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The present study examines the effect of cross-varietal prosodic characteristics of two German varieties, Northern Standard
German (NG) and Swiss German (SG), on the production and perception of foreign accent in L2 Belfast English. The
analysis of production data revealed differences in the realisation of nuclear pitch accents in L1 German and L2 English
produced by the two groups of speakers. Foreign accent ratings of L2 English sentences produced by NG speakers with no or
extensive experience, native Belfast English speakers and SG speakers were obtained from native Belfast English listeners.
The findings showed that segmental and prosodic characteristics play a role in the perception of foreign accent. In addition,
they can be more similar across languages than across varieties of the same language. This in turn affects which and how
cross-varietal differences in L1 impact on the degree of perceived foreign accentedness. The results are consistent with a
usage-based account.
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1. Introduction

Over the past few decades, the field of Second Language
Acquisition (SLA) has greatly benefited from develop-
ments in methodological paradigms and experimental
techniques, a growing pool of data, theoretical advances
and the application of integrated cross-disciplinary ap-
proaches. These of course are the necessary prerequisites
allowing scholars working in the field of SLA to gain a
deeper understanding of the architecture of the grammar
(Jackendoff, 1997) and its bearing on what has to be
acquired and what comes for free in first and second lan-
guage acquisition. With regard to the relationship between
phonetics and phonology, modularity has been challenged
in numerous publications (Ohala, 1990). Both substantial
and subtle variations between groups and individuals in
second language acquisition (as well as in other domains,
for instance L1 acquisition, pathology, sociophonetics)
have led to proposals of more non-deterministic,
variable accounts for sound structure (Hazan, 2007;
Pierrehumbert, 2001; Scobbie, 2007), since variability is
often not accidental or unsystematic but gradient.

The multi-faceted role of prosody adds to the
complexity of the relationship between different modules
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of the grammar. Prosody has been shown to play an
important role in the conveyance of linguistic information
(Nespor & Vogel, 1986; Selkirk, 1995; Zubizarreta &
Vergnaud, 2005), the regulation and structure of discourse
(Pierrehumbert & Hirschberg, 1990; Wichmann, 2000a)
as well as the indication of speaker related physical,
psychological and social factors (Benus, Gravano &
Hirschberg, 2007; Mozziconacci & Hermes, 1998;
Wichmann 2000b). Analysis of prosody includes:

(i) temporal characteristics of duration, speech and
articulation rate,

(ii) tonal characteristics, identified as movements and
excursion in fundamental frequency (f0),

(iii) loudness, measured by overall intensity and spectral
intensity,

as well as the contribution of all three to rhythm, intonation
and stress.

Most of this research, however, has dealt with
prosodic features in isolation, largely detached from the
segmental level of speech, the phonemic string. The
interaction between segments and prosody has only been
considered in typology and cross-linguistic comparisons
(Pierrehumbert & Beckmann, 1988). The investigation
of alignment and association, i.e. the timing of f0 peaks
and valleys with respect to segmental landmarks, has
dominated the field’s interest and has led to descriptions
of intonational systems (Gussenhoven, 2004; Hirst & Di
Cristo, 1998; Jun, 2006; Ladd, 2008). These systems
are generally associated with an inventory of prosodic
cues or parameters similar to those exploited by the
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segmental phonemic systems (for instance vowel systems
can be characterized, for example, on the basis of
backness and rounding; see Crothers, 1978). Naturally,
then, there are systematic cross-linguistic similarities and
differences between the prosodic systems of languages
(Pierrehumbert, 2000), much like those found on the
segmental level (for example voice-onset-time (VOT)
in plosives, see Cho & Ladefoged, 1999; Ladefoged &
Cho, 2001, or degree of retroflexion, see Ladefoged &
Maddieson, 1996).

Additionally, phonetic variability and its impact on
language typology has been studied at both the segmental
level and the level of prosody. It now becomes crucial
to progress from these two relatively well explored yet
largely independent areas to the consideration of their
complex interaction in speech production and perception.
Extensive work in the area of laboratory phonology
has focused on the complexity of the incorporation of
phonetic gradient variability into systematic phonological
structure. More recently, this focus was naturally extended
to take into account the intricacy of the interaction between
segmental and prosodic levels of speech.

Several phonological and prosodic phenomena such
as syllable, word and phrase boundaries or syllable
structure have been shown to be directly reflected in
the duration and the overlap of articulatory gestures
(Bombien, Mooshammer, Hoole, Kühnert & Schneeberg,
2006; Byrd, 1996; Byrd & Choi, 2006; Cho & Keating,
2009; Kim & Cho, 2009). Furthermore, the realisation of
prosodic events such as f0 movement, height or range has
been shown to be constrained by articulatory mechanisms
that regulate the alignment of separately controlled
laryngeal and supra-laryngeal movements (Fujimura,
2000; Krakow, 1999; MacNeilage, 1998), permitting
various settings of prosodic and segmental components
of speech that in turn contribute to communicative
functionality.

The necessity for an integrated approach to the
analysis of segments and prosody at the interface between
phonetics and phonology is self-explanatory. Under-
standing of variability and gradience in the segmental
and prosodic domains, and their implementation on the
phonological level cannot explain surface variation that
involves variation resulting from the interaction between
the two domains. Such considerations are especially
imperative in the area of SLA, since cross-linguistically
similar prosodic features aligned with systematically
different segmental characteristics or vice versa may pro-
duce comparable speech events.

1.1 Foreign accent

As pointed out by Gut (2007), foreign accent (FA)
still lacks a comprehensive and universally accepted
definition. Foreign accent is generally described as non-

native speech that deviates from native speech and it is
understood as the result of cross-linguistic differences
between two (or more) phonological systems. Foreign
accent can be analysed from the perspective of production,
measuring acoustic phonetic aspects that deviate from
native speech in production. However, it can also be
analysed from the perspective of perception, whereby
listeners’ judgements, evaluations and ratings are obtained
in perception tests. Additionally, it is well established that
poor prosody affects intelligibility and comprehensibility
in spoken language communication to a degree that is
at least comparable with segmental pronunciation errors
(Anderson-Hsieh & Koehler, 1988; Brahimi, Boula de
Mareuil & Gendrot, 2004; Boula de Mareuil & Vieru-
Dimulescu, 2006; Kennedy & Trofimovich, 2008; Major,
Fitzmaurice, Bunta & Balasubramanian, 2002; Munro &
Derwing, 1995, 1998, 2001; Tajima, Port & Dalby, 1997).

The importance of both segments and prosody in
speech production and perception of FA has been
addressed in a number of studies:

• perception studies have focused on the investigation
of segments and prosody and their contribution
to the degree of perceived FA (Anderson-Hsieh,
Johnson & Koehler, 1992; Holm, 2008; Jilka, 2000;
Magen, 1998; Munro, 1995; Munro & Derwing,
1995; Trofimovich & Baker, 2006, 2007; Vassiere
& Boula de Mareuil, 2004), and

• production studies have shown that L2 speakers
struggle equally with segmental (i.e. vocalic: Baker
& Trofimovich, 2005; Flege, McKay & Meador,
1999; Fox, Flege & Munro, 1995; Ingram & Park,
1997; Sancier & Fowler, 1997; Walley & Flege,
1999, and consonantal: Bradlow, Pisoni, Akahane-
Yamada & Tohkura, 1997; Escudero & Boersma,
2004; Trofimovich, Gatbonton & Segalowitz, 2007
Tsukada, Birdsong, Mack, Sung, Bialystok & Flege,
2004) as well as prosodic aspects of speech
(Davidson, 2006; Jilka, 2007; Saito, 2006).

Further studies have identified numerous sources and
causes for the production and perception of FA in L2
speech:

• different acquisition scenarios, i.e. simultane-
ous multilingualism/bilingualism (Genesee, 2000;
Meisel, 2001, 2004) vs. sequential multilingual-
ism/bilingualism (Lakshmanan, 1994; McLaughlin,
1978),

• the mode of language learning (instructed vs.
naturalistic language learning, DeKeyser, 2003;
Ellis, 2006, 2007; Isemonger, 2007), and

• other external factors including sociological and
cultural background, situational, contextual and
procedural variables and learner-specific factors
(including cognitive, motivational and emotional
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factors and personality traits, Bayley & Langman,
2004; Bayley & Regan, 2004; Dewaele, 2004;
Dörnyei, 2009, Flege, Birdsong, Bialystok, Mack,
Sung & Tsukada, 2006; Major, 2004; see Piske,
MacKay & Flege, 2001, for an overview).

Several proposals have been put forward over the years to
model acquisition processes. Increasingly these proposals
adopt a multidimensional approach integrating theoretical
linguistics, sociology, and psychology to provide a
coherent account of how language is learned (for reviews
see Gass, 1988; Thomas, 2005; also Foulkes & Docherty,
2006).

Bidirectional transfer and interference between L1 and
L2
One of the key issues debated with regard to the
production and perception of FA in L2 speech is
transfer and interference phenomena between L1 and
L2 (Atterer & Ladd, 2004; Brière, 1966; Flege, 1981;
Wode, 1978, 1992). Transfer and interference phenomena
are distinguished in the present paper on the basis of
Kellerman and Sharwood Smith’s (1986) differentiation
between incorporation of elements from one language
into the other and overall cross-linguistic influence. Most
of the evidence for interference has been provided for the
influence of L1 characteristics on L2 showing that they
can facilitate and hinder the acquisition process (Gass &
Selinker, 1992; Odlin, 1989.

However, current research has begun to investigate
cross-linguistic interference going beyond the influence
of L1 characteristics on L2. And although L2 influence
on L1 has by now been attested for almost all areas
of linguistic competence (morphosyntax, pragmatics and
rhetoric, the lexicon and semantics; for an overview see
Pavlenko, 2000), it seems to be most comprehensively
documented for the phonological level. Studies indicating
that late acquired L2 phonology does have effects on L1
exist since the 1970s (Fischer-Jørgensen, 1968; Williams,
1979) but are predominantly concerned with the voice
onset time of stops (VOT; an acoustic cue known to differ
between various languages; Flege, 1987, 2002; Flege &
Eefting, 1987; Major, 1992, 1993; Williams, 1980).

Sancier and Fowler (1997) provide acoustic evidence
that VOT in the speech produced by a bilingual
speaker of American English and Brazilian Portuguese
differs according to exposure to the respective language
environment. These observations are explained on the
basis of “gestural drift” (a change in the articulatory
settings (or gesture) associated with a specific sound
segment as a result of ambient language imitation, Kuhl &
Meltzoff, 1996). Adopting the notion of cross-linguistic
category correspondence as proposed by Flege (1987),
the changes found in VOT of the speaker are interpreted
as the result of a perception–action relationship (Case,

Tuller, Ding & Kelso, 1995). The implications of these
findings are twofold: firstly that the organisation of
an L1 system can be affected after L1 maturation,
and secondly that language learning is based on input,
suggesting a usage-based approach. A usage-based theory
assumes the emergence of regularities in the linguistic
system to be the consequence of frequency of occurrence
and co-occurrence. This implies that categorization of
individual components and their interaction is the result
of experience and repeated exposure to actual sensory
objects (Silverman, 2011).

Other studies of more or less isolated phenomena
such as intonation and allophonic realizations of other
phonemes have added further support to the claim that
the phonetic/phonological system of L1 can be accessed
and altered even after L1 maturation (Andrews, 1999;
Mennen, 2004; Trofimovich & Baker, 2006). Mennen
(2004), for instance, studied the intonation pattern of
prenuclear pitch accents (LH∗) in the speech production
data of native Dutch adult learners of L2 Greek. Although
the overall shape of the intonation pattern has been
shown to be comparable in that both languages have
rising intonation, the timing of f0 peaks is earlier in
Dutch than in Greek; and in Dutch, but not in Greek,
phonological vowel length influences peak timing. Since
the peak timing of these rising patterns is not categorical
and therefore not phonologically contrastive, the cross-
linguistic difference has been attributed to phonetic
implementation of phonologically identical tonal events.
A comparison between native speakers of Dutch and
Greek showed that Dutch native speakers transferred f0
timing of rising pitch accents from their native language
into their L2, realising early peaks (within the vowel of
the accented syllable) compared to late peaks (realised
within the unaccented vowel of the following syllable).
This is consistent with previous studies showing influence
of L1 intonation patterns on L2. Novel in Mennen’s
analysis was the finding of L2 influence on L1 intonation
patterns, an effect that prior to her study had only
been documented for the segmental properties of speech
production. She found that Dutch L2 speakers of Greek
tended to neutralise the difference in f0 timing associated
with phonological vowel length, realising both short and
long vowels with the peak alignments typically found in
the “long vowel set” produced by native speakers of Dutch.
Willems (1982) found that size and direction of pitch
movements in native English speakers acquiring Dutch
differed systematically from monolingual L1 English
productions, and the differences were attributed to the
influence of Dutch intonation patterns.

Implications for SLA models of speech production and
perception
The nature of interference between L1 and L2 has not
been formally and comprehensively accounted for in
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current models of speech learning which aim at explaining
which parts of an L1 influence L2 (and vice versa). In
relation to speech production and perception, necessary
adaptations of current models of SLA (Kuhl, 1991: Native
Language Magnet (NLM), Best, 1995; Best, McRoberts
& Goodell, 2001: Perceptual Assimilation Model (PAM),
and Flege, 1995; Flege et al., 2006: Speech Learning
Model (SLM)) primarily focus on perceptual categories
and phonological contrast based on phonetic similarities
and differences between the segmental levels. However, it
is clear that these models also need to incorporate prosodic
characteristics and their interaction with the segmental
level. Previous studies, one conducted by Trofimovich and
Baker (2006), suggest that L2 segmental learning and L2
prosodic learning seem to be similar in that they appear to
be gradual and their development is a result of experience
and exposure.

The idea of experience and exposure as factors in L2
production has been addressed in a number of studies
of segmental characteristics (Fowler, Sramko, Ostry,
Rowland & Halle, 2008; Major, 1992; Sancier & Fowler,
1997). Crucially though, Trofimovich and Baker (2006)
state that the learning of L2 prosody differs with respect to
individual prosodic characteristics, i.e. speech melody vs.
speech fluency. A tentative conclusion drawn from their
results is that those characteristics that are perceptually
salient or relatively distinct in native and target language
are more easily acquired than those that are perceptually
similar. These results can be interpreted in favour of
the SLM and its notion of “equivalence classification”.
Trofimovich and Baker’s observation of experience effects
in prosodic characteristics lends support to a core
assumption of perceptual models of SLA, namely that
input and use guide the L2 acquisition process. The next
step towards an integrated model of speech production
and perception in SLA is the attempt to untangle the
interdependencies between cross-linguistic prosodic and
segmental similarities and differences, ideally under
the consideration of other linguistic and extra-linguistic
factors mentioned above. This will, however, leave the
field with a multitude of questions to be answered. The
current study aims at contributing to this enterprise.

1.2 Regional variation and its impact on SLA

The study of language variation has a long-standing
tradition in sociolinguistics (Labov, 1972). One of the
best understood and documented causes of variability is
differences between dialects (or regional varieties; these
terms are interchangeably used throughout the paper
referring to regionally distinctive varieties of a language,
identifiable by a particular set of lexical, grammatical
and phonological characteristics; Chambers & Trudgill,
1998). Sociophonetics with an emphasis on regional
variation has provided evidence that sound systems

and their organisation can differ between dialects as
much as between languages, including regional prosodic
characteristics (Gooskens, 1997; van Leyden & van
Heuven, 2003), and it seems rather surprising that the
influence of regional aspects has been largely neglected
in the context of SLA.

Regional variation in L1 and its influence on L2
The influence of regional L1 characteristics on L2 speech
has, for instance, been addressed by Atterer and Ladd
(2004). They found that cross-varietal differences between
Northern and Southern German in pitch alignment are
carried over into pitch accent realizations in L2 English,
in that Southern German speakers align rises (L∗H) in
prenuclear accented syllables later compared to peak
realization in Northern German varieties. Addressing
segmental characteristics, Teasdale (1997) explains the
substitution of /θ / with [t] by speakers of Québécois
French and its substitution with [s] by European French
speakers on the basis of differences in the place of
articulation for /s/ between the two groups of speakers,
whereby the former produce the voiceless fricative in
alveolar and the latter in dental position.

Regional variation in L2 and its influence on L2
A very limited number of studies have shown that
differences and similarities in the organization of sound
systems between varieties of an L2 influence accurate
discrimination and identification of L2 sounds. Escudero
and Boersma (2004) as well as Baker & Smith (2010)
studied differences in the vocalic systems of varieties
of a target language. Escudero and Boersma (2004)
provide evidence that production and perception of /i–ɪ/
contrast acquired by native speakers of Spanish differ as
a result of exposure to either Scottish English or Southern
British English. Baker & Smith (2010) found that native
North American English speakers acquire the French /i–
y–u/ vowel contrast differently as a result of exposure
to Québécois French or European French. Additionally,
they provide evidence that additional acoustic cues that
are not inherently included in the vowel contrast itself,
but arise from the vowel’s phonetic environment (i.e.
assibilation or affrication of alveolar plosives before
high vowels) influence accuracy in production and
perception.

Regional variation and its influence on L2 perception
Regional variation has also been addressed in the context
of foreign accent perception. For example, a study
by Ikeno and Hansen (2006) examines the influence
of listener’s accent background on accent perception
and comprehensibility. British English varieties spoken
in Cardiff, Cambridge and Belfast were presented to
native speakers of British and American English as
well as non-native listeners from varying linguistic
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backgrounds. The results showed that stimulus context
length, listener’s national and regional background and
comprehensibility of speech samples influence accuracy
in accent detection and classification. Two findings are
of particular interest for the present study. Firstly, Belfast
English was perceived as non-native English by American
listeners and non-native listeners with varying linguistic
background whereas British English listeners accurately
identified the Belfast accent in nearly 100% of the stimuli
presented. Secondly, the group of British English listeners
confused Cardiff and Cambridge accents significantly
more frequently than the Belfast English accent with the
Cardiff and Cambridge accents. This suggests that Belfast
English provides phonetic cues that are perceptually more
different compared to those of the other two varieties
investigated and which may also possibly be closer to
the British standard pronunciation.

Another study conducted by van Bezooijen and
Gooskens (1999) used manipulated speech samples that
suspended portions of the acoustic signal to investigate
the role of prosody, pronunciation and other linguistic
information used by Dutch and British English listeners
to detect regional varieties of their respective native
language. In addition to integral samples (that contained
all linguistic information), low-pass filtered speech
samples with only prosodic information and monotonised
speech where intonation had been removed were presented
to native speakers of Dutch and British English. The
listeners were asked to identify the speakers’ regional
origin. What seems particularly interesting in the context
of the present paper is a category added in the English
part of the experiment pertaining to regional varieties of
British English. The category was added since prosody
in general and intonation in particular has been studied
more extensively in British English compared to Dutch
and consisted of speech samples identified by English
and Dutch linguists specialized in intonation and English
varieties. Samples were selected only on the basis of
perceivable prosodic characteristics specific to regional
varieties of British English as opposed to all other
samples that were randomly selected on the basis of
the speakers’ origin. When presented to native speakers
of Dutch and British English, both groups of listeners
performed comparably well in the identification of
regional origin based on verbal and pronunciation cues.
English listeners however performed significantly better
in the identification of speech samples on the basis of
prosodic information only, which was found to be nearly
impossible for the Dutch listeners. Significant differences
were found between specifically and randomly selected
stimuli elicited from the Belfast English data set.

Crucially, both studies provide evidence that (i)
Belfast English possesses identifiable regional prosodic
characteristics and (ii) that identification of regional
varieties critically depends on the listener’s linguistic

Figure 1. Illustration of German nuclear pitch accents of im
September extracted from the present corpus produced by
native speakers of NG and SG (top row) and English
nuclear pitch accents of MANgo produced by native
speakers of SG, NG and BE.

background, i.e. his/her experience, exposure and
environment.

1.3 Prosodic characteristics of Swiss German,
Northern Standard German and Belfast English

In order to contribute to our understanding of the nature
of interference between L1 and L2, we investigate cross-
linguistic similarities and difference between regional
varieties (Northern Standard German, Swiss German
spoken in Bern and English spoken in Belfast) and
their influence on the production and perception of L1
and L2. Prosodic characteristics have been shown to
differ systematically between languages and also regional
varieties. In particular, hypotheses about typological
characteristics of languages and varieties have been
established on the basis of such systematic differences
in the realization of pitch accents. Previous analyses
of pitch accent realizations in varieties of German and
English indicate that Swiss German, particularly Bernese
German, and Belfast English share specific characteristics
of nuclear pitch accent realizations. Bernese German
(Fitzpatrick-Cole, 1999) as well as Belfast English
(Lowry, 2002) have been shown to feature rising or low-
targeted pitch patterns in nuclear accents of declarative
utterances while most other varieties of German and
English were found to have falling or high-targeted pitch
patterns in declaratives (Atterer & Ladd, 2004; Grabe
2002, 2004; Ulbrich, 2004, 2005). Figure 1 provides an
illustration of typical pitch contours realised by Swiss
German (SG), Northern Standard German (NG) and
Belfast English (BE) speakers in identical utterances
extracted from the present corpus.

In conclusion, the current study draws on several
relevant issues addressed in previous research: (i) L2
has been shown to influence matured L1, (ii) regional
variation in both native and target language influences
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language production of a L2, (iii) regional variation
influences the perception of foreign accentedness, and
(iv) these characteristics have been documented for
both the segmental and the prosodic level of speech.
It seems therefore reasonable to assume that regional
characteristics in L1 and L2 also impact on L1. The
aim of the present study is thus to investigate to what
extent cross-linguistic and cross-varietal similarities and
differences between regional varieties of L1 German and
L1 and L2 English affect L2 and L1 production as well as
L2 perception.

In order to do so, the paper reports the analysis of
pitch accent realisations of native German L2 learners
of English with and without exposure to Belfast English
to show that L2 speakers are able to acquire prosodic
characteristics of a target language. Furthermore, the
comparison of L2 Belfast English produced by native
Swiss German and Northern Standard German speakers
with exposure to Belfast English will elucidate the impact
of cross-varietal differences in pitch accent realisations in
L2. Foreign accent ratings of L2 Belfast English stimuli
obtained from native speakers of Belfast English will
explore if these differences are perceivable by native
speakers. The comparison of German utterances produced
by native German L2 learners of English with and without
exposure to Belfast English will show whether or not
specific characteristics of pitch realisation of L2 Belfast
English have an impact on L1. The results will be
interpreted in adaptation of a usage-based approach.

2. Experiment 1: Cross-varietal and cross-language
differences in the production of pitch accents

The experiment described in this section is designed to
provide evidence that cross-linguistic and cross-varietal
differences are reflected in L2 speech production.

2.1 Method

The experiment is based on recordings of native speakers
of Belfast English and three groups of native German
speakers of L2 English: Bernese German speakers,
Northern Standard German speakers with exposure to
Belfast English, and Northern Standard German speakers
without exposure to Belfast English. The analysis of
speech production data is based on (i) L1 German
produced by the three groups of native German speakers,
and (ii) a comparison of their L2 English with the native
Belfast English speakers. The differentiations between
regional varieties in L1 and L2 provide the basis for cross-
linguistic and cross-varietal comparisons. The perception
experiment will shed light onto the question of whether
cross-language similarities of nuclear pitch patterns in
a variety of L1 German influence FA perception in L2
English by native speakers of Belfast English.

2.2 Speech materials

The present study is based on recordings of four groups
of speakers:

• native speakers of Belfast English (BE)
• native Swiss German speakers of the Bernese dialect

with no previous exposure to Belfast English (SG)
• native German speakers of Northern Standard

German who have lived in Belfast for a minimum of
three years (NG+ex)

• native German speakers of Northern Standard
German with no previous exposure to Belfast
English who have never lived in an English-speaking
environment and acquired English as a foreign
language at school in Germany (NG-ex).

NG+ex and NG-ex speakers were from Hanover and the
surrounding area, producing a variety of German that
is the most similar to the Northern German Standard
variety (e.g. Clyne, 1995). We recorded a total of
40 subjects; 20 female and 20 male speakers (five per
speaker group). The recordings were carried out in a quiet
room at the University of Ulster using a Sennheiser ME64
directional condenser microphone (cardioid, frequency
response 40 Hz – 20,000 Hz, ±2.5 dB) with a sampling
rate of 22,050 Hz directly onto a Toshiba notebook
computer for processing and analysis in PRAAT (Boersma
& Weenink, 2005). Statistical analyses were carried out in
SPSS.

The speakers were aged between 20 and 52 years,
with the following average ages: NG-ex_female: 22.8;
SG_female: 23.8; NG+ex_female: 34.4; BE_female:
29.2; NG-ex_male: 23.2; SG_male: 22.8; NG+ex_male:
36.6 and BE_male: 34. SG and NG-ex subjects were
students or exchange students at the University of Ulster or
Queen’s University in Belfast. Some of the Swiss German
speakers were visiting friends. Neither SG nor NG-ex
speakers had been exposed to the variety of English
spoken in Belfast prior to the experiment. Also, they
had not spent more than three weeks at any one time in
an English-speaking environment. The group of NG+ex
speakers was selected under the criteria that they have
not been exposed to any other English variety prior to
their arrival in Belfast and that they have experienced
long-term exposure to the Belfast English variety, which
explains that their average age was higher compared to
the other groups of speakers. Therefore age of learning
could not be considered in the current study.

We did not carry out any assessment of fluency prior
to the study although it has been shown to influence
L2 production and perception (Gut, 2009). This was not
deemed to be necessary since the acoustic manipulation
procedure applied to create the stimuli for the perception
test had to be based on utterances of comparable length
which did not include pausing or hesitations or differences
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in accent placement. No subjects received payment for
their participation.

The subjects were given a reading task. This was
considered essential since the stimuli creation for the
perception task had to be based on directly comparable
speech data. The task was carried out by all groups
of speakers in English and additionally in German
by the native speakers of German. The subjects were
instructed to read a short text. Embedded in the text
were nine declarative utterances, each containing one of
nine target words. The target words were placed at the
end of a short paragraph in order to avoid pitch contours
indicating continuation, which have been shown to differ
considerably between regional varieties (Gilles, 2005)
and to distinguish them from pitch patterns indicating
termination (Grice & Bauman, 2007). The targets –
five bi-syllabic and four tri-syllabic words – are cross-
linguistically comparable with respect to their segmental
content and stress placement. They have been placed in
nuclear accent position of short, broad focus utterances
of comparable length. The distinction between bi-syllabic
and tri-syllabic target words was introduced to the corpus
since impressionistic observation indicated differences of
pitch accent realisation on the basis of syllable number.
An example for each type of target word is given below.

Example 1: German: Das Haus hatte einen kleinen
Garten.

English: The house had a little garden.
Example 2: German: Er übergab ihr das Telefon.

English: He handed her the telephone.

A total of 630 target sentences were extracted from
the recorded readings for further analysis, nine target
sentences per speaker in English, five containing bi-
syllabic and four containing tri-syllabic words (90 per
group of speakers; 360 English sentences overall) and
nine target sentences per speaker in German produced
only by the three groups of native German speakers, again
five containing bi-syllabic and four containing tri-syllabic
words (90 per group of speakers; 270 German sentences
overall).

2.3 Procedures for the analysis of speech production
data

The entire corpus was segmented and phonetically
transcribed by a phonetician using the IPA based on
perception and visual clues provided in spectrograms. The
nuclear pitch accents were intonationally labelled using
the rhythmic and the phonetic tier in an adaptation of
the IViE system (Grabe, 2004). The prosodic annotation
of nuclear pitch patterns was carried out by two to
four trained annotators, blind to conditions. Two of the
annotators were German, fluent in English and living in

Belfast, two annotators were native speakers of English.
Nuclear pitch accents were phonetically labelled to
capture the general directionality of pitch patterns, the
actual realisation of high or low pitch targets within the
accented syllable (i.e. the alignment of the f0-contour
within the accented syllable), and the pitch contour
following the target. The following realisations were
distinguished:

High-target pitch accents (H)
Low-target pitch accents (L)
Low target rising pitch accents (LH)
High-target falling pitch accents (HL)
Low-target rising-falling pitch accents (LHL)

In order to test for reliability of annotations across
the annotators we compared the results of the labelling.
78% of the scores were consistent across annotators. The
majority of variability (17%) was found in annotations
of rising patters (LH was frequently labelled as LHL
and vice versa). In such cases, the annotators revisited
the individual pitch patterns, and decisions were made
collaboratively after visual examination of the f0 contour.
Since we were not interested in a phonological typology
of high or low targeting pitch accents and boundary tone
realisations in the sense of the autosegmental-metrical
approach (Pierrehumbert, 1980), the prosodic annotation
was carried out to provide confirmation of cross-varietal
and cross-language differences in the present corpus
that have previously been found and described in the
literature (see Section 1 above). A PRAAT script was
employed to measure f0 (st) and duration (ms) at two
(potentially three) points within each voiced portion of
each syllable transcribed: at the beginning, the end and
at potentially appearing f0 turning points in the pitch
contour. The measurements were manually inspected and
values were subsequently returned into separate tiers
for further analyses of f0 movement and alignment (see
Section 3 below).

2.4 Results

The following section reports the findings of cross-
linguistic and cross-varietal comparisons of the realisation
of nuclear pitch patterns produced by the four groups
of speakers (BE, SG, NG+ex, and NG-ex) in the two
languages (German and English).

The analysis of the recorded speech material provides
evidence for both cross-varietal and cross-linguistic
comparisons in the realisation of nuclear pitch patterns.
The first subsection below reports the findings of cross-
varietal differences in the German speech production
comparing nuclear pitch accent realisations across the
three groups of native German speakers (SG, NG+ex
and NG-ex). Cross-linguistic comparisons revealed
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Table 1. Average % of pitch patterns in bi-syllabic (BI) and tri-syllabic (TRI) German target words produced by
speakers of NG-ex, NG+ex and SG.

H HL L LH LHL TOTAL H TOTAL L

BI TRI BI TRI BI TRI BI TRI BI TRI BI TRI BI TRI

NG-ex 6 7 74 85 14 1 12 2 0 5 80 92 20 8

NG+ex 0 4 56 63 6 0 16 11 22 22 56 67 44 33

SG 18 6 9 18 12 6 7 7 54 63 27 24 73 76

differences between BE, SG, NG+ex and NG-ex in the
English production data as detailed in the next subsection.
The results of a comparison between L1 German and L2
English across the three groups of native German speakers
are detailed in the final part of Section 2.4.

Comparison of SG, NG + ex and NG-ex in German data
A multivariate ANOVA with Origin (with three levels:
SG, NG+ex and NG-ex) and Gender (with two levels:
female and male) as between subject factor and Pitch
Target as dependent variables (BI_H, BI_HL, BI_L,
BI_LH, BI_LHL, TRI_H, TRI_HL, TRI_L, TRI_LH and
TRI_LHL) revealed significant cross-varietal differences
between the three groups of native German speakers with
a considerable effect size [Pillai’s Trace: F(18:40) = 12.030,
p < .0001, �2 = .844]. To reduce type 1 errors, Bonferroni
adjustments (p < .0167) for multiple pair-wise post-hoc
comparisons were applied. The difference between female
and male speakers was not significant, consequently no
interactions were found between Gender and Origin. The
combined results are presented in Table 1. Percentages
are provided for each of the annotated pitch patterns (H,
HL, L, LH, and LHL). The two rightmost columns give
the overall percentage for H target pitch patterns (pooling
H and HL) and for L target pitch patterns (pooling L,
LH, and LHL). Multiple pair-wise comparisons showed
that differences were not found in the realisations of all
pitch targets. The three groups of speakers did not differ
significantly in the realisation of un-pooled H and L pitch
patterns in both bi- and tri-syllabic target words. Equally
no differences were found in the realisation of rising
pitch accents (LH) in tri-syllabic words. Note, however,
that these pitch targets were only observed in 13% of
all target words (36 realisations in 270 examined pitch
accents).

Considering the distinction between bi- and tri-
syllabic targets (150 and 120 realisations respectively),
the percentage of observations in each of these tonal
categories is invariably below 5% with the exception
of L pitch accents in bi-syllabic words found in 9% of
the realisations (14 cases). In tri-syllabic words, three
targets (2%) were produced with a low (L) pitch target.
Rising pitch patterns (LH) were found in seven tri-syllabic
words (6%). Speakers realised high targets (H) only in

eight bi-syllabic (5%) and five tri-syllabic words (4%).
In the realisation of the latter (H in tri-syllabic words),
the difference between all three groups of speakers was
insignificant [F(2:26) = 2.61, p < .331]. In the realisation
of tri-syllabic target words with a low target (L) and bi-
syllabic target words with a high target (H), only NG-
ex and NG+ex did not differ significantly. SG speakers
produced significantly more low targets (L) in tri-syllabic
words [F(2:26) = 11.8, p < .0001] and H targets in bi-
syllabic words [F(2:27) = 15.5, p < .0001].

Low targets (L) in bi-syllabic words, however, were
produced less often by NG+ex speakers compared to both
NG-ex and SG speakers, and were produced most often
by NG-ex speakers [F(2:27) = 7.2, p < .027].

Significant differences between all three groups of
speakers (SG, NG+ex and NG-ex) were found in the
realisation of HL, LH, and LHL in bi-syllabic words
[F(2:27) = 167.035, p < .0001; F(2:27) = 69.4, p < .0001;
F(2:27) = 80.3, p < .0001, respectively] and the realisation
of HL and LHL in tri-syllabic target words [F(2:26) =
156.2, p < .0001; F(2:26) = 147.2, p < .0001, respectively].
Overall, rising-falling pitch patterns (LHL) were produced
in the majority by NG+ex and SG speakers and differed
significantly in both bi-syllabic (21%) and tri-syllabic
targets (29%). Falling pitch accent realisations (HL) were
found in 45% of bi-syllabic and 56% of tri-syllabic target
words. Rising pitch accents (LH) were produced in 19%
of bi-syllabic targets words.

SG speakers realised overall more low target pitch
patterns compared to NG-ex and NG+ex but produced
in the majority of cases rising-falling (LHL) pitch
accents. NG-ex speakers on the other hand produced
mainly falling (HL) pitch accents. NG+ex speakers
produced significantly more rising-falling pitch accents
(LHL) compared to NG-ex speakers but still produced
predominantly falling pitch patterns in nuclear accent
positions (HL). The difference between the three groups
of native speakers of German (SG, NG+ex and NG-ex) is
most visible in a direct comparison of average percentages
of pitch accent realisations with high and low pitch targets
as illustrated in the two rightmost columns of Table 1. NG-
ex speakers produced overall 86% of the target words with
a high target and only 14% with a low target. Nearly the
exact opposite is the case in realisations of SG speakers.
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Table 2. Average % of pitch patterns in bi-syllabic (BI) and tri-syllabic (TRI) English target words produced by
speakers of NG-ex, NG+ex, SG and BE.

H HL L LH LHL TOTAL H TOTAL L

BI TRI BI TRI BI TRI BI TRI BI TRI BI TRI BI TRI

NG-ex 4 0 90 86 0 8 3 0 3 6 94 86 6 14

NG+ex 0 0 42 31 8 4 28 14 28 52 40 32 60 68

SG 0 0 43 37 0 0 32 8 26 58 42 38 58 62

BE 0 0 27 13 0 0 26 32 48 54 26 14 74 86

Here 75% of the targets were realised with a low target
and only 25% with a high target.

The NG+ex speakers realised 62% of the target words
with a high target but 38% with a low target. As for
the NG-ex and the SG groups, these results confirm
expectations derived from previous investigations of pitch
accent realisations in Northern Standard German and
Bernese German (Fitzpatrick-Cole, 1999; Ulbrich 2004,
2005).

Comparison of BE, SG, NG+ex and NG-ex in English
recordings
The same statistical test was applied to the English
production data as was applied previously to the German
speech material, i.e. a multivariate ANOVA with Origin
(this time with four levels: BE, SG, NG+ex and NG-
ex; including the native speakers of Belfast English)
and Gender (male vs. female) as between subject
factors and Pitch Target as the dependent variables
(BI_H, BI_HL, BI_L, BI_LH, BI_LHL, TRI_H, TRI_HL,
TRI_L, TRI_LH and TRI_LHL). Again to control for
error type I, Bonferroni adjustments (p < .0125) were
applied for multiple pair-wise comparisons. Between the
four groups of speakers, a significant main effect provides
evidence for cross-varietal differences [Pillai’s Trace:
F(27:90) = 9.73, p < .0001, �2 = .745]. No significant
differences were found between female and male speakers,
hence no interactions between Origin and Gender. The
results are presented in Table 2.

Similar to the German part of the corpus, the pitch
accent realisations most infrequently found in the English
data did not differ significantly between the four groups
of speakers; this includes H and L realisations in bi- and
tri-syllabic target words. H was only realised twice in bi-
syllabic targets (by one NG-ex male speaker) whereas L
was realised two and four times in bi- and tri-syllabic
words by individual NG-ex and NG+ex speakers and
therefore concerns a negligible 2% of all realisations.

The four groups of speakers (NG-ex, SG, NG+ex and
BE) differed significantly in the realisation of HL, LH, and
LHL in bi-syllabic [F(3:36) = 65.24, p < .0001; F(3:36) =
42.1, p < .0001; F(3:36) = 54.3, p < .0001, respectively]

and tri-syllabic target words [F(3:35) = 91.7, p < .0001;
F(3:35) = 32.3, p < .0001; F(3:35) = 33.6, p < .0001,
respectively]. Overall, in the English data, falling pitch
patterns (HL) were realised most frequently (52% in bi-
syllabic and 43% in tri-syllabic target words). 67% of the
target words were realised with rising-falling (LHL) pitch
accents, i.e. 26% in bi-syllabic and 41% in tri-syllabic
target words. Rising pitch patterns (LH) were found in
24% of bi-syllabic and 11% of tri-syllabic target words.

As before, the differences between the four groups of
speakers are most obvious in the direct comparison of H
and L targets (illustrated in the two rightmost columns
of Table 2). NG-ex produced bi- and tri-syllabic words
mostly (>85%) with a falling (HL) pitch pattern, thus
significantly more often compared to the other three
groups of speakers. BE speakers by contrast produced
less than a third of bi- and tri-syllabic words with a
falling accent (27% and 13%, respectively), significantly
less often than both NG+ex and SG speakers (NG+ex:
42% and SG: 43% in bi-syllabic words; NG+ex: 31%
and SG: 37% in tri-syllabic words). SG and NG+ex
speakers did not differ significantly. In tri-syllabic target
words, BE speakers produced significantly more rising
pitch patterns (LH) compared to all three other groups
of speakers. However, NG+ex speakers produced rising
pitch accents significantly more often than both SG and
NG-ex speakers.

The analysis of LH in bi-syllabic and LHL in
tri-syllabic target words revealed similar results. The
patterns were only realised in 3% and 6% by NG-
ex speakers, significantly less frequently compared to
SG, NG+ex and BE groups. Additionally, BE speakers
differed significantly from NG+ex and SG speakers in
the realisation of rising-falling (LHL) pitch patterns in
tri-syllabic words, producing rising-falling pitch patterns
significantly more often than SG and NG+ex. Although
BE speakers realised predominantly rising and rising-
falling pitch accents, approximately one third of the
pitch realisations were produced with falling pitch accents
(HL). This deviates somewhat from findings presented by
Grabe (2004) who analysed pitch realisations in a number
of regional varieties of English. She found 83.3% of
declaratives produced by Belfast speakers of English to be
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(a)

Figure 2a. Comparison of NG-ex, NG+ex and SG speakers’ pitch accent realisations in bi-syllabic words (indicated by 2)
produced in English (E) and German (NG-ex) data.

(b)

Figure 2b. Comparison of NG-ex, NG+ex and SG speakers’ pitch accent realisations in tri-syllabic words (indicated by 3)
produced in English (E) and German (G) data.

realised with rising intonation. The deviation might be due
to differences in the speaking style since the analysis in
the present study was based solely on read speech, which
presumably is more formal than spontaneous speech. For
instance, Lowry (2002) found differences in the number
of rising pitch patterns produced by native speakers of
Belfast English depending on speaking style. Her results
show that speakers tend to shift their pronunciation in
more formal speech towards a perceived standard (in the
present case the Southern British variety of English, a
variety that features predominantly falling pitch accents
in nuclear accents of declaratives).

Comparison of English and German recordings in SG,
NG+ex and NG-ex
A comparison between the German and the English data
produced by the three groups of German native speakers
(NG-ex, NG+ex and SG) revealed some interesting
results. Both German and English data of the three
groups were submitted to a mixed ANOVA again with
Bonferroni adjustments (p < .0046) for multiple pair-wise
comparison with Pitch Accent (10 levels: 2_H, 2_HL,
2_L, 2_LH, 2_LHL, 3_H, 3_HL, 3_L, 3_LH, 3_LHL)
and Language (2 levels: German and English) as within

subject factors and Origin as between subject factor (NG-
ex, NG+ex and SG). As the sphericity assumption was
violated, Greenhouse-Geisser corrections were applied
and are reported. The analysis revealed a significant main
effect [F(9.4:896) = 9.8, p < .0005, �2 = .267] for Pitch
Accent depending on Language, but in addition we found
a significant interaction with the factor Origin with a
considerably larger effect size [F(18.9:783) = 31.5; p <

.0005, �2 = .700]. The results of the cross-linguistic
comparison are illustrated in Figures 2a and 2b.

The interaction is due to the fact that across all possible
realisations of German and English bi- and tri-syllabic
target words, NG-ex speakers most often produced
falling pitch patterns (HL) whereas NG+ex and SG
speaker’s pitch accent realisations differed significantly
depending on the language. NG+ex speakers produced
considerably more rising (LH) and rising-falling (LHL)
pitch accents in both bi-syllabic and tri-syllabic target
words in the English data compared to the German data,
indicating that they have acquired regionally marked pitch
patterns. The results confirm previous findings of FA
ratings obtained from native speakers of Belfast English
(Ulbrich, 2008;), where NG+ex learners of Belfast
English received significantly lower FA scores compared
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to NG+ex speakers of English with no exposure to the
Belfast English variety. Previous and present findings
strengthen our interpretation that NG+ex speakers acquire
characteristics of a regional variety which in turn affects
the perception of FA. However, it is worth pointing out
again that NG+ex speakers produce rising and rising-
falling pitch accents significantly more often than NG-ex
speakers also in L1 German. These findings suggest that
L2 characteristics influence L1 since both NG+ex and NG-
ex speakers, i.e. native German speakers of L2 English
with and without exposure to the English variety spoken
in Belfast, have the same regional L1 background. All
German speakers were speakers of a Northern Standard
variety of German which features a falling default nuclear
pitch accent in declaratives (see Section 1). Hence,
the realisation of more LH and LHL patterns which
are associated with a default accent of Belfast English
in declaratives may be the result of L2 interference
with L1.

The SG data also show some interesting results. SG
speakers realised considerably more falling (HL) pitch
patterns in the English data compared to the German
data. The difference was found to be significant in
both bi- and tri-syllabic target words. Since none of
the recorded SG speakers had any previous experience
with the regional variety of English spoken in Belfast
or had lived for longer than three weeks in an English-
speaking environment, these findings could be interpreted
as a result of classroom instruction. The more frequent
realisation of falling accents (HL) is accompanied with a
decreasing number of rising-falling pitch patterns (LHL)
in the English data compared to the German.

3. Experiment II: Foreign accent perception in L2
English

The perception experiment was based on English
utterances only. To investigate the cross-language
influence as a result of (i) cross-varietal prosodic
differences in L1 German, and (ii) exposure to an
L2 variety, the experimental design had to allow for
a threefold direct comparison between SG vs. NG-ex;
NG+ex vs. NG-ex and SG vs. NG+ex speakers as well as
their individual comparison to the group of native speakers
of Belfast English. In order to facilitate the investigation of
cross-varietal difference between L2 English produced by
the three groups of German speakers, two native speakers
of Belfast English were chosen from the present corpus –
one female and one male – as the basis for acoustic
manipulations. To examine if exposure to L2 Belfast
English (for NG+ex) and cross-language similarities
in pitch accent patterns between Belfast English and
Swiss German (for SG) leads to comparable pitch accent
realisation in L1 German we also chose one female
and one male NG-ex speaker as a basis for acoustic

manipulations. Both BE and NG-ex speakers were chosen
on the basis of their perceptually most uncharacteristic
voice quality.

3.1 Stimuli preparation

Prior to the stimuli creation, syllables of utterances
containing the target words were automatically segmented
on the basis of orthographic transcription using the
PRAAT algorithm (Boersma & Weenink, 2005). The
segmentation has been checked manually by visually
inspecting the original waveform and the associated
spectrogram. The creation of stimuli for the perception
experiment employed a procedure known as prosodic
transplantation. This method extracts and processes pitch
and duration parameters in application of a TD-PSOLA
algorithm (Time Domain Pitch Synchronous Overlap and
Add, Moulines & Charpentier, 1990), while energy is
normalised. The method has previously been employed
in the study of FA perception (Boula de Mareuil & Vieru-
Dimulescu, 2006; Brahimi et al., 2004; Ulbrich, 2008;).
The algorithm defines f0 at three points in the periodic
portion of each syllable, i.e. at the beginning, the midpoint
and at the end. These are connected so that f0 of each
syllable is associated with two linear pitch movements
with f0 of unvoiced segments set to zero. The initial f0
value of each syllable is connected to the final f0 value of
the preceding syllable.

The extracted prosodic parameters of one voice are
then crossed with the segments of another voice. We
crossed the segmental level with all prosodic levels (4 ×
4) so that we had a total of 16 conditions for our perception
experiment as detailed in Table 3.

For the creation of stimuli, we initially crossed
segments (indicated throughout the paper by subscript S)
of selected NG-ex and BE speakers with the prosodic level
(indicated throughout the paper by subscript P) of SG and
NG+ex speakers (female and male speakers respectively)
resulting in the conditions: BESSGP, BESNG+exP, NG-
exSSGP, and NG-exSNG+exP.

Subsequently, we crossed their prosodic level with
the segments of the SG and NG+ex speakers to create
SGSBEP, SGSNG-exP, NG+exSBEP, and NG+exSNG-
exP. The acoustic modification of acoustic parameters
such as f0 or duration creates deteriorations (audible
artefacts) that are not found in natural voice qualities.
Therefore, we crossed all 40 speaker’s original segments
with their original prosodic level to create “original”
stimuli (BESBEP), (SGSSGP), NG+exSNG+exP, and NG-
exSNG-exP with comparable sound quality of acoustically
modified speech. We crossed all NG-ex speakers with
one female and one male BE speaker to create BESNG-
exP and NG-exSBEP allowing for comparison across the
three groups of German speakers. Lastly, we crossed
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Table 3. Manipulations of segmental and prosodic level
for stimuli creation (BE = Belfast English).

Manipulation Segmental level Prosodic level

BESBEP Native Belfast Native Belfast

BESSGP Native Belfast Swiss German

BESNG+exP Native Belfast L2 learners of BE

BESNG-exP Native Belfast German no exposure

SGSBEP Swiss German Native Belfast

SGSSGP Swiss German Swiss German

SGSNG+exP Swiss German L2 learners of BE

SGSNG-exP Swiss German German no exposure

NG+exSBEP L2 learners of BE Native Belfast

NG+exSSGP L2 learners of BE Swiss German

NG+exSNG+exP L2 learners of BE L2 learners of BE

NG+exSNG-exP L2 learners of BE German no exposure

NG-exSBEP German no exposure Native Belfast

NG-exSSGP German no exposure Swiss German

NG-exSNG+exP German no exposure L2 learners of BE

NG-exSNG-exP German no exposure German no exposure

SG speakers with NG+ex speakers, male and female
accordingly resulting in SGSNG+exP and NG+exSSGP.

The following predictions were established:

• BESBEP is expected to receive the lowest FA
ratings since these stimuli involve only segments
and prosody of the listeners’ native variety.

• NG-exSNG-exP is expected to receive the highest
FA ratings since the NG-ex speakers have not
been exposed to Belfast English so that regional
characteristics of this variety cannot influence
FA perception. In addition, pitch accent patterns
between Northern Standard German and Belfast
English differ considerably (see Section 1.3). These
differences are expected to increase perceived
foreign accentedness.

• NG+exSNG+exP is expected to receive FA ratings
between BESBEP and NG exSNG-exP. These
speakers have been exposed the Belfast English
and the acquisition of its regional characteristics is
expected to reduce the perception of FA.

• Due to cross-language similarities between Swiss
German spoken in Bern and Belfast English in
pitch accent realisations, lower ratings for crossings
involving SG segments (SGS) and prosody (SGP)
compared to those involving NG-ex are expected.

• Furthermore, similar ratings for BESSGP vs.
BESNG+exP, and NG-exSSGP vs. NG-exSNG+exP

provide evidence that cross-linguistic similarities in
the overall shape of pitch accent patterns due to
regional variation in L1 influence FA perception.
Similar ratings between BESSGP vs. BESNG-exP,

and NG-exSSGP vs. NG-exSNG-exP on the other
hand indicate that cross-linguistic similarities in
the overall shape of pitch accent patterns due to
regional variation in L1 have no effect on FA
ratings. A comparison of stimuli with NG-exP or
NG+exP validates previous findings that regional
characteristics of an L2 are acquired in a naturalistic
setting by L2 learners and that these characteristics
reduce the degree of perceived FA.

A comparison between NG+exSSGP vs.
NG+exSNG+exP provides insight into the relative
importance of phonetic realisation of pitch accents
in judgements of FA. Higher scores for stimuli of
NG+exSSGP compared to those of NG+exSNG+exP

suggest that the realisation of the same overall pitch
pattern, i.e. the target association, is different in SG
and NG+ex realisations, suggesting that the interplay
between segments and prosody in the realisation of rising
or falling pitch accents underlies specific regulations that
are perceivable by native speakers of Belfast English.
This would indicate that target alignment, that is timing
of prosodic events, is important in the perception of FA.
The influence of regional segmental characteristics on
the perception of FA is observable in the comparison of
ratings based on SG segments (SGS) vs. the remaining
possible segmental levels (BES, NG+exS, and NG-exS).

3.2 Listeners

The stimuli were presented in quasi-random order via
headphones to 160 native speakers of Belfast English.
The listeners were students and staff members at the
University of Ulster (age range 19–53 years, average age
34) without a background in phonetics and linguistics;
all with normal hearing and unpaid for their participation
in the perception experiment. Due to the large number
of stimuli (a total of 1760), the perception experiment
was carried out with eight different sets of test stimuli.
In each set 259 stimuli were tested, 215 of which were
different in each session and consisted of a comparable
number of stimuli per condition across the sessions. The
remaining 40 stimuli were two randomly chosen stimuli
per condition and judged in each of the sessions, hence
by all listeners participating in the experiment. They were
repeated in order to check for consistency in judgements
across the individual listeners. Each session lasted about
40–50 minutes and was interrupted by a five-minute
long break. Preceding the actual perception experiment,
the listeners were urged to not answer immediately, but
advised that they could listen to each stimulus only two
times. During the instructions the listeners were informed
that they would listen to acoustically modified stimuli.
Each stimulus had to be judged by indicating if the
sentence just heard was produced by a native or non-native
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Table 4. Illustration of operational six-point scale of foreign accent (FA) rating.

Native Non-native

Certain Semi-certain Uncertain Uncertain Semi-certain Certain

1 2 3 4 5 6

speaker of Belfast English. Following this forced-choice
paradigm, listeners were asked for a confidence rating of
their choice on a three-point scale (certain, semi-certain,
and uncertain) which resulted in an operational six-point
scale of FA ratings (see Table 4). This scale has been
shown to be more reliable that a gradient one dimensional
scale and has successfully been applied in studies on FA
perception (de Leeuw, Schmid & Mennen, 2010).

Each session was preceded by a trial so that listeners
could familiarise themselves with the task. The trial
stimuli were repeated at different times throughout the
actual experiment in order to check for consistency of
judgements within individual listeners’ sessions.

Results of the perception experiment

The perception experiment was based on English
utterances to allow for comparison across all four groups
of speakers (BE, SG, NG+ex and NG-ex). As would
be expected, there is variation within and between the
speakers in the realisation of pitch accents in that not
all speakers produced the same target words with the
same pitch accent pattern. In addition, some of the
pitch patterns were not realised at all (see the first
two subsections of Section 2.4 above). Therefore, the
perception experiment was based on realisations with
the same pitch accent across all groups only. Thus, only
target word realisations with either HL or LHL pitch
patterns were considered. Only two sentences with tri-
syllabic target words were realised with a rising-falling
pitch accent by our speakers with the exception of the
NG-ex groups. The two sentences were not produced
by the same speaker. Therefore we used both speakers’
utterances for the acoustic manipulation to create stimuli
for the perception test. All other target realisations (LHL
in bi-syllabic and HL in bi- and tri-syllabic target words)
were found to be realised by all of our speakers in at least
two sentences. Therefore, stimuli were created on the basis
of only four sentences using the methodology detailed in
Section 3.1 above. Preceding the overall analysis of FA
ratings we checked for consistency of scores between
the stimuli presented in all eight sessions. T-tests were
performed for individual listeners’ judgements and did
not return significant results for the 40 stimuli repeated
in the eight sessions nor for the trial stimuli repeated
in each session. These findings allow us to assume that

judgements were consistent across the sessions and for
individual listeners.

The obtained FA ratings were submitted to a mixed
ANOVA with Bonferroni adjustments (p < .0025)
for multiple pair-wise comparison with Manipulation
(with 16 levels: BESBEP; BESSGP; BESNG+exP;
BESNG-exP; SGSBEP; SGSSGP; SGSNG+exP; SGSNG-
exP; NG+exSBEP; NG+exSSGP; NG+exSNG+exP;
NG+exSNG-exP; NG-exSBEP; NG-exSSGP; NG-
exSNG+exP; NG-exSNG-exP), Pitch accent (with two
levels: HL and LHL) and Syllable Number (with two
levels: bi- and tri-syllabic) as within factors and Listener
and Gender as between subject factors, to assess the
influence of the segmental and the prosodic level of
speech on listeners’ scores for FA ratings. As the
sphericity assumption was violated, Greenhouse-Geisser
corrections were applied and are reported. The results
showed a significant main effect for Manipulation of
moderate effect size [F(8.8:2536) = 2.46, p < .0005, �2 =
.462]. We also found a significant interaction of moderate
effect size for Manipulation and Pitch Pattern [F(6.8:988) =
0.159, p < .0005, �2 = .583] and a significant interaction
of a small effect size for Manipulation and Listener
[F(16:961) = 2.02, p < .0005, �2 = .156]. The latter is
the result of variation between the 160 listeners due to
different strategies employed in their decision making and
would be expected. No significant interaction between
Manipulation and Syllable Number was obtained so that
scores for bi-syllabic and tri-syllabic target words will
be combined in subsequent discussion. No significant
differences between FA ratings for genders were found.

In line with previous findings (Ulbrich, 2008;), the
“original” stimuli of native BE speakers (BESBEP)
received the lowest FA ratings whereas NG-ex speaker’s
“original” stimuli (NG-exSNG-exP) received the highest
FA ratings (the lower FA score, the more native like
is the speaker perceived, the higher the FA score, the
more foreign-accented the perception of the speaker). The
“original” stimuli of NG+ex (NG+exSNG+exP) speakers
received scores in between. The FA scores for the
“original” stimuli of SG speakers (SGSSGP) were only
marginally lower than ratings obtained for NG-exSNG-
exP. Figure 3 illustrates the comparison of “original”
stimuli.

The interaction between Manipulation and Pitch
Accent is caused by the fact that only for some of the
stimuli FA scores differed significantly depending on the
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Figure 3. Foreign accent ratings for “original” stimuli of BE, SG, NG+ex and NG-ex speakers in HL and LHL realisation.

Figure 4. Foreign accent ratings pooled for HL vs. LHL stimuli across all groups of speakers (note the FA scaling 3–4 on the
y-axis).

pitch pattern; i.e. falling pitch accent realisation (HL)
received higher scores than rising-falling patterns (LHL),
as illustrated in Figure 4.

This was found in all manipulations based on BES

and NG+exS. Foreign accent scores for stimuli with SGS

differed between HL and LHL only when combined with
the prosody of BE and NG+ex speakers, i.e. SGSBEP and
SGSNG+exP; for NG-exS only in combination with NG-
exP (see Figures 5a and 5b). Because of these differences,
the results of FA ratings will be presented individually for
HL and LHL pitch patterns.

Further, a comparison of FA ratings obtained for the
segmental level (black columns in Figures 5a and 5b) with
those obtained for the prosodic level (white columns in
Figures 5a and 5b) shows that listeners are more decisive in
their judgements based on the segmental level considering
the range of FA scores allotted to those stimuli compared
to the stimuli based on prosody.

Foreign accent ratings for LHL (Figure 5a)
Multiple pair-wise comparisons showed that NG+ex
speakers received significantly lower FA scores compared
to SG and NG-ex speakers not only on the basis of their

“original” stimuli as mentioned above (NG+exSNG+exP

< SGSSGP, p < .0001 and NG-exSNG-exP, p < .0001)
but also on the basis of segments only (NG+exSNG+exP

< NG+exSSGP, p < .0001 and NG+exSNG-exP, p <

.0001). On the basis of prosody the same tendency was
found (BESNG+exP < BESSGP, p = .0062 and BESNG-
exP, p < .0001; SGSNG+exP < SGSSGP p = .0052
and SGSGP, p < .0001; NG-exSNG+exP < NG-exSSGP,
p < .0001 and NG-exSNG-exP, p < .0001). However,
the difference only approaches the significance level in
some of the comparisons indicating that segments provide
stronger cues than prosody for foreign accent perception.
This confirms results previously presented by a number
of scholars who have investigated the relative roles of
prosody and segments in the perception of FA (e.g. Holm,
2008; Moyer, 1999; Munro, 1995).

By comparison, stimuli with BE segments (BES)
receive significantly lower FA ratings than those with
NG+ex segments (NG+exS) regardless of the prosodic
level (BESBEP < NG+exSBEP, p < .0001; BESNG+exP

< NG+exSNG+exP, p < .0001; BESSGP < NG+exSSGP,
p < .0001 and BESNG-exP < NG+exSNG-exP, p <

.0001). The comparison between stimuli based on BE
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(a)

Figure 5a. Foreign accent ratings obtained for BE, SG, NG+ex and NG-ex in LHL realisation on the basis of Segments
(S black) and Prosody (P white).

(b)

Figure 5b. Foreign accent ratings obtained for BE, SG, NG+ex and NG-ex in HL realisation on the basis of Segments
(S black) and Prosody (P white).

prosody (BEP) with those based on NG+ex prosody
(NG+exP) is less clear-cut. Stimuli with BEP attracted
significantly lower FA scores than those with NG+exP

only when they were crossed with BES or NG+exS

(BESBEP < BESNG+exP, p < .0001; NG+exSBEP <

NG+exSNG+exP, p < .0001) but not in combination with
SGS (SGSBEP vs SGSNG+exP p = .0068) and NG-exS

(NG-exSBEP NG-exSNG+exP (p = .0031).
Foreign accent ratings of stimuli with SG segments

(SGS) and those with NG-ex segments (NG-exS) did
not differ significantly (p < .033). Both stimulus
groups showed a comparable pattern of ratings in that
combinations with NG-exP received the highest ratings
whereas those with BEP and NG+exP received the lowest
FA scores.

Foreign accent ratings for HL (Figure 5b)
The most striking difference between the FA ratings
obtained for stimuli with rising-falling (LHL) pitch
accents compared to those obtained for falling (HL)
pitch patterns is that HL stimuli based on SG speaker’s
prosody attracted lower scores than those based on NG+ex
speaker’s prosody (NG+exP) when combined with BE
segments and NG+ex segments (BESSGP < BESNG+exP,
p < .0001; NG+exSSGP < NG+exSNG+exP, p < .0001).

The same can also be seen on the basis of SGS

and NG-exS, in that the difference between SGSSGP

vs. SGSNG+exP (p = .0067) and NG-exSSGP vs. NG-
exSNG+exP (p = .012) is also significant. Note that on the
basis of NG+ex segments, SGP even attracted similar FA
ratings compared to BEP (NG+exSSGP vs NG+exSBEP,
p = .026) (see Figure 6). When pooling stimuli according
to the segmental level, FA ratings are similar to those
obtained for LHL pitch accents in that BE segments (BES)
received the lowest, NG-ex and SG segments (SGS and
NG-exS) the highest FA scores, while NG+ex segments
(NG+exS) are perceived as more foreign-accented than
BES but considerably less than both SGS and NG-exS

(BES < NG+exS, p < .0001; BES < SGS, p < .0001;
BES < NG-exS, p < .0001; NG+exS < SGS, p < .0001;
NG+exS < NG-exS, p < .0001; SGS = NG-exS, p =
.0029).

A possible explanation would be that the segmental
level of the two sentences produced with HL pitch
patterns provided more salient segmental cues for native
Belfast English speakers’ foreign accent detection, (for
an overview of typical errors produced by German
L2 speakers of English see Biersack, 2002). These
could include among others velarisation of /l/ (which
does not occur in German but does in Belfast
English), vowel and syllable reductions (which follow
different phonological patterns in the two language
varieties), realisation of monophthongs (which are often
diphthongised in Belfast English but not in Northern
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Figure 6. Foreign accent ratings for all manipulations in HL (white) and LHL (black) (four labels BE, SG, NG+ex, NG-ex in
the lower panel on the x-axis refers to segmental level, the repeated four labels above refer to the prosodic level of
manipulation).

Standard German), realisation of dental fricatives, labio-
velar and alveolar approximants (none of which feature in
NSG), as well as language-specific phonological and co-
articulatory processes (i.e. directionality and dominance
of assimilation). In summary, there are a number of
segmental cross-language differences between Belfast
English and Northern Standard German which can
potentially be a source of perceptions of foreign accent.
Therefore, we monotonised the four sentences produced
by the 40 speakers (220 Hz and 150 Hz for female and
male speakers, respectively) and asked 20 native speakers
of Belfast English to rate their foreign accentedness using
the same operational scale as described in Section 3.2.
The FA scores were submitted to a multivariate ANOVA
in order to examine differences in FA Rratings between the
four sentences depending on Group of Speaker (BE, SG,
NG+ex and NG-ex) and Pitch Target (HL, LHL). The
results were not significant, showing that the segmental
level for the two sentences per pitch target was perceived
with a comparable degree of foreign accentedness.

In the following, key findings of the production data
analysis and the results of the FA ratings obtained in the
perception experiment will be summarised.

4. Summary of key findings

4.1 Production data

The comparison of pitch accent realisations in three
groups of native German speakers across two languages
revealed cross-varietal differences in both their German
L1 and their English L2. The main differences between
the three groups of speakers were found in the realisation
of falling (HL) and rising-falling (LHL) pitch accent
realisations. German speakers (NG-ex) used mostly

falling (HL) pitch accents in German as well as in English.
Swiss German speakers (SG) used predominantly low-
target pitch accents in German and English. However,
the distribution differed depending on the language.
In the German data, SG speakers realised more than
80% of the target words with low rising and rising-
falling pitch accents compared to only 60% in English
realisations. For L2 speakers (NG+ex) of Belfast English
the reverse was the case. NG+ex speakers produced
more falling (HL) pitch accents in German. In English,
predominantly rising (in bi-syllabic) and rising-falling (in
tri-syllabic) pitch patterns were found. Overall, NG+ex
speakers of Belfast English and SG speakers realised
considerably more rising and rising-falling pitch accents
than NG-ex speakers in both English L2 and German L1.
Another interesting similarity between the two groups
of speakers is the realisation of more LH patterns in
bi-syllabic words compared to LHL patterns found in
the majority of tri-syllabic target words. Turning to the
English data, it becomes obvious that native speakers of
Belfast English (BE) practically represent the opposite
to the German group (NG-ex) in that 80% of the target
words were realised with rising and rising-falling pitch
accent patterns.

4.2 Perception experiment

As predicted, NG+ex speakers’ “original” stimuli
(NG+exSNG+exP) were perceived as more foreign-
accented than “original” BE stimuli (BESBEP), but as
considerably less foreign-accented than “original” NG-
ex stimuli (NG-exSNG-exP) by native speakers of Belfast
English. No predictions were made concerning “original”
SG stimuli, which received FA scores as high as “original”
NG-ex stimuli. The same distribution was found in FA
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ratings obtained for stimuli based on the segmental level
(BES < NG+exS < SGS = NG-exS).

Overall, falling pitch accents (HL) were perceived
as significantly more foreign-accented than rising-falling
pitch accents (LHL). Differences between HL and LHL
occurred with regard to the ranking of NG+exP and SGP.
SGP yielded higher FA scores in LHL but lower scores
in HL compared to NG+exP. BEP stimuli attracted the
lowest FA ratings and NG-exP the highest. However HL
stimuli with BEP and SGP did not differ significantly and
neither did LHL stimuli with BEP and NG+exP (HL: BEP

< SGP < NG+exP < NG-exP; LHL: BEP < NG+exP <

SGP < NG-exP). The FA scores for all manipulations and
both falling and rising-falling pitch accents are illustrated
in Figure 6.

5. Discussion and conclusion

The analysis of the production data confirms the results of
previous studies by (i) showing cross-varietal differences
between Bernese German spoken in Switzerland and
Northern Standard German in the realisation of nuclear
pitch accents in declarative utterances (see Fitzpatrick-
Cole, 1999; Ulbrich, 2004, 2005), and (ii) providing
evidence for cross-linguistic differences between Belfast
English and Northern Standard German (Grabe, 2002,
for Belfast English). Furthermore, the study demonstrates
that L2 speakers not only acquire the regionally marked
pitch accent patterns of a target language (Ulbrich, 2008;),
but that these L2 characteristics interfere with their L1. In
this case it is the default rising-falling pitch patterns (LHL)
of Belfast English which have been shown to interfere with
speakers’ German L1. A comparison between L2 speakers
of Belfast English and native German speakers without
previous exposure to Belfast English (NG-exp) shows
that the former produced default pitch accents of their
L2 (LHL) more frequently which consequently causes
a decrease of falling (HL) pitch accent realisations, the
default pattern in their L1. This tendency is not only
evident in the comparison between the two groups of
native speakers of Northern Standard German but also
in an intra-group comparison of L1 German and L2
English data produced by NG+ex speakers. The regionally
marked L2 default accent (LHL) is produced in their
L2 English but also in their L1 German considerably
more often compared to NG-ex speakers who had not
been exposed to Belfast English prior to the recordings.
These findings are best accounted for by phonological
usage-based theories (e.g. Johnson, 1997; Pierrehumbert,
2001) that build on a firm relationship between speech
perception and production and take into consideration the
impact of recent and distant linguistic experience (e.g.
Bjork & Bjork, 1992; Sancier & Fowler, 1997). It seems
reasonable to assume that the emergence of rising pitch
accents in declarative sentences typically found in Belfast

English in realisations of L1 German speakers (NG+ex)
is the direct result of frequency of occurrence in this
particular context and its associated function (Silverman,
2011).

5.1 LHL and HL in NG+ex

Applying a usage-based approach, the NG+ex speakers’
data could be explained as a result of immediate exposure.
Although all of the recorded NG+ex speakers living in
Belfast have experienced long-term exposure to a falling
pitch accent (HL) due to their growing-up in the German
L1 environment, in their current language environment,
i.e. English as spoken in Belfast has a rising-falling default
pitch accent in declarative utterances. Therefore it seems
reasonable to assume that exposure and frequency might
lead to the establishment of a new categorical component
in the linguistic system of NG+ex speakers.

A different though related issue arises when we try to
interpret the results of the prosodic annotation in light
of the FA ratings obtained in the perception experiment.
Frequency effects of input from the target language for
NG+ex speakers and the native language for BE speakers
can account for both the production data of NG+ex
speakers and the FA ratings of native Belfast English
listeners. Given the nearly exclusive use of rising and
rising-falling pitch accents in the variety of English
spoken in Belfast, native speakers of this variety have
quantitatively considerably more perceptual experience
with LHL compared to HL pitch accents. This could
explain why overall HL received comparably higher FA
scores than LHL, indicating that listeners were more
certain when rating FA in LHL stimuli compared to HL
stimuli.

A possible explanation is rooted in the understanding
that the distinction of falling and rising (or high and low
targeted) pitch accents and their association to specific
linguistic and non-linguistic functions is categorical and
differs between languages and varieties. Applying Flege’s
(1995, p. 49) idea of “equivalence classification” referring
to “a basic cognitive mechanism which permits humans
to perceive constant categories in the face of the inherent
sensory variability found in the many physical exemplars
which may instantiate a category”, we can speculate that
HL corresponds to tonal categories in both languages
and their varieties but that they are distinct in their
phonetic implementation on the segmental level. This
has previously been observed by Mennen (2004) in the
study of L1 Dutch – L2 Greek interference. Hence, the
perception of foreign accentedness is likely to be caused
by differences in the interplay between segments and
prosody (Xu, 2006), i.e. the pitch alignment (Atterer &
Ladd, 2004).

This interpretation relates to Sancier and Fowler’s
(1997) analysis of “gestural drift” in VOT of a bilingual
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speaker (e.g. Schmidt, Carello & Turvey, 1990). Adopting
this idea, we assume that the L2 learners of the present
study start with a HL realisation of nuclear pitch accents in
their L1 German. This pattern is associated with a specific
segment–prosody interplay, i.e. the synchronisation of the
segmental and prosodic levels of speech. The production
of pitch targets is subject to physical and mechanical
properties of the larynx and its synchronisation with other
articulators (e.g. Kelso, Saltzman & Tuller, 1986; Xu &
Sun, 2002). Xu (2005, p. 246) argues that specific com-
municative functions are encoded on the basis of a limited
number of articulatory primitives that are independently
operable parameters (i.e. local pitch target, pitch range,
strength and duration). The independence of these param-
eters permits a number of settings that correspond to spe-
cific communicative functions. In “syllable-synchronized
sequential target approximation”, these articulatory
settings are transformed into continuous movements of
the acoustic signal. The differences between high target
pitch accents in German varieties as well as English might
be the results of language and variety specific encoding
mechanisms or differences on the segmental level that
define the setting of articulatory primitives. Further
research, including articulatory measurements, is needed
to investigate the relationship between such articulatory
primitives of pitch accent realisation and varietal and/or
language specific segmental characteristics.

Low targets in nuclear pitch accents of declarative
sentences, by contrast, might be treated as a category that
has to be newly acquired by the NG+ex learners of Belfast
English and therefore its systematic encoding does not
need to overcome bi-directional interference between L1
and L2. Due to extensive exposure to the low target pitch
accent, LHL takes over the functional load as a default
accent in declarative utterances of HL also in German L1
produced by NG+ex speakers.

That means that when exposed to the L2 linguistic
environment in Belfast, two possible pitch accent
realisations have to be incorporated: an L2 high target
which is the default pitch target in Northern Standard
German and an L2 low target without an equivalent in
pitch accent realisation of L1 German. It seems reasonable
to assume that HL will be associated with two possible
phonetic forms (German HL and Belfast English HL)
that could potentially cause interference between the L1
and L2 patterns whereas LHL will be added as a new
“phonetic” category without causing interference. This
would not only explain the differences in HL vs. LHL
distribution between NG+ex and NG-ex speakers but it
would also account for the difference between FA ratings
obtained for HL and LHL. The relationship between L1
and L2 high target pitch accents is likely to cause the
perception of foreign accentedness. LHL on the other
hand is a phonetic category acquired on the basis of
L2 input only that does not interfere with established

L1 LHL categories. These hypothetical and tentative
explanations lead to further questions, for example, Are
these differences dependent on the individual speaker’s
language mode (see Grosjean, 2001)? How are the
“new” rising or low-targeted pitch accents produced
in L1 German perceived by native German speakers?
Do NG-ex and NG+ex speakers differ in the phonetic
implementation of falling or high-targeted pitch accents
or are the interferences found in L2 data the result of
reorganisation of the phonological system? What is the
exact nature of synchronisation of segmental and prosodic
level that causes perceived differences between NG+ex
and BE? Are the differences the result of systematic L2
influence or L1 attrition? What is the extent of contribution
of segmental and prosodic level and their interplay?

5.2 LHL in Swiss German and Belfast English

The influence of an L2 cannot explain the data obtained
for the SG speakers. In both English and German,
SG speakers produce mainly rising or low-target pitch
accents, but in English they do so significantly less often.
These findings are likely to be the result of classroom
learning, a situation in which learners can be assumed to
be exposed to a variety that is perceived as a standard
variety of the acquired L2. In the present case, this variety
would be Standard Southern British English (SSBE),
which features HL realisations in declarative utterances;
and SG learners of L2 English may have been instructed
to use these default pitch accents. Previous research has
produced evidence that the variety spoken by language
instructors in classroom situations influences the learners’
L2 acquisition (e.g. Young-Scholten, 1985).

More intriguing are the FA ratings obtained for the SG
speakers in comparison to the two other groups of native
German speakers, NG-ex and NG+ex. Overall, FA ratings
for SG as well as NG-ex speakers’ “original” stimuli are
comparably high, hence both groups are clearly perceived
as non-native speakers of Belfast English with ratings
between 5 and 6 (on a six-point scale of FA ratings; see
Table 4 above). However, SG speakers’ prosody only is
perceived as less foreign-accented than NG-ex speakers’
prosody, regardless of the combination with the various
segmental levels. This observation not only demonstrates
the impact of prosody on the perception of FA but also
leads to the conclusion that the question of relative
contribution of prosody and segments to the perception of
FA cannot be answered as straightforwardly as previously
suggested. Although the findings suggest that listeners are
more decisive in their judgements of stimuli based on the
segmental level compared to those based on prosody, the
judgements of the latter generally resemble the tendency
of the former. The results seem to indicate that segments
provide stronger cues compared to the prosodic level,
however, prosody is nonetheless sufficiently used in FA
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perception and detection as previously suggested in the
literature (Holm, 2008; Moyer, 1999; Munro, 1995; Riney,
Takagi & Inutska, 2005). Employing the same idea
that segment–prosody synchronisation is systematic, as
advocated in the interpretation of NG+ex data above,
rising-falling (or low-targeted) pitch accent realisations
might correspond to different encoding mechanisms in
the target approximation in SG and BE. SG speakers
do not establish a new “phonetic” category for the LHL
pitch pattern as assumed for NG+ex speakers. From the
perception point of view, the higher FA ratings for SG
speakers’ LHL compared to NG+ex speakers could be
due to the fact that native Belfast English listeners need
to map SG speakers’ LHL – with its variety-specific
articulatory properties – to the native pattern. In order
to provide evidence for such an account, FA ratings would
have to be obtained from native Belfast speakers that
receive exposure to SG speakers’ foreign-accented speech
in order to provide stronger evidence for within-category
sensitivity in pitch patterns, but again we have to leave
this for future research.

Furthermore, due to the very controlled experimental
design, partly constrained by the requirements for stimuli
creation through acoustic manipulations, it needs to be
pointed out that several factors (age of first exposure,
contact with L1, length of residence among others) will
have to be addressed in subsequent studies. Probably
most importantly, the findings have to be validated in
different speaking styles including naturalistic data. What
the data indisputably show is that linguistic behaviour
underlies dynamic relationships with (linguistic and
non-linguistic) factors that continuously influence our
perception and production of language. In particular
with respect to spoken languages, the phonetic detail
of speech production of either a first or a second
language is influenced by the speakers surrounding us (see
Harrington, Palethorpe & Watson, 2000, for a scientific
yet entertaining study).
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