would be expected to increase perceptual difficulties. At the
same time, L1-derived variants may also be weaker for speakers of such
dialects. It follows that the generalizability of the present findings is
somewhat limited, as the share of [v]- and [w]-variants may be slightly
higher compared to other populations of German instructional-setting
learners.

o Language-internal scope: We are not aware of any systematic ways in
which our choice of lexical items may compromise the generality of our
findings.

o Speaking style: Since English orthography provides an unambiguous
grapheme-to-phoneme mapping for onset /v/, the data elicited with
reading tasks should not be directly extended to free speech. We would
expect target-like [v]-renditions to be higher in read speech; the over-
correction rate (i.e. the share of [w]), on the other hand, may be lower
than in spontaneously produced material.

8.8 Results

Let us first take a look at the distribution of variants across proficiency
levels. Figure 8.11 shows how the proportions of [v w v] vary across
proficiency levels. The share of [v], shown in the left panel, is highly
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Figure 8.10: Prior for the intercept parame-
ters in the model in comparison to the rates
reported in the literature. The asterisk (*)
marks studies that do not differentiate be-
tween [u] and [v] and essentially estimate
the share of non-[w] renditions. Key to the
studies: (a) Sieg 2004, (b) Langguth 2009,
(c) Pascoe 1987, (d) Kucharek 1988, (e)
Wieden & Nemser 1991.
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variable: Across almost all proficiency levels, learners span the entire
scale from 0 to 1. There appears to be a mild decrease in the share of [v]
at advanced proficiency levels. The rate of [w] is shown in the middle
panel. Variation among learners is particularly pronounced at intermediate
levels of pronunciation ability. In the productions of advanced learners,
on the other hand, this variant appears to be rare. Finally, the right panel
shows that the share of target [v] appears to increase, on average, with
proficiency. Nevertheless, substantial variation between learners is evident
at all proficiency levels.

Figure 8.12 shows the distribution of variants in the data provided by
Rank (2016). Each line shows, for a particular speaker, the proportional
profile of variants observed (i.e. n = 26 profiles). The typical distribution
appears to be a high proportion of [v], at roughly .80, and minor shares of
roughly .10 for each [v] and [w]. Four learners deviate from this pattern
and show a relatively high rate of [w] at about .50.

The technical output of the models is deferred to Appendix A.8, where
posterior estimates for parameters are listed. Here, we directly turn to
a visual summary of the indications offered by the models. Let us first
take the data from the present study, to see whether the realization of /v/
varied conditional on proficiency level. Figure 8.14, which graphs estimated
production rates by proficiency, reveals the following trends:

e The rate of L1-derived [v] decreases steadily from about .85 to .40.

e The rate of target-like [v] increased from .10 to .60, on average.

e On average, the rate of [w] shows a mild increase to about .20 at lower
intermediate stages and decreases to zero at upper intermediate stages.

L

If we compare these model-based trends to the dispersion of learners in
Figure 8.11, it is clear that the estimated rates for different proficiency levels
do not offer a representative description of the informants in this study. The
estimated production rates that are reported in Table 8.7 therefore mask the
extensive amount of variation that is observed around them.

The results for structural strength and speaking style, which are based
on an analysis of the data provided by Rank (2016) are shown in Figure
8.13. The following points are noteworthy:

e Production accuracy is .80 for the word list and .72 for the reading
passage (a difference of .08).

Figure 8.11: Realization of onset /v/ by
proficiency level: The production rates
for [u w v], expressed as the share of
realizations for each learner in the present

study. @®

Production rate

Figure 8.12: Production rates for [v w v] in
the data from Rank (2016). The lines show
a profile for each learner, connecting the
observed proportion of each variant from
left to right.
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Figure 8.13: The distribution of variants
by speaking style and structural strength.
Error bars reflect 50% and 90% uncertainty
intervals; data from Rank (2016). The
following adjustments were made: In the
left panel, estimates are adjusted to the
simple (i.e. unweighted) average over weak
and strong contexts; in the right panel, the
predictor speaking style is set to the simple
average over word list and reading style.
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No adjustments (all predictors shown)

e Production accuracy is higher in strong (.78) compared to weak contexts
(.70) (a difference of .08).

e The rate of [w]-variants did not vary with speaking style (.08 in the word
list, .09 in the reading passage).

e The rate of [w]-variants was higher in strong (.18) compared to weak
contexts (.03) (a difference of .15).

Proficiency Mdn .05 95 Mdn .05 95 Mdn .05 .95

Beginner .85 .57 .97 .01 .00 .14 A1 .01 .39
Lower Intermediate (z = -0.5) 56 44 .69 21 .12 .33 21 .12 .33
Upper Intermediate (z = +0.5) 47 .35 .61 10 .04 .19 42 28 57
Advanced 42 16 71 .00 .00 .02 .58 .28 .84

8.9 Summary and discussion

This chapter was concerned with German learners’ acquisition of the
English labiodental fricative /v/ in onset position. While English and
German share a phonemic category for /v/, a comparison of its realization
in onset position revealed that the typical English allophone [v] is produced
with greater friction than the typical German realization [v], which may
be described as a weak labiodental approximant. Concerning linguistic
constraints on the acquisition of onset /v/, evidence from typology, L1
acquisition and the physiology of articulation suggests the classification
of /v/ as marked. As for perception, previous studies have found German
listeners” perceptual sensitivity to the /v/—/w/ contrast in non-final
position to be variable. Further, there is indirect evidence for a relatively
greater level of difficulty in distinguishing labiodental approximants [v]
from fricatives [v]. Judging from research on best exemplar ratings, it
appears that a lenited representation for /v/ prevails in listeners who
otherwise show excellent perceptual categorization of English /v/ and
/w/. Theory-informed predictions unanimously consider /v/ a difficult

Figure 8.14: Rate of onset /v/ variants by
proficiency level. Error bands reflect 50%
and 90% uncertainty intervals. @®

Table 8.7: Estimates for the production rate
of variants at representative proficiency
levels (data from this study): Posterior
medians (Mdn) and the upper and lower
limits of a 90% uncertainty interval.
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Condition Mdn 05 95 Mdn .05 95 Mdn .05 .95
Structural strength
Strong 12 .08 .16 A8 12 .26 70 .60 .78
Weak 18 .11 28 .03 .01 .08 .78 .66 .87
Speaking style
Word list 12 .08 .18 .08 .04 .14 .80 .71 .87
Text 18 13 .26 .09 .05 .16 72 .62 .80

structure, expecting [v] but also [f b] as IL variants. Insights gained from
empirical observations further identify [w] as a likely surface realization,
resulting from an over-correction of [v] to [w] in /v/-contexts. This error
pattern, which is generally described as reflecting a three-stage process, is
not anticipated by theoretical accounts.

While broadly consistent with theory-based predictions, a comparative
evaluation of empirical work on /v/-production by German learners
is complicated by the fact that some studies either do not differentiate
between [v] and [v] or provide no information about prosodic position. The
latter neglect is particularly unfortunate as the processes and outcomes
in onset and coda position are predicted to differ profoundly. The latter
position is expected to show strong tendencies toward devoiced [v] or
voiceless [f] as a result of transfer of final devoicing, a regular phonological
process in L1 German (see Chapter 10). Further, not much attention has
been devoted to linguistic constraints on /v/-accuracy and the interaction
between /w/ and /v/ in the course of acquisition. From an empirical
perspective, there is little documentation of the process of over-correction
in /v/-acquisition. The objective of this study was to investigate the
distribution of variants across different levels of L2 pronunciation ability
and test predictions about the sensitivity of /v/-realization to speaking
style and structural strength.

Findings in the present investigation provide further evidence on the
status of onset /v/ as a difficult structure for German learners. Even
highly proficient speakers show an accuracy rate of only .60, on average.
The results pointed to a high level of between-learner variation, with all
variants showing great variability between subjects at all proficiency levels.
There was also evidence of a bell-shaped emergence and disappearance
of over-corrected [w]-variants at lower intermediate levels. The rate of [w]-
variants was also highly variable across the informants in this study. The
patterns observed for the linguistic factors, on the other hand, lend only
partial support to theory-based expectations. Findings for /v/-production
in different speaking styles expectedly showed higher accuracy rates in
more monitored speech — that is, in the word list task as compared to the
reading passage. LTD predictions about a boost in target-like production in
s-marked positions were not borne out by the data, however. In fact, lower
accuracy rates were observed in the onset of syllables carrying primary or
secondary stress, which conversely showed a higher rate of overgeneralized

Table 8.8: Estimates for the production rate
of variants in the different conditions; data
from Rank (2016).



[w]-renditions. This further challenges LTD predictions, which posit a
tendency toward fortition in structurally strong positions.

The high level of variability between subjects points to the importance
of learner-related factors in accounting for /v/-realization by L1 German
speakers. This finding is consistent with insights offered by perception
studies, which indicates heterogeneity among German learners in terms
of their perceptual sensitivity along the [v]-[v]-[w] continuum. While the
findings for speaking style are consistent with expectations, it is critical
that future work focus on more natural speech. The investigation of less
monitored productions seems warranted on the grounds that the average
over-correction rate (0 to .20) seems rather low.® As indicated by the low
prevalence of onset /v/ in the SpIL corpus (Pascoe 1987), one challenge
that studies investigating free speech will face is the low rate at which onset
/v/ occurs.

As for the relationship between /v/-realization and structural strength,
the rate of [w] showed the greatest sensitivity to this factor. In fact, its share
in unstressed contexts is close to zero, which points to the potential status
of structural strength as a (near-)categorical constraint. An explanation
for this finding may be found in parallels to /w/-contexts. Thus, the
distribution of over-correct variants may follow the distribution of [w]-
realizations for /w/, which could provide a phonological template for
over-correction. In fact, an inspection of the top 1,000 words in the COCA
(Davies 2008-) reveals that 49 out of the 50 items with /w/ occur in the
onset of a stressed syllable (the only exception being always). Given this
highly skewed distribution of /w/ in terms of structural strength, it is likely
that /v/ — [w] over-correction is favored in (or perhaps restricted to) the
onset of syllables carrying primary or secondary stress. While more work
is required to shed further light on this constraint on over-correction, the
following predictions follow from these considerations:

e Opver-correction is more likely in syllables carrying primary or secondary
stress.

e Over-correction is disfavored in unstressed syllables, before schwa, and
before syllabic consonants.

Concerning L2 speech theories, future efforts must also address how
over-correction errors can be predicted without reliance on prior empirical
observation. While an explanation in terms of general cognitive learning
processes is certainly feasible, it appears that intra-lingual errors remain
outside the predictive scope of our current state of theory. Efforts should
therefore be directed toward establishing testable constraints on over-
correction. These include the conditions under which it occurs, the TL
categories that are affected and the directionality of influence. The insights
provided by the /v/-/w/ setting for over-correction may be suggestive of
necessary conditions for this type of intra-lingual error: If, perceptually, an
L1 sound is located between two TL categories for which there is no other
L1-derived substitute, then this L1 sound is initially used to realize both TL
sounds. If category formation occurs earlier for one of the TL sounds, then
it is this newly established IL category that triggers over-correction errors
in the other. Predictions about over-correction can thus be formulated on
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8 This judgement is based on my personal
impression of the actual over-correction
rate in German learner speech.
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the basis of insights into speech perception, with the degree of perceived
dissimilarity suggesting the order of category formation and therefore the
directionality of influence.’

As far as linguistic constraints on the acquisition of onset /v/ by
German learners are concerned, our current understanding of perceptual
distortions in German listeners is still limited. Specifically, knowledge about
cue reliance in initial position remains scarce, and researchers currently
have to extrapolate from findings on the perception of intervocalic position
/v/ to formulate predictions about other contexts. Further, applied
research would profit from experimental insights into the degree of
perceived dissimilarity between German [v] and English [v] and [w].

Empirical work on onset /v/ in GLE may profit from the application
of acoustic techniques, as these yield a more nuanced description of
learner productions and do not require a categorization of tokens along
the [v]-[v]-[w] continuum. Instrumental measurements may serve to
document more subtle traces of cross-linguistic influence in advanced
learners, who have been observed to exhibit such L1-induced biases in
speech perception.!? Finally, instrumental studies should also report on
the acoustic properties of learners’ L1 /v/-productions to allow for more
reliable assessments of the nature and degree of cross-linguistic influence.

Let us conclude with suggestions for future work on onset /v/ in GLE:

e Onset and coda variants should be clearly distinguished in the analysis,
interpretation, and presentation of results. Studies failing to make this
distinction are of little comparative value.

e Auditory studies should strive to distinguish between [v] and [v], as
these reflect different structural IL components — that is, L1-derived and
TL variants, respectively. Failure to distinguish between the two may
miss developmental changes in substitution patterns.

e As a distinction between [v] and [v] in learner productions may be diffi-
cult in certain cases, it appears worthwhile to consider applying acoustic
methods for the investigation of variation in onset /v/ production by
German learners. Instrumental studies should not fail to report on the
acoustic properties of the learners’ L1 /v/-variants.

o At this point, it appears that research on more natural speaking styles
is clearly warranted. It should be kept in mind, however, that onset /v/
may by rare in spontaneous speech.

o In light of the empirical evidence reported in this study, structural
strength appears to be a promising factor for the investigation of over-
correction.

? In retrospect, we encountered very
similar settings when dealing with the
TL categories TRAP vs. DREss (see Chapter
4) and clear [1] vs. dark [1] (see Chapter
5). The acquisition of these structures

by German learners may therefore offer
further insights into the intra-lingual
mechanisms giving rise to over-correction.

1" Hamann & Sennema (2005a) successfully
applied acoustic measures to distinguish
between [v] and [v].



9
Dental fricatives

Our survey of segmental features in German learner phonology continues
with a pair of obstruents that is absent from the German phoneme inven-
tory: the dental fricatives /6 8/. After a contrastive analysis of English and
German in §9.1, we discuss linguistic constraints relevant for the L2 acquisi-
tion of /6 8/ (§9.2). Theoretical frameworks are consulted in §9.3 to derive
suggestions about systematic patterns in GLE. A review of quantitative
work on /6 8/ in L2 speech production (§9.4) is followed by a statement
of the aims (§9.5) and method (§9.6) of this study, which focusses on the
voiced variant /3/. §9.7 identifies the circumstances to which the present
findings may generalize, followed by a presentation of results in §9.8. §9.9
closes with a summary and discussion.

9.1 Contrastive analysis

In contrast to German, the English phoneme inventory includes a pair

of dental fricatives. These are denoted by the IPA symbols /0 8/ for the
voiceless and voiced variant, respectively. While /0 8/ are sometimes
described as being complementarily distributed allophones, their status
in present-day English is clearly phonemic, as they contrast a number

of minimal pairs such as mouth (noun vs. verb) or teeth vs. teethe.' The
place of articulation for /0 8/ may vary between post-dental (the tip of the
tongue touches the edge and back side of the upper teeth) and inter-dental
(the tongue protrudes the upper and lower teeth). In terms of place of
articulation, post-dental variants are more common in BrE and interdental
ones in AmE (Ladefoged & Maddieson 1996: 144; Ladefoged & Johnson
2011: 12). The term dental fricative will hereafter subsume both variants.

In comparison to other languages, English has a dense system of frica-
tives. In particular, the three-way contrast between dental [0 3], alveolar [s
z] and palato-alveolar [ 3] requires fine control of the articulators. Besides
constriction location, these sounds differ in tongue configuration?: for [s
z), air escapes along a groove, for [0 8] along a slit. The articulation of [0 3]
thus involves no contact between tongue and palate.

/0/ and /3/ differ in distribution. Both occur in onset and coda position,
but only /6/ is licensed in word-initial clusters. Singleton /6, occurs in
initial (thick, thought), medial (author, method), and final position (teeth,
bath). In onset clusters, it may combine with an approximant, most

! This opposition, however, carries little
functional load and diachronically /6/ and
/8/ in fact derive from a single phoneme.

2 Cruttenden (2014: 193) stresses that
tongue configuration is at least as relevant
as place of articulation in the production of
fricative sounds.
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frequently /r/ (three, throw) and less commonly /w/ (thwart) or /j/
(enthusiasm). In coda position, it may constitute part of a wide range of
clusters consisting of up to four segments (lengths) (Cruttenden 2014: 198).
Singleton /3/ is likewise found in initial (these, though), medial (mother,
weather) and final position (breathe, teethe). While /3/ does not occur in
onset clusters, it combines with a number of segments in final position to
form dyadic clusters (rhythm).

In present-day BrE and AmE, the production of dental fricatives varies
conditional on segmental context and speaking style. In general, assimi-
lation of [0 d] to adjacent segments is likely to be observed in unstressed
(vs. stressed) positions, informal (vs. formal) styles, and rapid (vs. slow)
speech (Collins & Mees 2013: 125). Adjacent sibilants, for example, cause
articulatory difficulty and may trigger gestural modifications. It is thus
not uncommon for dental fricatives to be elided in clusters (e.g. months
[mans], clothes [klouz]) or assimilated in connected speech (e.g. Pass the
salt ['pazszo'solt], Is this it [1'z1's1t]). Sequences involving /s z/ appear to be
particularly susceptible to coarticulatory influence (Cruttenden 2014: 199).

Phonetic context effects primarily affect /3/, a phoneme that permeates
connected speech due to its occurrence in several high-frequency function
words (the, this, that, these, those, they, them, there). As Roach (2009: 45)
argues, since /3/ lacks friction in natural speech, this consonant may —
on phonetic grounds — be more adequately classified as a weak dental
stop. In casual speech it may also be elided (give them ['grvom]) or undergo
assimilation, such as loss of friction as a result of perseverative manner
assimilation when preceded by an alveolar nasal (in the [mmno]) or stop
(and the [onddo]). The definite article the is particularly susceptible to
such processes when preceded by /nls z/; nevertheless, a contrast to the
indefinite article a is still maintained (Collins & Mees 2013: 126). When
preceded by an alveolar sibilant, /3/ may undergo place assimilation in
casual speech as in Is there any ['1z zo1'eni] or What's the time ['wpts zo 'tarm)
(Cruttenden 2014: 199).

Table 9.1 provides an overview of attested patterns of perseverative
coarticulation in word-initial /8/. In terms of place of articulation, the
literature suggests that only alveolar consonants trigger place assimilation.
However, no such effect is reported after /t d/, which conversely show
anticipatory place assimilation to /3/. Preceding /r/ also does not seem
to affect place features in /3/. Further, initial /3/ has been observed to
accommodate manner features of preceding consonants. It can thus be
produced as a (dental) lateral following /1/, as a (dental or alveolar) nasal
following /n/, and as a dental plosive following /t d/. Finally, voicing
features have also been observed to spread to word-initial /3/.

In brief, due to the absence of /8 8/ in their native language, German
learners need to acquire new allophones of two new phonemes. These
involve a novel place of articulation, which has a meaning-distinguishing
function in English (e.g., sink vs. think, three vs. free; there vs. dare). /6 8/ are
subject to variation in English. This is especially true for /3/, which occurs
in high-frequency function words and is susceptible to connected speech
processes including elision and assimilation to the preceding segment.
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Parameter ~Trigger Result Example Reference Table 9.1: Effect of preceding consonants
on /3/: Attested patterns of perseverative
Place coarticulation of place, manner and voicing
Alveolar [s] [s] What's the time [wots so tarm] Collins & Mees 2013; 126 1 native speech.
(] (z] Is there any [1z zo 1eni] Cruttenden 2014: 199
[n] [n] in the morning [1n ne momniy]  Cruttenden 2014: 199
1 1] all the time [o:1 1o taim] Collins & Mees 2013: 126
Manner
Plosive  [t] (t] Get them [get tom] Roach 2009: 113
[d] [d] Read these [1i:ddi:z] Roach 2009: 113
Nasal [n] [n] in the [mns] Roach 2009: 113
[n] on the shelves [pn no [elvz] Collins & Mees 2013: 126
Lateral [1] 1] all the way [o:1 lo wer] Collins & Mees 2013: 126
Voicing
Voiceless [t] [n] Get them [get tom] Roach 2009: 113

2,
2,

What's the time [wots so tarm] Collins & Mees 2013: 126

9.2 L2 acquisition of dental fricatives: Linguistic factors

9.2.1 Markedness

Dental non-sibilant fricatives are typologically rare; according to Mad-
dieson’s (1984) figures, voiced and voiceless dental fricatives occur at

a rate of only .05 in the languages in the UPSID database. It is common
for languages to have an s-sound, a sibilant with either an alveolar or
(less commonly) a dental place of articulation (Fromkin & Rodman 1978;
Maddieson 1984: 44).

Dental fricatives have consistently been reported to be among the last
speech sounds acquired by English-learning children (Wellman et al.
1931; Templin 1957; Olmsted 1971; Prather et al. 1975; Dodd et al. 2003).
Figure 9.1 presents the results of a pooled analysis of 4 studies (cf. §3.3.2).
Panel b shows estimates for /8/-accuracy reported in different studies.
Word-initial and -final position are distinguished and the curves give a
summary of of the cross-sectional patterns. Figure 9.1a, which shows
dental fricatives in the context of other consonants, indicates that /60/
and /38/ are among the last sounds to emerge in L1 acquisition. For /3/,
the age of acquisition is 4;11 in initial position and 7;2 in final contexts.
The predominant substitutes for initial /0/ observed in English-learning
children are [f] > [s] > [t] (.40/.24/.10, Olmsted 1971; .62/.16/.04, Ingram
et al. 1980). The preferred substitute for initial /8/, on the other hand, is
almost categorically [d] (.90, Olmsted 1971). For /3/, the acquisition in
coda position shows a considerable delay of about 2 years. No effect of
prosodic position is noted for /6/.

The status of dental fricatives as marked structures is further substanti-
ated by their synchronic and diachronic instability. Their susceptibility to
language change is reflected in the patterns of variation observed across
varieties of English. Based on Schneider et al. (2004), Blevins (2006: 11)
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and Jekiel (2012: 61) summarize evidence of two widespread tendencies:

e th-stopping, the stop-like production of /0 8/ (e.g. Shetland, West
Ireland, Newfoundland, Maori English, Fiji English, New York English,
African American Vernacular) and

o th-fronting, the use of labiodental substitutes (Southeastern England,
New Zealand, Australia, African American Vernacular).

Substitution by [f v] is rooted in speech perception (see below), and
both changes are motivated by articulatory simplification. While dental
fricatives are not intrinsically complex gestures, articulatory difficulties
arise in sequences — that is, in combination with other consonants, most
notably sibilants (cf. Cruttenden 2014: 199).

Criterion [6] [0]
Implicational relationship o o
Cross-linguistic frequency ++ ++
L1 acquisition ++ ++
Synchronic/diachronic instability + +
Articulatory complexity (+) (+)

Table 9.2 summarizes aspects that identify /0 3/ as marked sounds.
From a typological perspective, they are disfavored speech sounds. The
same is true for L1 acquisition, as they are among the last segments
acquired by English-learning children. They also appear to be an easy
target for language change and show synchronic instability across varieties
of English. One aspect that may contribute to these facts is the articulatory
complexity arising in combination with other sounds.

9.2.2  Frequency and orthography

The dental fricatives /6 3/ differ substantially in frequency, which is due to
the fact that /8/ features in high-frequency function words. Based on the
frequencies reported in previous work (see §3.3.3), estimates for /3/ range

Accuracy rate

Ne o
o~
[}
oo

Age

Figure 9.1: /8/ in English L1 acquisition
in comparison to other consonants. Panel
(a): Points mark the age of acquisition
(.75), bars indicate the age of customary
production (.50 accuracy, lower end), and
age of mastery (.90, upper end). Estimates
are based on a joint analysis of 4 studies
(see §3.3.2). Panel (b): Accuracy rate in
initial (grey) and final position (black) by
age. The points denote estimates reported
in the individual studies, the trend lines are
averages based on the joint analysis.

Table 9.2: Summary of markedness criteria
for [0 3]. Open circles o denote no (or
inconclusive) evidence; (+)+ refers to
(strong) evidence for marked status; (-)—
refers to (strong) evidence for unmarked
status.



between 2 and 4, with a median rate of 3 per 100 segments. Voiceless /0/,
on the other hand, is one of the least frequent consonants, with estimates
extending from .04 to .07 (Mdn = .04). As is evident from Figure 9.2,

the rate of /3/ is above average and /6/ is among the rarest consonants.
Orthographically, the English dental fricatives are unambiguously denoted
by <th>. However, spelling provides no cue to the voicing contrast.

9.2.3 Similarity

One explanation that has been put forward for the typological rarity

of /8 &/ is their lack of perceptual salience (e.g. Maddieson 1984: 51).
Acoustically, they are similar to other non-sibilant fricatives, most notably
labiodental [f v]. Not surprisingly, therefore, [f v] are the speech sounds
dental fricatives are most likely to be misheard as, both by native and non-
native listeners. Miller & Nicely (1955) studied AmE listeners’ confusion
patterns for 16 English consonants and observed that [0] was most likely to
be misheard as [f] (.72); [0] was most often confused with [v] (.65). These
results have been corroborated by other studies (Tabain 1998; Cutler et al.
2004; Brannen 2011).

Similar confusion patterns have been noted for German learners at
different proficiency levels. Weiher (1975) investigated the perception of
dental fricatives by n = 12 northern German learners in grade 5 (age: 10 to
11), with an average of 0.5 years of instruction. A discrimination and an
identification task with nonce words were used (n = 176; spoken by a BrE
native speaker).> Target segments were embedded in different phonetic
contexts. Overall, perception accuracy was similar for [0] and [3], with rates
of .72/.75 in the identification task, and .82/.83 in the discrimination task,
respectively. Perception accuracy varied by context. On average, dental
fricatives were perceived more accurately as singletons than in clusters. For
singleton [0], the accuracy rate was higher in initial position, for singleton
[0] in final position. Across all contexts, the preferred perceptual substitutes
were [f] for [0] and [v] for [3], matching the patterns observed for native
speakers.

Similar results are reported by Hancin-Bhatt (1994) for n = 10 advanced
German learners.* An identification task with nonce words (1 = 168)
included [0 6 t d s z f v] in initial, intervocalic and final position. Accuracy
rates ranged from .30 to .50 and were somewhat higher for [0] (initial .47,
medial .45, final .53) than for [3] (initial .41, medial .27, final .53). Figures
for the categorization as labiodental fricatives [f v] were not reported, but
the author notes that “there was a strong tendency toward this type of
misperception, even among native speakers” (Hancin-Bhatt 1994: 258).

Further evidence is reported by Hanulikova & Weber (2012), who
employed an AXB discrimination task to test n = 12 German university
students’ discrimination between [08] and [f s t]. In line with the results
of earlier studies, the error rate was highest for the [0]-[f] contrast (.26)
compared to that for [0]-[s] (.11) and [6]-[t] (.10).

Cross-sectional patterns in the perception of word-initial [0 8] were
reported by Wieden & Nemser (1991: 158, 162). A total of n = 384 Austrian
learners at different proficiency levels took part in the study.® Nonce
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005 025 12 4 s
Frequency (per 100 segments)

Figure 9.2: Frequency of /6 8/ relative to
other English consonants, expressed as
the number of instances per 100 segments.
Rates are shown on the log scale, but tick
mark labels give the original values of the
rates. Data are pooled across 9 studies (see
§3.3.3 for details).

® The identification task employed an
X-ABC format, where [0] and [8] were
contrasted with two alternatives from the
set [t s f] and [d z v], respectively. In the
discrimination task, an X-AB format was
used.

* The subjects in this study were, on
average, 24 years of age, had 7.6 years of
instruction, and started learning English at
the age of 13.

® The study included learners at 6 profi-
ciency levels, with n = 64 subjects in each
group. Years of instruction was used as an
indicator of developmental stage, which
ranged from 0 years (grade 3; 8-9 years of
age) to 8 years (grade 11; 16-17 years old).
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words were used in an X-ABC task, where [3i:ft] was contrasted with
[01:ft]-[zi:ft]-[vi:ft], and [0i:ft] with [0i:ft]-[Oi:ft]-[fi:ft]. Figure 9.3a shows
that correct perceptual matching increased steadily for [3]. There was a
preference for [u] as a substitute at early stages (around .30). Different
results were obtained for word-initial [0]: Perceptual problems persisted
across all stages with virtually no developmental progress. Correct per-
ception rates were slightly above .50, with labiodental [f] as the preferred
substitute.

To recapitulate, the literature shows that, not unlike native speakers,
German learners have difficulties with the perception of dental fricatives
in nonce words. Accuracy rates for [0] range from .45 to .80, those for
[0] from .30 to .90. These figures vary across studies and are influenced
by task design. In particular, the type of contrasts included among the
experimental stimuli affects performance. Dental fricatives are most likely
to be confused with labiodental sounds, especially the fricatives [f v],
but also the approximant [v]. The same tendency is observed in native
listeners. Further, perception accuracy has been found to vary as a function
of phonetic context, prosodic position and developmental stage. Thus, [0 3]
are perceived more accurately as singletons than in clusters. While accuracy
rates for singleton [3] were higher in final position, results for the effect of
prosodic position on [0] are mixed. Finally, perception accuracy for initial
[0] appears to increase with IL development, but no such progress has been
documented for [6].

9.3 Acquisition of dental fricatives: Theoretical predictions

Building on the linguistic factors just outlined, L2 phonological theories
generate a range of predictions about dental fricative production by
German learners. This section considers the acquisition of /6 8/ in the light
of the theoretical literature.

CAH Both /8/ and /38/ are new allophones of new phonemes and the
CAH therefore predicts ease of acquisition. From the perspective of the
CAH, L1 transfer may motivate /f vszt d/. The process of final devoicing
favors production of voiceless fricatives in coda position.

SLM The literature on German learners’ perception of dental fricatives
can be condensed into the following assumptions: (i) [v v] are the L1
sounds perceptually closest to [8] and the degree of perceived similarity be-
tween [v v] and [3] is moderate to high; (ii) [f] is the L1 sound perceptually
closest to [0] and the degree of perceived similarity between [f] and [0] is
high. Accordingly, the SLM predicts initial transfer of L1 [v v] for /8/ and
[f] for /6/, the latter being expected to be more persistent.

FCM The L1 sounds [f v s z t d] differ from /6 8/ in three features:
continuant (0.55) > coronAL (0.45) > rasiaL (0.23). As Table 9.3 shows,
the FCM predicts [s z] as the predominant perceptual substitutes and
expects them to surface in speech production.

(a) Initial [8]

Share of responses

Share of responses

Years of instruction

Figure 9.3: Perception accuracy of (a) [3]
against [f] and [8], and (b) [6] against [v]
and [z] in Austrian instructional-setting
learners by years of learning, ranging from
0 (grade 3) to 8 (grade 11). Adapted from
Wieden & Nemser (1991: 159, 162) with
permission.



Consonant Rank [cont] > [cor] > [LaB]
[s 7] 1 - - +
[fv] 2 + + +
[t d] 3 + + -
[0 0] + - -

SCH/MDH The following markedness assumptions follow from the
literature review: (i) /0 8/ are marked segments; (ii) /0/ is relatively
more marked than /fs t/; and (iii) /3/ is relatively more marked than
/v z d/. The acquisition of dental fricatives therefore involves mastering
a relatively more marked structure, which identifies /0 3/ as difficult

segments. Further, delayed acquisition is expected in codas and in clusters.

Patterns that are observable in natural languages include substitution of
/0/ by [fs] and /8/ by [d] in L1 acquisition, and substitution of /6/ by

[t t {] and /8/ by [d d v] in varieties of English. A further regularity that
may be expected in the production of /8/ is the assimilation of variants to
adjacent segments in connected speech (see Table 9.1).

NM/NDH Our markedness considerations strongly suggest the presence
of natural constraints affecting /0 8/-production. It is important to distin-

guish between constraints that are grounded in perception vs. production.

In fact, tendencies toward th-fronting — that is, production as a labiodental
fricative — are clearly rooted in speech perception, both in L1 acquisition
and in language variation and change (cf. Blevins 2004: 134-135). Th-
stopping, on the other hand, is more likely to be the result of production
constraints. As such, stopping of fricatives is a common, regular sound
change that is also observable in L1 acquisition (ibid.: 228-229). We may
thus assume that stopping is a natural process that has to be suppressed
in the acquisition of /0 8/. In GB and GA, the process of th-stopping is
suppressed. Since German does not have dental fricatives, this process is
latent for /6 8/. The NDH therefore predicts that this process will surface
in IL, yielding [t d]-like substitutes in learner productions. However, in
L1 acquisition stopping rates for /6/ (.10) are much lower than for /3/
(.90). This is presumably due to the fact that /3/-stopping is also motivated
perceptually — as noted above, /3/ usually lacks friction in natural speech
(Roach 2009: 45). The NM further considers frequency in the input as a
factor in L2 acquisition and the literature review suggests that /0/ is a rare
structure and /3/ a frequent structure. Frequency may thus be assumed to
facilitate the acquisition of /8/ but not /6/.

FM  The FM predicts the interplay of newly established articulatory and
faithfulness constraints to surface in four developmental stages: (i) deviant
production, (ii) variation reflecting focus on form, (iii) overly faithful
production, (iv) variation sensitive to functional principles. The last stage
may be characterized by style-dependent implementation of distinctive
features and connected speech processes that arise from an articulatory
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Table 9.3: Substitutes for [0 3]: Predictions
of the FCM.
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interaction with adjacent segments. The effect of functional principles is
expected to be particularly notable in /3/-initial function words.

MSA Taking the predictions of the SLM as a basis, the MSA further
incorporates physical constraints operating within the talker. These may
arise from intrinsic attributes, as is the case in th-stopping, or extrinsically
— that is, when [0 3] occur in articulatorily complex sequences. In native
speech, this is observable in combination with sibilants. The MSA thus
adds to SLM-based predictions a further delay of the acquisition of dental
fricatives in general (due to intrinsic constraints) and in articulatorily
demanding contexts (as a result of extrinsic constraints).

LTD According to the rationale of the LTD, dental fricatives will first
emerge in s-marked positions. This suggests the following tendencies:

(i) delayed acquisition in unstressed syllables; (ii) delayed acquisition in
coda position; (iii) no difference between onset singletons and clusters,
as /0/ is the first segment in onset clusters and thus s-marked; and (iv)
delayed acquisition of non-initial coda cluster elements. The effect of
structural strength on the observed substitutes is predicted to surface

in a tendency toward strengthened variants in s-marked positions, and
weakened variants in w-marked positions. It follows that s-marking

is associated with a tendency toward th-stopping and/or devoicing.
Weakened variants, on the other hand, may show approximantization —
that is, loss of friction. The LTD’s view of learner productions showing an
increasingly systematic influence of phonetic and prosodic context suggests
consistent coarticulation patterns to emerge relatively late.

6 ,
OPM The discussion above indicates that /6 §/ classify as both marked See §4.3 (Figure 4.18, p. 194) fora
discussion of the rationale underlying the

and similar structures, suggesting a consideration in terms of the combined fusion of these corollaries.
Corollary6 shown in Figure 4.18. Thus, perception-driven transfer of similar
L1 structures [f v v] is expected to occur at initial stages and persist for
L1-derived [f]. This is followed by the influence of universal constraints,
which may surface in the tendency toward th-stopping in general and
toward articulatory simplification in the vicinity of sibilants. Target-like
production is expected to emerge late.

Predictions are summarized in Table 9.4. In the next section, we take
a look at the insights provided by empirical investigations into /6 3/ in
German learner speech.

Degree of influence

Developmental stage

Figure 9.4: Extrapolation of the OPM to
structures that are both similar and marked.

9.4 Dental fricatives in German Learner English: Previous work ;fgis .gfph should be compared to Figure
6. @®

The production of dental fricatives by L1 German learners has been ad-
dressed by several studies. Contrastive accounts with a pedagogical focus
differ in the type of substitutes listed for /8 8/. As Table 9.5 shows, there is
consensus that [s] is the preferred reflex for /0/; however, different variants
are reported for /3/. Further, it has been noted that the combination of /6
d/ with other fricatives, most notably /s z/, causes difficulties for German
learners (Dretzke 1998: 55; Eckert & Barry 2005: 88).
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Table 9.4: The acquisition of /6 8/ by
German learners: Summary of predictions
CAH Early acquisition based on theoretical work.

Substitutes for /3/: [z v v d] in onset position, [s f t] in coda position

Substitutes for /0/: [sft]

SLM Late acquisition by the majority of learners
Substitutes: /3/ [vv]; /0/ [f]
New category formation: /3/ > /0/

Theory Predicted patterns in L2 acquisition by German learners

FCM Perception-based substitutes in speech production: [s z]
MDH/SCH Late acquisition
Substitutes:
/8/ [sftt]

/8/ [d d v] and coarticulation with adjacent segments
Acquisition order: onset > coda; singleton > cluster

NM/NDH Positive frequency effect for /3/
Negative frequency effect for /6/
Substitutes: /0/ [t t]; /3/ [d d]

™M No effect of frequency
Development: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech processes

MSA Late acquisition by the majority of learners (SLM)
Substitutes (cf. SLM): /3/ [v v] then stopping [d d] or coarticulation
with adjacent segments; /0/ [f] then stopping [t t] or coarticulation
with adjacent segments
Late acquisition in contexts involving syntagmatic articulatory
difficulty

LTD s-marked positions:
Early acquisition
Strengthened substitutes: /8/ [dd t t6]; /0/ [t t]
w-marked positions:
Delayed acquisition
Lenited substitutes: /8/ [d v]; /0/ [0 v zd]
Acquisition order: stressed > unstressed syllables; onset: singleton =
cluster; coda: initial > non-initial cluster element

OPM Late acquisition
Very late acquisition by a minor population of learners (cf. SLM)
Late acquisition in contexts involving syntagmatic articulatory
difficulty
Substitutes (cf. SLM): /8/ [v v] then [d d]; /6/ [f] then [t t]

Weiher (1975) investigated the production of dental fricatives by
German 5-graders (1 = 12) using three tasks: (i) the repetition of nonce
words, (ii) the repetition of English words, and (iii) the reading and
repetition of English sentences. The findings show an effect of elicitation
method. For both /6/ and /38/ the correct production rate was lower in
nonce words (.47 and .45, respectively) than in the English words (.93 and
.82) and English sentences (.83 and .86). Due to the 5th—graders’ limited
vocabulary, only a small number of English words with dental fricatives
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Reference /8/  /3/
Scherer & Wollmann 1986 [s] [z]
Mair 1995 [sft] [dzvV]
Arnold & Hansen 1974 [st] [zd]
Koziol 1959 [s] [zd]
Keutsch 1974 [s] [z]
Kufner 1971 [sf] [0dz]

could be tested. A detailed analysis of the substitution patterns was thus
only possible for nonce words. Results were similar to those obtained

in the perception tasks: Labiodental fricatives were the most frequent
substitutes (.79 for both /0/ and /3/). Different patterns were observed for
English words, however, where [f] and [s] had roughly equal shares, and
also for the English sentences, where .82 of the substitutions were [s] or
s-like. These findings show that while the imitation of unfamiliar items is
subject to perceptual constraints, familiar items are affected by constraints
on speech production.”

Sieg (2004: quoted in Wode 2009) investigated phonological devel-
opment in immersion-setting learners from grade 1 to 4. Accuracy rates
for both dental fricatives increased steadily (/3/: .30/.45/.70/.80; /0/:
.70/.80/.80/.85). For /0/, [s] was the predominant substitute (1/.75/1/.95);

marginal error patterns involved [t] (.00/.25/.00/.00) and [f] (.00/.00/.00/.05).

The predominant substitute for /3/ was [d] (.85/.60/.65/.80), followed by
[z] (.10/.35/.30/.15).

In another study on instructional-setting learners, Langguth (2009)
reported on the production of dental fricatives by German learners from a
grammar school in northern Bavaria (Bamberg). The cross-sectional design
included three groups (n = 7 each) from grade 5 (age: 10-11), 9 (14-15)
and 12 (17-18). Three speaking styles were elicited: (i) a word list, (ii) a
(near-)minimal pair list, and (iii) semi-free speech — that is, answers to
follow-up questions on a short text. The effect of proficiency level was not
as pronounced as in other studies. Overall, /6/ and /3/ were produced
at similar accuracy rates (.80 and .75, respectively). While there was an
upward trend for /3/ (.65/.65/.90), the pattern for /6/ was U-shaped
(.80/.60/.95). The effect of speaking style was rather small with a correct
production rate of .75 in free speech and .80 in single words for /6/ and
the same pattern for /38/ (.72 vs. .78, respectively). Across all subjects,
the most frequent substitute for /0/ was [s], followed by [3] .21, [{] .17, [t]
.07, [d] .07, and [v] .03. Developmental substitution patterns were also
observed: [s] occurred most frequently in grade 5, [f] and [t] in grade 9.
The distribution of substitutes across proficiency levels was not reported.
For /3/, the predominant substitute was [d] (.48), followed by [s] .33, [0]
.12, and [z] .06. Again, [s] was dominant among younger learners, [d] at
later stages. Higher accuracy rates were observed in intervocalic position
(.83) than in initial position (.73).

Further quantitative evidence is reported by Wieden & Nemser (1991:
188, 189), who studied the production of /0 8/ by n = 384 Austrian learners

Table 9.5: Substitutes for /0 8/ in German
Learner English: Preferences reported in
contrastive analyses.

7 This suggests fundamentally different
mechanisms underpinning the imitation of
familiar vs. unfamiliar items. An effect of
word familiarity on the correct production
of [0 8] was also reported by Nemser
(1971b), who studied L1 Hungarian
learners’ production and perception of [0
3]. In the perception task, the preferred
reflex was a labiodental fricative: [0] was
predominantly perceived as [f] (.82 vs. [s]
.08 and [t] .10) and [8] as [v] (.59 vs. [d]
.36 and [z] .04). This is in line with the
results for German learners discussed
above. In the production task, which
involved a translation of familiar words
from Hungarian to English, the dominant
substitute for [0] was [t] (.92 vs. [s] .08)
and the preferred reflex for [8] was [d] (.96
vs. [z] .04).



of English.® As Figure 9.5 shows, correct production rates for /3/ varied by
proficiency level and prosodic position. Overall, higher accuracy rates were
found in initial (this, the, there) and medial position (mother) compared
to final position (clothes, with), where devoiced [0] featured as the most
frequent substitute. The rate of target-like realizations in initial and medial
position climbed from 0 to .40 in initial position and from .10 to .60 in
medial position. For /8/, the authors reported higher accuracy rates in
singletons than in clusters. Thus, production accuracy increased from close
to 0 to .40 in clusters and .65 in singletons.

Hanulikové & Weber (2010) analyzed the production of word-initial
/0/ by n = 37 German learners (mean age: 23 years). Half of the items
were produced correctly. Among the substitutes for /8/, [s] was observed
most frequently (.60), followed by [t] .14, and [f] .11. The authors also
analyzed acoustic properties of the word-initial sounds and observed
that the [s]-substitute typically differed from intended [s]-realizations
in duration, amplitude, and spectral properties. This indicates that,
rather than substituting [s] for [0], German learners produce a transitory
sound acoustically intermediate between [s] and [0]. The label ”s-type”
substitute may therefore be more appropriate, unless an auditory analysis
distinguishes between [s] and g].

Pascoe (1987) reports on dental fricative production by n = 26 learners
from southern Bavaria (see §3.3.1 for details). Overall accuracy rates were
.55 for /8/ and .68 for /6/. While subjects with good pronunciation (n =
7) produced .85 of both /6 3/ correctly, the group of students with poor
pronunciation (n = 10) showed lower accuracy rates (.25 for /3/ and .45 for
16)).

Further work on dental fricative production by instructional-setting
learners from southern Bavaria was carried out by Kucharek (1988), who
studied n = 580 learners divided into 5 groups: students in grade 6 (n
=169),7 (n =138),8 (n =117), and 12 (n = 94) and teachers (n = 62).
Production accuracy was assessed with a reading passage, which served
to elicit 3 items, one for /3/ (father) and two for /0/ (something, thirty).
Accuracy rates for /0/ ranged between .70 and .90, those for /3/ between
.75 and .90. The accuracy of both structures increased steadily from grade 6
to 12; teachers showed a target-like production rate of .97.

In summary, quantitative work on dental fricatives in GLE has iden-
tified several patterns of variation, which are summarized in Table 9.6.
/8/-accuracy has been observed to increase with proficiency and years
of instruction and appears to be sensitive to word familiarity (A = .46),
complexity (A = 0 to .25), and speaking style (A = .05 to .10). The sub-
stitutes that have been reported are [s s { t 8 d v], with s-types occurring
most frequently. The choice of variant has been observed to be linked to
proficiency level, word familiarity, and speaking style. Varying estimates
have also been reported for /3/-accuracy, which increases with proficiency
and years of instruction and appears to be sensitive to word familiarity
and position in the word. Results for stylistic variation are inconclusive.
/8/-substitutes include [d d z z v f t] and the type of variant produced has
been observed to vary as a function of pronunciation proficiency, word
familiarity, and speaking style.
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8 The study included learners at 6 profi-
ciency levels, with n = 64 subjects in each
group. Years of instruction was used as an
indicator of developmental stage, which
ranged from 0 years (grade 3; 8-9 years of
age) to 8 years (grade 11; 16-17 years old).
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Figure 9.5: Production accuracy of /6 8/
in Austrian instructional-setting learners
by years of learning, ranging from 0 (grade
3) to 8 (grade 11): Correct production rate
(a) for /8/ by position, and (b) for /0/ by
onset complexity. Adapted from Wieden &
Nemser (1991: 188, 189) with permission.
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Table 9.6: Empirical evidence from audi-
tory studies on /6 8/ in German Learner
English: reported production/accuracy
rates and constraints on accuracy and

substitutes.
Results Notes Study
/8/
Accuracy rate .80-.95 Grades 5, 9, 12; age: 10-18 years Langguth 2009
.70-90 Grades 6-12; age: 11-18 years Kucharek 1988
.70-.85 Grades 1-4; age: 6-10 years Sieg 2004
47-93 Grade 5; age: 10-11 years; lowest rate: nonce words Weiher 1975
45-.80 Grades 8-10; age: 14-16 years Pascoe 1987
.00-.65 Grades 3-11; age: 8-17 years Wieden & Nemser 1991
Constraints on accuracy
Familiarity A= 46 Familiar (.93) > nonce words (.47); imitation task Weiher 1975
Complexity A =1[0;.25] Singleton [0; .65] > cluster [0; .40]; effect greater at later stages =~ Wieden & Nemser 1991
Speaking style A =.10 Single words (.93) > sentences (.83) Weiher 1975
A =.06 Single words (.78) > free speech (.72) Langguth 2009

Constraints on substitutes
Familiarity

Speaking style

Proficiency

/8/

Accuracy rate  .75-.90
.65-.90
.30-.80
45-.86
25-.80

.00-.60

Constraints on accuracy

Familiarity A =37

Position A =[0;.50]
A =[0;.20]
A=.10

Speaking style A =.05
A=-04

Constraints on substitutes
Familiarity

Speaking style

Proficiency

v] most common in nonce words (imitation task)
s] in familiar English words

s] in single words

s] in English sentences

s-type substitutes more frequent at early stages

[f t] more frequent at later stages

[t
[t
[t
[

Grades 6-12; age: 11-18 years

Grades 5, 9, 12; age: 10-18 years

Grades 1-4; age: 6-10 years

Grade 5; age: 10-11 years; lowest rate: nonce words
Grades 8-10; age: 14-16 years

Grades 3-11; age: 8-17 years

Familiar (.82) > nonce words (.45); imitation task

Medial, initial [0; .50] > final [0; .05], effect greater at later stages

Medial [.10; .60] > initial [0; .40], effect greater at later stages
Medial (.83) > initial (.73)

Single words (.80) > free speech (.75)

Single words (.82) < sentences (.86)

v] most common in nonce words (imitation task)
] in familiar English words

] in single words

s] in English sentences

s-type substitutes more frequent at early stages
d-type substitutes more frequent at later stages

S
S

[t
[t
[t
[

Weiher 1975
Weiher 1975
Weiher 1975
Weiher 1975
Langguth 2009
Langguth 2009

Kucharek 1988
Langguth 2009

Sieg 2004

Weiher 1975

Pascoe 1987

Wieden & Nemser 1991

Weiher 1975

Wieden & Nemser 1991
Wieden & Nemser 1991
Langguth 2009
Langguth 2009

Weiher 1975

Weiher 1975
Weiher 1975
Weiher 1975
Weiher 1975
Langguth 2009
Langguth 2009




9.5 Aims of this study

This investigation aims to make empirical contributions to the study of
dental fricatives in GLE by focusing on the following aspects:

e cross-sectional patterns in the realization of onset /3/ and
e linguistic factors constraining the realization of onset /3.

Cross-sectional patterns in the realization of onset /3/

Most theoretical contributions arrive at a classification of dental fricatives as
difficult structures (SLM, MDH/SCH, MSA, OPM); only the CAH predicts
ease of acquisition. As for expected substitutes, a wide range of variants
appears plausible from a theoretical viewpoint. Some frameworks make
predictions conditional on phonetic and prosodic context. Thus, the LTD
considers dental fricative substitution to be sensitive to structural strength,
and the MSA and SCH suggest coarticulation effects induced by adjacent
segments. The following set of substitutes for onset /8/ may be postulated
on the basis of theoretical work:

v v] CAH; SLM; SCH; MSA; OPM; LTD: [v] in w-marked positions
z] CAH; FCM; MSA: after [s z] MSA

d] CAH; SCH; NM; OPM; LTD: in s-marked positions

d d] SCH; NM; OPM; MSA: after [d]; LTD: in s-marked positions
nn] MSA, SCH: after [n]

] MSA, SCH: after [1]

t £ 6] LTD: in s-marked positions

d] LTD: in w-marked positions

1

o

[
[
[
[
[
[
[
[

There is some evidence in the literature suggesting that substitution
patterns vary with IL development. Thus, Langguth (2009) reported a
tendency toward s-types at earlier stages, followed by a tendency toward
d-types. The current study shall throw further light on systematic variation
in the realization of onset /3/ at different proficiency levels.

Linguistic factors

The effect of phonetic context on the production of onset /3/ has been
approached differently in the literature, as studies have foregrounded
different phonetic features in the surrounding context.” Quite surprisingly,
place of articulation has so far been largely neglected. Given what is known
about /3/-variation in native speech (cf. §9.1), however, this feature seems
to be clearly motivated. In non-native speech, [s z] have been observed to
be a source of difficulty (e.g. Wenk 1979), and it has been pointed out that
this is also the case in GLE (Dretzke 1998: 55; Eckert & Barry 2005: 88).
The aim of the current study is to shed light on phonetic context effects by
considering how onset /3/ production varies after [s z] compared to other
sounds.
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° For instance, researchers have turned

to the sonority of adjacent segments
(Gatbonton 1978), manner of articulation,
voicing, perceived cross-linguistic similarity
and lexical frequency (Trovimovich et al.
2007).
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9.6 Method and data

Informants, materials and procedures

The following analyses are based on the data gathered in this study and
two additional data sets:'°

e The SpIL corpus (Pascoe 1987) includes n = 304 instances of onset /3/,
with the definite article the accounting for the majority of occurrences
(77%). Demonstrative pronouns and determiners (this, that, these, those)
made up 11% of the tokens.

e Wunder’s (2012) data contain n = 863 relevant tokens (48% the, 17%
demonstratives, 17% personal pronouns).

e The recordings from this study yielded n = 1,531 instances of onset /8/
(74% the, 4% demonstratives).

For the analysis of Pascoe’s (1987) data, we relied on the phonetic
transcriptions provided in the SpIL corpus. The data from Wunder (2012)
and this study were analyzed auditorily by the author of the current study.
Given the fact that /3/ is typically produced as a weak dental stop in native
speech (Roach 2009), stop-like renditions [d] were classified as target-like
and assigned to the same category as [3]. Table 9.7 shows the distribution
of variants in the three data sets. A distinction is made between observed
variants and categories used for analysis. The latter aggregates variants into 4
major groups, reflecting target-like production [8 d], d-type substitutes [d
d], z-type substitutes [z z s 5]'! and other variants [0 f v] and @. These four
groups were used for the statistical analysis of the data.

Pascoe 1987 Wunder 2012 This study
Realization Pr (n) Pr (n) Pr (n)
Observed variants
[6d] 56 (169) .69 (597) .65 (990)
[d] .24 (73) 17 (148) 18 (281)
[z 2] 20 (62) 01 (10) 02 (26)
[ss] .00 (0) .07 (57) .04 (60)
[fv] .00 (0) .02 (21) .02 (23)
[0] .00 (0) 02 (17) 08 (120)
[d] .00 (0) .00 (0) .01 (12)
1%} .00 (0) .02 (13) .01 (18)
Categories used for analysis
[Bd] 56 (169) .70 (990) .69 (597)
d-type [d d] 24 (73) 21 (294) 17 (148)
z-type [z z s 8] .20 (62) .05 (76) .08 (67)
other [0 fv] @ .00 (0) .03 (49) .06 (51)

As for the linguistic factor, Table 9.8 shows how preceding [s z] and
other contexts are represented in the data sets. While the token frequency
gives the total number of observations per factor level, the type frequency
indicates the number of different words with onset /3/ that occurred in

10 The data sets analyzed in the present
chapter are openly available via the Tromso
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
DYAGZG (Sonning et al. 2020c). See
§3.3.1 for further information on the
supplementary data sets.

In the auditory classification of the
tokens, some features were difficult to pin
down — especially the distinction between
the z-type fricatives [z s] and dental [3]. I
based the classification on the perceived
frequency of the noise component, which,
of course, is a continuous attribute. The
distinction between target-like dental [d]
and alveolar [d] was also subtle in some
cases, but I felt that, in most cases, the burst
of noise allowed me to identify the place
of articulation with a satisfactory level of
confidence.

Table 9.7: Distribution of variants in the
three data sets. "Pr” denotes the propor-
tional share of a (group of) variant(s).


https://doi.org/10.18710/DYAGZG
https://doi.org/10.18710/DYAGZG

each condition. Next, we outline key features of the statistical analysis.
Readers less interested in technical details may safely skip ahead to §9.7.

Pascoe 1987  Wunder 2012 This study

Condition Types Tokens Types Tokens Types Tokens
Other 9 279 7 746 6 1364
Sibilant 4 25 3 121 1 62

Statistical analysis

Since the realization of onset /3/ was coded using four categories, a
multilevel multinomial regression model was fit to the data. The structure
of the model is defined in Appendix A.9. To account for the hierarchical
data structure, and following Barr et al.’s (2013) recommendations, the
model included random intercepts on subject and word, as well as by-word
random slopes for proficiency, and by-subject random slopes for phonetic
context. Weakly regularizing priors were specified for all predictor slopes,
as well as the secondary parameters, that is, all correlation and standard
deviation parameters that define the variational structure. For the intercept,
the information from the literature review was used to define diffuse
informative priors. These denote the a priori expectation about the rate
of each variant in non-[s z] contexts, at an intermediate proficiency level
(z = 0). The connection between these these distributions and the values
reported in the literature is shown in Figure 9.6. These priors assign 90%
probability to the following intervals: [.15, .88] for [3], [.03, .69] for d-types,
[.00, .44] for z-types, and [.00, .26] for other variants.

9.7 Constraints on generality

Before we proceed to the results of our investigation, let us delimit the
circumstances to which these apply.

o Language-external scope: We are not aware of any speaker-related factors
that would compromise the applicability of our findings to other
populations of German instructional-setting learners.

o Language-internal scope: In the materials used for data elicitation, onset
/8/ almost exclusively occurred in function words (at least 80% of the
tokens in all data sets), with the accounting for the largest share. While
this approximates distributional patterns in natural language use, the
findings presented in the following may therefore only apply to these
contexts, that is, unstressed function words.

e Speaking style: The findings based on the present study and Wunder
(2012) reflect reading style. Since dental fricatives are unambiguously
represented by <th>, orthography may have a facilitating effect in these
data sets, suggesting that the rate of target-like variants may be higher
than in free speech.
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Table 9.8: Distribution of types and tokens
across the levels of the linguistic factors in
the three data sets.
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Figure 9.6: Prior for the intercept parame-
ters in the model in comparison to the rates
reported in the literature: (a) Kucharek
1988, (b) Langguth 2009, (c) Weiher 1975,
(d) Pascoe 1987, (e) Sieg 2004, (f) Wieden
& Nemser 1991. @®
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9.8 Results

We begin with a descriptive look at the data. The distribution of the four
variants across different proficiency levels is shown in Figure 9.7, where
each point denotes, for a particular learner, the proportion of a given
variant among all onset /3/ productions. Overall, the patterns are in good
agreement. While the share of target [3] increases with pronunciation
ability, at lower and intermediate levels we observe substantial variation
among learners. It is only at advanced stages that learners, on average,
begin to approach a categorically target-like realization rate. Accordingly,
the proportion of non-target variants shows decreasing trends. In general,
the rate of d-types [d d] appears to be higher than that of z-types [z z s g], at
least in the data from Wunder (2012) and the present study. Other variants
appear to play a minor role and there are only few individuals who show
an appreciable share.

For technical details about the regression models, please refer to Ap-

Figure 9.7: Onset /3/: Production rates for
[3], d-types, z-types, and other variants by
proficiency level. The graphs shows, for

each learner, the proportion of the variants.

e@®
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pendix A.9. We will immediately turn to a visualization of the estimates
offered by our analyses. Figure 9.8 shows the average rate of each variant
across proficiency levels. Corresponding estimates for representative
proficiency levels are listed in Table 9.9. The figures describe the realization
of onset /3/ in contexts other than after [s z]. The average trends may
therefore deviate from those in the descriptive diagrams above, where real-
ization rates are pooled across phonetic contexts. The top row compares the
four variants, and in the rows below, the statistical uncertainty surrounding
these estimates is indicated. Figure 9.8 offers the following insights:

e In contexts other than after [s z], accuracy rates for onset /3/ increase
rather quickly and approach 1 at intermediate levels.
o In these contexts, the rate of d-type substitutes seems to be higher, on
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Figure 9.8: Realization of onset /8/ in
phonetic contexts other than after [s

z]: Production rate of variants across
proficiency levels, in the three data sets.
Lines show estimated regression curves.
The top row compares the proportion of
variants and the rows below show the
statistical uncertainty associated with the
estimates. Error bands reflect 50% and 90%
uncertainty intervals. @®
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Figure 9.9: Realization of onset /3/
conditional on the preceding segment. The
figures show how the rate of [3], d-types,
and z-types varies after [s z] (grey dashed
lines) compared to other contexts. For
each variant, the first row of panels shows
the estimated rate, and the second row of
panels shows the estimated difference in
the rate of this variant. Values below the
curve indicate a lower rate after [s z]. Error
bands indicate 50% and 90% uncertainty
intervals.



average, than that of z-types and other variants. However, the statistical
uncertainty surrounding these estimates is quite large.

o The rate of d-type substitutes decreases, on average from about .50
(Pascoe 1987), .30 (Wunder 2012) and .25 (this study) at the lowest
levels of pronunciation ability, to below .15 at intermediate levels.

o The rate of z-types drops from beginner rates of roughly .20 (Pascoe
1987), .10 (Wunder 2012) and .05 (this study), to below .01 at intermedi-
ate levels.

Findings for the preceding phonetic context are summarized in Figure
9.9, where estimates are shown for three variants: [3] (rows 1 and 2),
d-types (rows 3 and 4), and z-types (rows 5 and 6). The upper panels in
each pair of rows shows two estimated curves for a variant: the average
rate after [s z] (grey dashed line) and in other contexts (solid black line).
Note that the solid black lines are those shown in Figure 9.8 above. The
question of interest here is how the distribution of variants changes when
onset /8/ occurs after [s z]. The lower panels in each pair of rows shows the
difference between the two curves. If the difference is below the horizontal
line marking zero, this means that the share of the variant is lower after
[s z], if it is above the zero line, its prevalence is higher in these contexts.
The error bands mark the 50% and 90% uncertainty intervals for these
difference estimates. The following observations may be made:

e The rate of target-like [3] is lower after [s z]. The magnitude of this drop
varies across proficiency levels and seems to be highest, in absolute
terms, at beginner and lower intermediate levels, where it amounts to
about A = .15 to A = .30. These estimates are subject to a fair amount of
statistical uncertainty.

o The rate of d-type substitutes shows a less regular pattern: Among
beginners, these variants appear to be equally (or somewhat less) likely
after [s z] compared to other contexts. While this pattern is broadly
consistent across the three data sets, the magnitude of these differences
varies: In general, d-types appear to be about .03 to .20 more likely after
[s z] among intermediate and advanced learners.

e As for z-type variants, we observe consistent trends: After [s z], z-types
are more likely, especially among beginners, where the difference
amounts to .14 to .40, in absolute terms.

9.9  Summary and discussion

This chapter was concerned with the acquisition of onset /8/ by German
learners. A contrastive analysis showed that dental fricatives are new
sounds for German learners, whose L1 lacks a dental place of articulation.
/8/ is common in English and occurs in initial position in a number of
high-frequency function words, where it is subject to connected speech
processes including deletion and assimilation to the preceding segment.
From the perspective of linguistic constraints, dental fricatives must be con-
sidered marked structures, as they are rare in languages around the world
and among the last sounds acquired and mastered by English-learning

DENTAL FRICATIVES

205



206 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

(0] d-types z-types other
Proficiency Mdn 05 95 Mdn .05 95 Mdn .05 95 Mdn .05 .95
Other contexts
Pascoe 1987
Beginner 25 .06 .54 51 .19 .80 18 .01 .61 —_ - —
Intermediate .81 .67 .91 17 .07 .30 .01 .00 .10 —_ - —
Advanced 95 .81 .99 .05 .01 .19 .00 .00 .02 —_ = —
Wunder 2012
Beginner 39 19 .63 32 .12 58 .10 .01 .36 .13 .03 .31
Intermediate .81 .70 .90 12 .06 .22 .00 .00 .02 .05 .01 .13
Advanced 94 83 .98 .03 .01 .12 .00 .00 .01 .01 .00 .07
This study
Beginner 59 40 .77 26 11 47 .05 .01 .17 .07 .02 .19
Intermediate .90 .81 .96 .07 .03 .15 .00 .00 .04 .01 .00 .06
Advanced 97 91 .99 .02 .00 .07 .00 .00 .02 .00 .00 .03
After [s z]
Pascoe 1987
Beginner .05 .00 .38 50 .10 .88 39 .03 .86 —_ - —
Intermediate .50 .24 .76 41 13 .67 .06 .00 .31 —_ = —
Advanced .82 53 .97 17 .01 46 .00 .00 .07 —_ - —
Wunder 2012
Beginner 15 .03 42 15 .03 44 49 10 .84 13 .02 .39
Intermediate .57 .42 .73 26 .14 42 .02 .00 .11 11 .03 .25
Advanced .69 41 .88 24 07 54 .00 .00 .02 .05 .00 .19
This study
Beginner 25 .09 .48 27 .07 .52 31 .05 .61 12 .02 .34
Intermediate .65 .45 .83 14 .03 .32 11 .01 34 .05 .01 .17
Advanced .87 .68 .96 .05 .00 .19 .03 .00 .21 .01 .00 .08

children. This is partly attributable to contiguous motor constraints, as

the production of /6 8/ in combination with sibilants requires fine motor

differentiation. Another relevant factor is their lack of perceptual salience.

Both native and non-native listeners frequently mishear dental [0 3] as
labiodental [f v] and perceptual difficulties have also been identified in the
population of L1 German listeners.

Resting on these insights into linguistic influences on the acquisition of
/8 8/, most theories arrive at a classification of dental fricatives as difficult
segments in L2 acquisition. As for their realization in GLE, a large set of
variants is motivated from the viewpoint of L2 speech theories. These
include L1-derived segments, assimilations resulting from regressive
coarticulation, and strengthened or weakened variants.

Claims of dental fricatives being difficult structures have received
support from quantitative research on GLE, with accuracy rates ranging
between 0 and .90. Several factors have been linked to variation in accuracy
rates, including proficiency level, word familiarity, and position in the

Table 9.9: Estimates for the production rate
of variants, in phonetic contexts other than
after [s z|, at representative proficiency
levels.
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syllable and word. As yet, there has been no systematic investigation of
phonetic context effects on the production of /3/ by German learners. The
objective of the present study was to explore cross-sectional patterns in
the choice of variant for onset /3/. A study by Langguth (2009) reported
on differential substitution conditional on developmental stage, with a
stronger tendency toward s-type substitutes at earlier stages. The current in-
vestigation further set out to shed light on the effect of preceding phonetic
context. In this domain, empirical work on GLE is lacking.

Findings on the accuracy rate of onset /3/ were consistent with evidence
in the literature, with estimates of around .25 to .60 at lower proficiency
levels and close to 1 at higher proficiency levels. With high-proficiency
learners showing almost categorical target-like production, onset /3/
may be considered a structure of moderate difficulty. As for deviant
realizations, d-type and z-type substitutes accounted for the greatest
share of non-target variants. D-types consistently occurred at a higher
rate across all proficiency levels. A closer inspection of the association
between preceding sibilant and the distribution of variants revealed that
a drop in target variants after sibilants (between .15 and .30 in absolute
terms) was compensated by a rise in d-type and z-type realizations. While
a sibilant-induced boost in z-types appeared to be restricted to the lower
proficiency levels, there was a tendency for d-type substitutes to show a
sibilance-related increase at intermediate and advanced stages.

While most theoretical perspectives concur in predicting difficulties
for the acquisition of onset /3/ by German learners, these claims rest on
different assumptions about underlying processes. These include the
relative markedness of /6 3/ (MDH), the operation of natural processes
(NM/NDH), syntagmatic motor complexity (MSA) and speech perception
(SLM; MSA; OPM). Similar to earlier work on dental fricatives in GLE,
labiodental substitutes were rarely observed. This runs counter to predic-
tions made by the SLM and models that incorporate its tenets (MSA, OPM).
Concerning the dispreference for labiodental variants, three factors may
play a role:

e Dental fricatives have a robust orthographic representation, which
provides no graphemic cue to a labiodental place of articulation. Rather,
it points to an alveolar constriction location, the place of articulation
most frequently observed in substitutes.

e Speech perception has been observed to be closely related to visual in-
formation, a phenomenon that is known as the McGurk effect (McGurk
& MacDonald 1976). In the case of dental fricatives, the external ar-
ticulators provide relevant visual information in face-to-face settings.
Observation of the lips reveals that /0 8/ are not labiodental, but involve
internal articulators.

e A third factor that may play a role is markedness, with observed
substitution patterns reflecting the emergence of unmarked feature
values. Thus, Rice (2007) summarizes arguments for the coronal place
of articulation to be considered unmarked in comparison to labial and
dorsal consonants. Coronal substitutes may thus be generally favored as
substitutes for dental fricatives.

207
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A comparison of substitution patterns by learners from different L1
backgrounds certainly shows that a preference for dorsal substitutes is
not categorical. Nevertheless, these factors may partly account for the
predominance of dorsal substitutes in German Learner English despite
the fact that labiodental fricatives are perceptually much closer. It is worth
noting that, contrary to the SLM, the FCM predicted s/z-type substitutes
on the grounds that /6 8/ and /s z/ share the features continuant and
coronal. It should be noted, however, that predictions of the FCM primarily
concern speech perception and thus relate to speech production only
indirectly. The expectation of s/z-type substitutes in the perception of /6
3/ is at odds with the established empirical observation of /f v/ being the
preferential substitutes in speech perception. Thus, while the FCM correctly
predicts s/z-type substitutes in production, the fact that this prediction is
not borne out in speech perception interferes with its line of reasoning. It
can thus be stated that the processes assumed by the FCM do not provide
an adequate account of the empirical observations, at least as far as the set
of phonological features employed in this study is concerned.

While the factors just outlined may contribute to an explanation of the
preference for dorsal variants, they do not differentiate between stops
(d-type) and fricatives (z-type). Nevertheless, the observed tendency
toward d-types is consistent with the following theory-derived claims:

e MDH: Fricatives are relatively more marked than stops. A higher rate
of d-type substitutes may therefore reflect a preference for unmarked
segments.

e SCH: Turning to substitution patterns observable in other natural
languages, the SCH predicted a greater likelihood of d-type substitutes.
German learner speech thus seems to structurally conform to the
universal tendencies observed in other natural languages.

e NM/NDH: The bias toward d-types may result from the universal
phonological process of stopping, which is also observed in L1 acquisi-
tion.

e LTD: The emergence of stop-like variants is also explainable in terms of
onset strengthening — that is, the tendency toward fortition of s-marked
segments.

Thus, when accounting for the observed patterns in the realization of
onset /3/ by German learners, proper consideration ought to be given
to alternative views. This concerns (i) the clarification of the empirically
substantiated dispreference for perceptually motivated substitutes and
(ii) the explanation of the distribution of major variants. For the present,
empirical patterns lend themselves to multiple explanations.

Findings on the distribution of deviant variants are in agreement with
the studies by Sieg (2004: quoted in Wode 2009) and Langguth (2009),
who also noted a preference for d-type substitutes. To the extent that these
empirical findings can be considered representative of /3/-production by
German learners, it appears that lists of substitutes reported in contrastive
analyses (see 9.5) may need to be modified. Only the order given by Mair
(1995) reflects patterns that have been documented for GLE. Nevertheless,
judgement on the descriptive adequacy of any set of preferential substitutes



must be suspended, as no study to date has provided an extensive survey
of /8/-production by German learners. Previous research is suggestive
of differential substitution patterns (Wieden & Nemser 1991; Langguth
2009), which are also motivated on theoretical grounds. In particular, two
distinctions deserve closer attention in future work: prosodic position
(onset vs. coda) and, for onset /3/, position in the word. The present
study was restricted in scope to onset position. With coda obstruents
being regularly devoiced in L1 German (see Chapter 10), the substitution
patterns in final position are governed by different processes yielding

a different set of variants. As for onset /3/, the few indications in the
literature suggest further variation conditional on position in the word.
As far as accuracy rates are concerned, onset /3/ in medial, intervocalic
position appears to be more favorable to target-like renditions (A = 0 to
.20, Wieden & Nemser 1991; A = .10, Langguth 2009). A separate analysis
of initial and medial position appears warranted for two reasons. First, for
intervocalic /8/-tokens (father, weather), the phonetic context is invariable.
Thus, word-medial intervocalic position is a protected environment in
the sense that variation conditional on connected speech processes of the
type attested for initial /3/ is blocked. For onset /3/, we therefore expect
a statistical interaction between speaking style and position in the word.
This is to say that only word-initial /3/ is likely to be sensitive to connected
speech processes and is thus expected to be realized differently in isolation
vs. connected speech. Second, another factor relevant for the description
and prediction of substitution patterns is the favorability of intervocalic
segments to lenition processes (Lass 1984: 182). This is expected to surface
in a smaller share of d-type substitutes, which may be considered the
outcome of th-stopping, a fortition process.

Given the variability of /3/ in place, manner and voicing features, one
challenge involved in the investigation of this structure in IL phonology is
the interpretation of variants that deviate from a canonical voiced dental
fricative. As highlighted by the FM, two sources of within-learner variation
must be distinguished: that induced by monitoring effects and that related
to functional principles. Thus, variants that deviate from [3] in place,
manner, or voicing features may be the outcome of different mechanisms —
that is, deviations may be due to incomplete acquisition or reflect connected
speech processes that are also observed in native speech. The same surface
realization may therefore be interpreted in fundamentally different ways
depending on which type of variation it is assumed to represent. For
instance, a German learner’s production of Is this it as [1'z1'sit] may reflect
a transfer-induced deviation from target /3/ or a target-like connected
speech process (see §9.1). Guidance provided by theory suggests that
interpretative difficulties may be partly resolved by controlling for speaking
style and proficiency level.

To conclude, the following points may be considered by future studies
on dental fricative production by German learners:

e Variation in /38/-production by German learners is subject to different
constraints, which in turn vary by prosodic and phonetic context.
Empirical documentation should therefore (minimally) distinguish

DENTAL FRICATIVES
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between three contexts: onset, coda, and word-medial (intervocalic)
position.

e Studies investigating sources of /d/-variation should consider sampling
from lower proficiency levels, as variation in target-like production has
been observed to be highest in this population of learners.

e Researchers should be aware of issues involved in the interpretation of
IL variants that deviate from /3/ in place, manner, or voicing features,
as these may be the outcome of different mechanisms and therefore
represent different structural IL components.

e Given that adjacency effects play a role in /3/-production by native and
non-native speakers, studies should not fail to record information about
phonetic context. As different attributes of contiguous segments may be
of interest in future work, contextual information is best provided in raw
form (i.e. using IPA symbols).

e From an explanatory perspective, two questions remain open for future
work: Why do German learners favor dorsal over labiodental variants?
Why do learners prefer d-type over z-type substitutes?



10
Final voiced obstruents

This chapter closes our treatment of segmental structures in German
Learner English with an analysis of the consonantal feature [ +voice]. As
such, the phonetic description of consonants rests on three parameters:
place of articulation, manner of articulation, and voicing. In the obstruent
inventories of English and German, voicing has a meaning-distinguishing
function, contrasting pairs such as /t d/, /s z/, and /p b/. The phonetic
realization of the phonological feature [+voice] varies across languages
and different articulatory and acoustic features may be employed to cue
obstruent voicing contrasts. Variation is also observable language-internally,
conditional on prosodic context. For instance, the implementation of
[+voice] differs systematically in onset vs. coda position. In fact, the labels
voiced and voiceless may not be adequate from a phonetic point of view, as
vocal fold vibration — that is, phonetic voicing — need not be the primary
distinctive cue. Different terms have therefore been suggested for the
phonological feature that distinguishes pairs such as back vs. pack or ice
vs. eyes. Jakobson & Halle (1956) use the terms fense and lax, focusing on
the muscular effort involved; by the same token, Kohler (1984) suggested
the labels fortis and lenis. In the following, the terms voiced and voiceless will
be used in a phonological sense, with the understanding that these labels
need not correspond to what is observed at the phonetic level.

This chapter is concerned with the production of final voiced obstruents
(FVOs) by German learners. Following a discussion of contrasts between
English and German, §10.2 turns to inherent properties of FVOs that
constrain their L2 acquisition. Theoretical positions on the L2 acquisition
of final obstruent voicing contrasts are presented in §10.3, which derives
hypotheses from formalized accounts. A survey of previous empirical work
on FVOs in German learner speech (§10.4) is followed by an outline of the
aims (§10.5) and method (§10.6) of this study. After a consideration of the
constraints on generality (§10.7), results are presented in §10.8. §10.9 then
closes with a summary and discussion.

10.1  Contrastive analysis

While both English and German use [+Vvoice] as a contrastive feature,
differences emerge in terms of its distribution. Thus, the two languages
signal obstruent voicing contrasts in syllable onsets (e.g. Pass - Bass
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/pas/-/bas/; Seite - Seide /'zar.do/ - /'zar.to/). In German, however, the
contrast is neutralized in syllable-final position (e.g. Rad - Rat [ga:t]). This
regular process is referred to as final devoicing and affects obstruents in
coda singletons and clusters. As a consequence, voiced obstruents are
only licensed in onset position. The fact that final devoicing neutralizes an
underlying voicing opposition is apparent from the occurrence of regular
morphophonemic alternations: Upon suffixation, coda obstruents may be
resyllabified to the onset of a vowel-initial suffix and consequently reflect
the underlying voiced phoneme (e.g. Rad [wa:t], Rades ['va:des] and Lied
[lizt], Lieder ['li:de]). In contrast to German, English upholds a contrast in
all positions, yielding minimal pairs such as bed [bed] vs. bet [bet].
Acoustically, obstruent voicing is signaled by a combination of cues.
These may be intrinsic (i.e. found in the consonantal segment itself!) or
extrinsic (i.e. surfacing in adjacent segments, most notably vowels?). In
English, these acoustic parameters differ in reliability and weight. In
syllable-final position, where voiced stops and fricatives are partially or
completely devoiced phonetically, intrinsic features are backgrounded. A
robust and reliable cue to the voiced-voiceless distinction in codas is the

duration of the preceding vowel, which is longer before voiced obstruents.

The perceptual relevance of this signal is well-documented. In fact, it
has relatively strong weight and may even serve as a sufficient cue to the
perceptual categorization of coda obstruents (Denes 1955; Raphael 1972;
Crowther & Mann 1992; Broersma 2005).

The duration of the preceding vowel as an extrinsic voicing cue is
attested across languages and has received different labels in the literature.
Here, the term preceding vowel duration (Tauberer 2010) will be used
(hereafter PVD). The degree to which vowel duration varies as a function
of the following obstruent will be referred to as the PVD effect.

While it has been suggested that the PVD effect operates universally
in natural languages (e.g. Chen 1970), its magnitude has been observed
to vary considerably cross-linguistically. From a methodological point
of view, the PVD effect may be expressed in absolute terms — that is, as a
difference in duration (e.g. in ms) — or in relative terms, as a ratio. Since
vowel duration varies intrinsically (e.g. /1/ vs. /i1/) and as a function of
other factors such as speech rate, a relative measure is more suitable for
comparisons between studies and speakers. The PVD ratio will therefore be
used as a measure to compare findings reported in the literature.*

Figure 10.1 summarizes empirical evidence on the PVD effect in
English and German.? As the studies listed differ in methodology, these
figures should be interpreted as giving a quantitative reflection of the
heterogeneity of estimates reported for each language or accent. As such,
the PVD effect varies as a function of linguistic factors, which will be
further discussed below. Position in the word has been identified as a
particularly strong predictor (Sharf 1962; Klatt 1973; Tauberer 2010) and
the following discussion therefore distinguishes two (necessarily broad)
word-level contexts:

3

e final vowels, which occur in monosyllabic words (bad) or the final
syllable of a (usually disyllabic) word (e.g. believe), and

! Examples are the timing and intensity of
the glottal signal during the hold stage of a
stop, or the period of friction in a fricative.

2 Acoustically, this may be reflected in
the duration and formant structure of the
preceding vowel, or Fy in the following
vowel.

* Among these are vowel length variation
(Chen 1970), vowel-length effect (Kluender
et al. 1988), voicing-dependent vowel duration
(Hussein 1994), pre-lenis lengthening
(Chomsky & Halle 1968), and pre-fortis
clipping (Wells 1990).

* See §9.6 for methodological considera-
tions.

® For details, see the online supplement:
https://osf.io/fsnjz/. For a comprehensive
meta-analysis on the PVD effect in German,
see Nicenboim et al. (2018).
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e non-final vowels, which (mostly) occur in the penultimate syllable of a
trochaic disyllabic word (e.g. Seide, mieden).

Studies on the German PVD effect report ratios between 1.0 and 1.1 in
final position. This indicates little systematic PVD variation in word-final
position. However, there is evidence that German exhibits a notable PVD
effect in non-final position, with values in the literature ranging from 1.2
to 1.6. A comparison between German, BrE, and AmE unambiguously
shows that the PVD effect in final position is much larger in English than in
German. To facilitate comparisons, Figure 10.2 summarizes the distribution
of measurements in the literature, including values reported for other
languages® in final position” and non-final position®.

Cross-linguistic differences are evident in final position, where AmE
and BrE show the highest scores. The PVD effect has been observed to be
strongest in BrE, with a median ratio of 1.76. In AmE, it is smaller (1.47),
but still of considerable size compared to other languages. In German,
the PVD effect in final position is small, with a median ratio of 1.07 across
studies. As for non-final position, the magnitude of the PVD effect appears
to be similar in AmE (Mdn = 1.27) and German (Mdn = 1.22); no data are
available for BrE. Figure 10.2 shows that the word-final PVD effect appears
to be distinctly large in English.’
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Figure 10.1: The PVD effect in AmE, BrE,
and German: Duration ratio of vowels
preceding voiced vs. voiceless obstruents
in final (e) and non-final (o) position
(details can be found in the OSF repository:
https://osf.io/fsnjz/). @®

® The data are deposited to https://osf.io/
fsnjz/.

7 References: French: Chen 1970; Kohler
1979; Laeufer 1992; Arabic: Flege & Port
1981; Czech and Polish: Keating 1980;
Russian: Chen 1970; Dimitrieva et al. 2010;
Italian: Esposito 2002

8 References: Russian and Korean: Chen
1970; Spanish: Zimmerman & Sapon 1958;
Norwegian: Fintoft 1962; Finnish: Wiik
1965; Dutch: van Dommelen 1982

Final Non-final

N
©
Lk
|
1
--1 00
o

PVD ratio
=
{e}

a0 | e

1.0
< & S & ¢ & &
< ‘?Sc:e}“\ S ?Sg@\@ o

Figure 10.2: Comparison of the PVD effect
in final and non-final position in English,
German and other languages. @®

? These cross-linguistic contrasts are
corroborated by studies that directly
compare English to other languages
using the same design and methodology
(Zimmerman & Sapon 1958; Chen 1970).
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As noted above, the PVD effect varies systematically as a function of
prosodic and segmental factors. Besides position in the word, speech rate
has been found to play a role, with higher tempo characteristically showing
smaller ratios. Tauberer (2010) reported ratios of 1.4 in slow speech, 1.3 in
normal speech, and 1.2 in fast speech. Similar effects were noted by Smith
(2002), who observed PVD ratios of 1.4 (normal) and 1.3 (fast), and Port
(1981), who found ratios of 1.2 (slow) and 1.1 (fast). In connected speech,
further variation may be observed conditional on prosodic context. Umeda
(1975, quoted in Tauberer 2010) reported the largest values for pre-pausal
position (1.5), compared to word-final and word-medial position (1.4 and
1.1, respectively). In the measurements reported by Luce & Charles-Luce
(1985), however, position (phrase-final vs. other) did not have an effect on
the PVD ratio in monosyllabic words.!

The magnitude of the PVD effect also seems to vary depending on
features of the vowel. First, vowel length seems to play a role. Across
all studies that permitted this comparison, the PVD ratio was larger in
long vowels compared to short vowels. The absolute difference between
the ratios ranged from +0.06 to +0.38, with an average of about +0.20.!!
Vowel height also seems to be linked to the magnitude of the PVD effect
- it is consistently larger in close compared to open vowels. The absolute
difference between the ratios ranged from +0.05 to +0.47, with an average
of about +0.23.12 As for consonant class (stops vs. fricatives), there is
variation in the directionality of the moderating effect.!3

To summarize, English and German differ in the realization of coda
obstruents. While English retains a voicing contrast in final position, this
opposition is neutralized in German. In English, a prominent cue that
distinguishes voiced and voiceless coda obstruents is the duration of the
preceding vowel, which is longer before voiced consonants. Compared to
other languages including German, the PVD effect is large in BrE and AmE.
The literature further provides guidance on variation in the magnitude of
the PVD effect in English. In general, it appears to be larger

in BrE (vs. AmE),

in final and pre-pausal environments (vs. non-final position),
in long vowels and diphthongs (vs. short vowels), and

in close/high vowels (vs. open/low vowels).

The PVD effect thus seems to vary systematically conditional on the
factors variety, prosodic position, vowel length and vowel height. While
German does not exhibit a PVD effect in final position, it shows the same
voicing-dependent variation in vowel duration in non-final position as
(American) English and other languages.

10.2 L2 acquisition of FVOs: Linguistic factors

10.2.1 Markedness

Two attributes of final voiced obstruents are relevant for assessing their
markedness status: prosodic position and voicing. Onset-coda asymmetries
were discussed in §5.2.1. In brief, the literature suggests codas to be

10While the absolute PVD difference
(expressed in ms) reported by the authors
differed statistically, the PVD ratio
reflects no position effect (I calculated

a PVD ratio of 1.47 for both contexts in
Experiment 1 and 1.53 (final) vs. 1.54
(non-final) in Experiment 2). This shows
that the conclusions drawn from a study
may depend on how the PVD effect is
operationalized — that is, whether it is
assessed in absolute (PVD difference) or
relative terms (PVD ratio).

! The following values are documented in
the literature:

e BrE: +0.38 (Elsendoorn 1984), +0.33
(Wiik 1965), and +0.20 (Gonet &
Stadnicka 2006)

e AmE: +0.17 (Rositzke 1939), +0.15
(House 1961), +0.15 (Luce & Charles-
Luce 1985), +0.14 (Peterson & Lehiste
1960), and +0.06 (Hillenbrand et al.
2001).

12 The values in the literature are:

e BrE: +0.47 (Wiik 1965) and +0.19
(Gonet & Stadnicka 2006)

e AmE: +0.33 (House 1961), +0.23
(Luce & Charles-Luce 1985), +0.09
(Hillenbrand et al. 2001), and +0.05
(Rositzke 1939).

13 These are the values in the literature:

e BrE:-0.11 (Elsendoorn 1984) and -0.03
(Wiik 1965)

e AmE: +0.16 (House 1961) and +0.18
(Peterson & Lehiste 1960).



marked relative to onsets, which identifies FVOs as marked in terms of
prosodic position. As for voicing, a universal preference for voiceless
(over voiced) fricatives was established in §8.2.1. The same tendency

can be observed for stops, with voiceless variants being more common
cross-linguistically (Maddieson 1984: 27). Voiced obstruents are further
constrained phonotactically — that is, they are licensed in a smaller number
of clusters. FVOs are thus also marked with respect to voicing.

Dinnsen & Eckman (1975) established a universal hierarchy to account
for the cross-linguistic distribution of obstruent voicing contrasts. They
stipulate an implicational relationship between medial and final fricatives
and stops: A voicing contrast in word-final fricatives implies a contrast in
medial fricatives and final stops, both of which imply a contrast in medial
stops. This ranking compounds the effect of position (final more marked
than medial) and type of obstruent (fricatives more marked than stops).
Eckman (1977) included initial position into the implicational hierarchy
and postulated the following ranking for prosodic position: A voicing
contrast in final position implies the presence of a voicing contrast in
medial position, which in turn implies the presence of a voicing contrast in

initial position. Obstruent voicing contrasts are thus disfavored in final (vs.

initial and medial) position and also in fricatives (vs. stops).

Observations from L1 acquisition support this ranking. In general,
voiceless obstruents are acquired earlier than their voiced counterparts
by English-learning children (cf. Figure 8.3). Further, a preference for
voiceless obstruents in final position appears to be a universal tendency in
L1 acquisition. Within the framework of natural phonology, for example,
final devoicing is classified as a natural process that must be suppressed
in the acquisition of word-final voicing contrasts (Stampe 1979). Figure
10.3 compares the age of acquisition of voiced obstruents in initial vs. final
position.!* Two trends are easily discerned:

e Position: In general, voiced obstruents are acquired earlier in initial
position (I) than in final position (F). The labiodental fricative /v/ is the
only exception to this pattern.

e Manner of articulation: There is a consistent cline, for both voiced and
voiceless variants, with stops being acquired first, followed by affricates
and then fricatives.

Developmental differences have also been observed in acoustic studies.

Smith (1979) compared 2- and 4-year-old children and adult speakers of
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4 The data are pooled across 4 studies (see
§3.3.2 for details).

Figure 10.3: Age of acquisition of English
voiced obstruents in initial (I) vs. final

(F) position. Data points drawn at the left
margin indicate acquisition by the age of
2. Estimates are based on a survey of 4
studies (see §3.3.2). @®



216 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

AmE (n =5 each). Children showed a higher rate of devoicing in final
obstruents (.98 and .92 for 2- and 4-year-olds) than adults (.50).1% Smith
& Stoel-Gammon (1983) reported developmental patterns for n = 4 AmE
children between 1;6 and 3;0. The error rate of word-final stops decreased
from 1 (1;6 to 2,0) to .84 (2;0 to 2;6) and .65 (2;6 to 3;0). Naeser (1970)
investigated final voiced stops in n = 9 AmE children aged 1;8 to 2,10
months. The error rate decreased from .50 (1;8) to .02 (2;10).

An explanation for the typological preference and earlier acquisition of
voiceless obstruents may be partly found in articulatory constraints. As
pointed out by Ohala (1993: 194), vocal fold vibration requires appropriate
positioning of the vocal cords and sufficient air flow. In §8.2.1, we pointed
to conflicting aerodynamic requirements in the production of voiced
fricatives. As for stops, the fact that they involve a closure of the vocal
tract is at odds with the requirement of sufficient air flow. Concerning
the universal preference for voiceless obstruents in final position, Blevins
(2004: 103-106) suggests perceptual and articulatory factors to play a
role. It is argued that a trigger may be the regular, cross-linguistically
observed process of phrase-final (or pre-pausal) lengthening. Syllables
preceding a pause or an intonation phrase boundary are lengthened,
including the coda. The articulatory effect of coda consonant lengthening
is the inhibition of voicing due to a prolonged hold phase, the acoustic
result being convergence of voiced and voiceless obstruent duration. Both
factors favor the perception of final lengthened consonants as voiceless,
since absence of vocal fold vibration and increased duration are intrinsic
attributes of voiceless obstruents.

While intrinsic characteristics of FVOs appear to be relatively marked,
different conclusions must be drawn for PVD variation. In the study by
Naeser (1970), for example, all age groups produced adult-like PVD ratios
of 1.49 (at 1,8) and 1.63 (at 2;10). Indeed, studies investigating the PVD
effect in the acquisition of L1 English have produced consistent evidence for
a systematic variation in preceding vowel duration in infant speech. The
findings suggest that children make this durational distinction before the
age of 2,0 (Naeser 1970; Buder & Stoel-Gammon 2002; Ko 2007). Similarly,
Raphael et al. (1980) noted that 3- and 4-year-old AmE children showed
the same PVD effect as adults. Figure 10.4 and Table 10.1 give an overview
of the values reported in previous work. The ratios produced by children
resemble those found in adult speech, suggesting that the PVD effect is
mastered early in L1 acquisition.

Buder & Stoel-Gammon (2002) suggest that the production of longer
vowels before voiced consonants is the default, unmarked setting in
L1 acquisition. They argue that children start out by producing PVD
differences and subsequently develop the specific phonetic patterns of
their L1. Empirical evidence reported by the authors supports this claim.
They investigated AmE and Swedish children at the age of 2,0 and 2;6.1°
In contrast to AmE, Swedish has been reported to exhibit no PVD effect.1”
In 2-year-old children, PVD ratios of 1.64 (Swedish) and 1.40 (American)

were observed.!® The two groups showed different developmental trends.

At the age of 2,6, the PVD ratio for the Swedish children had decreased
markedly from 1.70 to 1.13 while that for the AmE children increased

1 Differences in the acoustic properties of
the devoiced segments were also noted.
Thus, the degree of devoicing was higher in
children, whose closure duration showed
an average of .30 voicing, compared to .64
for adults.
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Figure 10.4: PVD effect in L1 acquisition:
PVD ratio by age in English-learning
children compared to the values reported
for adult speakers of BrE and AmE.

16 The sample sizes were, for AmE, n = 8
(2,0), n =8 (2;6), and for Swedishn =5
(2,0) and n =10 (2;6)

17 A ratio of 1.03 is reported by Elert (1964;
as quoted in Buder & Stoel-Gammon 2002:
1855.).

'8 These values were calculated from the
Table IV (p. 1860), using the harmonic
mean, i.e. the exponentiated mean of the
logged ratios.



Study Age Ratio N Position
Naeser 1970 1 210 163 6 Final
1,10 149 3  Final
Buder & Stoel-Gammon 20022 20 140 8 Final
2,6 1.65 8 Final
Tauberer 20103 2:4 130 2 Mixed
Greenlee 19781 3,0 152 4 —
Raphael et al. 1980* 3,040 1.61 20 Final
DiSimoni 1974° 3,040 180 — —
Krause 1982° 3,040 180 — —

from 1.40 to 1.65. It appears that Swedish children started with a default
setting, which they subsequently had to unlearn. Further, the discussion
above has shown that the PVD effect occurs in a number of languages, with
Chen (1970) suggesting this phenomenon to be universal. In the absence
of quantitative evidence on its cross-linguistic frequency, however, this
claim needs to be substantiated by future studies. In terms of articulation,
however, there appear to be no constraints on variation in vowel duration.
To summarize, the evidence in the literature, which is summarized in
Table 10.2, suggests different markedness statements for instrinsic and
extrinsic cues to voicing in coda obstruents. Voiced obstruents in final
position appear to be marked structures. This is evidenced by implicational
relationships between final and medial/initial obstruents, typological
frequency distributions and observations from L1 acquisition. This
markedness asymmetry may partly be grounded in physiological facts,
which have been argued to disfavor voiced obstruents in general, and
particularly in final position. As for extrinsic cues to the voicing distinction
in final position, it can be stated that the PVD effect emerges early in L1
acquisition and may even be the default setting in children. Further, vowel
duration is not subject to any known articulatory limitations. The PVD as a
cue to voicing contrasts may therefore be considered an unmarked feature.

Criterion FVOs PVD effect
Implicational relationship ++ )
Cross-linguistic frequency ++ (-)

L1 acquisition + -
Synchronic/diachronic instability o )
Articulatory complexity + -

10.2.2  Similarity

German learners’ perception of voicing in English final obstruents has been
addressed by two studies. Weiher (1975) investigated n = 12 learners from
northern Germany aged 10 to 11, with an average of 0.5 years of instruction.
A discrimination and an identification task with nonce words (n = 98) were
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Table 10.1: PVD ratios observed in English
L1 acquisition: Overview of studies. Notes:
lquoted in Buder & Stoel-Gammon (2002:
1856); 2averaged over extrinsic values in
Tab. 1V, p. 1860; 3corpus data; *averaged
over pairs in Tab. I, p. 338; *quoted in
Tauberer (2010: 29).

Table 10.2: Summary of markedness
criteria for FVOs and the PVD effect. Open
circles o denote no (or inconclusive)
evidence; (+)+ refers to (strong) evidence
for marked status; (—)- refers to (strong)
evidence for unmarked status.
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used. In the discrimination task, subjects were asked to identify the deviant
form in a sequence of four stimuli (e.g. [klenz] - [klens] - [klenz] - [klenz]).
In the identification task, items had to be matched with one out of three
that followed (e.g. [zplvz] - [zplfs] - [zplfs] - [zplvz]). Overall, perception
accuracy was .82 in the discrimination task and .88 in the identification
task. The learners’ performance on both tasks varied depending on the
characteristics of the preceding vowel, with a drop in performance if

the preceding vowel was a long monophthong. The accuracy rate in

the discrimination task was .73 (vs. .87 for short monophthongs and

.55 for diphthongs), in the identification task it was .83 (vs. .87 for short
monophthongs and .92 for diphthongs). As noted by Weiher (1975), this
finding is unexpected since the PVD effect is larger in intrinsically long
vowels. Reliance on PVD is thus expected to yield a different pattern in
perception accuracy. These findings may indicate that early-stage German
learners may not systematically exploit PVD as a perceptual cue.

Smith et al. (2009) analyzed the perception of word-final obstruents
by n = 15 L1 German speakers and n = 15 native speakers of AmE. The
German subjects were between 18 and 40 years old and mostly students
at a US university. The perceptual experiment employed a forced-choice
identification task with tokens produced by native speakers and German
learners. Overall, L1 German listeners’ scores were lower than those of the
native speakers (.76 vs. .87 correct identification). Native listeners correctly
identified .95 of the tokens produced by native speakers, but only .78 of
those produced by German speakers. German listeners correctly identified
.78 of the tokens produced by native speakers and .74 of those produced by
German speakers. The fact that German listeners performed only slightly
better on stimuli spoken by native speakers (A = .04) shows that they may
not be sensitized to the cues available in this material.

To the best of my knowledge, there are no studies on German learners’
reliance on the preceding vowel duration for the categorization of word-
final voiced and voiceless obstruents. However, sensitivity to this cue
has been investigated in English learners from other L1 backgrounds.
Two types of L1s may be distinguished: (i) languages that do not have
obstruents in syllable-final position at all and (ii) those that have only
voiceless coda obstruents. Crowther & Mann (1992) studied the use of PVD
as a perceptual cue to final obstruent voicing in native speakers of English
and L1 Japanese and L1 Mandarin Chinese learners, whose L1s do not
permit stops in coda position. It was observed that English listeners were
most sensitive and L1 Mandarin listeners least sensitive to this information
in the acoustic signal; the L1 Japanese listeners fell in between. The authors
suggest that experience with phonemic vowel length in their L1 accounts
for the relative advantage of Japanese listeners, as the Mandarin vowel
system does not include length as a distinctive feature. The results indicate
that L1 experience with vowel length as a contrastive feature may aid the
perception of voicing contrasts in English final obstruents.

Several studies have shed light on the perception of voicing contrasts
in final position by learners whose L1 does have final obstruents but no
voicing contrast. Rojczyk (2010) focused on Polish learners’ reliance on
vowel duration as a perceptual cue to coda voicing contrasts. The study in-



cluded n = 26 beginners and n = 24 advanced learners as well as a control
group of n = 11 native speakers. Vowel duration was varied systematically
in the nonce word theep in steps of 30 ms, ranging between 142 and 292 ms.
While the native speakers showed a clear cline from identifying the stimuli
as /0iip/ vs. /Bi:b/, no such pattern was evident for either learner group.
While advanced learners were somewhat more likely to classify tokens
across the whole continuum as /6i:b/, no systematic variation conditional
on the duration of the adjacent vowel was observed; .75 of the stimuli with
the longest vowel duration were heard as /0i:p/. These results indicate that
even advanced learners (3"-year university students) do not systematically
exploit PVD as a cue to the voicing contrast; it appears that other cues,
most likely internal to the consonant, overshadowed the duration of the
preceding vowel.

The contribution of different types of information in the acoustic signal
was the subject of a study by Broersma (2005), who ran two experiments
to investigate reliance on a number of cues in the perception of final
consonant voicing by BrE and advanced L1 Dutch listeners. Like German,
Dutch regularly devoices syllable-final obstruents. The first experiment
included two groups (n = 20 each) and two listening conditions: one with
unedited tokens and one with the release burst truncated. All items were
nonce words. Dutch listeners’ performance did not differ from that of the
native speakers. They categorized final consonants with the same degree
of accuracy, despite the fact that Dutch has no voiced obstruents in final
position. A second experiment with two new groups (1 = 28 each) used
manipulated items (with final fricatives) to determine whether Dutch
listeners relied on the duration of the preceding vowel. Vowel duration
was edited to mismatch other cues in the signal. The author observed that
native speakers relied more strongly on vowel duration, even in cases of
discrepancy with competing cues. Dutch listeners, on the other hand, were
able to rely on other signals for the distinction of word-final fricatives and
performed better than native speakers in terms of categorization accuracy.
The results of this study indicate that native speakers of (British) English
have established the duration of the preceding vowel as a robust and
automated cue in their perception grammar, which overshadows competing
signals. Dutch learners, on the other hand, appear to be more flexible
in cue selection. While they can rely on duration in the absence of other
information, their perceptual processing appears to be less entrenched. If
necessary, they may switch to other cues for the distinction between voiced
and voiceless coda fricatives.

In sum, research on German learners’ perception of FVOs has shown
that this distinction is weakly defined in their perception grammar. While
there is indirect evidence that German listeners do not make use of the
PVD cue in a systematic way, no study has explicitly addressed this issue.
Research on listeners from other L1s suggests that L1 experience with
vowel duration as a meaning-distinguishing cue sensitizes learners to this
type of information in the signal. This may explain Polish learners’ lack
of sensitivity, since their L1 does not contrast vowels in length (Jassem
2003). L1 Dutch listeners, on the other hand, are familiar with length
differences in vowels (Gusshoven 1992), which may explain why advanced
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learners systematically exploit this cue in perception. Extrapolating from
these findings, German learners should be able to transfer reliance on
temporal properties from their L1 and eventually exploit the duration of
the preceding vowel. However, as yet there is no empirical evidence to
corroborate this claim.

10.3 L2 acquisition of FVOs: Theoretical predictions

The assessment of FVOs and the PVD effect from the perspective of
linguistic constraints forms a basis for theory-based predictions about their
acquisition by German learners. This section formulates predictions about
FVOs and the PVD effect in GLE.

CAH For L1 German learners, FVOs constitute shared allophones of

(in most cases) shared phonemes, which differ in distribution. This type
of contrast is expected to be difficult to learn, with learner productions
showing L1-derived voiceless obstruents in coda position. As for the PVD
effect, German learners are expected to transfer L1 duration patterns,
yielding target-like ratios in non-final position and insufficient temporal
contrast in final position.

SLM In the absence of empirical insights into German learners” employ-
ment of PVD as a cue to the perception of final obstruent voicing, SLM
predictions about the PVD effect cannot be formulated. It is also not clear
whether extrinsic cues of this kind are within the scope of the model, as its
focus is traditionally restricted to intrinsic attributes of position-sensitive
allophones. An extension of the SLM to include extrinsic cues in adja-
cent segments certainly appears feasible, however. This would require
learners to extend their scope of perception to neighboring sounds. It is
thus conceivable that extrinsic cues are subject to different constraints
compared to intrinsic ones. To speculate, perception may primarily focus
on intrinsic attributes. Other things being equal, equivalence classification
may thus be considered more likely in the absence of salient intrinsic
signals. This tendency may be particularly pronounced if learners are
desensitized to extrinsic cues as a result of L1 experience. In the absence
of experimental insights, however, these conjectures remain speculative.
In general, the studies by Weiher (1975) and Smith et al. (2009) suggest
perceptual difficulties with FVOs by German listeners, but no conclusions
are currently warranted about cue weighting. The following assumptions
may be stated: (i) the perceptually closest L1 sounds to FVOs are their
voiceless counterparts; and (ii) the degree of perceived similarity between
final voiced and voiceless obstruents is moderate to high. This suggests
perception-based difficulties in the majority of learners.

FCM Assuming that the range of L1 candidates for FVO substitution is
limited to their voiceless counterparts, the most important prerequisite for
the FCM, a set of alternatives, is not met.



SCH/MDH Distinguishing between the markedness status of FVOs on the
one hand, and the PVD effect as an extrinsic cue on the other, the following
assumptions will be made: (i) FVOs are marked structures; (ii) FVOs are
relatively more marked than final voiceless obstruents; (iii) final voiced
fricatives are relatively more marked than final voiced stops; and (iv)
PVD is a an unmarked feature. Intrinsic attributes of FVOs are therefore
expected to be difficult to acquire. L2 acquisition is predicted to show a bias
toward unmarked voiceless obstruents in final position. Further, we expect
delayed acquisition in fricatives relative to stops. The PVD effect, on the
other hand, should be easy to learn.

NM/NDH The literature on the natural phonology of FVOs suggests that
devoicing is a natural process that must be suppressed in the acquisition
of FVOs. Similar to the considerations just outlined, this process affects
intrinsic attributes of FVOs. Presumably, however, there are no natural pro-
cesses constraining vowel length variation. As for the effect of frequency,
no evidence-based figures are available that quantify rate of occurrence. It
seems reasonable to assume FVOs to be rather frequent. Considering the
PVD effect, however, the tokens most relevant for perceptual learning are
likely those contexts where the effect is particularly pronounced, e.g. in
utterance-final and pre-pausal environments. Frequency estimates should
take variation in the magnitude of the PVD effect into consideration. In the
absence of such figures, it remains unclear in which way input frequency
may be expected to bear on L2 acquisition.

FM Adopting a constraint-based approach to the acquisition of FVOs
and the PVD effect necessitates making a distinction between two types
of articulatory and faithfulness constraints. As for the latter, perceptual
learning may occur for (i) intrinsic features of FVOs and/or (ii) the PVD
effect as an extrinsic cue. The stochastic emergence of these faithfulness
constraints as well as subsequent sensorimotor learning need not coincide.
Accordingly, the FM predicts a systematic interplay of newly established
articulatory and faithfulness constraints for both structures, which gives
rise to four developmental stages: (i) deviant production, (ii) variation
reflecting focus on form, (iii) overly faithful production, (iv) variation sen-
sitive to functional principles. We expect the last stage to be characterized
by style-dependent implementation of distinctive features and connected
speech processes that arise from speech motor interaction with adjacent
segments. Thus, systematic PVD variation as a function of prosodic and
segmental factors is expected to surface at advanced stages. Given the
markedness constraints on features inherent to FVOs, learner productions
at this stage may also show increased use of extrinsic cues to signal final
obstruent voicing contrasts. A further post-lexical phenomenon that may
interact with the acquisition of [ +voice] in FVOs is resyllabification as a
result of connected speech processes. Thus, FVOs followed by a vowel

in connected speech will, upon linking, be resyllabified to the onset of
the following syllable, thereby assuming a prosodic position that is more
favorable to intrinsic voicing features.
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MSA With no known articulatory constraints on vowel duration, the
MSA reduces to the SLM for the acquisition of the PVD effect. For intrinsic
features of FVOs, however, constraints outlined above are assumed to
further delay the acquisition of voiced obstruents in final position by
favoring physiologically less demanding voiceless segments. Further,
coarticulatory constraints may generally impede the production of voiced
obstruents in low-sonority contexts. As a consequence, voicing may be
inhibited when the sound is followed by a voiceless segment. In contrast,
contexts in which a voiced obstruent is followed by a vowel or sonorant
may be more favorable to intrinsic voicing cues.

LTD Since FVOs by definition occur in w-marked coda position, their
acquisition is expected to be delayed from the viewpoint of structural
strength. Other things being equal, we expect relative ease of acquisition in
s-marked environments, such as stressed syllables. As for final obstruent
clusters, the LTD’s system of strength marking suggests relative ease of
acquisition of cluster-initial obstruents. The model’s predictions about
strength effects on the observed variants contradict some of these ten-
dencies, however. Thus, a bias toward strengthened — that is, voiceless —
variants is expected in s-marked positions, which in fact delays acquisition
in stressed syllables and cluster-initial segments. In w-marked units, on the
other hand, a bias toward weakened variants indeed favors realizations
that more closely resemble FVOs. As for the PVD effect, no such diver-
gence unfolds: Earlier acquisition is expected in stressed positions, where
strengthened — that is, longer — variants do not impede acquisition.

OPM The classification of FVOs as both marked and similar from the
perspective of German learners suggests delayed acquisition, with an
underlying systematic interplay of L1, L2, and U structures as outlined in
Figure 10.5.1% Perceptual constraints are thus expected to yield a prolonged
phase of L1 transfer, surfacing in the prevalence of L1-derived voiceless
variants in coda position. Subsequently, the marked status of FVOs implies
a period of U-dominance. In accordance with the tendencies observed Developmental stage
cross-linguistically and in L1 acquisition, we expect a persistent bias
toward voiceless coda obstruents. The effect of perception-driven L1

Degree of influence

Figure 10.5: Extrapolation of the OPM to
structures that are both similar and marked.

transfer and U constraints is therefore indistinguishable in the acquisition This graph should be compared to Figure
of coda obstruents by German learners. Finally, once U decreases, L2 26. @®

structures are acquired. Based on the OPM, then, the acquisition of FVOs 1 See §4.3 (Figure 4.18, p. 66) for a
should show a considerable delay. For the acquisition of the PVD effect, discussion of the rationale underlying the

the lack of empirical evidence on the perception of this cue by German fusion of these corollaries.

learners precludes OPM predictions. However, since there are no plausible
universal constraints on the production of vowel length variation, a
phase of U-dominance seems unlikely. The OPM then predicts earlier
acquisition of the PVD effect relative to intrinsic features of FVOs. Finally,
the Stylistic Corollary suggests more target-like production in monitored
and formal speech, and a higher rate of L1 transfer in unmonitored and
casual utterances.

Table 10.3 offers a summary of the theoretical predictions covered in



Theory Predicted patterns in L2 acquisition by German learners

CAH Late acquisition of FVOs
Substitutes: voiceless counterparts

SLM Late acquisition by the majority of learners
Substitutes: voiceless counterparts

MDH/SCH Late acquisition of intrinsic features of FVOs
Substitutes: intrinsic attributes of voiceless counterparts
Acquisition order: stops > fricatives
Early acquisition of PVD effect

NM/NDH Late acquisition of intrinsic features of FVOs
Early acquisition of PVD effect

M (Independent) development for intrinsic features of FVOs and the
PVD effect: deviant production > stylistic variability > overly
faithful production > variability reflecting connected speech
processes, resyllabification of FVOs as a result of linking
Effect of speaking style (focus on form) at early stages
Late stages: style-dependent feature backgrounding, systematic PVD
variation as a function of prosodic and segmental factors, possible
foregrounding of PVD effect (vs. intrinsic features),

MSA Further delay in the acquisition of intrinsic features (cf. SLM)
Delayed acquisition of fricatives relative to stops
Delayed acquisition in low sonority contexts
No further delay in the acquisition of PVD effect

LTD Delayed acquisition of FVOs
Acquisition order of FVOs and PVD effect: stressed > unstressed
syllables; cluster-initial obstruent > non-initial obstruent
Substitutes for FVOs:
s-marked positions: strengthened (voiceless) substitutes
w-marked positions: weakened (voiced/devoiced) variants

OPM Late acquisition of intrinsic features of FVOs
Earlier acquisition of PVD effect
Substitutes: Intrinsic attributes of voiceless counterparts
Effect of speaking style (focus on form): more formal speech: Higher
degree of TL-like production; less formal speech: Higher degree of
L1 transfer

this section. We now take a look at previous empirical work on FVOs in
German Learner English.

10.4 FVOs in German Learner English: Previous work

The literature provides auditory and instrumental accounts of FVO
production by German learners.
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Table 10.3: The acquisition of FVOs by
German learners: Summary of predictions
based on theoretical work.
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Auditory studies

Wieden & Nemser (1991: 75, 83, 191) studied the production of FVOs by n
= 384 Austrian learners of English across different developmental stages.?’
In the production test, low accuracy rates were observed for final voiced

stops (.03) and fricatives (.01). Two levels of devoicing were distinguished:

voiceless (classified as a fortis consonant by native speaker judges) and
devoiced (-lenis, but still classified as a lenis consonant). The degree of
devoicing varied as a function of phonetic context. In singleton stops, the
fortition rate was .46 (ibid.: 77). In coda clusters the fortition rate varied
depending on the position of the stop in question. It was lower if the stop
preceded a voiced obstruent (.33) than when it occurred in cluster-final
position (.61). Voiced fricatives showed similar patterns. The fortition rate
was higher in coda singletons (five, with) than when a voiced obstruent
followed (/v/ .91 vs. .81; /z/ .74 vs. .71; /3] .65 vs. 41, ibid.: 86).

Wieden & Nemser (1991: 167) also report developmental trends for
the realization of FVOs in the imitation test, where subjects were asked
to repeat nonce words they heard via headphones. Figure 10.6 shows the
trajectories for voiceless, devoiced, and voiced realizations. Developmental
change occurs between stages 0 and 3, where the share of voiceless variants
decreases, while the rate of voiced renditions and devoiced realizations
(perceived as a voiced obstruent by native speakers) increases slightly.
Little progress is evident at later stages.

The authors also observed an effect of task type. While the imitation
test required subjects to imitate nonce words solely based on perception,
the production test elicited English words using various techniques.
Figure 10.7 contrasts the results for final /z/ in the imitation task (panel
a) with those obtained in a German-to-English translation task (panel
b). The patterns differ drastically. In the imitation task, the rate of voiced
[z] increases steadily to about .70. Voiceless [s] decreases quickly, while
devoiced [z] as an intermediate variant increases and then decreases. In
contrast, no change was observed in the translation task, where subjects
showed a clear preference for [s] across all stages.

Weiher (1975) analyzed the production of FVOs by n = 28 German
learners in grade 5 (age: 10-11) using three tasks: the imitation of nonce
words, the imitation of English words, and the reading and imitation of
English sentences. Overall, the author observed a voicing rate of .74. Little
variation occurs across task types (A = .07; nonce words .71, English words
.73, English sentences .78) and preceding vowel length (A = .07; short
monophthongs .75, long monophthongs .70, diphthongs .77).2!

Langguth (2009) studied the production of FVOs by German learners in

grades 5,9, and 12 (n = 7 each; age: 10-11, 14-15, and 17-18, respectively).

Three tasks were used for data elicitation: a minimal pair reading task, a
word list, and semi-free speech prompted by questions on a text. Overall,
the share of voiced renditions was .15, with a difference between stops (.25)
and fricatives (.04). Final obstruent voicing was observed to vary with the
place of articulation, both in stops (/b/ .40, /d/ .30, /g/ .05) and fricatives
(/v/ .07, /z/ .01).

Wunder (2012) investigated the production of FVOs by German learners

? The study included learners at 6
proficiency levels, with n = 64 subjects in
each group. Years of instruction was used
as an indicator of developmental stage,
which ranged from 0 years (grade 3; 8-9
years of age) to 8 years (grade 11; 16-17
years old).
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Figure 10.6: Realization of FVOs in the
imitation test: rate of voiceless (fortis),
devoiced (semi-fortis), and voiced (lenis)
realizations. Adapted from Wieden &
Nemser (1991: 167) with permission.
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Figure 10.7: Realization of final /z/: Rate
of voiceless (fortis), devoiced (semi-
fortis), and voiced variants by years of
instruction in an (a) imitation task and (b)
a translation task. Adapted from Wieden &
Nemser (1991: 191) with permission.

2 These values are based on Tables 54, 56,
and 57 in Weiher (1975).



from northern Bavaria (Bamberg) in grade 6,9, and 12 (n = 10 each).
Two speaking styles were elicited: a reading passage and a minimal

pair imitation task, in which each couplet was presented both on paper
and auditorily, spoken by an AmE native speaker. The stimuli, which
were designed to allow for analysis of several linguistic factors, were
analyzed auditorily into fortis and lenis production, with an extra category
for doubtful cases. The overall voicing rate was .15, with considerable
differences between stops (.28), fricatives (.05) and affricates (.02). The
share of voiced stops further varied depending on place of articulation,
with appreciable differences between bilabial (.44), alveolar (.30), and velar
(.11) segments. The production of fricatives was also sensitive to place

of articulation, with rates of .08 for labiodental, .04 for alveolar, and .01
for dental strictures. No noticeable effect of speaking style was observed,
with a voicing rate of .16 in the minimal pair imitation task and .14 in the
reading passage. Similarly, little variation was noted between age groups,
with rates of .08, .11, and .14 in grades 6, 9, and 12, respectively.

Table 10.4 summarizes auditory work on FVO production by German
learners. Most studies report high devoicing rates, a curious exception
being Weiher (1975). Properties of the obstruents have been observed to
play a role, with a higher share of voiced variants (i) in stops vs. fricatives
and (ii) — in stop consonants — for more anterior places of articulation.
Further, the phonetic context seems to play a role: In clusters, higher
voicing rates have been reported for FVOs closer to the nucleus. Speaking
style appears to play a minor role. The effect of task type, on the other
hand, may account for a considerable boost in FVO accuracy, which is
higher when learners imitate model utterances by native speakers.
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Table 10.4: Empirical evidence from
auditory studies on FVOs in German
Learner English: Reported accuracy rates
(i-e. the share of voiced variants) and
constraints on accuracy.

Results Notes Study
Accuracy rate .74 Grade 5, age: 10-11 years Weiher 1975
15 Grades 5, 9, 12; age: 10-18 years Langguth 2009
.01-.03 Grades 3-11; age: 8-17 years Wieden & Nemser 1991
.15 Grades 6, 9, 12; age: 11-17 years Wunder 2012
Constraints on accuracy rate
Place A =.33  Stops: bilabial (.44) > alveolar (.30) > velar (.11) Wunder 2012
A =35  Stops: bilabial (.40) > alveolar (.30) > velar (.05) Langguth 2009
A =.07  Fricatives: labiodental (.08) > alveolar (.04) > dental (.01) Wunder 2012
A =.06 Fricatives: labiodental (.07) > alveolar (.01) Langguth 2009
Manner A =23  Stops (.28) > fricatives (.05) > affricates (.02) Wunder 2012
A =21 Stops (.25) > fricatives (.04) Langguth 2009
Speaking style A =.07  Isolated words > sentences Weiher 1975
A =.02  Minimal pair imitation task (.16) > reading task (.14) Wunder 2012
Cluster position A =.28  Stops: Before voiced obstruent (.67) > final (.39) Wieden & Nemser 1991
A=.24  /3/: Before voiced obstruent (.59) > final (.35) Wieden & Nemser 1991
A=.10 /v/: Before voiced obstruent (.19) > final (.09) Wieden & Nemser 1991
A =.03 /z/: Before voiced obstruent (.29) > final (.26) Wieden & Nemser 1991
Vowel A =.07  Diphthongs (.77) > short/long monophtongs (.75/.70) Weiher 1975
Task type A =0-70 Imitation task > translation task; /z/ only Wieden & Nemser 1991
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Acoustic studies

Empirical work has also reported on the acoustic correlates of final obstru-
ent voicing in GLE. Green (2013) studied vowel length variation in n = 13
L1 German learners and n = 9 AmE native speakers. The German learners
were students at a university in California, aged 21 to 36 with length of
residence ranging from 5 months to 10 years. The learners produced PVD
ratios substantially lower than the native speakers (1.16 vs. 1.47).

A study by Maurer (2014) investigated the production of FVOs by
German students of English at university level. Subjects were divided
into an advanced group (n = 60) who had completed a stay abroad in an
English-speaking country (minimum: 4 months) and a control group (n
= 6) of university students without experience abroad as well as a group
of BrE and AmE native speakers (1 = 10 each). Devoicing was measured
using n = 24 tokens from a reading task consisting of a list of minimal
pairs that differed in the voicing of the final consonant.?? The effect of
consonant voicing on the duration of the preceding vowel was measured
with token pairs elicited in four reading tasks (minimal pairs, word list,
sentences and a text passage). Each speaker produced a total of n = 119
token pairs, which were matched for vowel and final consonant (/k g p
bt d/); 4 vowels were included in the analysis: /1 e & n/. The PVD ratio
showed a difference between the control group (1.22) and the advanced
learners (1.53); native speakers produced a ratio of 1.77.

Barry (1977) studied acoustic correlates of final obstruent voicing in n =
11 learners from northern Germany (age: 17-19) using the minimal pairs
bed—bet and dog—dock. These items were elicited with reading, imitation, and
naming tasks; preceding vowel and closure duration were measured. The
learners exhibited a clear PVD effect, producing ratios of 1.69 and 1.61 for
bed—bet and dog—dock, respectively. These figures cannot be attributed to
the effect of imitation, as the subjects also showed systematic variation in
vowel duration in the reading task, which started the experiment. Notable
differences between learners and native speakers were observed in closure
duration, however. These findings suggest that German learners are
capable of attaining a native-speaker level of PVD variation in final stops.
Further, the PVD effect may be easier to acquire than cues internal to the
obstruent, at least as far as closure duration is concerned.

Similar results were reported by Smith et al. (2009), who analyzed
several acoustic parameters in word-final obstruents produced by n = 13
L1 German speakers and n = 13 native speakers of AmE. The German
subjects, with an average age of 26, had been living in the US for at least
7 months (Mdn = 1.7 years). The study elicited German and English
monosyllabic words embedded in carrier sentences. The results showed
that while German learners achieve native-like vowel length variation,
other acoustic correlates such as consonant closure duration and voicing
during consonant closure have values intermediate between their L1
German and those of the native speakers. Similar to the findings reported
by Barry (1977), these results suggest that the PVD effect may be acquired
earlier than cues intrinsic to the obstruent.

In sum, instrumental evidence on the PVD effect in GLE has revealed

2 The degree to which final voiced and
voiceless obstruents were contrasted was
measured using Pillai scores calculated
from two durational measurements:
closure phase and aspiration. This score
quantifies category overlap and thus
expresses how well speakers differentiate
final obstruents in terms of these parame-
ters (0 = complete overlap; 1 = no overlap).
The results show that both learner groups
differed substantially from the native speak-
ers in terms of their separation of final
voiced and devoiced obstruents (control
group: .35; advanced learners: .48; native
speakers: .80).

AmE © -{e}--5 o0
BrE r-{ ek
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Figure 10.8: Summary of the instrumental
evidence on the PVD effect in GLE

in comparison to properties of the L1
(bottom) and the target language varieties
(top). Key to studies: (a) Barry 1977, (b)
Maurer 2014, (c) Smith et al. 2009, (d)
Green 2013. @®



that learners are able to reach a native speaker level of vowel duration
variation. Table 10.5 and Figure 10.8 summarize the measurements
reported in the literature. Three studies observed ratios of around 1.2,
which are on a par with L1 timing patterns in non-final position. Two
studies record PVD ratios near 1.6, which are in the range reported for
native speakers.

Study PVDratio N
Green 2013 1.16 13
Maurer 2014! 1.22 6

1.53 60
Smith et al. 2009 1.24 13
Barry 1977 1.65 11

10.5 Aims of this study

Our objective is to make empirical contributions to the study of FVO
production in GLE by focusing on the following aspects:

e cross-sectional patterns in the realization of FVOs,
o linguistic factors constraining the realization of FVOs, and
e developmental patterns in the magnitude of the PVD effect.

Cross-sectional patterns in the realization of FVOs

The theoretical frameworks surveyed above unanimously consider FVOs as
difficult structures, expecting late acquisition by German learners (CAH,
SLM, MDH/SCH, NM/NDH, MSA, LTD, OPM). The empirical literature
is broadly coherent with this claim, reporting accuracy rates below .20
(Wieden & Nemser 1991; Langguth 2009; Wunder 2012). An exception

is Weiher (1975), who observed a rate of .75. The substitutes expected

in learner speech are devoiced obstruents and the respective voiceless
counterparts. This study seeks to shed further light on the realization

of FVOs by studying cross-sectional patterns in the rate of variants as
manifested in learners at different levels of L2 pronunciation ability.

Realization of FVOs: Linguistic factors

The empirical literature documents various systematic sources of variation
in FVO production.

o Manner of articulation: In line with the fricative-stop asymmetry posited
by the MDH/SCH and MSA, previous work has shown that the ac-
quisition of final voiced fricatives is delayed relative to that of stops
(Langguth 2009; Wunder 2012), and it has also been observed that
the fortition rate is higher in fricatives (Wieden & Nemser 1991). This
study seeks to offer further insights into the link between manner of
articulation and FVO production.
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Table 10.5: Acoustic evidence for the PVD
effect in GLE: Ratios reported in previous
studies. N refers to the number of speakers
recorded. Note: ! Averages based on Tables
4.10 and 4.11 (pp. 130, 134).
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o Place of articulation: Place of articulation has been observed to play a role
in the acquisition of final voiced stops: bilabial obstruents typically show
the highest accuracy rates, followed by alveolar and then velar segments
(Langguth 2009; Wunder 2012). We will follow up on these indications.

e Sonority: Coarticulation effects induced by the sonority of adjacent
sounds were considered in the light of the MSA.? Findings by Wieden
& Nemser (1991) indicate a sensitivity of FVO production to the
following context. However, in GLE this effect has not been investigated
systematically and will be addressed here.

Cross-sectional patterns in the magnitude of the PVD effect

From a theoretical perspective, the PVD effect is predicted to be acquired
earlier than intrinsic features of FVOs (MDH/SCH; NM/NDH; MSA;
OPM). Experimental studies substantiate this prediction (Barry 1977;
Smith et al. 2009). PVD ratios observed in German learners range from
near-L1 figures to a native speaker level of accuracy. This study aims to
trace cross-sectional patterns in the acquisition of PVD variation across a
wider range of proficiency levels, to provide further quantitative insights
into the emergence of this extrinsic cue in GLE.

10.6 Method and data

Informants, materials and procedures

FVO production was analyzed with (i) auditory data extracted from the
SpIL corpus (Pascoe 1987) and (ii) acoustic measurements using the data
collected in the present study.>* The SpIL corpus contains 1 = 647 FVO
tokens in total. We relied on the phonetic transcriptions provided by Pascoe
(1987), where three types of variants are distinguished: voiced, devoiced,
and voiceless. In total, four different types of FVOs occurred in the corpus
(/dgvz/)and it was decided to retain these categories, as they give a
transparent reflection of place and manner of articulation. The sonority
of the adjacent context to the right of the focal obstruent was coded using
5 categories: vowel, voiced consonant, voiceless consonant, glottal stop,
and pause. As the corpus provides detailed information including short
and long pauses, assignment of observations to these categories was
straightforward on the basis of Pascoe’s (1987) transcriptions. Table 10.6
shows the distribution of the factor levels in the data.

As for the acoustic data gathered from the recordings in the current
study, the analysis of the PVD effect relied on temporal measurements of
minimal pairs elicited with the word list and short phrases tasks. For the
segmentation criteria applied, see §4.6. Each subject produced n = 11 pairs
of words, which contrasted in final obstruent voicing. The order of items in
the production tasks ensured that pairs did not occur in succession. The
following minimal pairs were elicited:

o Word list: plays—place, bag-back, played—plate, save-safe
o Phrases: heed—heat, god—got, hod—hot, had—hat, hard—heart, head—het, hid—hit

# A consistent effect of the sonority of the
right-ward phonetic context was reported
by Edge (1991), who studied L1 Cantonese
and L1 Japanse learners of English, and
observed the highest devoicing rate before
a pause and the lowest rate before vowels.

# The data sets analyzed in the present
chapter are openly available via the Tromse
Repository of Language and Linguistics
(TROLLing) at https://doi.org/10.18710/
DKIGES (Sénning & Pascoe 2020). See
§3.3.1 for further information on the data
provided by Pascoe (1987).


https://doi.org/10.18710/DKIGE5
https://doi.org/10.18710/DKIGE5

Condition Types Tokens
Obstruent
/d/ 56 332
/9/ 1 27
/v/ 9 62
/z/ 44 223
Sonority
Pause 46 134
[?] 34 93
Voiceless consonant 36 152
Voiced consonant 49 204
Vowel 28 61

For each pair, the PVD ratio was determined by dividing the duration
of the vowel preceding the voiced obstruent by that before the voiceless
counterpart. By using a ratio measure, we can, at least to a certain degree,
sidestep differences in the duration of vocalic intervals that may be
expected to occur between learners and native speakers. Thus, absolute
differences in vowel duration would have been more strongly confounded
by speech rate and potential differences in intrinsic vowel duration.
Further, the analysis thereby focuses directly on the measure that is most
informative in the context of this study, the PVD ratio. The statistical
analysis rested on n = 11 measurements per speaker, summing to a total of
n = 619 data points for the learners (n = 23 missing cases) and n = 284 for
the native speakers (n = 1 missing).

The next section describes aspects of the statistical analysis and may be
omitted without loss of continuity.

Statistical analysis

The acoustic PVD measurements were analyzed with a multilevel regres-
sion model with varying intercepts on subject and word pair. The native
speaker model includes variety as a predictor, which is also represented
with varying slopes on words. For the learner data, proficiency was the
focal predictor, which also received varying slopes across word. For the
analysis of the acoustic data, the literature survey provides guidance on
the magnitude of the PVD effect in native speech. This state of knowledge

was included into the model in the form of informative prior distributions.

Figure 10.9 shows the correspondence between estimates in the literature
and the derived probability distributions. The prior for the PVD ratio in
AmE concentrates 90% of its mass in the interval [1.13, 1.97] and that for
BrE has 90% of its mass in the range [1.19, 2.29]. For the analysis of the
learner productions, the literature suggests estimates of about 1.2 and 1.6
to be representative of low and high proficiency levels, respectively. A
weakly informative prior was centered at 1.4 and the prior density assigns
probability .90 to the interval [0.91, 2.44]. More information about the
structure of the models can be found in Appendix A.10.

FINAL VOICED OBSTRUENTS 229

Table 10.6: Distribution of the linguistic
factors in the SpIL corpus (Pascoe 1987).

1 1.5 2 2.5
PVD ratio (log-scaled)

Figure 10.9: Prior distributions of the
PVD ratio in AmE and BrE derived from
the empirical evidence in the literature.
The solid curve is the prior for AmE,

the dashed curve that for BrE. The
boxplots at the top show the distribution of
measurements in the literature (see Figures
10.1 and 10.2). @®



230 PHONOLOGICAL VARIATION IN GERMAN LEARNER ENGLISH

The auditory data based on Pascoe (1987) were analyzed with a
multilevel multinomial regression model, with varying intercepts on
subject and word. The predictors of interest were backed by varying
slopes: Proficiency was allowed to vary across words (by-word varying
slopes), and the association of FVO production with the obstruent type
and the following context was also given leeway to differ in strength
across speakers (by-speaker varying slopes). As for priors, the intercept
parameters receive a diffuse but sensible specification, which is shown
graphically in Figure 10.10. It has 90% of its mass in the intervals [.01, .57]
(voiced), [.03, .69] (devoiced), and [.13, .87] (voiceless). More details can
be found in Appendix A.11.

10.7  Constraints on generality

When extrapolating the following findings to other speakers and circum-
stances, we need to bear in mind a few limitations:

o Language-external scope: It does not seem that there are any speaker-
related variables that would restrict the generalizability to other popula-
tions of German instructional-setting learners.

o Language-internal scope: For the acoustic analysis of the PVD ratio, all
items carrying FVOs occurred either in isolation or in a contrastive
context. The findings therefore only extend to prosodically prominent
environments. Further, long vowels and diphthongs are overrepresented
in the set of lexical items (about 70% of the tokens, counting /#¢/ as a
long vowel.). Estimates of the PVD ratio, especially those for native
speakers, may therefore be higher than in a more balanced selection of
carrier words. The auditory data, on the other hand, may be used to
generalize to a fairly broad set of contexts.

o Speaking style: The acoustic data only apply to closely monitored
speaking styles. The auditory data are representative of more natural
speech.

10.8 Results

We will first consider the acoustic data collected in the context of the
current study (§10.8.1). §10.8.2 then moves on to the auditory analysis
based on the SpIL corpus (Pascoe 1987).

10.8.1 Acoustic analysis

The distribution of PVD ratios for the learners in the current study is shown
in Figure 10.11, where each point denotes, for a given speaker, the average
PVD ratio over the n = 11 word pairs. The vertical axis is log scaled, but the
original ratio values can be read from the tick mark labels. Overall, we see
a steady increase in the magnitude of the PVD ratio from left to right. For
low-proficiency learners, values around 1.1 seem to be typical. Intermediate
learners average at about 1.2 to 1.3, and advanced learners roughly at 1.4.

voiced
devoiced
voiceless

.
Q0 oTo

Figure 10.10: Priors for the intercept
parameters in the model in comparison

to the rates reported in the literature
(voiced variants only): (a) Weiher 1975, (b)
Langguth 2009, (c) Wunder 2012, and (d)
Wieden & Nemser 1991.
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The variation between learners also appears to increase slightly from left to
right.

The scores obtained for the native speakers are shown in Figure 10.11.
The AmE subjects produced considerably higher PVD ratios, with a
median of about 1.8, compared to 1.5 for BrE subjects. The variation among
speakers is somewhat larger in the AmE group. Barring one outlier in the
BrE group (average ratio: 2.6), we find two quite distinct distributions of
measurements.

Technical details about the regression models are deferred to Appendix
A.10.% Figure 10.12 compares model-based estimates for the learners and
the native speakers. These are also listed in Table 10.7, which includes
uncertainty estimates. The patterns offer a condensed summary of the
descriptive insights provided by Figure 10.11:

o The average PVD ratio for AmE native speakers is 1.78, that for BrE
subjects 1.50.

e German learners at lower proficiency levels show little systematic
variation, with ratios of around 1.10, which are similar to those observed
in German.

o Intermediate-level learners typically produce PVD ratios of around 1.25.

e Advanced learners average around 1.40, which is almost in the range of
values for native speakers.

Posterior quantiles

Group Mediagn .05 25 75 .95
German learners
Beginner 1.09 098 1.04 1.14 122
Intermediate 1.25 1.13 1.20 1.30 1.39
Advanced 143 126 136 150 1.62

Native speakers
AmE 1.78 1.62 172 1.84 194
BrE 1.50 133 143 156 1.68

FINAL VOICED OBSTRUENTS 231

Figure 10.11: Distribution of PVD ratios for
(a) learners and (b) native speakers. The
y-axis is log-scaled, with tick mark labels
giving the original values. @®

» The appendix lists convergence diagnos-
tics for the models and reports posterior
estimates for the model parameters.
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Figure 10.12: Developmental patterns in
the PVD ratio: Model-based linear trend
line in comparison with estimates for the
native speakers groups in the present
study. Error bars/bands show 50% and 90%
uncertainty intervals. @®

Table 10.7: PVD ratio estimates for learners
at representative proficiency levels and the
AmE and BrE native speakers (data from
this study).
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Voiceless Devoiced Voiced Figure 10.13: FVO production by German
learners: Production rates for voiceless, de-
™ ) ) voiced, and voiced variants by proficiency
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10.8.2  Auditory analysis

For the auditory data based on the SpIL corpus, we also set out with
a visual inspection of the production rates observed across the n = 26
learners. Figure 10.13 shows, from left to right, the rate at which each
learner produced voiceless, devoiced, and voiced variants of obstruents
in final position. The share of voiceless renditions varies between about
.10 and .80 and decreases steadily across proficiency levels. Devoiced
variants appear to play a negligible role, with very few learners showing
rates higher than .30; no clear trend across proficiency levels is discernible.
Voiced variants, then, show the mirror image of voiceless productions, with
rates between .10 and .75 and a steady increase from low to high levels of
pronunciation ability.

Let us now turn to our regression analysis for a more compact summary
of these trends. Details about the model are relegated to Appendix A.11.26
We translate the output of our model back to the proportion scale. Figure
10.14 shows how the estimated production rates for the three variants
change across proficiency levels. It it in close agreement with the patterns
we just noted in Figure 10.13 (estimates are reported in Table 10.8):

% The appendix documents convergence

diagnostics for the MCMC algorithm and
reports posterior estimates for the model
parameters.

e Voiceless variants decrease, on average, from about .70 at the lower end
of the proficiency scale to about .25 among advanced learners.

e The share of voiced variants increases from about .15 to .70.

e Devoiced renditions remain at a low rate across all proficiency levels,
decreasing from about .15 to .05.

Figure 10.14: FVO production by German
learners: Estimated rate of variants by
proficiency level. Error bands reflect 50%
and 90% uncertainty intervals. Data from
Pascoe (1987). @®
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Voiceless Devoiced Voiced
Proficiency Mdn .05 95 Mdn .05 95 Mdn .05 .95
Beginner 71 57 82 14 05 26 .15 .07 25
Intermediate 52 41 62 .09 .04 .18 .38 28 49
Advanced 23 14 33 07 .02 .15 .69 .59 .80

Next, we turn to the following context, which we classified into 5
ordered categories based on the sonority of the adjacent environment. For
expository clarity, we restrict our attention to the production rate of voiced
variants. Thus, we are interested in how the share of voiced obstruents
varies with the sonority of the rightward context. To this end, the top left
panel in Figure 10.15 shows how, for each of the five contexts, the share of
voiced variants changes across proficiency levels. The dotted line represents
the average across all conditions and offers a baseline of comparison. The
panels to the right zoom in to the specific contexts, one by one, and add
statistical uncertainty estimates. The dotted reference line remains as a
benchmark in these panels.

Since curves are notoriously difficulty to compare visually (see Cleve-
land & McGill 1984), the second row of panels in Figure 10.15 displays
differences between the curves shown in the upper row. To this end, the
dotted reference profile, which signals the grand mean, serves as a standard
of comparison, and the extent to which a given context shows higher- or
lower-than-average accuracy rates is signaled by vertical deviations from
the horizontal line. The accuracy-rate boost in prevocalic contexts (Vowel),
for instance, varies between about +.10 and +.25 in relation to the overall
average. Note how parallel curves in the top row need not correspond to
stable proportional differences.

Figure 10.15 reaveals the following points:

Vowel Voiced C Voiceless C

Production rate
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Table 10.8: Estimates for the produc-
tion rate of variants at representative
proficiency levels (data from this study).

Figure 10.15: The share of voiced FVO
renditions as a function of the following
context. The top row shows the rate of
voiced variants by proficiency in each of
the 5 different contexts and the overall
average (dotted line). The bottom row
displays the deviation of each context from
the overall mean across the five contexts
(dotted line). Error bands reflect 50%
and 90% uncertainty intervals. Data from
Pascoe (1987). @®
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o The rank-order of contexts is consistent with the cline in sonority: The
higher the sonority of the adjacent segment, the higher the rate of voiced
variants.

e Comparing the endpoints along the scale (Vowel and Pause), the net
difference ranges between roughly .20 and .45 on the proportion scale.

e Before vowels and voiced consonants, the share of voiced variants is
consistently above average. Among low- and high-proficiency learners, it
amounts to about +.10, for intermediate learners it is roughly at +.20.

o Before glottal stops and a pause, on the other hand, the share of voiced
renditions is below average, by about —.05 ([?]) and —.10 (pause) among
beginners, to about —.15 ([?]) and —20 (pause) at intermediate stages, to
roughly —.10 ([?]) and —.20 (pause) at the upper end of the proficiency
scale.

Finally, we inspect how the realization of FVOs varied across obstruent
classes. Figure 10.16 is constructed the same way as Figure 10.15 and we
can turn our attention directly to the patterns in the graphs:

e The amount of vertical displacement among the curves shows that, in
comparison to the following context, changes in accuracy rate across
obstruent types is somewhat smaller.

e For voiced alveolar /d/, the proportional share of voiced renditions
appears to be consistently above average. The difference amounts to
about +.05 among beginners and advanced learners to roughly +.15 in
the intermediate proficiency ranges.

e For voiced alveolar /z/, on the other hand, the data suggest below-
average accuracy rates, with a downward deflection of about —.05
(beginners), —.20 (intermediate), and —.10 (advanced).

e For velar /g/ and labiodental /v/, the error bands indicate considerable
uncertainty in the model-based estimates.

Figure 10.16: The share of voiced FVO
renditions as a function of obstruent type.
The top row shows the rate of voiced
variants by proficiency for each of the four
obstruent types and the overall average
(dotted line). The bottom row displays
the deviation of each type from the overall
mean across the four obstruent categories
(dotted line). Error bands denote 50%
and 90% uncertainty intervals. Data from
Pascoe (1987). @®
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10.9 Summary and discussion

This chapter was concerned with intrinsic and extrinsic cues to coda
obstruent voicing in the production of German learners. A contrastive
analysis of English and German revealed differences in the distribution of
voiced obstruents. In contrast to English, which upholds a voicing contrast
in all positions, German regularly devoices coda obstruents. In English,
the most salient and robust cue to final obstruent voicing is the duration
of the preceding vowel, which is longer before voiced segments. This
systematic variation in vowel duration, which is referred to as the PVD
effect, is of considerable magnitude in English compared to other languages
including German. A consideration of FVOs with respect to linguistic
constraints clearly identified them as marked structures, a classification
that finds support from typology, L1 acquisition and physiological facts.
PVD as an extrinsic cue, on the other hand, appears to be unconstrained
in this regard. Perception studies have shown a general lack of sensitivity
to the voicing contrast in coda obstruents. While evidence on German
learners’ perceptual reliance on the PVD effect for FVO categorization

is currently lacking, knowledge gained about learners from other L1s

is suggestive of L1 experience with phonemic vowel length contrasts
being facilitative for perceptual learning. As for the guidance provided
by theoretical contributions, there is consensus about the assumed level
of relative difficulty — FVOs are expected to emerge late in L2 acquisition.
The theoretical literature also suggests target accuracy to be sensitive to
linguistic factors, including obstruent type, sonority of the immediate
phonetic context, and structural strength. The PVD effect, on the other
hand, is considered to be generally easier to acquire than features internal
to the obstruent.

Previous work on the realization of FVOs by L1 German learners
is supportive of their classification as difficult structures. Apart from
reporting expectedly low accuracy rates, two studies have provided insight
into the relevance of linguistic constraints, documenting asymmetries
between stops and fricatives as well as place of articulation in stops and,
to a lesser extent, also in fricatives (Langguth 2009; Wunder 2012). It
was the aim of this study to provide comparable documentation of place
and manner effects, and to broaden the scope by further examining the
contribution of sonority to the variability in FVO production by German
learners. Another objective of this study was to provide insights into the
magnitude of the PVD effect across different levels of L2 pronunciation
ability and extend the empirical record to early-stage instructional-setting
learners.

The analysis of the realization of FVOs revealed sensitivity of learner
productions to proficiency, obstruent type, and the sonority of adjacent
segments. The rate of target-like productions varied between .15 at lower
proficiency levels and about .70 at the highest levels. While these estimates
are broadly consistent with the literature, most of the previously reported
accuracy rates appear rather low compared to these data (see Table 10.4).
This may be partly attributable to differences in speaking style, as it has
been revealed by previous studies that more natural styles exhibit higher
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accuracy rates (e.g. Edge 1991; Major & Faudree 1996). In GLE, stylistic
variation has been reported to be negligible, however (Langguth 2009;
Wunder 2012). Quantitative discrepancies in research on FVO production
may also arise from differences in the auditory classification of variants,
as raters may vary in the categorization of learner productions. Given
exisiting evidence on perceptual specialization as a result of native lan-
guage experience, differences between ratings offered by researchers from
different L1 backgrounds are likely. This cautions against drawing strong
conclusions from the comparison of studies. Stop-fricative asymmetries for
alveolar /d z/ amounted to a difference of about .15 to .35 in production
accuracy. This cline is consistent with figures reported in the literature
(.25 in Wunder 2012; .20 in Langguth 2009). Due to considerably clouded
estimates for /g/, the data analyzed here only offer weak indications on
place-of-articulation constraints in stops; the direction and magnitude, how-
ever, are consistent with previous reports (alveolar > velar, A = [.10, .25];
cf. A = .35 in Langguth 2009 and A = .33 in Wunder 2012). Likewise, only
cautious inferences are warranted for the contribution of constriction loca-
tion in fricatives (/v z/). While coherent with previous work in direction
(labiodental > alveolar) the magnitude of the difference estimated here (A
=[.15, .35] vs. .05 in and Langguth 2009 and Wunder 2012) could easily
be an overestimate considering the wide range of uncertainty surrounding
estimated rates for /v/. Finally, sonority had the expected effect, with the
order of estimates lining up with the sonority hierarchy. This constraint
also appeared to exceed place and manner of articulation in magnitude,
with accuracy rates varying by .20 to .45 (in absolute terms) conditional on
the sonority of the following segment.

To provide context for an analysis of the PVD ratio by German learners,
this study presented a survey of the empirical literature on the systematic
variation in preceding vowel variation in BrE, AmE, and German. This
review offers a frame of reference for the interpretation of new findings
and may prove useful for future studies on the PVD effect in varieties of
English. The findings for the PVD ratio for BrE (1.6) and AmE (1.8) native
speakers are in accordance with the range of estimates reported in earlier
studies. Based on the literature survey, however, the varieties were expected
to pattern differently. Nevertheless, this variation in reported estimates is
to be expected given the limited amount of quantitative work on BrE (see
Figure 10.1) and the small number of speakers recorded in the present
study. As for the German learners, PVD ratios were found to increase
systematically with pronunciation proficiency, growing from about 1.10 to
1.45. These figures coincide with previously reported ratios, which range
from 1.15 to 1.65.

Findings in this investigation are coherent with previous experimental
work, lending support to the categorization of FVOs as difficult structures
in L2 acquisition. While theory-based predictions concur as to the expected
quantitative patterns in learner productions, they offer different explana-
tions for these observations. These include German learners’ lack of per-
ceptual sensitivity to final obstruent voicing contrasts (SLM), markedness
asymmetries between onsets and codas, voiceless and voiced obstruents,
as well as stops and fricatives (MDH/SCH), natural devoicing processes



(NM/NDH), articulatory constraints disfavoring the co-occurrence of pho-
netic voicing and airflow obstruction (MSA), and the structural weakness
of syllable codas (LTD). Thus, findings on the overall accuracy rate and its
sensitivity to obstruent type are consistent with multiple process models
and consequently lend themselves to different explanations. Importantly,
both perception and production constraints can be stipulated to account
for these observations. This calls attention to interpretative difficulties
that arise in the analysis of speech production data, as these may not be
able to discriminate between different hypothesized mechanisms. This

is not to suggest that empirical reports on FVO production in non-native
speech are of limited value. On the contrary, quantitative work is essential
for theoretical insight to be broadened and refined. However, current
knowledge about FVO production is lagging behind L2 theory in the sense
that there are a number of theoretically motivated constraints that have not
received proper attention in applied research. Among these are structural
strength, speaking style, frequency, properties of the preceding vowel and
cluster complexity.

Nevertheless, the type of variation observed in this study and the
literature does suggest FVO production to be constrained by principles
independent of speech perception. One reliable indicator for production
constraints is the evidence found for adjacent sonority. Phonetic context
effects of this kind can only be accounted for by reference to the immediate
phonetic environment. This type of within-structure variation cannot be
attributed to explanations hinging on intrinsic obstruent attributes.

The findings for German learners’ use of the PVD ratio to signal a final
obstruent voicing contrast only partially support the expected relative
ease of acquisition. On average, only proficient subjects produced ratios
exceeding 1.4. It should be noted, however, that the hypothesized ease of
acquisition was stated relative to the production of intrinsic FVO features.
The insights provided in this study do not permit comparative assessments
of the PVD effect and the production of FVOs, however, as these outcomes
were investigated in different speaking styles produced by different
speakers and analyzed with different methods. Nevertheless, it can be
stated that target-like production of the PVD effect (i.e. values greater than
1.3) appears to emerge at upper intermediate levels, with learners at lower
proficiency levels almost categorically patterning below this threshold.

For the acquisition of the PVD effect by German learners, guidance
provided by theory is limited due to the absence of empirical insights into
the perception of the preceding vowel duration as a cue to final obstruent
voicing. In order for perception-based predictions to be put on a firmer
empirical basis, it is essential for future work to further our understanding
of likely perceptual distortions. In the absence of such insights, hypotheses
generated by the SLM and other models that build on it (MSA, OPM)
remain speculative.

To shed further light on cue weighting in speech production and thereby
pursue the theory-guided expectations on the relative accessibility of the
PVD effect, future studies may resort to instrumental techniques to study
multiple acoustic cues to the final obstruent voicing contrast. The few
indications in the literature are suggestive of a bias toward the PVD effect

FINAL VOICED OBSTRUENTS
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(Barry 1977), but more work is needed to draw firmer conclusions. Efforts
should also be directed toward extending the empirical base on the PVD
effect in BrE.

In summary, the following suggestions may serve as a point of departure
for future work on FVOs in GLE:

e A central concern should be the elucidation of German learners’ reliance
on the PVD effect as a perceptual cue to final obstruent voicing.

e Current knowledge about the PVD effect in BrE must be considered
unsatisfactory; further empirical contributions are needed.

o The literature survey showed that estimates of the PVD effect vary
across studies on the same population of speakers. This heterogeneity
should be taken into consideration when passing judgement on the
native-likeness of learner productions.

e The PVD effect has been observed to be sensitive to a number of
linguistic variables. This suggests the necessity of controlling for factors
such as vowel length and height, position in the word or utterance, and
speech rate. This may be a concern for studies relying on more natural
productions (e.g. corpus data).

e At the same time, systematic variation in the magnitude of the PVD
effect provides new impulses for future L2 work, which may set out
to investigate similar patterns in learner productions. This line of
research should consider focusing on high-proficiency informants, as
this population of learners has been documented to exhibit sufficient
temporal contrasts that may consequently evidence internal (within-
structure) variation.

o Instrumental investigations of the production of final voiced obstruents
may contribute to our knowledge about the relative accessibility of the
PVD effect by also documenting intrinsic acoustic properties of FVOs.



11
L2 phonological theory and data

Let us now take a step back and consider some broader issues that have
emerged in the course of this study. This final chapter brings us back to L2
phonological theory. We first recapitulate the added value of organizing
theoretical work from the perspective of IL variation, which aims to directly
connect theory and empirical work (§11.1). §11.2 then reflects on the
critical role of auxiliary assumptions when deriving empirical expectations
from theory. We then change perspective and discuss issues involved in
going from data back to theory to make sense of observed patterns (§11.3).
§11.4 offers some concluding remarks.

11.1 Interlanguage variation and L2 phonological theory

In line with earlier overviews of theoretical work on IL phonology (e.g.
Leather 1999; Gut 2009; Eckman 2012; Pickering 2012), Chapter 2 grouped
contributions thematically. We distinguished between ideas related to

(i) cross-linguistic influence, (ii) language universals, and (ii) develop-
ment and variation. In the empirical part of this study, our survey of L2
phonological theories allowed us to formulate expectations about patterns
of variation in GLE. It became clear that theories direct their attention

to different dimensions of interlanguage variation. For instance, some
theories are geared towards explaining why certain structures are more
difficult than others, and some theories are concerned with variation in
accuracy rates for a single structure. These are two fundamentally different
dimensions of variation, which broadly align with intrinsic explanations,
that is, explanations referring to properties of the structure, and extrinsic
explanations, referring to properties external to the structure. This suggests
an alternative, empirically motivated scheme for the organization of the-
oretical work — one that groups accounts by the type of variation that is
described, predicted and explained. To recapitulate, four types of variation
were distinguished:

e Variation between learners: In this study, between-learner variation was
captured with a foreign accent rating, which allowed us to distinguish
between different levels of L2 pronunciation ability. Accounting for this
type of variation is the objective of research on individual differences in
L2 acquisition.
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e Variation within learners: L2 learners’ productions show variation at a
single point in time, an important factor being stylistic variation related
to the degree of monitoring and focus on form.

e Variation between structures: Variation also occurs between structures, as
certain sounds may be easier to learn than others. This is attributable to
linguistic constraints inherent in the structure.

e Variation within structures: Similarly, the production of a single structure
may show variation, which may arise from extrinsic constraints, such as
phonetic and prosodic context effects.

This four-way distinction establishes links between theoretical work
empirical practice. The frameworks discussed in Chapter 2 are summarized
in Table 11.1, where they are classified according to theme (as was done in
Chapter 2) and the focal type of variation. Given the present study’s focus
on linguistic constraints, only three kinds of variation are distinguished:

between-structure (B), within-structure (W), and stylistic variation (S), the Table 11.1: Overview of theoretical
contributions: Major theme and type of

latter corresponding to constraints accounting for within-learner variability. variation accounted for. Kev bols:
. Key to symbols:
The overview reveals that some contributions are restricted to differences (L1) cross-linguistic influence, (U)
between structures and some are wider in scope. The SCH, FM, SM and language universals, (DV) development
. L and variation; (B) between-structure
OPM offer the most comprehensive accounts of IL variation. variation, (W) within-structure variation,
and (S) stylistic variation.
Theme Variation
Contribution Reference L1 U DV B W S
Contrastive Analysis Hypothesis CAH Lado 1957 . .
Articulatory Settings AS Honikman 1964 . )
Speech Learning Model SLM  Flege 1995 . .
Similarity Differential Rate Hypothesis SDRH Major & Kim 1996 ° °
Perceptual Assimilation Model PAM  Best 1995 . o
Desensitization Hypothesis DH Bohn 1995 o o °
Phonological Interference Model PIM  Brown 1998 . °
Feature Competition Model FCM  Hancin-Bhatt 1994 . .
Markedness Differential Hypothesis MDH Eckman 1977 . ° o
Structural Conformity Hypothesis SCH  Eckman 1991 . e o o
Natural Model of L2 Phonological Acquisition NM  Dziubalska-Kotaczyk 1990 . o o
Naturalness Differential Hypothesis NDH  Schmid 1997 . o o
Functional Model of Phonological Acquisition M Boersma 1998 ° e o o
Model of Segmental Acquisition MSA  Colantoni & Steele 2008 . ° o
Gradual Diffusion Model GDM  Gatbonton 1978 o .
Model of Sociolinguistic Variation SM Fasold & Preston 2007 . e o o
Linguistic Theory of L2 Phonologial Development LTD  James 1988 o U
Ontogeny Phylogeny Model OPM  Major 2001 ° ° o
Dynamic Systems Theory DST  De Bot et al. 2007 . )

This overview may guide future studies by identifying theoretical work
that (i) produces predictions for a particular research problem and (ii)
offers potential explanations for observed patterns. For instance, if interest
lies in the difficulty of structure A relative to structure B, the set of relevant
theories can be narrowed down to those accounting for between-structure
variation. For studies dealing with the acquisition of a single structure,



on the other hand, contributions focusing on within-structure variation
may provide insights. We can also see how theories may “compete” in the
context of a particular phenomenon and offer different explanations for
empirical observations. We will return to this point shortly.

Our delineation of dimensions of variation suggests that a clear distinc-
tion can be made between within-structure and between-structure variation.
Certain comparisons between phonological structures, however, should
also be informed by our knowledge about within-structure variability. To
illustrate, consider two new sounds for German learners: dark [t] and /w/.
We might be interested in predicting (and understanding) the relative dif-
ficulty of these structures for German learners. We could consult theories
dealing with between-structure variation and evaluate inherent properties
of these segments. In this case, however, the comparison between [1] and
/w/ does not offer a pure reflection of intrinsic properties. Rather, we
are comparing a segment that is only licensed in onset position (/w/) to
one that, in GB at least, only occurs in coda position ([1]). Our between-
structure comparison, then, is confounded by onset-coda asymmetries in
speech perception and production.

If we take a closer look at the factors underlying the variation between
and within structures, we can distinguish between perception and pro-
duction constraints. Thus, between-structure variation may arise from
differences in intrinsic perceptual salience or similarity effects or intrinsic
production constraints related to articulatory complexity. Constraints that
account for within-structure variation bring into focus extrinsic influences
which are to a certain degree independent of the structure under investi-
gation. Within-structure variation may likewise be rooted in perception
or production. For instance, perceptual sensitivity has been observed to
vary systematically with prosodic position and onset/coda complexity.
Production constraints, on the other hand, may also operate differently in
onset vs. coda position, or in singletons vs. clusters.

Table 11.2 provides an overview of intrinsic and extrinsic perception
and production constraints, with references to relevant theoretical work.
While this inventory does not claim to be exhaustive, it may serve as a point
of departure for future empirical and theoretical work. The added value
of this overview is that it brings together factors that could offer plausible
explanations for IL patterns based on our current state of knowledge. The
way in which these constraints shape learner speech varies depending on
the type of structure and the L1-TL combination:

e Intrinsic perceptual constraints are tied to the learner’s L1, since the
"”sieve” of the L1 phonological system determines sensitivity to contrasts
between TL and L1 structures.

e Extrinsic perception constraints, on the other hand, are to a certain
degree independent of the listener’s L1 background and may classify as
a universal factor underlying L2 speech.

e Intrinsic and extrinsic production constraints can also be assumed
to influence non-native speech in largely similar ways and therefore
likewise count as universal influences in non-native speech. They may
therefore be of broader relevance for the study of L2 speech.

L2 PHONOLOGICAL THEORY AND DATA
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Constraint Theory
Perception
Intrinsic constraints
Perceived phonetic dissimilarity SLM
Presence of phonological features in the L1 PIM
Prominence of L1 phonological features FCM
Extrinsic constraints
Prosodic position: Onset vs. coda LTD
Complexity: Singleton vs. cluster LTD
Production

Intrinsic constraints

Articulatory complexity SCH, MSA
L1 articulatory settings AS
Aerodynamic constraints SCH, MSA
Extrinsic constraints
Prosodic position: Onset vs. coda MDH, SCH
Complexity: Singleton vs. cluster SCH
Phonetic context SCH, GDM
Coarticulation SCH
Structural strength LTD
Speaking style FM, OPM

11.2  From theory to data...

For each of the structures investigated in the present study, we started
by consulting theoretical work to formulate empirical expectations. We
therefore proceeded deductively, that is, we derived a set of hypotheses
from theoretical statements. This brought to our attention two issues to
which we now turn: (i) the need to make auxiliary assumptions and (ii)
the convergence of predictions.

To distill theory into concrete predictions, we often had to make addi-
tional assumptions. For instance, to invoke the concept of markedness,
we needed to determine the markedness status of a given structure. For
FCM-based predictions, on the other hand, we had to settle on a scheme
(and inventory) of phonological features. And expectations from the view-
point of the MSA required an assessment of the articulatory complexity
of a given sound (sequence). We call these assumptions “auxiliary” since
they play a secondary role in our reasoning. This is to say that they are
not of interest in themselves, but only support the bridge from theory to
prediction. They nevertheless assume a critical role since they are essential
links in this mental exercise.

Some auxiliary assumptions can be formulated based on empirical
observation. This applies to perceptual constraints, for instance, which can
be assessed by means of experimental measurements. For other constraints,
we rely on the literature as a source of information. This is the case for

Table 11.2: Intrinsic and extrinsic produc-
tion and perception constraints.



markedness and naturalness considerations, for instance. Importantly,
auxiliary assumptions relating to underlying constraints must often

be considered provisional, since they are stated on the basis of limited
knowledge; they may have to be refined in the light of new insights. It
follows that deductively derived hypotheses may be valid in the sense
that they follow logically from a given set of premises. The uncertainty
surrounding our auxiliary assumptions, however, affects the degree of
assurance we can have in the status of a specific hypothesis, or empirical
prediction, as an instantiation of a theory. We should acknowledge
assumption uncertainty and its consequences for claims relating empirical
findings to L2 phonological theory.

Given the critical role of auxiliary assumptions for communicating
between theory and data, they should be stated explicitly. This makes
transparent the links in a deductive line of argumentation and allows
others to see how we arrive at our claims. This seems to be particularly
important when invoking vague frameworks such as the SCH (see §2.3.1
for discussion), whose consequences hinge critically on background
assumptions. A change in the set of premises may result in a shift of
expected patterns. Consider, for instance, our assumptions about the
perceived dissimilarity between clear [1] and dark [1]. In the absence of
empirical work on the perception of lateral allophones by German learners,
we speculated that the degree of perceived similarity between these sounds
is high, which led to the expectation of a prolonged phase of L1 transfer
of [1] in non-prevocalic contexts. Future work on L2 German learners’
perception of laterals may prompt us to revise this assumption and adjust
our empirical expectations.

The second issue we would like to address is the convergence of pre-
dictions. As illustrated at several points throughout this study, theoretical
contributions may generate identical predictions. When going from theory
to expectations about data, this is not a particular concern. Thus, if our
sole aim is to predict, say, the degree of difficulty of a particular structure,
convergence of predictions would in fact increase our confidence in a given
prediction. If, on the other hand, our goal is to understand and explain
observations in L2 speech, we face a dilemma. In the next section, we
discuss difficulties that arise when drawing conclusions about theory based
on data. Before we go further, however, let us summarize our main points
so far in the form of a diagram.

The left part of Figure 11.1 shows an illustrative set of L2 phonological
theories. These invoke different constraints (which are listed at the
left margin) and sketch different processes or mechanisms to account
for the sound systems acquired by non-native speakers. As we have
illustrated in the preceding chapters, these theoretical notions can be
translated into predictions. By prediction we mean a statistical expectation,
that is, a quantitative description of the expected patterns in the data.!
When going from theory to prediction, we have to cross the grey area,
which denotes the set of auxiliary assumptions we must make. For some
theories, our state of knowledge about these auxiliary premises allows
us to navigate unambiguously to a single predicted pattern. In other
cases, the uncertainty surrounding our background assumptions may
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THEORY PREDICTION DATA
(constraint/ (predicted (observed
mechanism) pattern) pattern)
Transfer —— | m Analytic
Markedness N—e inference
Similarity

Structural strength

Natural processes

N

SN

Articulatory constraints
Perceptual constraints

Descriptive
inference

Frequency

Phonetic context > POPULATION

AUXILIARY
ASSUMPTIONS

yield branching arrows to different predicted patterns. Open circles
inside the grey rectangle indicate ambiguity as a result of assumption
uncertainty. Consider, for instance, markedness statements about final
voiced obstruents, which we discussed in §10.2.1. We concluded that
intrinsic properties of FVOs must be considered marked. This was in
contrast to the preceding vowel duration as an extrinsic cue to the voicing
contrast, which arguably classifies as unmarked. This maps onto different
expectations about the acquisition of this structure. As a further example,
consider phonetic context effects in the production of word-initial /3.
The feature we focused on was whether /3/ occurred after a sibilant or
not. This was grounded in judgements about syntagmatic articulatory
difficulty. However, other properties of the phonetic context may be viewed
as relevant. Thus, Trovimovich et al. (2007) examined instead the sonority
of the preceding segment, which leads to different predictions.

Figure 11.1 also illustrates the many-to-one mapping of theories and
predicted patterns. This situation was observed on numerous occasions
throughout this study. This brings us to the next issue we would like to
address: the question of what can be inferred from a set of data.

11.3 ... and back again

When doing an empirical study, we generate a set of data summaries.
Figure 11.1 illustrates a pattern we might end up with. Often, we are
interested in making inferences based on data. Our inferences can extend
into two directions. Let us first consider the arrow pointing rightward.
Seeing that our study is based on a sample of limited size, we may wonder
whether the patterns we found can be generalized to the broader popula-
tion of entities represented by our sample. This is a descriptive (sometimes
called enumerative) task, since the goal of inference is an adequate descrip-
tion of a certain measurable trait in the population of interest. Descriptive
inference aims at increasing our empirical knowledge about a phenomenon,
i.e. the way(s) in which it surfaces in observable statistical patterns.?

Figure 11.1: L2 phonological theory and
data: Schematic illustration. ©®

2 Statistical tools that may be of help in
such inference tasks include estimation
(the construction of uncertainty intervals)
and hypothesis testing.



The second type of inference points into the other direction, back to
theory, or the data-generating mechanism. Such inferences are often
labeled analytic (or scientific). We are interested in the how the patterns
we observe came to be — that is, what process or mechanism generated the
data. The goal of analytic inference is usually to increase our understanding
of a phenomenon and to offer an explanation for empirical patterns. We are
not content with stating that we found a certain pattern and that it is likely
to hold in the underlying population (a descriptive inference). Rather, we
would like to say something about why this pattern looks the way it does,
why A is greater than B, and so on: We are trying to offer an explanation
for our data.

If we look leftward, back to theory, we can compare our observed
patterns to the set of predicted patterns we established earlier. There are
tools that can help us asses the match between observation and predictions,
which may be helpful in deciding which prediction comes closest to the
observed facts. In our illustration, we have added exemplary weights,
which can be interpreted as the probability that a given predicted pattern,
relative to the other predictions in our set, offers the best match to the
observed one (see Burnham & Anderson 2002 for examples). In our case,
there is a draw between two patterns — the data are unable to differentiate
between them.

Even if the data were to identify a relative “winner”, however, the task
of identifying a likely explanation may be complicated by two factors that
were discussed above: For one, a pattern may be compatible with different
theories, and therefore with different explanations. We encountered
this situation multiple times in this study. We then end up with several
plausible explanations for our empirical observations. In other words,
our analytic inferences are inconclusive. The second problematic aspect
is assumption uncertainty. When going from predicted patterns back to
theory, we again have to cross the grey area, that is, we rely on the validity
of our auxiliary assumptions. If observational evidence fails to match the
predictions we derived from a particular theory, it does not follow logically
that the theory provides an inadequate account of the data; the fault may
in fact lie with (at least) one of the background premises. The validity of
analytic inferences and explanatory statements hinges on these premises.

In the philosophy of science, these issues are linked to the underdeter-
mination of scientific theory. Some scholars (e.g. Stanford 2017) distinguish
between two types of underdetermination, which correspond to the two
issues we have discussed:

o Contrastive underdetermination refers to the fact that a single set of data
may be consistent with different theories, and therefore different expla-
nations. The diverse landscape of L2 speech theory nicely illustrates
this form of underdetermination. It should be noted, however, that con-
trastive underdetermination also refers to other potential explanations or
theories that have not been thought of or formulated yet.

e Holist underdetermination, on the other hand, refers to the fact that
hypotheses cannot be tested in isolation. Rather, to derive empirical pre-
dictions, a (possibly large) set of additional auxiliary assumptions must
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be entertained. Theory is then underdetermined in the sense that, upon
mismatch between data and prediction, we cannot infer that it was the
theory that was in error — it could be the case, in principle, that one of
the auxiliary statements was wrong. The additional premises on which
we work remain relevant even if prediction and observation match, as
this fit may collapse if a refinement of our auxiliary assumptions is in
order.

The fact that multiple explanations may be consistent with observed
data then creates interpretative problems that may hinder deeper insight
into the underlying processes that govern the acquisition of the structure
under study. Further, in empirical work setting out to “test” a particular
hypothesis, it may be incautious to report “support” for the correspond-
ing theory; we should be more circumspect and acknowledge that the
observational evidence may be equally consistent with other known
theories.

11.4 Concluding remarks

The purpose of research on L2 phonology is to account for patterns of varia-
tion found in learner speech. As the survey of theoretical contributions in
Chapter 2 illustrated, the field has produced a multitude of theories, which
are nested in different schools of thought. Empirical data are a testbed for
these theoretical conjectures and therefore provide essential ground on
which the field can proceed. In the changing currents of L2 phonological
theorizing, data on non-native speech production remain a valuable source
of information for future research. One way in which we can contribute
sustainably to the field is by making our data available to the scientific
community.

To conclude, insights provided by this study suggest that the following
points are worthy of attention in future work on IL phonology:

e When looking to theoretical work for guidance, one way to proceed is
to determine the type of variation a study investigates. Tables 11.1 and
Chapter 2 could then be consulted as pointers to relevant frameworks.

e Theory relies on additional assumptions to explicitly direct empirical
work and the interpretation of data. Such premises about constraints
should be viewed as preliminary and stated clearly. Assumption
uncertainty should warn us against (i) offering definite explanations
for empirical patterns and (ii) drawing overly strong conclusions about
theory, based on data.

e Judging from the insights provided by this study, contrastive underde-
termination seems to be a recurrent issue in L2 phonological research.
Observed IL patterns may be consistent with multiple explanations if
quantitative findings map equally well onto different theories, or process
models.

e Empirical data can fruitfully inform and restrain theory development
and are therefore of enduring value to L2 speech research. They should
be made available to the scientific community.



A
Appendix

A.1 Materials for the recordings

A.1.1 The current study

Word list  people, bad, video, place, animals, Germany, back, voice,
exercises, help, plate, change, weather, languages, save, jump, village,
control, very good, played, friend, cheese, apples, windows, alive, safe,
champions, usually, bottles, visitor, bag, sentences, called, television,
always, milk, vegetables, messages, plays, water, June, happy

Phrases  The following pairs of words were embedded in the same carrier
sentence (I said ”...”, not ”...”. ):

o Contrasts: see/saw, get/got, set/sat, tea/two, heart/hot, kid/could,
shoot/shut, sit/sat, put/pot, dark/duck, stars/stores, start/heart

o Rhymes: feet/heat, got/hot, good/hood, cat/hat, card/hard, bird /heard,
bad/had, sit/hit, bed /head, come/some, zoo/who, Sir/her, door/for

o Rhymes (with nonce words): pet/het, bought/hought, god/hod, food/who’d,
but/hut, did/hid, foot/hoot, need /heed

Short dialogues  The following pairs of utterances were read out by each
subject:

e Do you want to drink something? — Oh, yeah. Can I get another cup of
tea, please?

e Where is your friend Peter from? — Peter? He’s from the north of
Germany.

e Is your brother home? — No. He said that he’s going to be back at eight
o’clock.

e Oh no! We haven't got any sugar. I want to bake a cake. — No problem. I
can get some sugar from the market.

e Is Sally from England? — She lives in England. But she was born in
America.

e Can I walk to the city centre from here? —It’s too far. You must take the
bus to the city centre.

e How was your trip to England? — Great! The weather was sunny and we
took a lot of pictures.
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e Where is the car? —I parked it at the end of the street.

e What is your sister doing at the moment? — Becky? She’s writing an
article for the school magazine.

e How can I help you? — Can you tell me the way to the cinema, please?

e Did you like the book? —I did. But the second part of the book was
better than the first.

A.1.2 Wunder 2012

Reading passage  Harry and Helen are very much in love. Both names start
with the letter “"H”. The couple lives on a farm and enjoys life. They are
about the same age. In the morning, Harry usually goes for a walk with
the pup. Helen usually feeds the pig. This morning, Harry is lying in bed.
He opens his eyes. He takes a breath. He gets up and has breakfast. After
breakfast, he puts on his cap. Then he takes his bag. He has to go to work.
He is an author, he always wanted to write. Then he leaves the house and
takes a cab. He prefers a car ride to a train ride. On the way, he listens

to radio plays. After work, Harry and his friends meet near a lake. They
always meet at the same place. In summer, this lake is so nice that they
come here to bathe. In winter, the friends like skating and so they get onto
the ice. Suddenly, Harry falls on his back. He cannot breathe. His friends
laugh. Luckily, Harry is not injured, so they decide to make a bet. Who
wins the next match? The winner is the girl Madge. After skating, Harry
goes home and takes a bath. In the evening, he goes to a pub. There are so
many dishes on the menu that he does not know what to pick. After dinner,
he goes home and watches a football game that is broadcast live.

A.1.3 Rank 2016

Word list  welcome, run, vote, video, ball, develop, university, fast, listen,
work, prevent, attempt, individual, quick, aware, conduct, value, envi-
ronment, participant, previous, heavy, cute, window, television, prison,
interrupt, investigation, would, woman, courage, belief, target, violence,
sugar, illusion, advantage, interesting, always, unless, weak, huge, often,
various, intend, united, we, tissue, responsible, available, very, attitude,
anyone, involve, betray, visit, customer, measure, voice, assume, what,
judge, love, activity, match, without, gain, convince, marriage, twice, be-
yond, interview, soul, reveal, victim, faith, treason, tiny, observation, sweat,
provide, colour, eventually, though, weight, garbage, velvet, abuse, desire

Reading passage  Harry was lifting heavy weights in his basement when the
bell rang. Angry because he had to interrupt the workout, he opened the
door. “Good evening sir, are you Mr. Harry Preston?”, a uniformed man
said politely while his partner examined him critically. ”Yes”, Harry replied
confused, swiping off the sweat on his forehead. ”"Please excuse our late
visit, we are here to investigate a case with a missing person. You do know
Miss Rachel Coon?” ”I do”, Harry swallowed twice before continuing,
"we've been dating the previous year but we broke up. What happened to
her?” ”So far we can only assume. However, it looks like your friend has



become the victim of a violent crime.” Harry started to sweat again. When
he didn’t react to the officer’s words, his partner said: “"Maybe we should
sit down, would you let us in the living room? We only have a few quick
questions.” "Alright.” Harry‘s voice was suddenly very weak. "So when
was the last time you spoke to Miss Coon?” “Not in weeks. I called her
office recently but someone told me she was unavailable.” “Are you sure
you're telling us the truth?”, the second officer said suspiciously. “Because
we happen to have the university’s observation video from yesterday,
showing a woman whose description matches Rachel Coon’s. She was
wearing a very distinctive velvet scarf. A scarf that looks extremely alike
the one that’s hidden behind this pillow on your sofa. So I'm just guessing
you are somehow involved in this.”

A.1.4 Rank 2018

Word list ~ give, sun, until, car, friendship, comment, damage, star, con-
dition, mature, deny, bird, language, secured, success, beware, involve,
ignore, official, establish, stairs, anyone, disappeared, classroom, argue,
priority, publish, sir, immediately, attend, reassured, previous, prepared,
contribution, near, island, scientific, air, solution, analyse, cure, accident,
landscape, fur, vegetable, narrow, weird, plenty, scared, honesty, tension,
clear, walk

Reading passage  ”Good morning, Andy!”, I greet my favourite resident at
the nursing home. Poor Andy has suffered a stroke and has been staying
with us for a few weeks to rehabilitate. Just like a lot of elderly people,
80-year-old Andy has this fear of being alone. As far as I can remember, his
wife visited him every day since he got here, and she always stayed until
a doctor told her to leave. A few minutes ago, I recognised her car on the
street and came to tell Andy she’s here. Of course, it’s my job to take care of
him, but you grow pretty attached to the patients after only a short amount
of time. I love it when people tell me more about their lives; however, Andy
still has a hard time speaking fluently. But he’s making progress, I'm sure
of it. “Oranges or apples?” He offers me some fruit-flavoured candy. "I
prefer apples, thank you.” — “That’s good, I prefer oranges!” He turns his
face to me and grins. It’s hard not to stare at the scar on his forehead. From
what I know, he has had quite a lot of operations over the years. Part of the
reason I like him so much is that despite all the misfortune, he has never
lost his positive, up-beat attitude toward life. Meeting someone like that
is rare. I wonder if these thoughts ever occur in his mind, if he’s aware of
how much of an inspiration he is to others. “You're a brave man, Andy.”
I somehow feel the urge to say that now. I think he didn’t even hear it.
“Alright, come on! Don't forget to take your scarf with you, it’s cold today:.
These gloves are yours as well.” Before I leave, I make sure I haven't left the
door unlocked and follow Andy outside.
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A.2  Calculation of variety scores

Each learner received a score from —1 to +1 for each of the five features.
The variety score is the simple (i.e. unweighted) average over these five
scores. To determine the sub-score for a given feature, points were assigned
to the individual renditions of relevant items. Table A.1 documents how
points were assigned to variants, and which words in the materials were
coded. An AmE rendition was coded with +1, a BrE rendition with -1, and
a variant that reflects L1 transfer was coded as 0 or "NA” (not available,
and excluded from calculations). It was coded as 0 if the L1 variant is
distinct from either target variety. The score then signals that the learner
does not lean toward one of the accents. If the transferred variant was
identical to the BrE or the AmE variant, it was coded as "NA”. If all cases
for a given feature received “NA”-codes, this feature was dropped from the
calculations. This was necessary since we cannot decide whether we should
be considering the surface realization as an L1 structure or an L2 structure
(in OPM terms, see §2.4). If, however, at least one of the renditions in

the set for a feature did indicate one of the target accents (and therefore
received a score of +1 or —1), the 'NA’s were changed to Os, to reflect the
fact that the target variety is only approximated in a certain proportion of

renditions. Table A.1: Calculation of the variety score
for each learner: Coding procedure.

Feature +1 0 -1 NA Tokens in data

Clear vs. dark /1/ [ﬂ [l] Dialogues: Sally, lives, a lot, like
Word list: village, television, languages, alive

/o/ vs. Jaior/ Jar/ /o] /o/ Dialogues: want to, from, o’clock, got, want, problem, a lot of
Word list: bottles
Phrases: got (2x), hot (2x), pot, god, hod

Jou/ vs. Jou/ Jou/ Jou/ Sentences: moment, home, oh, no (2x)
Word list: video, control, windows
/31/ vs. [31/ /31/ [ ®e/ /31/ Dialogues: Germany, first

Word list: Germany
Phrases: bird, heard, Sir, her

Postvocalic r [14 [] [0] @ Dialogues: Peter, north, part, better
Word list: visitor, weather, water
Phrases: heart, card, hard, stars, stores, start, hart, foor, for




A.3 The TRAP-DRESS contrast

The data sets analyzed in Chapter 4 are openly available via TROLLing!
(S6nning 2020c). The OSF project accompanying this study includes the
Stan code for the native speakers? and the learners®, and the R script* for
running the analyses.

A.3.1 Native speakers

Model definition  For each vowel token, we took three measurements:

F1, F>, and the log duration of the vocalic interval. The index [1] refers

to vowel token i in our data (i.e. one out of the n = 720). We used a
multivariate regression model, which means that the three quantities were
modeled jointly, i.e. as three outcome variables in a single analysis. From
a linguistic perspective, this means that each vocalic event was modeled
”as a whole”. This allows us to take into account potential correlations
between these three measures.” Further, instead of the default normal
distribution, we used a Student-t distribution (see Lambert 2018: 159-162)
to make the model more robust against outliers, i.e. deviant formant or
duration measurements. The v parameter, which adjusts the tolerance of
the distribution to aberrant data points, was set to 7.6

F1; MFLi
in ~ MVStudent-t UF2,i , S,v
Dn; MDn,i

The next part describes how the average value of the outcome mea-
surements (Fj, Fy, log duration) varies depending on the vowel (TrRAP

vs. DRESs), the variety (AmE vs. BrE), and, for the log duration only, the
voicing of the following consonant. We made use of index variables (see
McElreath 2020: 155) to represent TRAP and DREss in AmE and BrE, as this
makes it easier to specify priors. Each & parameter then represents four
conditions: press in AmE (&5, g e)7, TRAP in AmE (&3 ), DREss in BrE
(@, o), and TRAP in BrE (25,5 ae).8 The a parameters denote the varying
effects for subjects (a;) and words («;; ). They represent how much each
speaker, or word, deviates, on average, from the conditional mean denoted
by the & parameters. Here, s[i] is short for “the subject uttering vowel token
i”; wli] refers to “the word carrying vowel token i”. For the log duration,
there is an additional predictor, the voicing of the following consonant. The
parameter 3 denotes the average difference in log duration between vowels
preceding a voiced vs. a voiceless segment. This is the average over all
speakers, which means it ignores the target variety. The Bs parameters are
the varying coefficients for subjects and express how much each speaker
deviates, on average, from the average difference.

HELi = Ecsllar[i],Vow[i] + ”‘Sﬁ],va[i] + “Svl[i],Var[i]
Hr2,i = aslir[i],Vow[i] + ”‘S[Zi],va[i] + “fvz[i],Var[i]

HDn,i = a\?;[i],VOW[i] + a?[ﬁ,Vow[i] + “v?/r[li],Var[i] + (,BVoiced + :Bs[i],Voiced)VOicedi
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!https://doi.org/10.18710/ATIRRV

2 https://osf.io/8csgh/
* https:/ /osf.io/jubct/

* https://osf.io/jghyx/

5 A correlation between Fq and F», for
instance, would be reflected in a tilted joint
distribution of these two measurements.
The ellipse describing this distribution

in the F1-by-F> plane would therefore be
rotated.

¢ See Figure A.3 below for illustration.

7 The ”...” in the notation is a placeholder
for the three outcome quantities Fy, F, and
the log duration.

8 Recall that the [i]-indexes refer to the
vowel tokens. The notation Var(i], then,
is short for “the variety of the speaker
uttering token i”. Vow(i], in turn, is short
for “the vowel category of token i”.


https://doi.org/10.18710/ATIRRV
https://osf.io/8csqh/
https://osf.io/ju5ct/
https://osf.io/jqhyx/
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This next part describes the joint distribution of the varying effects. To save
space, we arranged them in multiple columns — they would normally need
to be listed in a single column. We used a Student ¢-distribution to make
the conditional averages described above more robust to deviant subjects
and/or words. The v parameter was set to 7. S refers to the covariance
matrix, which describes the dispersion of each varying effect, as well as
pairwise correlations between them.

g,le D‘g,lae ,BVOiced i [0 0 O
sie Ns e ~ MVStudent-t 0 0 ,Ss, Vs
agy agh ] L0 0
"‘5}, AmE “S& BiE | [0 0
M2 AmE Mg | ~ MVStudent-t 0 0 |,Sw, Vw
av]?/,nAmE "‘R,nBrE J 10 0

The next part lists the components of the covariance matrix, in the form
of standard deviations (for the dispersion of each varying effect) and a
correlation matrix R, which hosts the correlation coefficients describing all

pairwise associations.”

S = CovarianceMatrix (0F1, 02, 0pn, R)

U‘Xg,le (Tﬂég,lae O)BVoiced
Ss = CovarianceMatrix | 0,2 Oyr2 ,Rg
s, e s, ®
a a,
ay Cadk
0, F1 0, Fl
‘xw,AmE aw, BrE
= i i 0, F2 g, r
Sw = CovarianceMatrix a2, oo OaR2 o ,Rw
0,Di 0,D
‘Xw,nAmE lxw}’\BrE

This concludes the model structure, and we now turn to the specification
of the prior distributions over the parameters (see §4.6). The priors for the
standard deviation parameters differ for formants and the log duration,
since these are measured on different scales. In general, these parameters
describe the dispersion of (i) the residuals, (ii) the by-speaker varying
intercepts and slopes, and (iii) the by-word varying intercepts. They can be
interpreted as roughly signaling the average deviation from the expectation.
All standard deviation parameters were given weakly informative priors.
Figure A.la shows the prior for F; and F,, an exponential distribution with
scale parameter 2. Vertical lines mark the right boundary of the intervals
that contain 50% and 90% of the probability mass. For the formants, these
limits are 0.35 and 1.15. These values seems reasonable since formant
measurements are scaled using the method proposed by Lobanov (i.e.
z-scores). Thus, a value of 1 is unrealistically high, as it would mean that
a given dispersion would be equal to the dispersion of all vowel category
means along the F; or F, dimension. Figure A.1la shows the prior for the
log duration, an exponential distribution with scale parameter 3. For the
log duration, the 50% and 90% probability bounds are 0.23 and 0.77, which
corresponds to ratios of roughly 1.30 and 2.20. This prior encodes the
assumption that duration ratios do not vary by more than a factor of 2 to 1,

° We again take the liberty of simplifying
notation and omit the operation by which
the set of standard deviations and the
correlation matrix R would be translated
into a covariance matrix. See McElreath
(2020: 441) for a complete representation.

(a) Formants

Density

0- T
0

1
Standard deviation

(b) Log duration ratio

Ratio
1 2 3 4 5 678

0- T

1
Standard deviation

Figure A.1: Prior densities for the standard
deviation parameters: (a) for the formants,
an exponential distribution with scale
parameter 2; and (b) for the log duration
ratio, an exponential distribution with scale
parameter 3.



on average.

%1, p2 ~ Exponential(2)

Opn ~ Exponential(3)

Advance estimates for the correlation between the varying effects are
difficult to formulate and we therefore default to a fairly diffuse regular-
izing prior, which is expressed using an LK] distribution (see Lambert
2018: 185-189) with the shape parameter # set to 4. Figure A.2 shows how
the probability mass is concentrated over the interval from -1 to +1. The
shaded regions show where the central 50% and 90% of the probability
mass are located. These are the intervals [-.24; +.24] and [-.55, +.55],
respectively.

R.. ~ LKJcorr(4)

To make the model more resistant to (i) deviant measurements for indi-
vidual vowel tokens, (ii) unusual individuals, and (iii) unusual words, we
use t-distributed rather than normal errors (see Gelman et al. 2014: 437).
We decided to set the degrees-of-freedom parameter v to 7, to embrace
the occasional outlier. Figure A.3 shows how this Student-t distribution
compares to a normal distribution. It has thicker tails, thus accomodating
aberrant varying effects estimates.

v, =7
The prior densities for the & parameters are constructed based on our
literature survey (see §4.6 and Figure 4.25).
AhE, « ~ Normal(0.9, 0.8)
Ecngle ~ Normal(0.4, 0.8)

Apik o« ~ Normal(4.9, 0.5)

Apg,  ~ Normal(1.5,0.8)
&FB%E’ = ~ Normal(0.45,0.8)
ECEI%, = ~ Normal(5.2,0.5)
&leE, « ~ Normal(0.75, 0.8)
Ryong, e ~ Normal(0.4, 0.8)

EcgnmE,e ~ Normal(5.2, 0.5)

&g = ~ Normal(1.2,0.8)
&2 5 = ~ Normal(0.6, 0.8)

ARnE = ~ Normal(5.5, 0.5)

Finally, for the 8 parameter we chose a very mildly regularizing prior

centered at zero.
ﬁVoiced ~ Normal(0,1)
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Correlation

Figure A.2: Prior density for the varying
effects correlation parameters: LK]
distribution with shape parameter (77) 4.
The shaded areas denote where the central
50% and 90% of the probability mass are
located.

= Normal
\, Student-t (v =7)

Figure A.3: Comparison of a normal
distribution (grey, dotted) with a Student-t
distribution with v = 7. @®
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Stan code Listed next is the Stan code for the native speaker model.

data {
int<lower=0> N;
vector[3] Y[N];
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n subj;
int<lower=0> n_word;
int v_id[N];
int trap[N];
int dress[N];
int var id[N];
vector[N] voiced;
int n_varcoef subj;
int n_varcoef word;
int n_cor subj;
int n_cor_word;
int set nu;

}

parameters {
matrix<lower=-1, upper=2>[2,2] a f1;
matrix<lower=4, upper=7>[2,2] a dn;

real<lower=-1, upper=1> b voiced;

vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n_varcoef_word] sigma_word;

matrix[n varcoef subj, n subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef subj] L Rho subj;
cholesky_factor_corr[n_varcoef word] L Rho word
cholesky_factor_corr[3] L Rho resid;

real<lower=0> sigma_f1;
real<lower=0> sigma_f2;
real<lower=0> sigma_dn;

real<lower=0> udf word;
real<lower=0> udf subj;

transformed parameters {
matrix[n subj, n varcoef subj] r s = sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
matrix[n word, n_varcoef word] r w = sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

vector[N] mu_ f1;
vector[N] mu_f2;
vector[N] mu_dn;

vector[3] Mu[N];

vector([3] sigma = [sigma_f1l, sigma_f2, sigma_dn]’;
matrix[3,3] Sigma = multiply_lower_tri_self_transpose(diag_pre_multiply(sigma, L Rho resid));

for(n in 1:N) {
mu_fl[n] = a fl[var _id[n],v_id[n]] + r _s[subj[n],1]*dress[n] + r _s[subj[n],2]*trap[n] + r w[word[n], var id[n]l];
mu_f2[n] = a_f2[var_id[n],v_id[n]] + r_s[subj[n],3]1*dress[n] + r_s[subj[n],4]*trap[n] + r w[word[n],2+var_id[n]];
mu_dn[n] = a_dn[var_id[n],v_id[n]] + r_s[subj[n],5]*dress[n] + r_s[subj[n],6]*trap[n] + r _w[word[n],3+var_id[n]]
(b_voiced + r_s[subj[n],7])*voiced[n];

+
Muln] = [mu_f1[n], mu_f2[n]l, mu_dn[n]]’;

}

model {
sigma fl ~ exponential(2);
sigma f2 ~ exponential(2);
sigma_dn ~ exponential(3);

L_Rho_resid ~ 1kj_corr_cholesky(4);
L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma_subj[1:4] ~ exponential(2);
sigma subj[5:7] ~ exponential(3);
sigma_word ~ exponential(2);

to_vector(z subj) ~ normal(0,1)
to_vector(z word) ~ normal(0,1)



a_f1[2,2]
a_f2[2,2]
a dn[2,2]
a f1[2,1]
f2[2,1]

1[1,2] ~

udf_word ~ inv_chi_square(set nu);
udf_subj ~ inv_chi_square(set nu);

normal(

.9
normal( .
normal(4.
normal(1l.
normal( .
normal(5.
normal( .
normal( .
normal(5.
normal(1l.
normal( .
normal(5.
normal(0,

N

wv

WC\NN&EN-&U"&D

’
’
’
’
’
’
’
’
’
’
’
’

1);
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target += multi_student_t_1lpdf(Y | set nu, Mu, Sigma);

}

generated quan

tities {

matrix[n_varcoef subj, n_varcoef subj] Rho subj;
matrix[n varcoef word, n varcoef word] Rho word;
matrix[3,3] Rho resid;

int pos_subj
int pos word

=1;
=1;

vector<lower=-1, upper=1>[3] cor_resid;
vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L_Rho word);
Rho resid = multiply_lower_tri_self_transpose(L Rho resid);

cor_resid[1]
cor_resid[2]
cor_resid[3]

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n varcoef subj){

= Rho_resid[1,2];
= Rho_resid[1,3];
= Rho_resid[2,3];

cor_subj[pos_subj] = Rho_subj[i, jI;

pos_subj

}

for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){

+=1;

cor_word[pos_word] = Rho_word[i, j];

pos_word

+= 1;

Convergence diagnostics

20

Percent

Our visual diagnostics in Figure A.4 indicate that
the MCMC chains seem to have converged. All R values are below 1.01, the
profiles in the rank plot (middle) are flat and, judging from the quantile
plot (right-most display), all key parameters are supported by a sufficiently
large effective sample size (i.e. all above n = 400).

Density

Figure A.4: TraP-DREss model for native
speakers: Convergence diagnostics.

>

T 1 T T T T T
2000 4000 .05 .25 5 75 .95
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Posterior distribution of model parameters Table A.2 gives a summary of the
posterior distribution of the parameters for the fixed part of the model and
Table A.3 reports on the varying effects in the model.

Table A.2: TrRar-DREss model for the native

Posterior quantiles
osterior quantres speakers: Posterior distribution of the fixed

Parameter Mean SD .05 50 95 N R effects parameters.
BE e 145 012 125 145 165 1784 1
BE e 062 010 047 063 078 1737 1
RRIE, 152 010 135 152 1.69 1337 1
RRE = 0.87 0.08 074 087 100 1734 1
BE e 057 0.08 044 057 071 1567 1
BaiE e 078 0.05 0.69 078 0.87 1665 1
R o 0.09 0.06 -0.01 0.09 019 1538 1
RR2E 0.66 0.04 0.60 066 073 1751 1
AN e 542 0.05 533 542 550 2870 1
alno 498 005 490 498 507 2370 1
abn 514 0.09 499 514 528 1843 1
abh | 495 0.08 481 495 508 2184 1
Bvoiced 028 0.03 023 028 032 2560 1
Residuals

OF1 023 001 020 023 025 3522 1
OF2 012 001 011 012 013 3400 1
Obn 0.18 001 016 017 019 2108 1
p(F1, F2) 0.07 0.07 -0.05 0.07 019 4892 1
p(F1, Dn) 0.04 009 -0.10 0.04 018 3600 1
p(Dn, F2) -0.09 0.09 -0.22 -0.09 0.06 3796 1

A.3.2 Learners

Model definition  The model for learners is very similar in structure to that
for the native speakers. We will therefore only comment on differences

here
F1; HELi
F2; ~ MVStudent-t MUr2,i | S,V
Dn; HDn,i

The deterministic part, which models the expected average for the three

outcomes (Fq, Fy, log duration) as a function of our covariates, differs in

that there is an extra parameter for pronunciation proficiency (FAR). Let

us first discuss the & and & parameters, which are structured identically

for each outcome. The FAR value of zero, which denotes a learner of

intermediate pronunciation ability, is where (by definition) the intercepts

are located. These are denoted by the & parameters, which are indexed to

refer to two values, one for TRaP and one for press The shorthand symbol

a1, for instance, indicates the average F; value we observe for TRAP among

intermediate learners. The o parameters are varying effects and denote

speaker-specific deviations from this average, one for TrRap and one for 10 See Vanhove (2018) for a helpfal tutorial

DREss, and word-specific deviations from this average. on how to code a breakpoint rg gressio(;
The FAR value of 0 functions as a breakpoint!?: Learners below this model in Stan.
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Table A.3: TrRar-DREss model for the native

Posterior quantiles
d speakers: Posterior distribution of the

Parameters Mean SD .05 .50 95  Neg R varying effects parameters.

Varying effects: Subject
Ty, 025 0.06 016 024 035 995 1.00
) 021 005 014 021 030 1163 1.00
Ty 0.18 0.04 012 018 026 1180 1.00
Ot 0.2 0.03 008 012 0.17 1192 1.00
Tt 023 005 015 022 032 1151 1.00
T 022 005 015 022 031 1196 1.00
Bogea 0.09 002 006 009 013 1206 1.00
p(akl, af?) 048 012 026 049 0.67 1775 1.00
p(af?, alm) -0.16 0.14 -0.37 -0.16 0.07 973 1.00
o(aft, aE1) 0.06 0.14 -0.17 0.06 028 1438 1.00
o(aft, af2) 0.14 013 -0.09 0.14 035 1177 1.00
o(af?, aDn) -0.02 0.13 -024 -0.02 0.20 1302 1.00
(&5, Byoiced) 0.09 015 -0.16 0.09 033 2263 1.00
p(af?, aDm) —-0.05 013 027 -0.05 0.17 853 1.00
o(af?, «E1) -024 013 046 -025 -0.02 1457 1.00
o(af?, af2) 0.17 0.14 -0.07 0.17 0.39 1028 1.01
p(ak?, alm) 040 0.12 019 040 058 1799 1.00
p(ak2, Byoiced) 0.09 016 -0.17 0.09 034 2162 1.00
p(aPm, afl) 056 0.1 037 057 0.72 2549 1.00
p(aln, af2) 0.06 0.13 -0.15 0.07 027 1680 1.00
p(aln, aRm) 0.01 013 -0.19 0.01 022 2065 1.00
(&P, Byoiced) -0.01 0.15 -025 -0.01 023 2861 1.00
o(all, aE2) —-0.04 013 026 -0.04 0.8 1207 1.00
p(afl, aln) -0.23 0.13 -043 -023 -0.01 1717 1.00
0(&EL, Byoiced) 0.14 0.5 -0.11 0.14 038 2140 1.00
p(af2, aln) 0.63 0.09 047 064 078 2233 1.00
0(&F2, Bvyoiced) 021 0.14 -0.44 -021 0.03 2767 1.00
(a2, Byoiced) -0.02 014 -025 -0.03 021 2223 1.00

Varying effects: Word
it 0.09 0.04 005 008 0.16 2032 1.00
A 0.09 0.03 005 008 0.15 1869 1.00
LA 0.12 005 007 011 021 1848 1.00
Tafl 003 0.02 000 002 007 1924 1.00
A 0.01 0.01 0.00 001 002 3329 1.00
Tybr 0.06 0.02 003 006 0.11 2347 1.00
p(ahl g af2 ) 002 023 -040 —0.02 036 2772 1.00
(&g AamE) 0.02 025 -0.39 0.03 043 3281 1.00
(@ ) 0.09 027 -036 010 053 6488 1.00
okl o ak2) -0.09 027 052 -0.10 036 8199 1.00
pladl o abn) -0.13 024 -052 -0.14 0.28 4088 1.00
(a2 b aln ) 010 023 -028 0.1 046 3794 1.00
(W ) 0.00 026 043 000 041 4931 1.00
(@ ) -0.07 027 -050 —0.08 038 6248 1.00
p(add o abs) 0.06 0.23 -0.33 0.06 043 4346 1.00
(& amEs prE) -0.10 027 -0.52 -0.10 0.34 4719 1.00
p(aln e, apZe) -0.04 028 -050 -0.04 043 5847 1.00
p(aRn o, aln) 031 023 -0.09 032 0.66 3028 1.00
o (g, e ) —0.02 028 -047 —0.02 044 4503 1.00
p(agly, abn) -0.13 027 055 -0.14 031 2538 1.00
(a2, abh) —-0.01 028 047 -0.01 044 2700 1.00
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threshold are treated differently from those above the threshold. This is
what the curly brackets in the model formula express: If the FAR score
for the learner who produced token i is below 0 (i.e. z; < 0), the first
line applies. If it is above 0, the second line applies. Learners below this
threshold (i.e. beginner and lower intermediate levels) are considered as
representing a single population of German learners. This is to say that
target variety orientation is ignored. Accordingly, for each vowel category,
there is one regression line per outcome quantity, which describes how
the average Fq, F», and log duration values change across FAR scores up
to 0. Thus, the shorthand symbol B2 is the average FAR slope (averaged
across words) for F, —in other words, it expresses how, on average, F,
varies over FAR scores up to 0. The 8 parameters are varying slopes and
denote word-specific deviations from this average slope.

To the right of the breakpoint, the model allows German learners to
gradually form two populations with different target varieties. They share
the same intercept (at FAR = 0), which also links them with the average
trend to the left of the breakpoint. The regression lines are allowed to
diverge from this point onwards. We therefore now have two regression
lines, one for BrE-oriented and one for AmE-oriented learners. The j
values are therefore indexed to refer not only to the two vowel categories,
but also to these two populations. The parameter Bfez Amp- for example,
describes the regression line for TRAP to the right of 0, spoken by learners
with an inclination toward AmE. The 8 parameters are varying slopes and
denote word-specific deviations from this average slope. The 3 coefficients
are prefixed by weights w;, which express how faithful the speaker uttering
vowel token i is to their target variety. These weights range from 0 to 1,
where 1 indicates (near-)perfect realization of characteristic features of the
target accent.! 1 See Appendix A.2 for details.

(ﬁVOW[l :Bw[z )FARi if z; < 0
( l‘BVOW [i],Var|i] +ﬁ1\jvl[l])FARl ifz; >0

HELE = By i T &5 vowli] T Vil +{

(B + B JFAR; if z; <0
) Vow|i]

HR,i = n ow|i + DC ow i + [X + i

sl 50 o) {<Wl Biowslivarli) + Pt FAR: if z; >0

HDn,i = ocS;‘wma []v0w[1+"‘ R

2 (Bonyg + Bhny JEAR; ifz; < 0
(Bvoiced + ,Bs[i],Voiced>VOiC9dz’ + { owli D .
lBVOW[Z Varli) T ol FAR; if z; > 0

The varying effects are organized in the same way as in the model for the
native speakers.
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‘xg,;e “%:;ae ﬁVoiced 1 [0 0 O
se M ~ MVStudent-t 00 ,Ss, Vs
age ad l L0 0
ay By ] [0 0
af? ﬁSVZ ~ MVStudent-t 0 0 |,Sw, Vw
a” B U

S = CovarianceMatrix (0F1, 02, 0pn, R)
U“ E,le U”X S,lae UB Voiced
Ss = CovarianceMatrix | Our2  Opf2 ,Rg
0@52 0&8%
Tait OB
Sw = CovarianceMatrix | 0yr oprz Ry
Gagn Tpin

The priors are also constructed along similar lines. See §4.6 for a justifi-
cation of these a priori expectations. The B parameters are again weakly
regularized via priors centered at zero.

o... ~ Exponential(2)
R... ~ LKJcorr(4)
v. =7

& ~ Normal(0.5, 1.5)
@2 ~ Normal(0.8, 1.5)
aP" ~ Normal(5.25, 1)

BFl ~ Normal(0, 2)
BFZ ~ Normal(0, 2)
BP™ ~ Normal(0, 2)

Bvoiced ~ Normal(0,1)

Stan code  The Stan code for the learner model is listed below.

data {
int<lower=0> N;
vector[3] Y[N];
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n word;
int v_id[N];
int var id[N];
real far_z[N];
real var_score[N];
vector[N] voiced;
int n_varcoef subj;
int n_varcoef_word;
int n_cor subj;
int n_cor word;
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int set nu;

parameters {

row_vector<lower=-1, upper=2>[2] a f1;
row_vector<lower=-1, upper=2>[2] a f2;
row_vector<lower= 4, upper=7>[2] a dn;
row_vector<lower=-2, upper=2>[2] b fl;
row_vector<lower=-2, upper=2>[2] b f2;
row_vector<lower=-1, upper=1>[2] b _dn;
real<lower=-1, upper=1> b voiced;

matrix<lower=-1, upper=1>[2,2] b fl var;
matrix<lower=-1, upper=1>[2,2] b f2 var;
matrix<lower=-1, upper=1>[2,2] b dn var;

vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n_varcoef word] sigma word;
matrix[n varcoef subj, n_subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef subj] L _Rho_subj;
cholesky_factor_corr[n_varcoef_word] L _Rho word
cholesky_factor_corr[3] L_Rho_resid;

real<lower=0> sigma f1;
real<lower=0> sigma f2;
real<lower=0> sigma dn;

real<lower=0> udf word;
real<lower=0> udf_subj;

transformed parameters {
matrix[n subj, n varcoef subj]l r s = sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
matrix[n word, n varcoef word] r w = sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

}
model {
vector[3] sigma = [sigma_f1l, sigma_f2, sigma dn]’;
matrix[3,3] Sigma = multiply_lower_tri_self_transpose(diag_pre_multiply(sigma, L Rho resid));
vector[N] mu f1;
vector[N] mu_ f2;
vector[N] mu_dn;
vector[3] Mu[N];

sigma fl ~ exponential(2);
sigma_f2 ~ exponential(2);
sigma dn ~ exponential(3);

L Rho resid ~ lkj_corr_cholesky(4);
L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma subj[1:4] ~ exponential(2);
sigma_subj[5:7] ~ exponential(3);
sigma word[1:2] ~ exponential(2);
sigma_word[4:5] ~ exponential(2);
sigma_word[6] ~ exponential(3);
sigma word[3] ~ exponential(3);

to_vector(z_subj) ~ normal(o0,1)
to_vector(z_word) ~ normal(0,1);

to_vector(a_f1) ~ normal(0.5, 1);
to_vector(a_f2) ~ normal(0.7, 1)
to_vector(a dn) ~ normal(5.25,1)
to_vector(b fl) ~ normal(o,1)
to_vector(b _f2) ~ normal(o,1)
to_vector(b_dn) ~ normal(o,1)
to_vector(b_fl var) ~ normal(0,1)
to_vector(b_f2 var) ~ normal(0,1);
to_vector(b_dn_var) ~ normal(0,1);
b_voiced ~ normal(0,1);

udf word ~ inv_chi_square(set nu);
udf subj ~ inv_chi_square(set nu);

for (n in 1:N) {
if(far z[n] < 0){
mu_fl[n] = a fl[v_id[n]] + (b_fl[v_id[n]] + r_w[word[n],4])*far_z[n] + r_s[subj[n], v_id[n]] + r_wl[word[n], 1];
mu_f2[n] = a_f2[v_id[n]] + (b_f2[v_id[n]] + r_w[word[n],5])*far_z[n] + r_s[subj[n], v_id[n]+2] + r w[word[n], 2];
mu_dn[n] = a_dn[v_id[n]] + (b_dn[v_id[n]] + r w[word[n],6])*far_z[n] + r_s[subj[n], v_id[n]+4] + r_w[word[n], 3] + (
b voiced + r_s[subj[n], 7])*voiced[n];
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Muln] = [mu_f1[n], mu_f2[n], mu_dn[n]]’;
} else {

mu fl[n] = a fl1[v_id[n]] + (b _fl var[var id[n], v_id[n]]*var score[n] + r w[word[n],4])*far z[n] +
r s[subj[n], v_id[n]] + r wlword[n], 1];

mu_f2[n] = a f2[v_id[n]] + (b_f2 var[var_id[n], v_id[n]]*var_score[n] + r w[word[n],5])*far _z[n] +
r s[subj[n], v _id[n]+2] + r wlword[n], 21;

mu_dn[n] = a dn[v_id[n]] + (b_dn_var[var_id[n], v_id[n]]*var_score[n] + r_w[word[n],6])*far_z[n] +
r s[subj[n], v_id[n]l+4] + r_w[word[n], 3]
+ (b_voiced + r_s[subj[n], 7])*voiced[n];

Muln] = [mu_f1[n], mu_f2[n], mu_dn[n]]’;

}
target += multi_student_t_lpdf(Y | set nu, Mu, Sigma);

generated quantities {
matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word;
matrix[3,3] Rho resid;

int pos_subj 1;
int pos word = 1;

vector<lower=-1, upper=1>[3] cor resid;
vector<lower=-1, upper=1>[n_cor subj] cor subj;
vector<lower=-1, upper=1>[n_cor word] cor word;

Rho subj = multiply_lower_tri_self_transpose(L_Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);
Rho resid = multiply_lower_tri_self_transpose(L Rho resid);

cor_resid[1] ho resid[1,2

=R 1;
cor_resid[2] = Rho_resid[1,3];
cor_resid[3] = Rho_resid[2,3];

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos subj] = Rho subj[i, jI;
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos_word] = Rho word[i, jI;
pos_word += 1;

Convergence diagnostics The diagnostics in Figure A.5 indicate that the
algorithm appears to have converged. A few R values (left column) are
above the 1.01 benchmark. All of these are auxiliary parameters and
therefore not central to our model interpretation. The profile of the rank
plot (middle) is flat and, judging from the quantile plot (right-most
display), all key parameters are supported by a sufficiently large effective
sample size (i.e. all above n = 400).

4000 Figure A.5: TrRaP-DRESs model for the
learners: Convergence diagnostics. @®
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Posterior distribution of model parameters

Table A.4 gives a summary of the
posterior distribution of the key parameters in the model and Table A.5

reports the posterior distribution of the varying effects parameters.

Posterior quantiles

Parameter Mean SD .05 .50 95  Neg R
all 078 0.06 069 078 088 1370 1
akl 0.65 0.05 056 065 073 1442 1
al? 094 005 086 094 102 979 1
ak? 0.99 0.04 093 099 1.05 1332 1
abn 513 0.06 503 513 523 1307 1
aln 502 006 492 501 512 1288 1
Bl 0.14 0.07 003 014 025 1380 1
BE! 0.09 0.06 -0.01 0.09 018 1570 1
BE2 0.03 0.04 -0.04 003 010 952 1
gr2 0.05 0.03 -0.01 005 0.10 1294 1
Bon -0.10 0.06 -0.20 -0.10 0.00 1312 1
Bl -0.02 0.06 -0.12 -0.02 0.08 1385 1
afler 035 011 017 035 053 2210 1
abl, o 0.18 0.0 0.2 018 033 2139 1
bl o 045 007 033 045 056 1677 1
afl | o 0.08 0.07 -0.03 0.08 0.19 1738 1
atd, o -0.21 0.08 -0.33 -021 -0.08 1400 1
a2, o -0.14 006 -0.24 -0.14 —0.05 1999 1
a2 o 027 0.05 -036 027 -0.19 1204 1
agg AmE -0.12 0.04 -0.18 -0.12 -0.05 1695 1
abn o 010 0.10 -0.06 0.10 026 1711 1
abn o 0.02 010 -0.14 003 0.18 1806 1
ag?BrE -0.01 0.07 -0.12 -0.01 0.11 1464 1
A2 e -0.08 0.07 -0.18 -0.08 0.03 1731 1
Bvoiced 023 003 017 023 028 1602 1
Residuals

OF1 021 001 020 021 022 5826 1
Or2 011 000 010 011 0.12 5946 1
OPn 0.4 001 013 014 015 3645 1
o(F1, F2) -0.01 0.04 -0.08 -0.01 0.06 5846 1
p(F1, Dn) 0.05 0.05 -0.03 0.05 0.12 5015 1
p(Dn, F2) 0.3 005 005 013 021 5168 1

Table A.4: TRaP-DRESs model for German
learner: Posterior distribution of the fixed
effects parameters.
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Parameters Mean SD 05 50 95 N R Table A.5: TRAP-DRESS mgdel .for'the'
German learners: Posterior distribution of
Subject: Standard deviation parameters the varying effects parameters.
Tyt 025 0.06 016 024 035 995 1.00
Tur 021 0.05 0.14 021 030 1163 1.00
Tyin 0.18 0.04 0.2 0.8 0.26 1180 1.00
A 0.12 0.03 0.08 0.12 0.17 1192 1.00
T 023 005 0.15 022 032 1151 1.00
Tabn 022 005 0.15 022 031 1196 1.00
Broed 0.09 0.02 006 009 0.13 1206 1.00
Subject: Correlation parameters
p(aft, af?) 048 0.12 026 049 0.67 1775 1.00
o(ak?, aDm) -0.16 0.4 -0.37 -0.16 0.07 973 1.00
p(aft, afl) 0.06 014 -0.17 0.06 028 1438 1.00
p(aft, af?) 0.14 0.13 -0.09 014 035 1177 1.00
p(af?, aBm) -0.02 0.13 -024 -0.02 020 1302 1.00
0(aE?, Byoiced) 0.09 0.15 -0.16 0.09 0.33 2263 1.00
o(ak?, aDm) -0.05 013 -027 -0.05 0.17 853 1.00
p(af?,afl) -024 0.13 -0.46 -025 -0.02 1457 1.00
p(af?,af?) 0.17 0.14 -0.07 0.17 039 1028 1.01
o(ak?, aln) 040 012 019 040 058 1799 1.00
0(a52, Byoiced) 0.09 016 -0.17 0.09 0.34 2162 1.00
o(aln, a1 056 0.11 037 057 072 2549 1.00
p(aln, af2) 0.06 013 -0.15 0.07 027 1680 1.00
p(abn, alm) 0.01 0.13 -0.19 0.01 022 2065 1.00
0(al™, Byoiced) -0.01 015 -025 -0.01 023 2861 1.00
p(akl, af?) -0.04 013 -026 -0.04 0.18 1207 1.00
p(akl, alm) -0.23 0.13 -043 -0.23 -0.01 1717 1.00
o(akl, Byoiced) 014 015 -0.11 0.14 0.38 2140 1.00
o(af2, alm) 0.63 0.09 047 064 078 2233 1.00
0(a£2, Boiced) -021 014 -0.44 -021 0.03 2767 1.00
(a2, Byoiced) -0.02 0.14 -025 -0.03 021 2223 1.00
Word: Standard deviation parameters
o 0.09 0.04 005 008 0.16 2032 1.00
o 0.09 0.03 005 008 0.15 1869 1.00
b 0.12 0.05 007 011 021 1848 1.00
o 0.03 0.02 0.00 002 007 1924 1.00
A 001 001 000 001 002 3329 1.00
A 006 0.02 003 006 0.11 2347 1.00
Word: Correlation parameters
p(akl ol p) -0.02 023 -0.40 -0.02 036 2772 1.00
plaklp, aln ) 002 025 -0.39 003 043 3281 1.00
(@ ARy 0.09 027 036 010 053 6488 1.00
p(adl b, akZy) -0.09 027 -052 -0.10 036 8199 1.00
okl p af) -0.13 024 -052 -0.14 0.28 4088 1.00
(&g Aame) 0.10 0.23 -0.28 0.11 0.46 3794 1.00
p(af? b ably) 0.00 026 -0.43 000 041 4931 1.00
p(apme Yir) -0.07 027 -0.50 -0.08 0.38 6248 1.00
p(ahZ o abm) 0.06 023 -0.33 0.06 043 4346 1.00
p(akn e, aple) -0.10 027 -0.52 -0.10 0.34 4719 1.00
(A A5 -0.04 028 -0.50 -0.04 0.43 5847 1.00
plaln o abm) 031 023 -0.09 032 0.66 3028 1.00
p(agle, akZp) -0.02 028 -047 -0.02 0.44 4503 1.00
p(afle, abm) -0.13 027 -0.55 -0.14 031 2538 1.00
p(ak2s, abm) -0.01 0.28 -047 -0.01 0.44 2700 1.00
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A.4 Laterals

The data sets analyzed in Chapter 5 are openly available via TROLLing'?
(S6nning 2020a). The OSF repository hosts the Stan code!® and the R
script'® for running the analyses.

A.4.1 Native speakers

Model definition We model the distribution of the Bark difference (Apy)
scores. The subscript i refers to the individual data points, i.e. the lateral
tokens measured. Bark difference; therefore refers to the outcome quantity
for token i. We use a Student-t distribution with v set to 7.1°

Bark difference; ~ Student-t (y;, o, v)

The deterministic part of the model describes how the average Apy score
varies with the variety of the speaker (AmE vs. BrE) and the position

of the lateral (prevocalic vs. non-prevocalic). There are four conditional
means, which are denoted by the & parameters. The [i]s index, for each
lateral token, the variety of the speaker and the position of the segment.
”Variety[i]”, then, is short for “the variety of the speaker uttering lateral

token i”.1® The a parameters denote varying effects on subjects and words.

These express by how much each speaker deviates from the conditional
average in prevocalic position (af") and non-prevocalic position ("),
and by how much each word deviates from the conditional average for
AmE speakers (¢4™F) and for BrE speakers (aa™F).

Hi = &Variety[i],l’osition[i] + Xsi] Position]i] + Xy i), Variety]i]

The next block specifies the joint distribution of the varying effects, which
are given a multivariate Student-t distribution with v set to 7.1 S denotes
the covariance matrix, which contains information about the dispersion of
the varying effects and their pairwise association.

ab*e 0
[ afmn } ~ MVStudent-t ({ 0 } ,Ss, 1/5)

El

afmE 0
{ BiE } ~ MVStudent-t <{ 0 } ,Sw,l/w>
w

The covariance matrices are defined using the standard deviation of the
varying effects and their pairwise correlations. Thus, the parameter (7_3,J re
is a standard deviation (on the Apy scale), which describes how much
speaker-specific averages vary around the conditional means for prevocalic
contexts. R is a correlation matrix, which includes a correlation coefficient
that captures how by-subject varying effects on the one hand, and by-word

varying effects on the other, are correlated.'®

S, = CovarianceMatrix ((Té3 T, omon, RS)

S\ = CovarianceMatrix (a‘ﬁmE, oDk, RW)

12 https://doi.org/10.18710/G6PJ5F

3 For the native speakers, see https:
//osf.io/b4f7g/, for the learners see
https://osf.io/94jsm/.

" https://osf.io/ghbm3/

15 See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

16 Thus, &AmE pre refers to the average Apy
score for a prevocalic lateral produced by
an AmE speaker.

17 See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

18 A positive correlation for the speaker-
specific sets of varying effects would
indicate that a speaker who produces a
lower/higher degree of velarization in
prevocalic position is also likely to show

a lower/higher degree of velarization in
non-prevocalic position. In other words,
it would mean that speakers can be
overall “darker” or “lighter”. Note that

a positive correlation also arises if Apy
scores do not completely eradicate the
effect of physiological differences between
speakers. A positive correlation between
the word-specific sets of varying effects,
on the other hand, would indicate that if a
given word shows a lower/higher degree
of velarization in AmeE, it is likely to also
show a lower/higher degree of velarization
in BrE. This could be due, for instance, to
coarticulatory effects induced by adjacent
segments, which we expect to operate
similarly across varieties.


https://doi.org/10.18710/G6PJ5F
https://osf.io/b4f7g/
https://osf.io/b4f7g/
https://osf.io/94jsm/
https://osf.io/ghbm3/

Outlined next are the priors. The standard deviation parameters for

the dispersion of the varying effects were given a weakly informative
start. Figure A.6 shows the density of the exponential distribution with
scale parameter 2. The shaded areas show the highest density intervals
containing 50% and 90% of the probability mass. These limits are 0.35 and
1.15. This means that we consider it fairly unlikely that the dispersion of (i)
the residuals, (ii) the by-subject varying effects, and the by-word varying
effects will be greater than 1.15 Apy, on average.

o.. ~ Exponential(2)

For the correlation between varying effects, we default to an LK] distribu-
tion with # set to 4, which assigns 50% and 90% of the probability mass to
the intervals [-.24; +.24] and [-.55, +.55], respectively.'?

R.. ~ LKJcorr(4)

To guard estimates against (i) deviant Apy scores for individual tokens, (ii)
unusual subjects, and (iii) unusual words, we use ¢-distributed rather than
normal errors (Gelman et al. 2014: 437), with v set to 7.20

v, =7
For details on the following priors, see §5.6 and Figure 5.14.

Eégr;E ~ Normal(3, 1)
v'cgf;: ~ Normal(3.5, 1)

ajom: ~ Normal(5, 1.5)
agey ~ Normal(7, 1.5)

Stan code  The Stan code for the native speaker model follows.

data {
int<lower=0> N;
vector[N] vy;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n_word;
int pos id[N];
int var id[N];
int n_varcoef subj;
int n_varcoef word;
int n_cor_subj;
int n_cor word;
int set_nu;

parameters {
matrix<lower=0>[2,2] a;

vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n varcoef word] sigma word;

matrix[n_varcoef subj, n_subj] z subj;
matrix[n varcoef word, n word] z word;
cholesky_factor_corr[n_varcoef subj] L _Rho _subj;
cholesky_factor_corr[n_varcoef word] L_Rho word;

real<lower=0> sigma;
real<lower=0> udf_subj;
real<lower=0> udf word;
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Density

0 - :
0 1 2
Standard deviation

Figure A.6: Prior for the standard devia-
tion parameters: Exponential distribution
with scale parameter 2. @®

¥ See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

? See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.
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transformed parameters {
matrix[n subj, n varcoef subj] r s;
matrix[n word, n varcoef word] r w;
r s = sqrt(set_nu * udf_subj) * (diag_pre_multiply(sigma_subj, L Rho subj) * z subj)’;
r w=sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

}
model {
vector[N] mu;
sigma ~ exponential(2);

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);
sigma_subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

a[l,1] ~ normal( 5

, 5
all,2] ~ normal( 3 ,

a[2,1] ~ normal( 7
a[2,2] ~ normal( 3.5

)
)
5)
)

L

udf subj ~ inv_chi_square(set nu);
udf word ~ inv_chi_square(set nu);

for(n in 1:N) {
mu[n] = al[var_id[n],pos_id[n]] + r_s[subj[n],pos_id[n]] + r_w[word[n], var_id[nl];

}
target += student_t_lpdf(y | set nu, mu, sigma);
}
generated quantities{
matrix[n_varcoef subj, n_varcoef subj] Rho subj;
matrix[n varcoef word, n varcoef word] Rho word;

int pos_subj 1;
int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor _word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L_Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, jI;
pos_subj += 1;
}
}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos _word] = Rho word[i, j];
pos_word += 1;

Convergence diagnostics Figure A.7 indicates convergence of the algorithm:
All R values (left) are below 1.01, the rank plot (middle) features flat
profiles, and the quantile plot (right) displays sufficiently large effective
sample sizes across the board (i.e. all above n = 400).

20 4000 Figure A.7: Laterals model for the native
s IS0 speakers: Convergence diagnostics.
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Posterior distribution of model parameters Table A.6 gives a summary of the
posterior distribution of the parameters in the model.

Posterior quantiles

Parameter Mean SD .05 .50 95 Neg R
& 508 0.33 454 508 562 1530 1
& 322 021 2.89 322 357 1557 1
App 760 030 711 7.61 809 1117 1
apon 3.88 0.21 3.54 3.88 421 1306 1
o 0.63 0.03 0.58 0.63  0.68 5032 1
Varying effects: Subject

oPre 076 023 044 074 117 1829 1

ghon 0.50 0.15 0.29 049 078 2033 1

o (af"®, anom) 034 018 0.03 034 061 1577 1
Varying effects: Word

oymE 035 0.13 0.18 033 057 2516 1

oBrE 045 0.15 0.24 043 072 2243 1

p(aiymE, 4BrE) 0.60 019 024 063 086 2109 1

A.4.2 Learners

Model definition  As the model for the learners is similar in structure, out
focus will be on differences.

Bark difference; ~ Student-t (y;, o, v)

The deterministic part includes an extra parameter for pronunciation
proficiency (FAR). Let us start with the & parameters. The & parameters
are indexed to refer to two values, one for prevocalic and one for non-
prevocalic contexts. &P, for instance, indicates the average Apy score we
observe for prevocalic laterals among learners with an intermediate level of
pronunciation ability (i.e. with an FAR score of 0). The « parameters are
varying effects and denote speaker-specific deviations from this average,
one for prevocalic and one for non-prevocalic contexts, and word-specific
deviations from this average.

The FAR value of 0 again functions as a breakpoint?!: Learners below
this threshold are treated differently from those above the threshold.?? To
the right of the breakpoint, the model allows German learners to gradually
form two populations with different target accents. They share the same
intercept (at FAR = 0), which also links them with the average trend to
the left of the breakpoint. The regression lines are allowed to diverge to
the right of this point.?®> The j values are therefore indexed to refer not
only to the two positions (pre- vs. non-prevocalic), but also to these two
populations. The parameter BIX;E, for example, describes the regression
line to the right of 0, for prevocalic laterals in the speech of learners with an
inclination toward AmE. The 8 parameters are varying slopes and denote
word-specific deviations from this average slope. The B coefficients are
prefixed by weights w;, which express how faithful the speaker uttering
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Table A.6: Laterals model for the native
speakers: Posterior distribution of the
model parameters.

1 See Vanhove (2018) for a helpful how-to
guide on breakpoint regression in Stan.

2 This is what the curly brackets in the
model formula express: If the standardized
FAR score for the learner who produced
token i is below 0 (i.e. z; < 0), the top line
applies. If it is above 0, the bottom line
applies. Learners below this threshold
(i.e. beginner and lower intermediate
levels) are considered as representing a
single population of German learners. This
is to say that target variety orientation is
ignored. Accordingly, for each phonetic
context, there is one regression line per
outcome quantity, which describes how
much Ay scores vary, on average, across
FAR scores up to 0. Thus, the shorthand
symbol " is the average FAR slope
(averaged across words) — in other words,
it expresses how, on average, the outcome
varies over FAR scores up to 0. The ’s are
varying slopes and denote word-specific
deviations from this average trend.

» We therefore now have two regression
lines for each phonetic context, one for
BrE-oriented and one for AmE-oriented
learners.
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lateral token i is to their target variety. These weights range from 0 to 1,
where one indicates (near-)perfect realization of characteristic features of
the target accent.?*  See Appendix A 2 for details.

(Bpos[i] + Buw]i] FAR; if z; <0

i = Bpogli] T &gli] Posfi] T Kwli] T = .
H Pos]i] [i],Pos]i] [i] (WiBpos[ivar(i] + Bw(i] )FAR; if z; > 0

The joint distribution of the varying effects for subject are identical to the
ones above. The varying effects for word are structured differently. Here,
we have varying intercepts, &, which capture the deviations of words from
the conditional means, and varying slopes, By, which express the deviation
of words from the average trends across FAR scores.

ab™ 0
{ “fm ] ~ MVStudent-t ([ 0 ],SS, vs>
S

Oy 0
[ Bu ] ~ MVStudent-t ([ 0 ],Sw,vw)

Ss = CovarianceMatrix (0}, 07", R;)
Sw = CovarianceMatrix (0’&,0&, Rw)

The priors for o and R are identical to the ones above. For background on
the & priors, see §5.6. All B parameters were weakly regularized.

.. ~ Exponential (2)
R.. ~ LK]Jcorr(4)
(&P'€, &"°") ~ Normal(6, 5)
(_pArrilE’ p"") ~ Normal(0, 2)
( _Eﬁ;, ,Bnon) ~ Normal(0, 2)

v. =7

Stan code  This is a translation of the model in the Stan language:

data {
int<lower=0> N;
vector[N] y;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n word;
int pos_id[N];
int var id[N];
real var_score[N];
real far_z[N];
int n_varcoef subj;
int n_varcoef word;
int n_cor _subj;
int n_cor word;
int set nu;

}

parameters {
row_vector<lower=0>[2] a;
row_vector<lower=0>[2] b;
matrix[2,2] b_var;

vector<lower=0>[n_varcoef subj] sigma subj;
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vector<lower=0>[n_varcoef_word] sigma_word;

matrix[n varcoef subj, n_subj] z subj;
matrix[n_varcoef word, n_word] z_word;
cholesky_factor_corr[n_varcoef subj] L _Rho subj;
cholesky_factor_corr[n varcoef word] L Rho word;

real<lower=0> sigma;

real<lower=0> udf_word;
real<lower=0> udf_subj;

transformed parameters {
matrix[n_subj, n_varcoef subj] r_s;
matrix[n word, n varcoef word] r w;
vector[N] mu;

sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
sqrt(set_nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
if(far z[n] < 0){
mu[n] = a[pos_id[n]] + (b[pos_id[n]] + r w[word[n],2]) * far_z[n] +
r s[subj[n],pos id[n]1] + r w[word[n], 11;
} else {
muln] = a[pos_id[n]] + (b_var[var id[n],pos id[n]l]l*var score[n] + r w[word[n],2]) * far_z[n] +
r_s[subj[n],pos_id[n]] + r_w[word[n], 1];
}

}

}

model {
sigma ~ exponential(2);
L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);
sigma_subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1)
to_vector(z_word) ~ normal(0,1);

to_vector(a) ~ normal( 6
to_vector(b) ~ normal( 0

, 5);
, 1)
to_vector(b var) ~ normal( 0 ,

1);

udf_word ~ inv_chi_square(set nu);
udf subj ~ inv_chi_square(set nu);

target += student_t_lpdf(y | set nu, mu, sigma);
}
generated quantities{
matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word

int pos subj = 1;
int pos word = 1;

vector<lower=-1, upper=1>[n_cor _subj] cor subj;
vector<lower=-1, upper=1>[n_cor word] cor word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos subj] = Rho_subj[i, j];
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos_word] = Rho word[i, j];
pos_word += 1;

Convergence diagnostics Convergence diagnostics are shown in Figure A.8,
which reveals no signs of failure: All R values (left) are below 1.01, the
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profile of the rank plot (middle) is flat, and the quantile plot (right) places
all effective sample sizes comfortably above n = 400.

4000 Figure A.8: Laterals model for the learners:
‘ Convergence diagnostics.
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Posterior distribution of model parameters Table A.7 gives a summary of the
posterior distribution of the parameters in the model.

Table A.7: Laterals model for the learners:

Posterior quantiles A4z Laterals
Posterior distribution of the parameters.

Parameter Mean SD .05 50 95 N R
apre 796 026 754 796 839 1924 1
anon 569 020 536 568 602 1674 1
ppre 016 012 001 0.13 039 3007 1
pron 0.08 0.07 000 0.06 022 4786 1
B & -158 035 217 -156 -1.01 2767 1
non. -1.07 036 -1.66 -1.07 —0.47 2981 1
B e -054 024 -093 -054 -0.13 2252 1
non -1.19 025 -1.61 -1.20 —0.77 2280 1
o 078 0.02 074 078 0.82 5339 1
Varying effects: Subject

o 0.63 018 036 062 094 3260 1
ghon 074 020 044 073 1.09 3298 1
o (af"®, anom) 0.69 0.10 051 069 082 1368 1
Varying effects: Word

o 050 0.16 027 047 079 2757 1

o 012 006 003 011 023 1430 1
0 (w, Bu) 028 027 -0.18 031 0.68 4380 1




A.5 Prevocalic /r/

The data sets analyzed in Chapter 6 are openly available via TROLLing®>
(So6nning et al. 2020a). This appendix provides information about the
analysis of the data from the current study. Corresponding details about
the analyses of the data from Pascoe (1987) and Wunder (2012) are given
in the web appendix.?® The OSF repository includes the Stan code for the
regression models?’ and the R script?® for running the analyses.

A.5.1 The present study

Model definition  The realization of prevocalic /r/ was coded as a binary
outcome (1 for target-like realization, O for other variants) and therefore
modeled using a Bernoulli distribution. The parameter p denotes the
probability of observing a target-like approximant rhotic, and the subscript
i indexes the r-tokens in the data set.

r; ~ Bernoulli (1, p;)

To model the probability of observing a target-like r-variant, we use the
logit link function, which maps constrained probabilities (i.e. the interval
[0; 1]) to an unconstrained scale from —oo to 4-co. On this unconstrained
logit scale, we model the expected logits for conditions of interest. The
Acmplx parameter is indexed to denote two intercepts: the logit-transformed
probability of a target-like rendition among learners with an FAR score
of 0 in (i) singleton contexts (&sing) and (ii) cluster contexts (&ust)- The
w coefficients represent varying intercepts for speakers and words. For
speakers («s), there are two sets, one that indicates how much each learner
deviates from the conditional expectation in singleton contexts (a5 ),
and one for cluster contexts (al"st). By-word varying intercepts (s )
reflect by how much each word is deflected from the expected logit. The
BFAR parameter traces how target accuracy changes across proficiency

FAR. Justers:

levels, with indexes referring to the two contexts (singletons: Bsmg,

Peing)-

logit(Pi) = &Cmplx[i] + Xs[i],Cmplx|i] + Kwli] + (Bg?anlx[l] + :B&;‘&I}{)FARl

The next block defines the joint distribution of the varying effects. Both
by-word and by-subject sets are given a joint multivariate Student-t distri-
bution. As this probability distribution allows for the occasional outlier,
the estimates of interest (i.e. the & and B parameters) are less sensitive to
deviant speakers and words. The degrees-of-freedom parameter v was set
to 7.2 S denotes the covariance matrices, which detail how the varying
effects in each set are distributed.

aSn 0
[ ] svsence ([ 8] )
S
0
0

{ ;}!AR } ~ MVStudent-t ({ } ,sw,vw>
w
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 https://doi.org/10.18710/ YDKDFG

% https:/ /osf.io/aszq6/
7 https://osf.io/deahk/

* https://osf.io/j7u3d/

¥ See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.
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We descibe the covariance matrices with two quantities, the standard
deviation parameters, which specify how much each varying effect is
spread out along the outcome (logit) scale, and a correlation matrix R,
which contains correlation coefficients that reflect the association between
the batches of varying effects in each set.3

S; = CovarianceMatrix (lesing, O yclust RS)
s s

S = CovarianceMatrix ((f,xw, UﬁFAR,RW)
w

As for the priors, we default to a weakly regularizing statement for the o
parameters. Figure A.9 shows the density of the exponential distribution
with scale parameter 2. The shaded areas show the highest density
intervals containing 50% and 90% of the probability mass. These limits are
0.35 and 1.15.

.. ~ Exponential(2)

We have no a priori hints at the direction and magnitude of the correlation
between varying coefficients and therefore specify an LK] prior with the
shape parameter 4 set to 4. It assigns the central 50% and 90% of the proba-
bility mass to the intervals [-.24; +.24] and [-.55, +.55], respectively.3!

R, ~ LKJcorr(4)

For the average accuracy rate in singleton and cluster contexts, we specified
a prior for the marginal (population-averaged) distribution of the &
parameters. As such, multilevel models by design produce subject-specific
estimates. We, however, are interested in marginal estimates.32 Thus, our
model returns parameter estimates that describe how the average subject
(in terms of skill) in our sample performs when producing the average
word (in terms of difficulty) in our sample. We, however, are interested
in averages across learners and across words on the proportion scale. Our
priors describe these marginal estimates, and we therefore need to translate
these to the subject-specific quantities required by the model. We use the
formula®® provided by Molenberghs & Verbeke (2005: 300). The prior
distributions given on the right-hand side were motivated in §6.6 (see
Figure 6.6).

&sing
\/C2<U—a§ing2 + anz) + 1

~ Normal(2, 2)

&lust ~ Normal(2, 2)
\/CZ (Uaglustz + Ul’éwz) +1

The B parameters were given weakly regularizing priors centered at 0.

'531; ~ Normal(0, 2)

_fﬁ‘}; ~ Normal(0, 2)

¥ 1f the standard deviation for the by-
subject intercepts were higher in singleton
contexts (U'Hijng) compared to cluster
contexts (Uaé'"Sf ), for instance, this would
indicate that, on the logit scale, the
variation among learners was greater in
this context. A positive correlation between
the by-subject varying effects ag © and
adust would tell us that a learner who
performed “below-average” in singleton
contexts would be expected to also perform
below-average in cluster contexts.

Density

0 T T
0 2

1
Standard deviation
Figure A.9: Prevocalic r: Prior for the stan-
dard deviation parameters: Exponential
distribution with scale parameter 2. @®

* See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

32 See §3.4.1 for a brief discussion.

3 In this formula, ¢ = 16+/3/(157).
There are two unknown quantities in

this prior, the standard deviation of the
varying intercepts for subjects and words.
These also need to be estimated by the
model. Fortunately, Stan enables us to build
unknown parameters into a prior.



To make the model more robust against unusual subjects and unusual
words, we use t-distributed rather than normal errors. The degrees-of-
freedom parameter v was set to 7.34

Stan code

v. =7

data {

int<lower=0> N;

int y[N];
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n word;
int cmplx_id[N];

real far_z[N];

int n_varcoef subj;
int n_varcoef word;
int n_cor _subj;

int n_cor word;

int set nu;

parameters {

row_vector[2] a;
row_vector[2] b;

vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n_varcoef_word] sigma_word;

matrix[n varcoef subj, n subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef subj] L Rho subj;
cholesky_factor_corr[n_varcoef word] L Rho word

real<lower=0> udf_word;
real<lower=0> udf_subj;

transformed parameters {

matrix[n_subj, n_varcoef subj] r_s;
matrix[n word, n varcoef word] r w;

vector[N] mu;

r.w

for (n in 1:N) {

The Stan code for the model is listed next.

sqrt(set_nu * udf_subj) * (diag_pre_multiply(sigma_subj,
sqrt(set_nu * udf word) * (diag_pre_multiply(sigma_word,

L _Rho_subj) * z_subj)’;
L_Rho_word) * z_word)’;
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* See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

mu[n] = alcmplx_id[n]] + (b[cmplx_id[n]] + r_w[word[n],2]) * far_z[n] + r_s[subj[n],cmplx_id[n]] + r w[word[n], 1];

}
model {

}

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);
sigma_subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

to_vector(b) ~ normal( 0 , 2 );

alll/sqrt((16*sqrt(3)/(15*pi())) * (sigma_subj[1]"2 + sigma_word[1]72) + 1) ~ normal(2,2);
al2]/sqrt((16*sqrt(3)/(15*pi())) * (sigma subj[1]172 + sigma word[1]"2) + 1) ~ normal(2,2);

udf word ~ inv_chi_square(set nu);
udf_subj ~ inv_chi_square(set nu);

target += bernoulli_logit_lpmf(y | mu)

generated quantities{

matrix[n_varcoef subj, n_varcoef subj] Rho subj;
matrix[n varcoef word, n varcoef word] Rho word

int pos subj = 1;
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int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n cor word] cor word;

Rho subj = multiply_lower_tri_self_transpose(L _Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, jl;
pos _subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n varcoef word){
cor_word[pos_word] = Rho_word[i, j];
pos_word += 1;

Convergence diagnostics  Our audit of the MCMC algorithm is displayed in
Figure A.10. We see no indications of non-convergence: All R values (left)
are below 1.01, the profile of the rank plot (middle) is flat, and the quantile
plot (right) suggests that all key parameters are supported by a sufficiently
large effective sample size (i.e. all above n = 400).

4000 Figure A.10: Prevocalic /r/ model for the
HH BT data from the present study: Convergence
20 Nl diagnostics. @®
3 @ 2000
)
o
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Posterior distribution of model parameters Table A.8 reports the posterior
distribution of the model parameters.

Table A.8: Prevocalic /r/ model for the

Posterior quantiles
q data from the current study: Posterior

Parameter Mean SD .05 .50 95 Ny R distribution of parameters.
a8 351 0.80 232 345 494 3018 1
pclust 429 0.61 340 424 537 2649 1
psin8 235 079 1.09 232 373 2874 1
pelust 179 057 089 178 275 3310 1
Varying effects: Subject

o 1.39 050 0.69 1.32 232 2488 1

oclust 162 051 088 156 255 3131 1

p(ag"®, agtust) 076 0.11 055 077 091 1511
Varying effects: Word

ol 0.55 0.35 0.06 051 1.17 1400

b 0.87 035 041 082 153 2944 1

(o, BEAR) 0.06 029 -0.44 006 052 2128 1




A.6 Postvocalic /r/

The data sets analyzed in Chapter 6 are openly available via TROLLing*
(Sonning et al. 2020a). In what follows, we provide additional information
about the analysis of the data from the current study. Details about the
analyses of the data by Pascoe (1987), Wunder (2012), and Rank (2018) are
deferred to the web appendix.3® Note that the structure of the models fit
to these data sets is different, as documented in the supplementary files.
The OSF project accompanying this study includes the Stan code for the
regression models®’ and the R script®® for running the analyses.

A.6.1 The present study

Model definition  The realization of postvocalic /r/ was coded with three
categories, and we therefore used a multinomial regression model. The
observed counts for the three variants are modeled with a multinomial dis-
tribution, where the observed outcome value depends on the probabilities
of the individual events (in our case, the probability of each variant, i.e. p ¥,
p® and p?).

r; ~ Categorical (p;, p;*, p7)

The purpose of our model is to describe how these probabilities change
across conditions (i.e. contextual and speaker-specific attributes). Similar
to logistic regression models, these probabilities are not modeled directly,
but through a link function. Here, this is the softmax function, which
translates the constrained probabilities (which can range from 0 to 1) to
an unconstrained scale. For technical reasons, one of the outcome events
serves as a reference category. We chose & as the benchmark. In practical
terms, this means that, instead of three probabilities, we are modeling
just two quantities: (i) the (log-transformed) ratio of the probability of
[1] divided by that of the reference category (i.e. log(p*/p?)) and (ii)
the (log-transformed) ratio of the probability of [e] divided by that of the
reference category (i.e. log(p ®/p?)). We will refer to these quantities

as log probability-ratios.>® Our regression model therefore deals with two
log ratios, which is why we are modeling two conditional means, one for
log(p*/p?) and one for log(p ®/p?).

The next model block details the patterns we wish to extract from the
data. Note that it consists of two identically structured components. This
part of the model is rather long and we will take it step by step. The &
parameters express the expected log probability-ratio when all predictors
are set to 0. The « coefficients represent the varying intercepts for subjects
(ay') and words (a;;). Thereby, each speaker and word is allowed to
assume a higher or lower ratio for each pair of probabilities. The next four
lines describe how the probability ratios denoted by the & parameters shift
as we compare different conditions. The predictors are coded as follows:

o Link (linking context): Whether postvocalic /r/ occurred in a linking
context (Link = 1) or elsewhere (Link = 0).

e Str (structural strength): Whether 7 occurred in a strong context
following a full vowel (Str = +1) or a weak context, following [o] or
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% https://doi.org/10.18710/ YDKDFG

% https://osf.io/aszq6/

¥ This study: https://osf.io/7q8sz/; Pascoe
1987 and Wunder 2012: https://osf.io/
y8vr6/; Rank 2018: https://osf.io/y4tzn/

% https://osf.io/hé6cjg/

¥ The hyphen clarifies the structure of the
compound (i.e. log [probability ratio]).


https://doi.org/10.18710/YDKDFG
https://osf.io/aszq6/
https://osf.io/7q8sz/
https://osf.io/y8vr6/
https://osf.io/y8vr6/
https://osf.io/y4tzn/
https://osf.io/h6cjg/
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occuring in a function word (Str = —1).

e Clu (cluster context): Whether r occurred in a cluster (Clu = 41) or as a
singleton (Clu = —1).

e Con (connected speech): Whether r occurred in the reading passage
(Con = +1) or the word list (Con = —1).

BiarcaClui + Biar.conCon + Biar, wli ])FAR

Link; +w HS’cr—i—

lﬁ FAR:Str, Var

(Biar + BiarvinkLinki + Biag.geStrit+
(WZ'BFAR Var(i] + WZ'BFAR :Link, Var|i]

wip, FAR:Clu, Var[i] C1W T w’ﬁFAR:Con, varli]COR: Biar, wli] JFAR;

log (Pé) = &' +agy gyt
pi

(Vink + Vein, ofi) Linki+

(Vste + Yoy, 5[ )StTIF

(Y + V&, o Clui+

(7Eon + ’)/Cgon,s[i] )Con;+

(Brar + BearLink ANK: + Brar.syStrit
Bear-craClti + Brar.conConi + Bl wli ])FAR

(WZIBFAR Varli] T WiBgag Link, var[j) LINKi + WlﬁlfAR:Str, Varfi] Ot t

W“BFAR:Clu, Varli] Clui + WlﬁFAR:Con, Varli]COM + BEAR wii] JFAR;

The ©y parameters express by how much the log probability-ratios change,
on average, as we compare the conditions described by these binary
predictors. Thus, the parameter 7, , describes the change in the log
probability-ratio when going from a non-linking to a linking context. We
expect this parameter to be positive, because the probability of observing
[1] relative to & should be greater in linking contexts. The <y coefficients
are varying slopes and capture by how much a speaker deviates from the
average change in each log probability-ratio.

The final block describes how the outcome probabilities vary over
proficiency levels. The FAR value of 0 functions as a breakpoint.*’ Learners
below this threshold (i.e. beginner and lower intermediate levels) are

considered as representing a single population of German learners. This

ifz; <0

ifz; >0

ifz; <0

ifz; >0

“ Learners below this threshold are treated
differently from those above the threshold.
This is what the curly brackets in the model
formula express: If the standardized FAR
score for the learner who produced token
i is below 0 (i.e. z; < 0), the upper part
applies. If it is above 0, the lower part
applies.



is to say that target variety orientation is ignored. Accordingly, all learners
are represented by a single regression line. The B, parameter specifies by
how much, on average, a log probability-ratio changes as we move up the
FAR scale by 1. The BFAR:... coefficients capture how this trendline changes
across our binary predictors*!, i.e. how much of a difference we observe
when comparing strong and weak contexts, etc. The B,y ., parameters are
varying slopes and represent how much each word differs from the average
FAR slope for a particular condition.

To the right of the breakpoint, the model allows German learners to
gradually form two populations with different target varieties. They share
the same intercept (at FAR = 0), which also links them with the average
trend to the left of the breakpoint. They regression lines are allowed to
diverge from this point onwards. We therefore now have two values for
each of the coefficients described in the preceding paragraph, one for
BrE-oriented and one for AmE-oriented learners. The B and f values are
therefore indexed to also refer to these subgroups.*? The Bs are again
varying slopes and denote word-specific deviations from the average
slopes. The f3 coefficients are prefixed by weights w;, which express how
faithful the speaker uttering vowel token i is to their target variety. These
weights range from 0 to 1, where one indicates (near-)perfect realization of
characteristic features of the target accent.*3

The joint distributions of the varying effects are assumed to follow
a multivariate Student-t distribution, with v set to 7.4 S denotes the
covariance matrix, which contains information about the dispersion of the
varying effects and their pairwise association.*®

I I I I I
zse r)/Iéink,s rySér,s ’YCElu,s 7Clzon,s ] ~ MVStudent-t <[ 8 8 8 8 8
S ’YLink,s ’YStr,s ,YClu,s ’YCOH,S
1 1
{ % Prag,w ] ~ MVStudent-t ([ 00 } ,Sw,vw>
Qv ﬁFAR,W 00

The covariance matrices are defined using (instead of variances and
covariances) the standard deviation of the varying effects sets, and their
pairwise correlations. Thus, the parameter 0 ; is a standard deviation (on
the log ratio scale), which describes how much speakers varied around
the average log probability-ratio of [1] over &. R is a correlation matrix,
which includes correlation effects that capture how by-subject varying
effects on the one hand, and by-word varying coefficients on the other, are
correlated.*®
Ss = CovarianceMatrix T8 Drimes Trdes T T1ons ,Rs
% Dis Tns Tdus Tons

p
O—.BFAR, w , RW

Tye Ope
Ry BFAR, w

Sw = CovarianceMatrix

We now turn to the priors. The standard deviation parameters for the
dispersion of the varying effects were given a weakly informative speci-
fication, in the form of an exponential distribution with scale parameter

[
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41 In statistical terms, the model includes
an interaction between the FAR score and
the predictors linking context, structural
strength, cluster context, and connected
speech.

2 The parameter BFEAR, Amg- for example,
describes how, for AmE-oriented learners,
the log probability-ratio of vocalized

vs. null realizations varies as the FAR score
increases by 1.

# See Appendix A.2 for details.

# See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

# To save space, we arranged them in
multiple columns — they would normally
need to be listed in a single column.

7 SS/ 1/S>

% We again simplify notation and omit the
statement translating the set of standard
deviations and the correlation matrix R
into a covariance matrix. See McElreath
(2020: 441) for a complete representation.
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2. In Figure A.11, the shaded areas show the highest density intervals
containing 50% and 90% of the probability mass. These limits are 0.35 and
1.15, which translates into ratios of roughly 1.4 and 3.2. The prior thus
states that the probability ratios, which the model allows to vary across
subjects and words are within a factor of 3.2 of the predicted values with
90% probability.

.. ~ Exponential(2)

We have no direct information about candidate values for the correlation
between varying coefficients, and therefore settle for an LK] prior with the
shape parameter 7 set to 4.4

R.. ~ LKJcorr(4)

To specify reasonable priors for the two log probability-ratios, two steps
are necessary: First, we need to convert the prior distribution over prob-
abilities shown in Figure 6.7 to log probability-ratios. Then, we need to
translate these estimates, which have a marginal (‘population-averaged’)
interpretation to their conditional (‘subject-specific’) analogues.

For step 1, we relied on simulation. First, we expressed our prior
information about the probability of observing each of the three variants
on the probability scale.*® To this end, we used a Dirichlet distribution
with parameters 3 ([1]), 4 (), and 1 ([e]) to generate these values.*’
Figure A.12a shows how, for each variant, the a priori probability mass is
concentrated over the interval [0; 1]. We then divided the distributions for
[1] and [e] by that of @, which gave us two distributions of ratios.>® This
intermediate step is shown in panel (b). Since both variants are assumed to
be less likely than &, most of the probability mass is found below 1. Panel
(c) shows these ratios on the log scale and brings us to the quantity that
is modeled (i.e. log probability-ratios). These distributions are slightly
negatively skewed. To approximate this shape, we specified a skew-normal
distribution as a prior. The solid lines in panel (c) are the simulated log
ratios, and the dashed curves are the prior distributions we used. These log
probability-ratios are constructed based the probability distributions shown
in panel (a). We attach to these probabilities a marginal (or population-
averaged ) interpretation. This means that we consider them as representing

(a) Prior probability (b) Prior probability ratios

0- - -
0 1 2
Standard deviation

Figure A.11: Prior for the standard
deviation parameters: Exponential
distribution with scale parameter 2. @®

¥ See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

4 See §6.6 for motivation.

4 The Dirichlet distribution has a conve-
nient interpretation: The sum of these
parameter values, 8, directly expresses
the amount of inferential information en-
coded by the prior distribution. Thus, the
pre-data information we are supplying is
"worth” n = 8 observations. It contains the
same amount of statistical information as
an imaginary sample of n = 8 postvocalic
r-tokens, with 3 [1]’s, 4 @’s, and 1 [e].

%0 Since we used a Dirichlet distribution to
simulate the probabilities, the correlation
between the individual values is taken
into account. Thus, if the simulated value
for, say, [1] is high, the values for the other
variants must be lower in this draw.

Figure A.12: Postvocalic r: Construction
of the priors for the log probability-ratios
based on the prior probabilities of the three
variants. Solid lines show simulated values
for (a) probabilities, (b) probability ratios,
and (c) log probability-ratios. The dashed
curves in panel (c) are the parametric prior
distributions specified to approximate the
simulated values. @®

(c) Prior log probability-ratios

) - b4
— [e] g
= %)
‘@ [
& @
a LA
(4]
0 : 0 . . . 0 . . . . 1 .
0 5 1 0 1 2 3 -8 -6 -4 -2 0 2
Probability Ratio Log ratio
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averages computed over a distribution of subject-specific and word-

specific probabilities. Since the regression model estimates conditional

(i.e. subject-/word-specific) estimates and parameters, we need to translate

the conditional & . parameters into a marginal form, to which we can then

attach our prior distributions (see Liu 2016: 349, 355) Sl *! The tricky part here is that the mapping

between marginal and conditional
parameter values depends on the variance
~ SkewNormal(O. 55 157 -1.1 3) (or standard deviation) of the varying
2 ! ! intercepts, which also need to be estimated
2 2 by the model. Fortunately, Stan allows us
Oy e + 0, [/ad : .
s W~ SkeWNormal(O 32 361 -3 48) to incorporate unknown parameters into a
2 T prior.

2 2
& I + O—ws‘l + U—IXV{,

&t 4+

Finally, for the B and  parameters we chose mildly regularizing priors
centered at zero.

4. ~ Normal(0, 1)
B ~ Normal(0, 1)

To guard estimates against deviant subjects and words, we use t-distributed
rather than normal errors (Gelman et al. 2014: 437). The degrees-of-

freedom parameter v was set to 7.2 %2 See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

v. =7

Stan code Translated into the Stan language, the model statement reads as
follows.

data {
int<lower=0> N;
int yINI;
int K;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n_word;
real link[N];
real strong c[N];
real clust c[N];
real con _c[N];
int var id[N];
real var score[N];
real far z[N];
int n_varcoef_subj;
int n_varcoef word;
int n_cor subj;
int n_cor_word;
int set nu;

parameters {
row_vector[K-1] a;
row_vector([K-1] b;

vector[K-1] g link;
vector([K-1] g strong;
vector[K-1] g clust;
vector[K-1] g con;

vector[K-1] b_link;
vector[K-1] b_strong;
vector[K-1] b_clust;
vector[K-1] b_con;

matrix[2,K-1] b var;
matrix[2,K-1] b var link;
matrix[2,K-1] b var strong;
matrix[2,K-1] b var clust;
matrix[2,K-1] b var con;
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vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n_varcoef_word] sigma_word;

matrix[n varcoef subj, n subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef subj] L_Rho _subj;
cholesky_factor_corr[n_varcoef_word] L _Rho word

real<lower=0> udf_word;
real<lower=0> udf subj;

transformed parameters {
matrix[n_subj, n_varcoef subj] r_s;
matrix[n word, n_varcoef word] r w;

matrix[N,K] mu;

s = sqrt(set_nu * udf_subj) * (diag_pre_multiply(sigma_subj, L Rho subj) * z_subj)’;
sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
if(far_z[n] < 0){

muln,1] = a[l] + r s[subj[n],1] + r w[word[n],1] +
(g_link[1] + r_s[subj[n],2]) * link[n] +
(g_strong[1] + r_s[subj[n],3]) * strong c[n] +
(g_clust[1] + r_s[subj[n],4]) * clust c[n] +
(g_con[1] + r_s[subj[n],5]) * con_c[n] +

(b[1] + b_link[1] * link[n]

b_strong[1l] * strong c[n]

b_clust[1] * clust_c[n]

b_con[1] * con_c[n]

r wlword[n], 2]) * far z[n];

mu[n,2] = a[2] + r s[subj[n],6] + r w[word[n],3] +
(g_link[2] + r_s[subj[n],7]) * link[n] +
(g_strong[2] + r_s[subj[n],8]) * strong c[n] +
(g_clust[2] + r_s[subj[n],9]) * clust _c[n] +
(g_con[2] + r_s[subj[n],10]) * con_c[n] +
(b[2] + b_link[2] * link[n]

+

+ 4+ +

+ b_strong[2] * strong_c[n]
+ b_clust[2] * clust_c[n]
+ b con[2] * con_c[n]
+ r wlword[n], 4]) * far _z[n];
mul[n,3] = 0;
else{
mu[n,1] = a[1] + r_s[subj[n],1] + r_w[word[n],1] +
(g_link[1] + r_s[subj[nl,2]) * link[n] +
(g_strong[1] + r_s[subj[n],3]) * strong c[n] +
(g_clust[1] + r_s[subj[n],4]) * clust_c[n] +
(g_con[1] + r_s[subj[n],5]) * con c[n] +
(b_var[var_id[n],1] * var_score[n]
+ b var_link[var_id[n],1] * var_score[n] * link[n]
+ b_var_strong[var_id[n],1] * var_score[n] * strong c[n]
+ b _var_clust[var_id[n],1] * var_score[n] * clust c[n]
+ b_var_con[var_id[n],1] * var_score[n] * con_c[n]
+ r_w[word[n],2]) * far_z[n];
mu[n,2] = a[2] + r_s[subj[n],6] + r w[word[n],3] +
(g_link[2] + r_s[subj[n],7]) * link[n] +
(g_strong[2] + r _s[subj[n],8]) * strong c[n] +
(g_clust[2] + r_s[subj[n],9]) * clust c[n] +
(g_con[2] + r_s[subj[n],10]) * con_c[n] +
(b_var[var_id[n],2] * var_score[n]
+ b_var_link[var_id[n],2] * var_score[n] * link[n]
+ b_var_strong[var_id[n],2] * var_score[n] * strong c[n]
+ b_var clust[var_id[n],2] * var_score[n] * clust_c[n]
+ b_var_con[var_id[n],2] * var_score[n] * con_c[n]
+ r wlword[n],4]) * far _z[n];
mul[n,3] = 0;
}
}
}
model {

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma_subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
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to_vector(z_word) ~ normal(0,1);

(a[l] + ((sigma_subj[1]”2 + sigma_word[1]"2)/2)) ~ skew_normal( 0.55 , 1.57, -1.13 );
(a[2] + ((sigma subj[6]"2 + sigma word[3]72)/2)) ~ skew_normal( 0.32 , 3.61, -3.48 );

to_vector(b) ~ normal( 6 , 1 );

to_vector(g _link) ~ normal( 0 , 1 );

to_vector(g_strong) ~ normal( 0 , 1 );
to_vector(g_clust) ~ normal( 0 , 1 );
to_vector(g_con) ~ normal( 0 , 1 );

’

’

to_vector(b_link) ~ normal( 0 , 1)
to_vector(b strong) ~ normal( 0 , 1 );
to_vector(b _clust) ~ normal( 6 , 1 );
to_vector(b _con) ~ normal( 0 , 1 );

to_vector(b_var) ~ normal( 0 , 1 );

’

)

’

to_vector(b_var_link) ~ normal( 0 , 1
to_vector(b var strong) ~ normal( 0 ,
to_vector(b var clust) ~ normal( 0 ,
to_vector(b _var _con) ~ normal( 6 , 1

)
1);
1);
)

udf_word ~ inv_chi_square(set nu);
udf_subj ~ inv_chi_square(set nu);

for(n in 1:N) y[n] ~ categorical_logit(mu[n]’);
}
generated quantities{
matrix[n_varcoef subj, n_varcoef subj] Rho subj;
matrix[n varcoef word, n varcoef word] Rho word;

int pos subj =

1;
int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, j];
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+l):n_varcoef word){
cor_word[pos_word] = Rho_word[i, j];
pos_word += 1;

Convergence diagnostics Our visual convergence checks, which are dis-
played in Figure A.13, show no signs of malperformance: All R values (left)
are below 1.01, the profile of the rank plot (middle) is flat, and the quantile
plot (right) suggests that all key parameters are supported by a sufficiently
large effective sample size (i.e. all above n = 400).

40 8000 i : 1 I {i Figure A.13: Postvocalic /r/ model for the
"!!l:a l. data from the present study: Convergence
‘qc'; " '| ll; H I !' ! l diagnostics. @®
S 20 @ 40004} ;I!.:;."ilill
g ST T
0 LT HH HHHH T
01— . 04 ; . 0
1.00 N 1.01 0 4000 8000 05 25 5 75 .95
R Rank Quantile
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Posterior distribution of model parameters The posterior distribution of

the model parameters is reported in Table A.9 (fixed effects), Table A.10
(varying effects for subject: standard deviations), Table A.11 (varying
effects for subject: correlations), and Table A.12 (varying effects for word).

Table A.9: Postvocalic /r/ model for the

Posterior quantiles
d data from the current study: Posterior

Parameter Mean SD .05 50 95  Neg R distribution of the fixed effects parameters.
at 244 059 -346 -241 -149 880 1.01
" -6.66 092 -828 -6.60 -5.31 2284 1.00
B 1 1.19 0.67 0.08 1.20 227 1046 1.01
,B € -0.81 049 -1.60 -0.82 0.00 3514 1.00
,7]jink 3.37 066 228 336 4.46 5625 1.00
FYL?ink 0.32 092 -1.22 033 1.82 8001 1.00
'?Sir 141 032 0.88 141 1.94 1997 1.00
’782 1.36 046 060 136 211 4054 1.00
r_YCJlu 0.34 029 -0.15 034 0.80 1599 1.00
,?C%u -0.30 059 -1.25 -0.31 0.68 3060 1.00
’7CJon -0.86 029 -1.34 -0.87 -0.38 2018 1.00
’_yc?on -047 0.31 -1.00 -0.47 0.03 4263 1.00
Ifink -045 0.78 -1.74 -044 0.82 6450 1.00
:Bﬁnk -0.23 093 -1.73 -0.21 1.33 8560 1.00
Sltr 0.05 0.35 -0.52 0.05 0.62 3018 1.00
ﬁsﬁr -045 046 -1.23 -044 0.30 3917 1.00
Cllu 0.25 0.27 -0.20 0.25 0.69 3765 1.00
é’lu -0.07 032 -0.59 -0.07 0.46 4831 1.00
ﬁéon -041 034 -097 -041 0.15 2798 1.00
,B&m 0.13 0.28 -0.32 0.13 0.57 4616 1.00
ﬁng 222 090 072 225 3.69 2946 1.00
,EmE -046 0.88 -191 -045 099 7061 1.00
BBIIE -1.63 0.76 -2.84 -1.65 -0.36 2116 1.00
ﬁlfrE -194 0.71 -3.12 -1.92 -0.81 5035 1.00
Bfmk, AmE 0.01 098 -159 0.00 1.63 9255 1.00
Bﬁnk, AmE 0.02 099 -1.61 0.03 1.64 8556 1.00
Bfmk’ BrE 0.70 094 -0.84 0.70 225 8856 1.00
Efmk’ BrE -0.02 099 -1.63 -0.03 1.63 9619 1.00
:BSltr, AmE 045 056 -046 045 1.37 3934 1.00
Bsﬁr/ AmE 0.13 0.86 -1.28 0.14 157 7022 1.00
B§r, BrE -0.13 050 -094 -0.14 0.71 3738 1.00
Bsntr, BiE -1.06 0.70 -2.20 -1.08 0.11 6173 1.00
Bélu, AmE 0.08 0.55 -0.82 0.07 1.01 5314 1.00
Bglu’ AmE 0.30 0.85 -1.09 030 1.70 8096 1.00
B(%lu, BiE 0.20 0.36 -0.38 0.20 0.80 4732 1.00
Bau, BiE 096 0.60 -0.02 096 193 6492 1.00
BCIDI’I, AmE -047 0.60 -147 -0.47 0.51 4469 1.00
Bon, AmE -0.03 0.85 -142 -0.02 135 7779 1.00
Béon’ BrE -0.35 045 -1.11 -0.34 0.37 3563 1.00

Bon, BrE 012 056 -081 013 1.04 6736 1.00
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Table A.10: Postvocalic /r/ model for the

Quantiles o
- data from the current study: Posterior dis-

Parameter Mean SD .05 .95 Ngg R tribution of varying effects parameters for
subject (standard deviation parameters).

Oy 195 039 131 259 1841 1

Oy s 0.64 051 0.04 159 1592 1

O, . 051 0.14 030 0.77 2041 1

Oy, . 0.27 0.11 0.09 046 1538 1

Toa . 057 0.15 034 0.84 1851 1 Table A.11: Postvocalic /r/ model for the

Cons data from the current study: Correlation

Oy 048 021 0.3 084 1391 1 matrix for the by-subject varying effects

Ty s 0.67 059 0.03 1.85 4618 1 parameters. The lower triangle reports

Oy 0.70 0.22 0.37 1.08 1715 1 posterior medians with .05 and .95

(775:, * 036 015 012 062 1618 1 quantiles. (i-e. 90% uncertainty .int'ervals).

Clu,s Superscripts reflect the upper limit,

Ty s 0.16 0.11 0.01 038 2391 1 subscripts the lower limit. The upper
triangle lists R statistics and the effective
sample size for each correlation parameter.

Parameter ag' 'Yﬁnk, s 'Ysir, s ')’(%111, s 7C10n, S o’ ’Yﬁnk’s ’Ys?r, s ')’(%u, s ’)/Cgon, s
ad 1 1 1 1 1 1 1 1 1
s 7590 4942 6299 4572 5346 8938 4443 6052 7350
1 —04 +.36 1 1 1 1 1 1.01 1 1
’)/Link, s U -42 1282 2378 1255 2668 8707 1246 2967 5784
.40 40 1 1 1 1 1 1 1
Vstr, s +0815) +.03 75 4494 2339 4991 7547 2926 4528 6935
46 34 47 1.01 1 1 1 1 1
Velu, s +10 %7 0475 +1375 149 3482 6239 2700 1037 6003
.03 .38 .30 .08 1 1 1 1 1
Vo, s —2915 02755 +01%5 -2875 5242 7845 4143 598 7177
15 46 44 .32 .52 1 1 1 1
o’ —20 %5 +0815 +.09150 081 +2175 7443 2638 1087 4655
44 .39 43 45 .32 .38 1 1 1
Vinks +05755 001 +047T50 +.06157 —09 Ty 0315 2361 3163 5581
+.05 +.43 +.54 +.47 +.41 +.44 +.39 1 1
Vsir,s =287 +.0673 +2575 +.1475 +1275 +.0873 0015 4131 7067
+.45 +.37 +.23 +.31 +.32 +.31 +.38 +.23 1
’)/Criu, s +15 -19 -03 -41 A3 .47 —06 42 7 022 34 7 072 42 -02 -41 137 .47 5137
+.46 +.36 +.34 +.42 +.34 +.30 +.40 +.34 +.47
’VCEon, s +11759 -0477 -057;5 +0475 057, 11745 007, -057; +.1075
Posterior quantiles Table A.12: Postvocalic /r/ model for the
data from the current study: Posterior dis-
Parameter Mean SD .05 50 95 N R tribution of the varying effects parameters
for word.
Standard deviation parameters
Onp 098 027 058 096 145 2501 1
OBk 034 012 017 033 056 2719 1
Onz 237 064 135 235 347 2622 1
OB% e 024 018 0.02 020 059 2878 1
Correlation parameters
p(a Vé, BEAR, w) -0.19 021 -052 -0.19 0.18 4997 1
plat, ak) -0.05 0.17 033 -0.05 023 2848 1
p(lxw, ,BFAR w) -0.02 0.28 -0.48 -0.01 043 6894 1
(B, W) -042 020 -0.71 -0.44 -0.07 1406 1
P(Buvr PEAR, w) 013 029 -037 015 058 5975 1
p(aw, BFAR w) -0.18 030 -0.64 -020 035 5146 1
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A.7 The labio-velar glide /w/

Here we provide additional information about the analysis of the data
from Pascoe (1987). Details about the analyses of the data by Wunder
(2012), Rank (2016), and the current study can be found in the web
appendix.”® The structure of the models fit to these data sets is different, as
documented in these supplements. The data sets analyzed in Chapter 7 are
openly available via TROLLing>* (Sonning et al. 2020b). The OSF project
accompanying this study includes the Stan code for the regression models®
and the R script® for running the analyses.

A.7.1 Pascoe 1987

Model definition The realization of /w/ was coded as a binary response
(1 for target-like realization, O for other variants) and therefore modeled
using a Bernoulli distribution. The parameter p denotes the probability of
observing target-like [w], and the subscript i indexes the w-tokens in the
data set.

w; ~ Bernoulli (1, p;)

To model the probability of observing target-like [w], we use the logit link
function.’” The & parameter denotes the logit-transformed probability of
a target-like rendition when all predictors are held at 0. The « coefficients
represent varying intercepts for speakers (as), and for word (& ). These
reflect by how much each speaker/word deviates from the average logit.
The BFAR parameter is the slope of the regression line that captures how
target accuracy varies across proficiency levels. The BEAR
convey by how much each word departs from this slope.

parameters

(BFAR + ‘BFAR)FARfF

wli]

logit(pi) = & + agfj) + ttyy[i] +
(B + B3y )ai + (B + B Jer + (B + By Joit
(B*+ ,Bu Jui + (B + ﬁgm)cﬁ
(BY® + By Vsi + (B + Bl ) Vri +
(ﬁC“H%C )CVL; + (B + By )Pi

(ﬁCV + ﬁ )CVI

The next two lines specify the variation depending on the following vowel.
We distinguish 6 vowel categories, which means that we may use 5 con-
trasts to represent them in this model. The aim of the representation we
chose is to make estimates comparable across the four data sets. In other
words, we would like the intercept, which reflects the probability of a
target-like rendition when all contrasts are set to 0, to have the same inter-
pretation in all analyses. The four data sets share three vowel categories:
e, i, and o. Our contrast coding maps to the intercept the average accuracy
rate across these three categories. In order to apply these custom contrasts,
we followed the guidelines given by Schad et al. (2020). Table A.13 reports
the coding we applied, along with the corresponding hypothesis matrix>®
which makes transparent the difference signaled by each coefficient.

For the preceding segment, we applied the same rationale. Here, the

 https://osf.io/aszq6/

* https://doi.org/10.18710/F1A340

% This study: https://osf.io/shm59/;
Pascoe 1987: https://osf.io/a37js/; Wunder
2012: https://osf.io/vnbzs/; Rank 2016:
https://osf.io/8nms3/

% https://osf.io/f3msb/

* This link function is commonly used in
regression models for binary outcomes.

It maps constrained probabilities (i.e. the
interval [0; 1]) to an unconstrained scale
from —oo to +0c0. On this unconstrained
logit scale, we model the expected logits for
conditions of interest.

% The hypothesis matrix gives a more
transparent expression of the meaning of
the intercept and the contrasts. The weights
for the intercept reflect the meaning of this
parameter. In the present case, it is the
average over 3 vowel categories (e, i, 0).
For the contrasts, the hypothesis matrix
shows the comparison expressed by each
coefficient. Each contrast sums to zero and
the positive and negative weights show
which categories are being compared.


https://osf.io/aszq6/
https://doi.org/10.18710/F1A34O
https://osf.io/shm59/
https://osf.io/a37js/
https://osf.io/vnbzs/
https://osf.io/8nms3/
https://osf.io/f3msb/
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Contrasts Hypothesis matrix Table A.13: /w/ model for the data from

the current study: Custom contrasts for

Vowel a e o u c Intercept a e o u c the following vowel. With this coding, the
intercept represents the average over the

alaaa] -1 0 0 0 O 0 1 0 0 0 0 three vowel categories that are represented

eleere] 0O -1 0 0 O 1/3 1/3 -2/3 1/3 1/3 1/3 in all three data sets (ei0).

i[ir 1 0 1 1 0 o0 1/3 /3 1/3 1/3 1/3 1/3

0 [poor] 0 0 -1 0 O 1/3 /3 1/3 -2/3 1/3 1/3

u [uu] o 0 0 -1 0 0 0 0 0 -1 0

clo3] o 0 0 0 -1 0 0 0 0 0 -1

four data sets share two preceding segment categories: neutral vowel and
voiced consonant. Accordingly, the intercept was defined as the average
accuracy rate over these two contexts. Table A.14 lists the contrast coding
and the corresponding hypothesis matrix.

Contrasts Hypothesis matrix Table A.14: /w/ model for the data from

the current study: Custom contrasts for the

Context Vs Vr Cv Cvl P Intercept Vs Vr Cv Cvl P preceding segment. With this coding, the
intercept represents the average over the

Spread V -1 0 0 0 0 0 -1 0 0 0 0 two segment classes that are represented in

Neutral V 0 -1 0 0 0 1/2 1/2 -1/2 1/2 1/2 1/2 all three data sets (Neutral V, voiceless C).

Round V 0O 0 -1 0 O 0 0 0O -1 0 O

Voiced C 0 1 0 0 0 12 12 12 12 12 1) % See Appendix A.3.1 and Figure A

VoicelessC 0 0 0 -1 0 0 0 0 0 —1 0 ce Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

Pause 0O 0 0 0 -1 0 0 0 0 0 -1

% To save space, we arranged them in
multiple columns — they would normally
be listed in a single column.

The f coefficients therefore represent these contrasts, and the S

parameters are varying slopes, which reflect by-speaker deviations from the 61 We simplify notation and omit the

average difference instantiated by a given contrast. :;aenii?eolgt?(fr?t;r;fiidez Lazzf;ijggnce
The next block defines the joint distribution of the varying effects. matrix. See McElreath (2020: 441) for a

Components for word and subject are each given a joint multivariate complete representation.

Student-t distribution with the degrees-of-freedom parameter v set to 7.59 62 f, for instance, the standard deviation

S denotes the two covariance matrices, which detail how the varying effects for the varying intercepts for subjects (0%, )

were higher than that for words (0y,, ),
this would indicate that, when holding
constant all predictors in the model, the
g 0 onditional variation among subjects is
g: By BS BY Bs ~ MVStudent-t 0 00 0 0 |,Ss, v pigherthan that among words. In other
Vs Vr Cv Cvl P 0000 0 ords, heterogeneity among speakers

Bs® Bs" B Bs Bs would be more pronounced than among

« 0 words, indicating that there is more

‘I;VAR ~ MVStudent-t , Sw, Vw residual variation among speakers that

ﬁw 0 we haven’t managed to account for with

our model. A positive correlation between,

in each set are distributed.®?

The covariance matrices® are described with two quantities, the standard say, the by-word varying effects &,y and
. . . . . BEAR would tell us that the accuracy rate of

deviation parameters, which specify how much each varying effect is difficult words (i.e. items with a downward

spread out along the outcome (logit) scale, and a correlation matrix R, deflection in terms of overall accuracy

which contains correlation coefficients that reflect the association between rate) would increase more slowly across
proficiency levels (i.e. the slopes are also

the batches of varying effects in each set.®? downwardly deflected).
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O,
Ss = CovarianceMatrix | Opys 0Ogyr  Opcv Opgea Opgp, Rg
Tpr g T OBy OB

S, = CovarianceMatrix (an, U'IBFAR,RW)
w

As for the priors, we chose a weakly regularizing a priori statement for

the o parameters in the form of an exponential distribution with scale

parameter 263 % See Appendix A.5.1 and Figure A.9.
.. ~ Exponential(2)

For the correlation between varying effects, we are relatively ignorant and

therefore default to an LK] prior the shape parameter 7 set to 464 64 See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

R.. ~ LKJcorr(4)

For the average accuracy rate when all predictors are held at 0, the priors
derived from our survey of the research literature (see §7.6) apply to the
marginal distribution of the & parameters. We need to link these to the

subject-specific quantities required by the model.®® % See §3.4.1 (p. 43) for a brief discussion
and Appendix A.5.1 (p. 271) for details
X about the procedure used here.

~ Normal(2, 1.5)

\/CZ (0-0552 + 0-94202) +1
The 8 parameters were given weakly regularizing priors centered at 0.
B ~ Normal(0, 2)

To make the model more robust against unusual subjects and unusual
words, we use t-distributed rather than normal errors (Gelman et al. 2014:

437). The degrees-of-freedom parameter v was set to 7.66, % see Appendix A.3.1 and Figure A.3 (p.

253) for illustration.
v, =7

Stan code This is the Stan code for the model:

data {
int<lower=0> N;
int y[N];
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n_word;
real far_z[N];
real C_a[N];
real C_e[N];
real C o[N];
real C_u[N];
real C c[N];
real C Vs[N];
real C Vr[N];
real C Cv[N];
real C_Cvl[N];
real C_P[N];
int n_varcoef subj;
int n_varcoef_word;
int n_cor_subj;
int n_cor word;
int set_nu;

parameters {
real a;



real b_far;
real b a;
real b e;
real b o;
real b u;
real b c;
real b Vs;
real b Vr;
real b Cv;
real b Cvl;
real b P;

vector<lower=0>[n_varcoef subj] sigma subj;
vector<lower=0>[n_varcoef word] sigma word;

matrix[n_varcoef subj, n_subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n varcoef subj

1 L_Rho_subj;

cholesky_factor_corr[n varcoef word] L Rho word;

real<lower=0> udf word;
real<lower=0> udf subj;

transformed parameters {
matrix[n_subj, n_varcoef subj] r_s;
matrix[n word, n_varcoef word] r w;
vector[N] mu;

for (n in 1:N) {

muln] = a + r_s[subj[n],1] +

+ (b_far +
+ (b_a + r_s[subj[n],2])
+ (b e + r_s[subj[n],3])
+ (b o + r_s[subj[n],4])
+ (bu + r_s[subj[n],5])
+ (b_c + r_s[subj[n],6])
+ (b_Vs + r_s[subj[n],7])
+ (b_Vr + r_s[subj[n],8])
+ (b Cv + r_s[subj[n],9])
+ (b_Cvl + r_s[subj[n],10])
+ (b P + r_s[subj[n],11])
}

}

model {

L Rho subj ~ lkj_corr_cholesky(4);
L_Rho_word ~ 1lkj_corr_cholesky(4);
sigma subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

a/sqrt((16*sqrt(3)/(15*pi())) * (sigma subj[1]”2 + sigma word[1]"2) + 1) ~ normal(2, 1.5);

ar ~ normal( 0
~ normal( 0
~ normal( 0
~ normal( 0
~ normal( 0
~ 0

 f
 a
e
0
u
 C normal(

O T oTUTUTOT

’
’
’
’
’

b Vs ~ normal( 6 , 2 )
b Vr ~ normal( 6 , 2 )
b Cv ~ normal( 6 , 2 )
b_Cvl ~ normal( 0
b_P ~ normal( 0 ,

N~

udf word ~ inv_chi_square(set nu);
udf_subj ~ inv_chi_square(set nu);

r wlword[n], 1]
r wlword[n],2])

target += bernoulli_logit_lpmf(y | mu);

}

generated quantities{

matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word;

int pos subj = 1;
int pos_word = 1;

s = sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
w = sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

far _z[n]
C_aln]
C e[n]
C o[n]
C uln]
C c[n]

C_Vs[n]
C_Vr[n]
C Cv[n]
C_Cvl[n]
C_P[n];
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vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, j];
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos_word] = Rho_word[i, j];
pos_word += 1;

Convergence diagnostics  Figure A.14 indicates convergence of the algorithm:
All R values (left) are below 1.01, the profile of the rank plot (middle)

is flat, and the quantile plot (right) suggests that all key parameters are
supported by a sufficiently large effective sample size.

Figure A.14: /w/-model for the data from
Pascoe (1987): Convergence diagnostics.

e@®

1.00 1.01 0 20]00 40b0 .0]5 .2]5 5 .7]5 .55
Rank Quantile

>

Posterior distribution of model parameters A summary of the posterior dis-
tribution of the parameters can be found in Table A.15 (fixed parameters),
Table A.16 (varying effects; for subject: standard deviation of varying
effects), and Table A.17 (correlation of varying effects for subject).

Table A.15: /w/-model for the data from

Posterior quantiles
q Pascoe (1987): Posterior distribution of the

Parameter Mean SD .05 50 95 Ne R fixed effects parameters.
& 075 071 -0.32 070 200 1316 1
BFAR 358 073 248 355 4.83 1771 1
B 232 090 -3.80 —2.30 -0.86 2862 1
e 126 054 042 125 217 2626 1
B° 211 0.60 -3.13 —2.09 -1.18 2020 1
BY 014 142 224 015 243 4219 1
Be 010 1.22 217 -0.06 1.85 4418 1
BYs 031 072 -0.89 029 150 2407 1
BV 0.01 052 -0.84 001 085 3028 1
By 023 119 -1.77 025 217 4049 1
BV -1.13 0.77 -243 -1.13 012 3259 1
B* -150 0.66 —2.62 —1.47 —0.44 2652 1




Posterior quantiles
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Table A.16: /w/-model for the data from
Pascoe (1987): Posterior distribution of

Parameter Mean SD .05 .50 95 Ng R varying effects parameters for subject
(standard deviation parameters only) and
Ou, 1.60 056 079 153 259 1745 1 word.
Oga 038 035 0.02 027 107 3584 1
oge 0.46 037 004 038 120 1616 1
Tge 076 041 015 071 148 1450 1
Ogu 055 0.54 003 038 1.64 4369 1
Ope 045 044 002 031 133 5018 1
Opys 045 040 003 034 124 1982 1
Opyr 047 042 003 036 128 1893 1
Opcy 046 042 002 033 129 4728 1
Ope 048 043 002 037 130 3017 1
opr 0.41 037 002 030 113 1916 1
Ou, 041 033 003 033 107 1706 1
OgrAR 062 046 0.04 055 149 1582 1
oy, BEAR) -0.04 033 -056 -0.05 051 3259 1
Table A.17: /w/-model for the data from
Pascoe (1987): Correlation matrix for the
by-subject varying effects parameters.
The lower triangle reports posterior
medians with .05 and .95 quantiles (i.e.
90% uncertainty intervals). Superscripts
reflect the upper limit, subscripts the lower
limit. The upper triangle lists R statistics
and the effective sample size for each
correlation parameter.
\% Vi C Cvl P
Param. Xs 132 ﬁg IBS :Bls1 :B(s: :Bss ﬁsr ﬁsv :BSV :Bs
o 1 1 1 1 1 1 1 1 1 1
S 5699 5132 3827 5876 5334 4785 3955 6589 5531 4779
:Ba -01 +.37 1 1 1 1 1 1 1 1 1
s -39 3924 2723 4601 4551 4191 3868 5278 5034 4641
,Be _ O3+.36 00+.37 1 1 1 1 1 1 1 1
s UY-41 UH-39 2688 4775 5013 3774 4097 4339 4366 4276
41 37 .39 1 1 1 1 1 1 1
S +06%5 —025,5 +.03%5 4824 4046 3959 4777 4702 4035 4277
A1 .38 .38 .39 1 1 1 1 1 1
ps +01%5; 0075 0075 0075 3251 3351 3410 316 3411 3442
.38 .39 41 40 40 1 1 1 1 1
ps 00757 00755 +.01%5 +01%57 +.01%5 3644 3618 3961 3635 3461
V! .38 .39 .39 .39 40 .38 1 1 1 1
Bs* —02%5 -01%530 +01%5 +01%5 0015 -01%5 2852 3509 3118 3522
Vi 41 .39 41 40 40 .40 .37 1 1 1
BT +.05%5  .00%5 +.03F55 +.02%57 001, +.02%50 -.02% 2890 3300 2991
C +.39 +.39 +.38 +.37 +.41 +.39 +.39 +.39 1 1
BsY +.01755 0173 .00737 .007;; +.017535 .00755 —.01735 +.01737 2950 2843
Cvl +.38 +.39 +.40 +.37 +.38 +.39 +.40 +.37 +.40 1
:Bs v _'01—.38 .00__37 +'01—436 .00_.37 —.01__39 '00—438 +.01_.37 —.01_'40 .00_39 2719
v +.01558 401750 402750 +.0375 0075 0075 +.011% +.01%5Y +.01%5F -0175)
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A.8 The labiodental fricative /v/

The data sets analyzed in Chapter 8 are openly available via TROLLing®”
(Sonning & Rank 2020). The OSF project includes the Stan code for the
regression models® and the R script® for running the analyses.

A.8.1 This study

Model definition ~ As the realization of /v/ was coded with three categories,
we applied a multinomial regression model for analysis. We model the
probability of each variant (p ", p %, p ) as a function of proficiency level.

v; ~ Categorical (p,°, p;", p;")

Our model describes how these probabilities (p °, p Y, and p V) change
across proficiency levels. Similar to logistic regression models, however,
these probabilities are not modeled directly, but through a link function.
Here, this is the softmax function, which translates constrained probabil-
ities to an unconstrained scale. For technical reasons, one of the outcome
events serves as the reference category. We chose [v] as the benchmark.
In practical terms, this means that we are modeling just two quantities:
(i) the log ratio of the probability of [v] divided by that of the reference
category (i.e.log(pY/p")) and (ii) the log ratio of the probability of [w]
divided by that of the reference category (i.e. log(p ¥ /p")). We will refer
to these quantities as log probability-ratios”’. Our regression model therefore
simultaneously models two log ratios, which is why we are modeling two
conditional means, one for log(p ¥/p ") and one for log(p ™ /p®).

lo sz _ &V v v
4 = X +lxsm +lxw[i]+

(BEaR + Brar, wii) )FARi+
(B FVAR2 +B FVARZ,w[i] )FARt2

= avtagy +agt

(BISXR =+ 5FV/§R, W[j] )FARH‘
2w w 2
(B FARZ T P FAR?,wli] JFAR;

The & . parameters express the expected probability ratio when FAR is set
to 0. The « coefficients represent the varying intercepts for subjects (a;")
and words («;;). The next two lines describe how probability ratios change
as we compare different proficiency levels. The B parameters express

by how much the ratios change, on average, as we shift the FAR scale
upwards by 1.”! The BF ar2 coefficients reflect the quadratic component of
the link between FAR score and the probability of the outcome variants.
The Bipg  and ﬁfARz,w parameters are varying slopes and represent how
much each word differs from the average FAR trend for a particular log
probability-ratio.

 https://doi.org/10.18710/B276ZX

% This study: https://osf.io/bkjuh/; Rank
2016: https://osf.io/rsd2g/

% https://osf.io/zj36f/

7 The hyphen clarifies the structure of the
compound (i.e. log [probability ratio]).

7! Thus, the parameter By, describes

the change in the log probability-ratio
log(pY/p") when comparing speakers
with an average FAR score of 1 vs. 0 (or
—2vs. —1, etc.). We expect this parameter
to be positive, because the probability of
observing target-like [v] vs. L1-transferred
[v] should increase with higher proficiency
levels.


https://doi.org/10.18710/B276ZX
https://osf.io/bkjuh/
https://osf.io/rsd2g/
https://osf.io/zj36f/

The joint distributions of the varying effects are assumed to follow a
multivariate Student-t distribution, which guards our key estimates against
unusual subjects and words. The v parameter was set to 7.7 S denotes the
covariance matrix, which contains information about the dispersion of the
varying effects and their pairwise association.”®

A 0
METaeD

oy By .
l “";’V PrAR,w 'BFARZrW 1 ~ MVStudent-t ({ 8 8 8 ] 'Sw/vw)

w AB l;ivAR, w F\XRZ,W
The covariance matrices are defined using the standard deviation of the
varying effects sets, and their pairwise correlations. Thus, the parameter
Ouy is a standard deviation (on the log ratio scale), which describes how
much speakers varied around the average log probability-ratio of [w] over
[u]. R is a correlation matrix, which includes correlation coefficients that
capture how by-subject varying effects on the one hand, and by-word
varying effects on the other, are correlated.”*

14

. . (A
S; = CovarianceMatrix s ,Rg
Ty W

s

Oy O-IBFVAR N 2
. . , W
S\ = CovarianceMatrix FARw R
Ou  UBgig w UﬁFVIZRz,W

Next we list the priors. The standard deviation parameters for the dis-
persion of the varying effects were given a weakly informative prior — an
exponential distribution with scale parameter 2.7

.. ~ Exponential(2)

For the correlation between the varying effects, we have no information to
build on and therefore default to an LK] prior with 7 set to 4.7

R, ~ LKJcorr(4)

To specify reasonable priors for the two log probability-ratios, we followed
the procedure outlined in Appendix A.6.1 (p. 275). We first expressed
our prior state of information about the probability of observing each

of the three variants on the probability scale (see §8.6). To this end, we
used a Dirichlet distribution with parameters 0.8 ([v]), 1 ([w]), and 1.2
([u]) to generate these values.”” Figure A.15a shows how, for each variant,
the a priori probability mass is concentrated over the interval [0; 1]. We
then divided the distributions for [v] and [w] by that of [v], which gave
us two distributions of ratios. This intermediate step is shown in panel
(b). Since both variants are assumed to be less likely than [v], most of the
probability mass is below 1. Panel (c) shows these ratios on the log scale
and brings us to the quantity that is modeled (i.e. log probability-ratios).
These distributions are slightly negatively skewed. To approximate this
shape, we specified a skew-normal distribution as a prior. The solid lines
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72 see Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

7 To save space, we arranged the parame-
ters for word in multiple columns - they
would normally need to be listed in a single
column.

7 We simplify notation and omit the
translation of standard deviations and
the correlation matrix R into a covariance
matrix. See McElreath (2020: 441) for a
complete representation.

7 See Appendix A.6.1 and Figure A.11 for
details.

76 See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

77 The prior distribution therefore contains
the amount of inferential information in a

sample of n = 3 /v/-tokens. In other words,
the pre-data information we are supplying
is “worth” n = 3 observations.
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(a) Prior probability (b) Prior probability ratios

\Y| v

Density
z

(c) Prior log probability-ratios

(W]

5]

0 5 1 0 2 4 6 8 -6
Probability

in panel (c) are the simulated log ratios, and the dashed curves are the
prior distributions we used. These ratios were then translated into the
conditional (‘subject-specific’) parameter values required by the model.
The procedure was outlined above in Appendix A.6.1.

O}XSV 2 + Uav\\; 2

a’¥+ 5 ~ SkewNormal(0.97, 2.51, -1.47)
2 2
Oqw <+ Oy w
av+ % ~ SkewNormal(0.89, 2.07, -1.02)

Finally, for the B parameters we chose mildly regularizing priors.
B ~ Normal(0, 2)

To guard estimates against deviant subjects and words, we use t-distributed
rather than normal errors (Gelman et al. 2014: 437) and set v to 7.8

v. =7
Stan code Listed below is the Stan code for the model.
data {
int<lower=0> N;
int y([N];
int K;

int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n word;
real far_z[N];
real far_z2[N];
int n_varcoef subj;
int n_varcoef_word;
int n_cor subj;
int n_cor_word;
int set nu;

}

parameters {
row_vector[K-1] a;
row_vector([K-1] b_far;
row_vector[K-1] b far2;

vector<lower=0>[n_varcoef_subj] sigma_subj;
vector<lower=0>[n_varcoef_word] sigma_word;

matrix[n varcoef subj, n subj]l z subj;
matrix[n_varcoef word, n_word] z_word;
cholesky_factor_corr[n varcoef subj] L Rho subj;
cholesky_factor_corr[n_varcoef_word] L_Rho_word;

-4 2 0 2 4
Log ratio

Figure A.15: Construction of the priors
for the log probability-ratios based on the
prior probabilities of the three variants.
Solid lines show simulated values for (a)
probabilities, (b) probability ratios, and
(c) log probability-ratios. The dashed
curves in panel (c) are the parametric prior
distributions specified to approximate the
simulated values. @®

78 See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.



real<lower=0> udf_word;
real<lower=0> udf_subj;

transformed parameters {

matrix[n_subj, n_varcoef subj] r_s;
matrix[n word, n varcoef word] r w;

matrix[N,K] mu;

for (n in 1:N)

muln,1] 0;
muln,2]
(b_far[1]
(b_far2[1]
mul[n,3] = a[2] + r_s[subj[n],2]
(b_far[2]
(b_far2[2]
}
}
model {

+

+
+
+
¥

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1)
to_vector(z _word) ~ normal(0,1)
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sqrt(set nu * udf_subj) * (diag_pre_multiply(sigma_subj, L Rho subj) * z_subj)’;
r w=sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

ail] + r_s[subj[n],1] + r_w[word[n],1] +

r wlword[n],2]) * far_z[n] +
r wlword[n],3]) * far_z2[n];
r wlword[n],4] +

r_ wlword[n],5]) * far_z[n] +
r wlword[n],6]) * far_z2[n];

(a[l] + ((sigma_subj[1]”2 + sigma_word[1]"2)/2)) ~ skew_normal( 0.97 , 2.51, -1.47 );
(a[2] + ((sigma_subj[2]"2 + sigma word[4]72)/2)) ~ skew_normal( 0.89 , 2.07, -1.02 );

b_far ~ normal( 0 , 2 );
b_far2 ~ normal( @ , 2 );

udf word ~ inv_chi_square(set nu);
udf subj ~ inv_chi_square(set nu);

for(n in 1:N) y[n] ~ categorical_logit(mu[n]’);

}

generated quantities{

matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word

int pos subj 1;
int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L_Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){

cor_subj[pos subj]l = Rho subj[i, jI;

pos_subj += 1;
}
}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){

cor word[pos word] = Rho word[i, j];

pos_word += 1;

Convergence diagnostics The diagnostics shown Figure A.16 indicate

convergence of the algorithm: All R values (left) are below 1.01, the profile
of the rank plot (middle) is flat, and the quantile plot (right) suggests that
all key parameters are supported by a sufficiently large effective sample size

(i.e. all above n = 400).
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Posterior distribution of model parameters The posterior distribution of the
model parameters for the data from the current study is reported in Tables
A.18 (fixed effects) and A.19 (varying effects).

Table A.18: /v/-model for the data from

Posterior quantiles
d the present study: Posterior distribution of

Parameter Mean SD .05 50 95 Ng R the fixed effects parameters.
aV -0.86 0.58 -1.85 -0.83 0.06 2338 1
aVw -158 0.75 -2.87 -1.52 044 2722 1
Biir 129 037 070 128 191 3459 1
BeAr -1.33 0.59 -2.34 -131 -0.39 4019 1
‘BI;IARZ -0.24 0.65 -1.34 -0.22 0.83 2667 1
‘BP?ZRZ -3.09 1.11 -499 -3.07 -1.32 4534 1

A.8.2 Rank 2016

Model definition The model we fit to the data from Rank (2016) includes
two predictor variables, which are coded as follows:

e Structural strength (Str): +1 for strong contexts, -1 for weak contexts;
e Connected speech (Con): +1 for connected speech, -1 for the word list.

The & parameters again denote the intercepts for the two log probability-
ratios, and define the probability of observing the three variants when all
predictors are held at zero, i.e. averaging over the two predictor variables.
The a parameters are the varying intercepts for subject («s) and word (& ).
The B coefficients represent the observed changes in the probability of
observing the three variants for a 1-unit change in the predictor variable.
These are accompanied by varying slopes on words, which capture the
extent to which the items in the data deviate from the average trend
described by the B parameters. Thus, the set of B, s coefficients, one
for each word, describes variability among the lexical items with regard
to the difference we observe between strong and weak contexts. The
Bion, s coefficients capture differences among words in the extent to which
speaking style is associated with changes in the outcome probabilities. The
remainder of the model is structured analogously to the model for the data
from the current study.



Parameter

Posterior quantiles

Mean SD .05 50 95 N

=
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147 044 080 144 225 4043
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097 034 050 093 159 4567
025 022 0.01 020 0.68 4033
029 026 0.02 021 080 5314
091 035 041 086 157 3857
021 019 0.01 0.16 057 7948
036 034 002 026 105 8300
0.07 027 -0.38 0.08 051 8466
-0.03 0.28 048 -0.03 0.44 10805
0.10 023 -029 0.10 0.47 7009
-0.03 0.27 048 -0.03 0.43 11560
0.03 028 -043 0.04 048 11629
-0.01 027 045 -0.01 045 9251
-0.02 026 -046 -0.02 041 4870
0.01 028 -045 0.01 046 12214
0.00 028 -045 0.01 046 10115
-0.05 0.28 -0.50 -0.05 043 4044
-0.01 0.28 -047 -0.01 047 8235
0.00 0.28 -0.47 0.00 047 8953

0.00 028 -0.45 0.00 0.46 8638
0.01 027 -045 0.01 045 8888
0.01 028 -044 0.01 047 6629
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Table A.19: /v/-model for the data from
the present study: Posterior distribution of
the varying effects parameters.
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O’IXSV Uﬁ s‘&, s Ulg Cvon, s R
7
UIXSW U;B Svt\;‘, s Uﬁ CV:m, s

x)

S; = CovarianceMatrix

S, = CovarianceMatrix

7 N
S
g =<

... ~ Exponential(2)
R, ~ LKJcorr(4)

2 2
Ty v + Oy Vv
&V + % ~ SkewNormal(0.97, 2.51, -1.47)
2 2
Opw <+ Oy w
a%+ % ~ SkewNormal(0.89, 2.07, -1.02)

B ~ Normal(0, 2)

v.,=7

Stan code The Stan code for the model follows.

data {
int<lower=0> N;
int y[N];
int K;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n subj;
int<lower=0> n_word;
real strong c[N];
real wordlist c[N];
int n_varcoef subj;
int n_varcoef word;
int n_cor_subj;
int n_cor word;
int set nu;

parameters {
row_vector[K-1] a;

row_vector[K-1] b_strong;
row_vector[K-1] b wordlist;

vector<lower=0>[n varcoef subj] sigma subj;
vector<lower=0>[n_varcoef word] sigma word;

matrix[n_varcoef subj, n_subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef_subj] L_Rho_subj;
cholesky_factor_corr[n_varcoef_word] L_Rho word;

real<lower=0> udf word;
real<lower=0> udf subj;

transformed parameters {
matrix[n subj, n varcoef subj] r s;
matrix[n word, n_varcoef word] r w;

matrix[N,K] mu;

r.s

r.w

sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
sqrt(set_nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
mu[n,1] = 0;

muln,2] = a[1l] + r_s[subj[nl,1] + r wlword[n],1] +
(b_strong[1] + r_s[subj[n],2]) * strong c[n] +
(b_wordlist[1] + r_s[subj[n],3]) * wordlist c[n];



mu[n,3] = a[2] + r_s[subj[n],4] + r_w[word[n],2] +
(b_strong[2] + r_s[subj[n],5]) * strong c[n] +
(b_wordlist[2] + r_s[subj[n],6]) * wordlist c[n];

}
}
model {

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

(a[1] + ((sigma_subj[1]"2 + sigma_word[1]72)/2)) ~ skew_normal( 0.97 , 2.51,
(a[2] + ((sigma_subj[4]1"2 + sigma_word[2]72)/2)) ~ skew_normal( 0.89 ,

b_strong ~ normal( 0 , 2 );
b_wordlist ~ normal( @ , 2 );

udf word ~ inv_chi_square(set nu);
udf subj ~ inv_chi_square(set nu);

for(n in 1:N) y[n] ~ categorical_logit(mu[n]’);
}
generated quantities{
matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word;

int pos_subj = 1;
int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L_Rho word);

for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, jI;
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos word] = Rho word[i, j];
pos_word += 1;

2.07,

-1.47 );
-1.02 );

Convergence diagnostics Our graphical check of the MCMC chains is shown

in Figure A.17. There is no indication of convergence problems: All R

values (left) are below 1.01, the the rank plot profiles (middle) are flat, and
the quantile plot (right) suggests that all key parameters are backed by a

sufficiently large effective sample size (i.e. all above n = 400).
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Figure A.17: /v/-model for the data from
Rank 2016: Convergence diagnostics. @®
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Posterior distribution of model parameters The output of the model is
reported in Tables A.20 (fixed effects) and A.21 (varying effects).

Table A.20: /v/-model for the data from

Posterior quantiles
q Rank (2016): Posterior distribution of the

Parameter Mean SD .05 50 95 N R fixed parameters.
av 2.00 031 149 200 250 2250 1
aVw -1.26 045 -2.01 -1.24 -057 2282 1
Bs‘f(r 0.11 024 -029 0.11 051 2533 1
‘BSVtVr 1.31 035 076 130 192 2770 1
Blon 032 0.13 010 032 054 4343 1
Blon 0.08 0.17 -0.20 0.08 0.35 3412 1
; ; Table A.21: -model for th from
W R;zlilr)lke (2016)/:VP/osteOrcii§r c?isttrisjt?(ii o? the
Parameter Mean SD 05 50 95 N R varying effects parameters.
Subject
Ony 093 025 057 091 1.37 3147 1.00
OBy, 0.27 0.16 0.03 025 056 1617 1.00
OBy 0.17 0.13 0.01 0.14 040 1596 1.00
Ony 1.05 031 0.58 1.02 1.62 2876 1.00
/55“& 023 0.19 0.02 0.18 059 1904 1.00
024 0.18 0.02 021 057 1405 1.00
p( ,BSV) 0.14 025 -0.29 0.15 055 4472 1.00
o, Bdon) 0.06 026 -0.38 0.07 049 5395 1.00
ooy, a) -0.09 0.20 -0.42 -0.09 0.25 2939 1.00
p(as Bst) 0.05 027 -0.41 005 048 4128 1.00
p(ag, BE) -0.09 0.25 -049 -0.09 0.34 4919 1.00
0 (Bstyr BEon) 0.06 027 -0.40 0.06 0.50 4014 1.00
p(Bgtyr asY) -0.12 0.25 -0.52 -0.13 0.31 1144 1.01
p(‘BStr,,BStr) 0.04 028 -0.44 0.04 049 4385 1.00
o(Bster BEL) -0.07 0.27 -0.51 -0.08 0.39 4056 1.00
(Bl ") -0.01 0.26 -0.45 -0.01 043 1271 1.00
p(ﬁcon,ﬁStr) 0.01 028 -0.46 0.02 048 4159 1.00
P(Bon BEL) -0.05 0.27 -049 -0.05 0.41 4182 1.00
p(agY, BSr) 0.00 028 -046 0.00 0.45 4757 1.00
plag, BX.) -0.05 0.25 -0.47 -0.05 0.37 4093 1.00
p(Batr BEL) -0.05 0.28 -0.49 -0.04 042 3105 1.00
Word
Oy 0.68 021 037 066 1.06 3201 1.00
Oy 048 022 0.14 046 0.88 1620 1.00

ooy, al) -0.04 027 -048 -0.03 041 2982 1.00




A.9  Dental fricatives

This appendix gives information about the analysis of the data from
Wunder (2012). Details about the analyses of the data by Pascoe (1987) and
the present study are given in the web appendix.”’ The data sets analyzed
in Chapter 9 are openly available via TROLLing® (Sénning et al. 2020c).
The OSF project accompanying this study includes the Stan code for the
regression models®! and the R script®? for running the analyses.

A.9.1 Wunder 2012

Model definition ~ As the realization of /8/ was coded with 4 categories,
we fit a multinomial regression model. We model the probability of each
variant, i.e. p 9 (for d-types), p * (for z-types), p°*, and p 9, for a given
/3/-token i.

th; ~ Categorical (pid, pf, poher, pié)

Our model describes how these probabilities change depending on

(i) whether the preceding sound is a sibilant and (ii) proficiency level.
These probabilities are not modeled directly, but through a link function
(the softmax function), which translates constrained probabilities to an
unconstrained scale. For technical reasons, one of the outcome events
serves as the reference category ([0] in our case), and we therefore model
only three quantities: (i) the log ratio of the probability of d-types divided
by that of the reference category [3] (i.e. log(p 9/p?®)); (ii) the log ratio
of the probability of z-types divided by that of the reference category [0]
(ie.log(p?/p?)); and (iii) the log ratio of the probability of other variants
divided by that of the reference category (i.e. log(p °h"/p?)). We will
refer to the quantities as log probability-ratios.33 Our regression model
therefore simultaneously models three log ratios, which is why we are
modeling three conditional means, one for each log probability-ratio.

The & . parameters express the expected probability ratio when FAR
is set to 0. The « coefficients represent the varying intercepts for subjects
(a') and words (ay;). Thereby, each speaker and word is allowed to
assume a higher or lower ratio for each pair of probabilities. The next
two lines describe how probability ratios change with the preceding
segment type (sibilant vs. other sound) and with the proficiency level of
the speaker. The fj;,r parameters express by how much the probability
ratios change, on average, as we shift the FAR scale upwards by 1 unit.
Thus, the parameter 7 describes the change in the log probability-ratio
log(p?/p®) when comparing speakers who differ by 1 point on the FAR
scale. We expect this parameter to be negative, because the probability of
observing target-like [8] should increase toward higher proficiency levels.
The iR ,, Parameters are varying slopes and represent how much each
word differs from the average FAR trend for a log probability-ratio. The
Biipiant Parameters express by how much the log probability ratios change,
on average, as we change the preceding segment from a non-sibilant to
a sibilant. Thus, the parameter ES‘%bﬂam describes the change in the log
probability-ratio log(p 9/ p ®) when comparing sibilant vs. other contexts.
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7 https://osf.io/aszq6/

8 https://doi.org/10.18710/DYAGZG

81 This study: https://osf.io/ks764/; Pascoe
1987: https://osf.io/7qdjx/; Wunder 2012:
https://osf.io/tbw2z/

8 https://osf.io/zuheq/

% The hyphen clarifies the structure of the
compound (i.e. log [probability ratio]).


https://osf.io/aszq6/
https://doi.org/10.18710/DYAGZG
https://osf.io/ks764/
https://osf.io/7qdjx/
https://osf.io/tbw2z/
https://osf.io/zuheq/
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Assuming that sibilants cause difficulty and reduce the overall accuracy
rate, we expect this parameter to be positive, because the probability of

observing L1-transferred z-type vs. target-like [3] should increase as we
change to a sibilant context.

p ‘d d
log pil»é =&+ txsm +a [1]+
1
zd d s
(‘B Sibilant p Sibilant, s[i] )Slbllanti+
- d . d
(BEAR + BrarsSibilant T Prar, i) FAR
p .Z
log p%é = a’tafy oyt
1
('B ibilant T IB Sibilant, s[i })Sibﬂanti'i'
(Bear + BFarsibilant T :BFZAR, wli] JFAR;
pother N . .
_ ot i t
log { ~ )= A gy g+
(_g%ielgnt gfﬁ‘ﬁram oli )Slbﬂant +

pother pother other
(BEAR + BEaRSibilant T BEAR. w] z])FARi

The varying effects are assumed to follow a multivariate Student-t distribu-
tion, which guards our key estimates against unusual subjects and words.
The v parameter was set to 7.4 S denotes the covariance matrix, which
contains information about the dispersion of the varying coefficients and
their pairwise associations.®

an ‘B Sdibﬂant, s

s Bsibilant, s | ~ MVStudent-t

‘xother other
S Sibilant, s 4 L

d d 7 r
Ry .B w
wz B ~ MVStudent-t
other other
Xy ﬁ w

=

7 SSI 1/S

, Sw Vw

OO O O oo

The covariance matrices are defined using the standard deviation of the
varying effects and their pairwise correlations. Thus, the parameter 7, 4 is
a standard deviation (on the log ratio scale), which describes how much
speakers varied around the average log probability-ratio of d-types over
[0]. R is a correlation matrix, which includes correlation coefficients that
capture how by-subject varying effects on the one hand, and by-word
varying effects on the other, are correlated.®

8 See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

% To save space, we arranged the parame-
ters for word in multiple columns - they
would normally need to be listed in a single
column.

% We simplify notation and omit the
translation of standard deviations and
the correlation matrix R into a covariance
matrix. See McElreath (2020: 441) for a
complete representation.



0.d Opnd
&g ;BSibilar\t, s
= i i Oz (o
S; = CovarianceMatrix w? Blbilant,s Rs
O other O gother
s lB Sibilant, s
O,d Opgd
w FAR, w

Sw = CovarianceMatrix | 0az, TBfar w 7 Ry

0, other O gother
Xy BEAR. w

Next, the priors. The standard deviation parameters for the dispersion of
the varying effects were given weakly informative starts, in the form of an
exponential distribution with scale parameter 2.5

... ~ Exponential(2)

For the correlation between the varying effects, we have no pre-data
information and resort to an LK] prior with # set to 488

R, ~ LKJcorr(4)

To specify reasonable priors for the three log probability-ratios, we first
formulated a conservative state of information about the probability of
observing each variant on the probability scale (see §9.6 for a derivation of
these priors.). To this end, we used a Dirichlet distribution with parameters
0.2 (other variants), 0.5 (z-types), 1.2 (d-types) and 2.2 ([3]) to generate
these values.3? Figure A.18a shows how, for each variant, the prior prob-
ability mass is concentrated over the interval [0; 1]. We then divided the
distributions for d-types, z-types, and other variants by that of [3], which
gave us three distributions of ratios. This intermediate step is shown in
panel (b). Since all three variants are assumed to be less likely than [3],
most of the probability mass is found below 1. Panel (c) shows these ratios
on the log scale and brings us to the quantity that is being modeled (i.e. log
probability-ratios). These distributions are slightly negatively skewed.
To approximate this shape, we used skew-normal distributions to define
priors. The solid lines in panel (c) are the simulated log ratios, and the
dashed curves are the priors we used.
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% See Appendix A.6.1 and Figure A.11 for
details.

% See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

% The prior distribution therefore contains
the amount of inferential information in a

sample of n = 4 /3 /-tokens. In other words,
the pre-data information we are supplying
is "worth” n = 4 observations.

Figure A.18: Construction of the priors
for the log probability-ratios based on the
prior probabilities of the four variants.
Solid lines show simulated values for (a)
probabilities, (b) probability ratios, and
(c) log probability-ratios. The dashed
curves in panel (c) are the parametric prior
distributions specified to approximate the
simulated values. @®

(a) Prior probability (b) Prior probability ratios (c) Prior log probability-ratios
z-type
o other [6]
- d't
g z-type ype
[ [l
o d-type 3] other
[ i . 0 = ; 0 : . |
0 5 1 0 2 4 6 -10 -5 0
Probability Ratio Log ratio
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0,4 24+ Oud 2

% ~ SkewNormal(0.40, 1.83, -1.60)

Oaz 2 + Onz 2
2

0, “gtherz + 0, ag\gherz

2

ad+

&*+ ~ SkewNormal(0.18, 3.56, —-3.69)

~other

X ~ SkewNormal(0.06, 7.79, -8.66)

Finally, for the B parameters we chose mildly regularizing priors centered
at zero.
B ~ Normal(0, 2)

To make the model more robust against unusual subjects and unusual

words, we use t-distributed rather than normal errors (Gelman et al. 2014:

437). The degrees-of-freedom parameter v was set to 7.2

v. =7

Stan code  Listed next is the Stan code for the native speaker model.

data {
int<lower=0> N;
int y[N];
int K;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n subj;
int<lower=0> n_word;
real sz[N];
real far_z[N];
int n_varcoef subj;
int n_varcoef word;
int n_cor_subj;
int n_cor word;
int set nu;

parameters {
vector[K-1] a;

vector[K-1] b_sz;
vector[K-1] b_far;
vector[K-1] b_far_sz;

vector<lower=0>[n varcoef subj] sigma subj;
vector<lower=0>[n_varcoef word] sigma word;

matrix[n_varcoef subj, n_subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n_varcoef_subj] L_Rho_subj;
cholesky_factor_corr[n_varcoef_word] L_Rho word;

real<lower=0> udf word;
real<lower=0> udf subj;

transformed parameters {
matrix[n subj, n varcoef subj] r s;
matrix[n word, n_varcoef word] r w;

matrix[N, K] mu;

r.s

r.w

for (n in 1:N) {

% See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

sqrt(set nu * udf subj) * (diag_pre_multiply(sigma subj, L Rho subj) * z subj)’;
sqrt(set_nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

mul[n,1] = a[l] + r_s[subj[n],1] + r_w[word[n],1] +
(b_sz[1] + r_s[subj[n],2] ) * sz[n] +
(b_far[l] + (b_far_sz[1l]*sz[n]) + r_w[word[n],2]) * far_z[n];
muln,2] = a[2] + r_s[subj[n],3] + r_wlword[n],3] +

(b_sz[2] + r_s[subj[n],4]

) * sz[n] +



(b_far[2] + (b_far_sz[2]*sz[n]) + r_w[word[n],4]) * far_z[n];
muln,3] = a[3] + r_s[subj[n],5] + r_wlword[n],5] +
(b _sz[3] + r_s[subj[n],6] ) * sz[n] +
(b_far[3] + (b _far sz[3]*sz[n]) + r w[word[n],6]) * far_z[n];
mul[n,4] = 0;
}
}
model {

L Rho subj ~ lkj_corr_cholesky(4);
L Rho word ~ lkj_corr_cholesky(4);

sigma_subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

(a[l] + ((sigma_subj[1]”2 + sigma_word[1]"2)/2)) ~ skew_normal( 0.40 , 1.83, -1.60 );
(a[2] + ((sigma subj[3]"2 + sigma word[3]72)/2)) ~ skew_normal( 0.18 , 3.56, -3.69 );
(a[3] + ((sigma_subj[5]"2 + sigma word[5]72)/2)) ~ skew_normal( 0.06 , 7.79, -8.66 );

to_vector(b_sz) ~ normal( 0 , 2 );
to_vector(b_far) ~ normal( 0 , 2 );
to_vector(b_far_sz) ~ normal( 0 , 2 );

udf word ~ inv_chi_square(set nu);
udf_subj ~ inv_chi_square(set nu);

for(n in 1:N) y[n] ~ categorical_logit(mu[n]’);
}
generated quantities{
matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word;

int pos subj = 1;

int pos word = 1;

vector<lower=-1, upper=1>[n_cor_subj] cor subj;
vector<lower=-1, upper=1>[n_cor word] cor word;

Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);

for(i in 1:(n varcoef subj-1)){
for(j in (i+1):n_varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, jl;
pos_subj += 1;

}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos_word] = Rho word[i, j];
pos_word += 1;

Convergence diagnostics The MCMC diagnostics, which are displayed in
Figure A.19, indicate convergence of the algorithm: All R values (left) are
below 1.01, the profile of the rank plot (middle) is flat, and the quantile
plot (right) shows sulfficiently large effective sample size for all key
parameters (i.e. all above n = 400).

Posterior distribution of model parameters The posterior distribution of the
model parameters for the data from the current study is reported in Tables
A.22 (fixed effects) and A.23 (varying effects).
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Parameter Mean SD .05 .50 95 Nug R
ad -3.16 075 —4.44 -311 -2.02 1480 1
n? -5.62 116 -7.71 -548 —4.03 1921 1
gother —441 078 580 —4.34 -326 2815 1
/?S‘%bﬂam 160 045 0.85 1.61 233 5019 1
Bitant 124 1.04 -056 128 283 3715 1
ggj‘ﬁ;m 159 0.62 055 1.60 257 4157 1
ﬁ:ISAR -154 070 -2.69 -1.54 041 1738 1
Biar -221 0.88 -3.68 -2.21 -0.76 2721 1
Boer -140 0.66 -246 -1.38 -0.36 3185 1
@F(?AR:Sibilant 122 058 030 120 218 3765 1
BEAR Sibilant -1.50 1.06 -3.33 -1.46 0.16 4365 1
ng‘lg:rSibilant 024 061 -0.79 025 1.21 5223 1

Figure A.19: /8/ model for the data from
Wunder 2012: Convergence diagnostics.

®@®

Table A.22: /3/ model for the data from
Wunder 2012: Posterior distribution of the
fixed effects parameters.



APPENDIX 305

Table A.23: /3/ model for the data from

Posterior quantiles
—q Wunder 2012: Posterior distribution of the

Parameter Mean SD .05 50 95 N R varying effects parameters.

Subject: Standard deviation parameters
Ty 1.66 046 096 1.63 246 1917 1
g 030 025 0.2 024 078 2290 1
Oz 1.66 056 089 158 267 2111 1
Opa 080 055 0.07 072 1.82 1755 1
Tother 123 040 068 118 196 2410 1
T gotner 031 027 0.2 023 084 2493 1
Sibilant, s

Subject: Correlation parameters
p(ad S, Batoitant, s) 0.00 028 -047 0.0 047 7722 1
plad, al?) -0.03 020 -0.34 -0.04 031 2633 1
p(as,ﬁslbﬂam s) -0.13 025 -0.53 -0.14 030 6388 1
p(as aQther) 002 020 -0.31 0.2 035 2714 1
plad, pnsr . o) -0.04 027 -049 -0.04 042 7607 1
0 (Bbitant, s &) -0.05 0.28 -0.50 -0.06 042 881 1
0(Bbitant, s Bbitant, s) 0.00 028 -047 0.00 046 3794 1
0 (Bbitant, 5 4977) -0.04 028 -049 -0.05 043 931 1
0 (Bibitant, s Bt s) 003 027 -043 0.03 047 4758 1
p(a), B&pitant, s) -0.02 026 -0.45 -0.02 040 6914 1
p(aZ), agther) 023 020 -0.11 024 054 2979 1
p(al), BEbst . o) 0.00 028 -046 000 045 7113 1
0(B&itant, s aother) 010 025 -0.32 0.11 049 1418 1

h

p(ﬁ%hllant o R -0.02 027 -047 -0.02 043 4807 1
p(agther, patber o) -0.03 0.27 -0.48 -0.04 043 6194 1

Word: Standard deviation parameters
Ty 091 041 034 086 1.65 2381 1
g4 045 030 0.05 041 1.00 2308 1
Onz 065 040 0.10 060 1.38 2421 1
OBz 039 034 0.02 030 1.04 2679 1
Tother 066 040 0.9 061 139 2229 1
Opater 031 026 0.2 025 082 3944 1

Word: Correlation parameters
p(ad, Bg w) -0.01 027 -0.45 -0.01 044 8411 1
plad, a?) -0.03 0.26 -047 -0.03 041 5892 1
p(avs, Béar, w) -0.07 027 -0.51 -0.07 039 8296 1
p(ad, agther) 0.02 026 —041 002 044 6989 1
p(ag, BAET.) 0.02 027 -042 003 046 9771 1
p(ﬁFAR o O) 0.09 027 -0.36 0.10 0.53 5193 1
P(BEAR wr BAR, w) 0.05 027 -040 0.06 048 5918 1
p(/sFAR s A0HRET) 003 027 -041 0.03 046 3802 1
0(BEAR, wr BEAR w) -0.07 027 -0.50 -0.07 038 5761 1
p(02), BEar w) 006 028 -0.40 0.07 050 5442 1
p(a2), adther) 005 027 -040 0.05 049 4898 1
p(al), B, -0.04 027 -049 -0.05 0.40 5256 1
O(BER wr aother) 003 028 -042 0.03 049 3959 1
0(Bisr, w PEAST ) -0.03 028 -050 -0.03 0.44 4630 1
p(aother ﬁgjggrw) 002 027 -043 0.02 047 3797 1
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A.10 Final voiced obstruents: Acoustic analysis

The data sets analyzed in Chapter 10 are openly available via TROLLing”! *' https://doi.org/10.18710/DKIGE5
(Sonning & Pascoe 2020). The OSF repository hosts the Stan code for the

native speakers92 and the learners”, and the R script94 for running the % https:/ /osf.io/us4a5/

analyses.

% https://osf.io/uy45k/

% https://osf.io/4rtn9/
A.10.1 Native speakers

Model definition The PVD ratio for each word pair was first transformed
to the log scale. These log ratios were then modeled using a Student-¢

distribution with the degrees-of-freedom parameter v set to 7.9 % See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.

Log PVD ratio; ~ Student-t (y;, 0, v)

The log PVD ratio was modeled conditional on the variety of the native

speaker, which is signaled by the index variable 2.2 Thus, & AmE is the % On the use of index variables in regres-
average log PVD ratio observed among the US native speakers recorded Zg;.m(’dehng’ see McElreath (2020: 155,
for the current study. The & parameters are varying effects for subject and

word. The a5 set denotes by how much each speaker deviates from the

average for their variety. The a,, component consists of two sets, which

indicate by how much each word (pair) is deflected from the expected log

PVD ratio, with a4™F signaling the deflection in AmE speech, and aB™ that

in BrE speech.

Hi = E(Var[i] + Xvwli] Varli] + sli]

The varying effects are modeled using a (multivariate) Student-t distribu-
tion, with degrees-of-freedom parameter v set to 7.

ag ~ Student-t (0, 05, vs)
AmE

{ z%"rE } ~ MVStudent-t ({ 8 } ,Sw, l/w>
W

The covariance matrix for the by-word varying effects distribution is
constructed from the standard deviation and correlation parameters:

Opame 0 Opame 0
— w R w
Sw ( 0 0, aBrE ) w ( 0 o BrE

Thus, the parameter 0 ame is a standard deviation (on the log ratio
scale), which describes how much the word-specific averages produced
by the AmE informants vary around the conditional means. Ry, is a
correlation matrix, which includes a correlation coefficient that captures
how the by-word varying effects are correlated. The standard deviation
parameters for the dispersion of the varying effects were given a weakly
informative outset, that is, an exponential distribution with scale parameter
2.97 This prior states that, on average, (average) PVD ratios are within a 7 See Appendix A.6.1 and Figure A.11 for
factor of about 3.0 of the prediction — for the observation-level residuals (¢), details.

across subjects (05 ), and across words (0ame, 0ypre ) — with 90% probability.

... ~ Exponential(2)


https://doi.org/10.18710/DKIGE5
https://osf.io/us4a5/
https://osf.io/uy45k/
https://osf.io/4rtn9/

There is no ancillary information on the correlation between the varying
coefficients, and we therefore specify an LK] prior with 7 set to 4.7

Ry, ~ LKJcorr(4)

The priors for the expected average log PVD ratio in BrE and AmE were
developed in §10.6 (see Figure 10.9).

aprg ~ Normal(0.5,0.2)
&amg ~ Normal(0.4, 0.17)

The v parameter was set to 7.9

Stan code A translation of the model statement in the the Stanfollows.

data {
int<lower=0> N;
vector([N] vy;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n subj;
int<lower=0> n_word;
int var id[N];
int n_varcoef_subj;
int n_varcoef word;
int n_cor_word;
int set nu;

parameters {
row_vector[2] a;

real<lower=0> sigma subj;
vector<lower=0>[n_varcoef word] sigma word;

matrix[n_varcoef word, n_word] z_word;
cholesky_factor_corr[n_varcoef word] L Rho word;

real<lower=0> sigma;

real<lower=0> udf_word;
vector[n_subj] r_s;

transformed parameters {
matrix[n word, n_varcoef word] r w;
vector[N] mu;

r w = sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
mu[n] = a[var_id[n]] + r_s[subj[n]] + r_w[word[n], var_id[n]];

}

}
model {
sigma ~ exponential(2);
L _Rho_word ~ 1lkj_corr_cholesky(4);
sigma subj ~ exponential(2);
sigma word ~ exponential(2);

to_vector(z_word) ~ normal(0,1);

a[l] ~ normal( 0.4 , 0.17 );
a[2] ~ normal( 0.5 , 0.3 );

r_ s ~ student_t(set_nu, 0, sigma_subj);
udf_word ~ inv_chi_square(set nu);

target += student_t_lpdf(y | set_nu, mu, sigma);
}
generated quantities{

matrix[n varcoef word, n varcoef word] Rho word;
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% See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

% See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.
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int pos word = 1;
vector<lower=-1, upper=1>[n_cor word] cor_word;
Rho word = multiply_lower_tri_self_transpose(L Rho word);
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos_word] = Rho word[i, j];
pos_word += 1;

Convergence diagnostics  Figure A.20 indicates convergence of the Markov
chains: All R values (left) are below 1.01, the profile of the rank plot (mid-
dle) is flat, and the quantile plot (right) suggests that all key parameters
are supported by an effective sample size greater than 400.
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Posterior distribution of model parameters Table A.24 reports the posterior
distribution of the parameters in the model.

Posterior quantiles

Parameter Mean SD .05 .50 95 N R
Fixed effects
AAmE 057 0.05 048 057 0.66 1640 1
AB:E 040 007 029 040 052 1327 1
o 019 001 017 019 021 5012 1
Varying effects
o5 012 003 0.08 011 016 3531 1
ohmE 0.10 0.05 0.03 0.09 019 1844 1
oBE 021 008 011 019 035 1816 1
p(amE oBE) 026 027 -021 028 0.66 1305 1

A.10.2 Learners

Model definition  For the learner data, the structure of the model is similar.
The average log PVD ratio was modeled as a function of proficiency. The
intercept parameter & denotes the log PVD ratio for intermediate-level
learners with a FAR score of 0. The & parameters are varying intercepts for
subject (as) and word (& ). B reflects the increment in the outcome for a
1-unit change on the FAR scale. The ;, parameters are by-word varying
slopes for proficiency: They reflect by how much each word deviates from
the average cline across proficiency levels. The remainder of the model

Figure A.20: PVD ratio model for the
native speakers: Convergence diagnostics.

e@®

Table A.24: PVD ratio model for the native
speakers: Posterior distribution of the
model parameters.
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closely aligns with that specified for the native speakers. For the prior on
the intercept parameter &, see Figure 10.9.

Log PVD ratio; ~ Student-t (y;, 0, v)
i = &+ g + oy + (B + By FAR;

as ~ Student-t (0, 05, vs)
{ w } ~ MVStudent-t ([ 0 } ,Sw,vw>
Bu 0

SW:(U"‘W 0 )RW(U“W 0 )
0 Uﬁw 0 Uﬁw

... ~ Exponential(2)
Ry ~ LKJcorr(4)

& ~ Normal(0.34, 0.3)
B ~ Normal(0, 1)

v. =7

Stan code This is the Stan code for the learner model.

data {
int<lower=0> N;
vector[N] vy;
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n_subj;
int<lower=0> n_word;
real far_z[N];
int n_varcoef subj;
int n_varcoef_word;
int n_cor word;
int set nu;
parameters {
real a;
real b;

real<lower=0> sigma_subj;
vector<lower=0>[2] sigma_word;

matrix[2, n word] z word;
cholesky_factor_corr[2] L_Rho word;

real<lower=0> sigma;

real<lower=0> udf word;
vector[n_subj] r_s;

transformed parameters {
matrix[n word, 2] r w;
vector[N] mu;

r w=sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
mu[n] = a + (b + r_w[word[n],2]) * far_z[n] +
r_s[subj[n]l] + r wlword[n], 1]
}
model {

sigma ~ exponential(2);
L Rho word ~ lkj_corr_cholesky(4);
sigma subj ~ exponential(2);
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sigma word ~ exponential(2);
to_vector(z_word) ~ normal(0,1);

a ~ normal( 0.34 , 0.3 );
b ~ normal( 0 , 0.25 );

udf word ~ inv_chi_square(set nu);
r s ~ student_t(set nu, 0, sigma subj);

target += student_t_1lpdf(y | set nu, mu, sigma);
}
generated quantities{
matrix[n_varcoef word, n_varcoef word] Rho word;
int pos word = 1;
vector<lower=-1, upper=1>[n_cor word] cor_word;
Rho word = multiply_lower_tri_self_transpose(L Rho word);
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n varcoef word){
cor_word[pos_word] = Rho_word[i, j];
pos_word += 1;
}
}
}

Convergence diagnostics Convergence diagnostics, shown Figure A.21,
indicate convergence of the algorithm: All R values (left) are below 1.01,
the profile of the rank plot (middle) is flat, and the quantile plot (right)
suggests that all key parameters are supported by a sufficiently large
effective sample size (i.e. all above N = 400).

Figure A.21: PVD ratio model for the
learners: Convergence diagnostics. @®
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Posterior distribution of model parameters Table A.25 gives a summary of the
posterior distribution of the parameters in the model.

Table A.25: PVD ratio model for the

Posterior quantiles
—q learners: Posterior distribution of the

Parameter Mean SD .05 .50 95 N R model parameters.
Fixed effects

x 022 006 012 022 032 1694 1

ﬁ_ 0.09 0.02 0.05 0.09 0.13 3653 1

o 0.19 0.01 018 019 020 8581 1
Varying effects

Os 0.09 0.01 0.07 0.09 012 4745 1

On,, 0.21 0.08 0.11 020 0.35 3168 1

Oy, 0.06 0.03 0.03 0.06 0.11 3352 1

0w, Bw) 020 025 -023 021 059 5390 1




A.11  Final voiced obstruents: Auditory analysis

The data from Chapter 10 are openly available via TROLLing'% (Sonning &
Pascoe 2020). The Stan'%! and R code!?? can be found on the OSF.

A.11.1 Pascoe 1987

Model definition The realization of final voiced obstruents was coded with
three categories, and we therefore applied a multinomial regression model
for analysis. We model the probability of each variant, i.e. p*oiced, pdevoiced,
and pYoleless a5 a function of our predictor variables.

FVOZ‘ ~ Cate g orical ( pyoiced, p;:levoiced/ p;roiceless )

Our aim is to describe how these probabilities change with (i) proficiency
level, (ii) characteristics of the obstruent, and (iii) the following phonetic
context. The model does not address these probabilities directly, but
through a link function (the softmax function), which translates con-
strained probabilities to an unconstrained scale. For technical reasons,
one of the outcome events serves as the reference category (in our case
the voiceless realization), and we therefore model only two quantities:

(i) the log ratio of the probability of voiced variants divided by that of
the reference category (i.e. log(p¥oiced / pvoiceless)y and (ii) the log ratio

of the probability of devoiced variant divided by that of the reference
category (i.e. log(pdeveiced /pvoiceless)y " Our regression model therefore
simultaneously models two log ratios, which is why we are modeling two
conditional means, one for each log probability-ratio.

The &, parameters express the expected probability ratio when FAR is
held at 0 and both obstruent characteristics and following contexts are held
at their means.'%% The a coefficients represent the varying intercepts for
subjects (') and words (a;;). Thereby, each speaker and word is allowed
to assume a higher or lower ratio for each pair of probabilities. The next
lines describe how probability ratios change with proficiency level. The
Biiag Parameters express by how much a given probability ratio changes,
on average, as we shift the FAR scale upwards by 1 unit.!%* The BiAR w
parameters are varying slopes and represent how much each word differs
from the average FAR trend for a particular log probability-ratio.

The next two lines address obstruent characteristics. Obstruents were
classified according to the underlying phoneme (/d g v z/). These four
categories were coded with nested contrasts (see Schad et al. 2020), where
place of articulation is nested in manner of articulation. The coding and the
corresponding hypothesis matrix'%® are shown in Table A.26.

The final two lines are concerned with the sonority of the following
context, which was classified with 5 ordered categories: Vowel, voiced
consonant, voiceless consonant, glottal stop, and pause. These categories
were coded with repeated contrasts (see Schad et al. 2020), which are
shown in Table A.27, along with the corresponding hypothesis matrix.
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100 https:/ /doi.org/10.18710/DKIGES
0 https:/ /osf.io/d74qm/

12 https:/ /osf.io/4rtn9/

1% In this analysis, this is the simple (i.e.
unweighted) average over the levels of the
predictors.

14 Thus, the parameter B{& describes
the change in the log probability-ratio
log(pvoiced / pvoiceless) when comparing
speakers who differ by 1 point on the
FAR scale. We expect this parameter to
be positive, because the probability of
observing target-like voiced variants
vs. L1-transferred voiceless renditions
should increase with proficiency.

15 The hypothesis matrix gives a more
transparent expression of the meaning of
the intercept and the different contrasts.
The weights for the intercept reflect the
meaning of this parameter. In the present
case, it is the average over all 5 categories.
For the contrasts, the hypothesis matrix
shows the comparison expressed by each
coefficient. Each contrast sums to zero and
the positive and negative weights show
which categories are being compared.


https://doi.org/10.18710/DKIGE5
https://osf.io/d74qm/
https://osf.io/4rtn9/
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Contrasts Hypothesis matrix

Obstruent dg/vz d/g v/z Intercept dg/vz d/g v/z

/d/ -2 -1/2 0 1/4 -1/2 -1 0

/9/ -2 12 0 1/4 -2 1 0

/v/ 1/2 0 -1/2 1/4 1/2 0 -1

/z/ 1/2 0 1/2 1/4 1/2 0 1

Contrasts Hypothesis matrix

Context V/vC vC/HVIC vIC/G G/P Intercept V/vC vC/vIC vIC/G G/P
Vowel -4/5  -=3/5 -2/5 -1/5 1/5 -1 0 0 0
Voiced C 1/5 -3/5 -2/5 -1/5 1/5 1 -1 0 0
VoicelessC 1/5 2/5 -2/5 —1/5 1/5 0 1 —1 0
Glottal stop  1/5 2/5 3/5 -1/s5 1/5 0 0 1 -1
Pause 1/5 2/5 3/5  4/s5 1/5 0 0 0 1

voiced + avolced + Dcvomed +

voiced
log [ Pl =
& " voiceless
pi

Table A.26: FVO model for the data from
Pascoe (1987): Custom nested contrasts for
obstruent type.

Table A.27: FVO model for the data from
Pascoe (1987): Custom contrasts for the
following context.

& sli] wli]
v01ced Voiced .
( JFAR;+
FAR FAR,w[i] !
d iced
( Zl%l/csz é%l/csz,s[i])dg/vzi_F
(Bie= 4 Byecd)digs + (Bt + Bty v/zit
d | gvoiced Zvoiced d
(BUAE + BUAC o) V/VCi + (ByEic + Byiuic, sfi)VC/VIC+
d | gvoiced gyoiced d
(BRSE + Byera qi)VIC/Gi + (B + B )G/Pi

pdevmced devoiced devoiced devoiced

Fi ) _ ~devoice evoice evoice

log pvolceless =& + Agli pal s +
i

(BRRR" + Brar st JFAR;+

(Bagivs™ + Bigis, o )8/ v2i+

( dev01ced izmsc[ed) d/ gz ( S]l(/eleoiced 3:/3;/0;c[ed)v Jzi+
(B dv%"eced YN IVIVE: + (BRI + Bugrie
(Bl 4 Besossd WIC/Gy + (B + BeisstG /P,

The varying effects are assumed to follow a multivariate Student-t distribu-
tion, which allows for slightly more robust inference. The v parameter was
set to 7.106 S denotes the covariance matrix, which contains information
about the dispersion of the varying effects and their pairwise associations.

avoiced deVOlced 00
w
voiced dev01ced ~ MVStudent-t <[ 0 0 :| +Sw, Vw)
FAR, w FAR, w

)vC/vIC;+

1% See Appendix A.3.1 and Figure A.3 (p.
253) for illustration.



voiced devoiced ]
Xg X ro 07
voiced devoiced
dg/vz,s dg/vz, s 0 0
voiced devoiced
v/z,s v/z,s 00
goiced (Cilevoiced 0 0
/g8 /88 ~ _

voiced IBdevoiced MVStudent-t 00 4 SS’ Vs
V/vC,s V/vC, s
voiced devoiced 00
vC/vlC, s vC/vlC, s
voiced devoiced 0 0
vIC/G, s viC/G, s
voiced IBdevoiced 0 0

L PG/Ps G/B s - -

The covariance matrices are defined using (instead of variances and
covariances) the standard deviation of the varying effects and their
pairwise correlations. Thus, the parameter 0 voiced is a standard deviation
(on the log ratio scale), which describes how much speakers varied around
the average log probability-ratio of voiced over voiceless realizations. R is a
correlation matrix, which includes correlation coefficients that capture how
by-subject varying effects on the one hand, and by-word varying effects on
the other, are correlated.

Oyvoiced U ydevoiced

S; = CovarianceMatrix w w ,
Tpin AR

O yoiced Udevoiced

0, Igvoiced (% Igdevoiced
dg/vz,s dg/vz,s

U gvoiced 0 pdevoiced
p Paj

d/g,s g s
T pvoiced U pdevoiced
S\ = CovarianceMatrix viz,s vizs o Rw
0, ﬁvoiced a, ﬁdevoiced
VIvC, s V/vC, s
(% ﬁvoiced (o ﬁdevoiced
vC/VIC, s vC/VIC, s
(% ﬁvoiced (% ﬁdevoiced
vIC/G, s viC/G, s
0, ﬁvoiced (% ﬁdevoiced
G/P,s G/Ps

Finally, the priors. The standard deviation parameters for the dispersion
of the varying effects were given a weakly informative specification in the
form of an exponential distribution with scale parameter 2.1

.. ~ Exponential (2)

In the absence of information on the correlation between the varying
coefficients, we rely on an LK]J prior with shape parameter 7 set to 4.1%8

R ~ LKJcorr(4)

To specify priors for the log probability-ratio intercept parameters, we first
determined the state of information on the probability of observing each
variant on the probability scale (see §10.6 for motivation). To this end, we
used a Dirichlet distribution with parameters 0.8 (voiced variants), 1.2
(devoiced variants), and 2 (voiceless variants) to generate these values.!
Figure A.22a shows how, for each variant, the a priori probability mass is
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17 See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

1% See Appendix A.3.1 and Figure A.2 (p.
253) for illustration.

1% The prior distribution therefore contains
the amount of inferential information
offered by a sample of n = 4 /3/-tokens.
In other words, the pre-data informa-

tion we are supplying is “worth” n = 4
observations.
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concentrated over the interval [0; 1]. We then divided the distributions
for voiced and devoiced variants by that of voiceless realizations, which
gave us two distributions of ratios. This intermediate step is shown in panel
(b). Since voiced and devoiced variants are assumed to be less likely than
voiceless renditions, most of the probability mass is found below 1. Panel
(c) shows these ratios on the log scale and brings us to the quantity that is
being modeled (i.e. log probability-ratios). These distributions are slightly
negatively skewed. To approximate this shape, we specified a skew-normal
distribution as a prior. The solid lines in panel (c) are the simulated log
ratios, and the dotted curves are the prior distributions we used.

(a) Prior probability (b) Prior probability ratios (c) Prior log probability-ratios
devoiced
voiced voiceless
> devoiced voiced
2 devoiced voiceless voiceless
3 voiceless voiced
voiceless
0 T \ 0 T T T 1 0 T T T T T 1
0 5 1 0 2 4 6 8 -6 -4 -2 0 2
Probability Ratio Log ratio
Figure A.22: Construction of the priors
for the log probability-ratios based on the
> > prior probabilities of the three variants.
_voiced U'agoiced + Uavwoiced Solid lines show simulated values for (a)
o + > ~ SkeWNorma1<0-40/ 2.48,-2.25 ) probabilities, (b) probability ratios, and
2 2 (c) log probability-ratios. The dashed
. 0, i + 0 devoiced curves in panel (c) are the parametric prior
_ devoiced “gevolced adevoice P P P
© + > ~ SkewNormal(0.50, 1.84, -1.49) distributions specified to approximate the

Finally, for the 8 parameters we chose mildly regularizing priors.
B ~ Normal(0, 1)

The v parameter was set to 7.110

Stan code Listed next is the Stan code for the model.

data {
int<lower=0> N;
int K;
int y[N];
int<lower=0> subj[N];
int<lower=0> word[N];
int<lower=0> n subj;
int<lower=0> n word;
real far z[N];
real c V vC[N];
real c vC v1C[N];
real c vlC G[N];
real c_G P[N];
real c_dg vz[N];
real c_d g[N];
real c_v_z[N];
int n_varcoef subj;
int n_varcoef word;

simulated values.

0Gee Appendix A.3.1 and Figure A.3 (p.
253) for illustration.



int n_cor_subj;
int n_cor word;
int set nu;

parameters {

row_vector[K-1] a;
row_vector[K-1] b_far;
row_vector[K-1] b _V vC;
row_vector[K-1] b_vC vl1C;
row_vector([K-1] b vl1C G;
row_vector[K-1] b G P;
row_vector([K-1] b dg vz;
row_vector[K-1] b _d_g;

row_vector[K-1] b v z;

vector<lower=0>[n_varcoef subj] sigma subj;
vector<lower=0>[n_varcoef word] sigma word;

matrix[n varcoef subj, n subj] z subj;
matrix[n varcoef word, n word] z word;

cholesky_factor_corr[n varcoef subj] L Rho subj;
cholesky_factor_corr[n_varcoef_word] L_Rho word;

real<lower=0> udf word;
real<lower=0> udf subj;

transformed parameters {
matrix[n subj, n varcoef subj] r s;
matrix[n word, n_varcoef word] r w;
matrix[N, K] mu;

r s = sqrt(set_nu * udf_subj) * (diag_pre_multiply(sigma_subj, L Rho subj) * z_subj)’;
r w = sqrt(set nu * udf word) * (diag_pre_multiply(sigma word, L Rho word) * z word)’;

for (n in 1:N) {
mul[n,1l] = a[l] + r s[subj[n],
dg vz[1l] + r_s[subjn],
d g[1] + r_s[subj[n],
v_z[1] + r_s[subj[n],
r_s[subj[n],
 vC v1C[1] + r s[subj[n],

+ 4+ o+

 v1C_G[1] + r_s[subj[n],
G P[1] + r s[subj[n],
muln,2] = a[2] + r_s[subjlnl,
+ (b_far[2]
+ (b_dg vz[2] + r_s[subjn],
+ (b_d_g[2] + r_s[subj[n],
+ (b v z[2] + r_s[subj[n],
+ (b V. vC[2] + r_s[subj[n],
+ (b vC vl1C[2] + r_s[subj[n],
+ (b_vlC G[2] + r_s[subj[n],
+ (b_G_P[2] + r_s[subj[n],
mu[n,3] = 0;
}
model {
L_Rho_subj ~ 1kj_corr_cholesky(4);

L Rho word ~ 1lkj_corr_cholesky;
sigma_subj ~ exponential(2);
sigma word ~ exponential(2);
to_vector(z_subj) ~ normal(0,1);
to_vector(z_word) ~ normal(0,1);

(a[l] + ((sigma_subj[1]”2 + sigma_word[1]"2)/2)) ~ skew_normal( 0.40 , 2.48,

1] + r_w[word[n], 1]
+ r_wlword[n], 2]) * far_z[n]

2])
3])
4]1)
51)
61)
71)
81)

*
*
*
*
*
*
*

c_dg vz[n]
c_d_gln]
c_v_z[n]
c_V_vC[n]
c_vC vlC[n]
c_vlC G[n]
c_ G P[n];

9] + r_wlword[n], 3]

"
10])
11])
12])
13])
14])
15])
16])

r wlword[n], 4]) * far_z[n]
* c_dg_vz[n]
* c_d_gln]

* c v_z[n]

* ¢ V. vC[n]

* c_vC vlC[n]
* c_vlC G[n]
* ¢ G P[n];

(a[2] + ((sigma_subj[9]72 + sigma word[3]"2)/2)) ~ skew_normal( 0.50 ,

to_vector(b_far) ~ normal( 0 , 2 );
to_vector(b V vC) ~ normal( 0 , 2 );
to_vector(b vC vl1C) ~ normal( 0 , 2 );
to_vector(b_vlC _G) ~ normal( 0 , 2 );
to_vector(b G P) ~ normal( 0 , 2 );
to_vector(b_dg vz) ~ normal( 0 , 2 );
to_vector(b_d g) ~ normal( 0 , 'H
to_vector(b_v_z) ~ normal( 0 , )i

NN~

udf word ~ inv_chi_square(set nu);
udf subj ~ inv_chi_square(set nu);

for(n in 1:N) y[n] ~ categorical_logit(mu[n]’);

}

generated quantities{

matrix[n varcoef subj, n varcoef subj] Rho subj;
matrix[n_varcoef word, n_varcoef word] Rho word;

int pos subj = 1;

1.84,

-2.25);
-1.49 );
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int pos word = 1;
vector<lower=-1, upper=1>[n_cor_subj] cor_subj;
vector<lower=-1, upper=1>[n_cor_word] cor_word;
Rho subj = multiply_lower_tri_self_transpose(L Rho subj);
Rho word = multiply_lower_tri_self_transpose(L Rho word);
for(i in 1:(n_varcoef subj-1)){
for(j in (i+1):n varcoef subj){
cor_subj[pos_subj] = Rho_subj[i, jI;
pos_subj += 1;
}
}
for(i in 1:(n_varcoef word-1)){
for(j in (i+1):n_varcoef word){
cor_word[pos _word] = Rho word[i, j];
pos_word += 1;

Convergence diagnostics The diagnostics shown in Figure A.23 indicate
convergence of the algorithm: All R values (left) are below 1.01, the profile
of the rank plot (middle) is flat, and the quantile plot (right) suggests
sufficiently large effective sample sizes for all key parameters.

8000 l Figure A.23: FVO model for the data from
40 " "l l l Pascoe (1987): Convergence diagnostics.
(9] 1)

o 4000 ,‘--"fxn....
w H

Percent
Density

T T 0- T 1 01+ T T T T
1.00 1.01 0 4000 8000 056 25 5 75 95

Rank Quantile

>

Posterior distribution of model parameters The model output is summa-
rized in Tables A.28 (varying effects parameters for word), A.29 (fixed
effects parameters), A.30 (varying effects for subject: standard deviation
parameters), and A.31 (varying effects for subject: correlation parameters).

Parameter Mean SD 05 50 95 Ne R Pascoe (1987) Posteror disibution of
T yvoiced 0.68 025 032 066 1.13 3790 1 varying effects parameters for word.
‘7/3‘:';;‘&‘;1 054 029 013 050 1.07 1950 1

T pdevoced 126 038 069 123 195 4862 1

O piesicd 059 032 010 056 1.15 2145 1

p(ayiced, pyoiced ) -0.02 026 -045 -0.02 0.42 4883 1

p(ayoiced devoiced) 025 024 -0.17 026 0.62 2509 1

p(aypiced, plevoiced) -0.10 028 -0.56 -0.11 0.37 4696 1

p(Braiged, agevoiced) 031 025 -0.14 033 069 1901 1

p(Byoiced , pievoiced ) -0.02 028 -047 —0.02 045 4711 1

p(adevoiced, dgvlglgfd) -0.08 026 -0.50 -0.08 036 7452 1

Table A.31: (Opposite page) FVO
model for the data from Pascoe (1987):
Correlation matrix for the by-subject
varying effects parameters. The lower
triangle reports posterior medians with
.05 and .95 quantiles (i.e. 90 percent
uncertainty intervals). Superscripts reflect
the upper limit, subscripts the lower limit.
The upper triangle lists Rhat statistics
and the effective sample size for each
correlation parameter.
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Posterior quantiles

Parameter Mean SD .05 .50 95 Neg R
gvoiced -043 033 099 -044 0.2 5503 1
gdevoiced 202 052 291 200 -1.21 5047 1
ByQiced 148 026 1.09 146 193 3702 1
plsyoiced 018 031 -0.35 019 067 5910 1
[ -0.46 0.65 -149 -047 062 4978 1
Blorosd -147 0.86 -2.88 -147 -0.05 5625 1
Boied -115 1.04 -286 -115 055 5775 1
Bigporeed 031 122 -178 033 227 5677 1
Bygiced -159 065 269 -1.58 056 6724 1
Bilcyoiced 1.63 1.06 -0.10 162 342 6978 1
Byiced -0.12 047 -0.89 -0.12 0.65 9393 1
Qeveiced 088 071 -0.27 086 208 7968 1
voiced . -130 035 -1.90 -130 -0.74 7407 1
Brevoiced -094 051 -1.78 -0.95 -0.09 7127 1
Beiced -0.60 041 -128 -0.61 0.05 8333 1
plevciced 072 053 -0.15 072 160 7465 1
Brojced -0.69 050 -1.51 -0.68 0.11 7932 1
peypiced -0.07 052 -093 -0.06 0.78 8386 1
Posterior quantiles

Parameter Mean SD .05 .50 95 N. R
O gyotced 039 024 005 037 082 2628 1
Opyoiea 042 033 003 035 105 4495 1
Oy 050 043 0.03 040 135 3118 1
Ot 045 041 003 035 128 4723 1
Tpiicd. 042 037 002 033 114 5191 1
Tprost, 032 027 002 025 086 5280 1
Oprisd 047 037 003 038  1.18 3484 1
O poicd 056 045 0.03 045 144 3640 1
T pdevoiced 053 030 0.08 051  1.07 309 1
0o 0.66 049 004 058 156 3012 1
O pisvored 039 035 0.02 029 1.09 6182 1
g 051 045 0.03 038 143 5633 1
O i 049 045 003 035 138 5361 1
Opiesoce 034 030 002 025 094 6141 1
O s 037 033 002 028 1.02 5510 1

057 048 003 045 151 3417 1

0, ﬁdevoiced
G/Ps

Table A.29: FVO model for the data from
Pascoe (1987): Posterior distribution of
fixed effects parameters.

Table A.30: FVO model for the data from
Pascoe (1987): Posterior distribution

of varying effects standard deviation
parameters for subject.
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