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Arnold Schwarzenegger is perhaps the most 
famous Austrian-American celebrity who is not 
only well-known for his stunning career but who 
has also gained considerable attention for his 
supposedly unique accent in both his first (L1) 
and second (L2) language. This book presents an 
investigation of Schwarzenegger’s L1 German and 
L2 English pronunciation over a period of 40 years, 
using a speech corpus of broadcast interviews 
which illustrate his pronunciation at different 
stages in time. Study I and II present acoustic 
investigations of his segmental speech production 
(plosives and vowels). Study III examined if 
Schwarzenegger is perceived to sound native in 
his German pronunciation when being compared 
to monolingual German speakers and if listeners’ 
linguistic background influences their judgments 
of L1 nativeness. The findings of the acoustic 
analyses and the perception study show that a 
mature L1 system may be altered in response to 
a developing L2 system and that speakers might 
‘lose’ their status as native speakers in their first 
language, providing evidence for the inherently 
dynamic nature of speech development.
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1 General introduction and literature review 

1.1. General introduction 
Arnold Alois Schwarzenegger (AS henceforth) was born into an Austrian family in 
1947 in Thal, a small village near Graz (Austria). At the age of 21, AS left his home 
country and moved to the United States to advance his career as a professional 
bodybuilder. Within a short period of time, he achieved his goal and became one of 
the bodybuilding legends of the 1970s. Besides that, he is well-known for being an 
actor and a politician, as he was elected Governor of California in 2003 
(Schwarzenegger 2012). Schwarzenegger sees himself as the embodiment of the 
American Dream (Naumburger Tageblatt 2015) and, in fact, he is arguably one of 
the most famous Austrian-American celebrities of the past decades. 

Against the background of his language learning history, AS can be described as 
a late consecutive bilingual who acquired his second language (L2, American Eng-
lish) in early adulthood when his first language (L1, Austrian German) had already 
been fully developed. Besides learning the L2 through everyday communication 
with native speakers, AS attended English as a Second Language classes at a com-
munity college in California shortly after he had moved to the United States 
(Schwarzenegger 2012). Despite the fact that he had already been learning English 
as a foreign language in school in Austria, he struggled with becoming fluent in the 
L2, and admitted that acquiring English pronunciation was the most challenging 
task of his language learning endeavors (ibid.). Even after more than 50 years of 
living in an English-speaking country, AS still maintains a detectable Austrian Ger-
man accent when speaking English, something which receives much attention 
from the public (e.g., Daily Mail UK 2015; Gersemann 2009; Wan 2017). His pronun-
ciation does, however, not only receive attention because of his L1-accented Eng-
lish, but it is also frequently discussed whether he has forgotten or even ‘unlearned’ 
his native language (e.g., Guten Morgen Österreich 2012a, 2012b; Quora 2017; 
Stummer 2011), which he is said to speak with an English accent. 

Schwarzenegger’s apparent difficulty to acquire English pronunciation is by no 
means exceptional. In fact, the ability to attain an authentic, native-like accent is 
often considered the most difficult aspect of L2 acquisition (e.g., Bongaerts et al. 
1997; Hyltenstam and Abrahamsson 2006; Piske, MacKay, and Flege 2001). Even 
when L2 learners have acquired an extended vocabulary and excellent command 
of L2 grammar, their speech is often characterized by a detectable foreign accent, 
especially when the L2 has been acquired late in life (e.g., Flege 2003; Piske and 
MacKay 1999; Piske, MacKay, and Flege 2001; Scovel 1969, 1988). Scovel (1988, 247) 
described this apparently special status of L2 pronunciation acquisition as the ‘Jo-
seph Conrad phenomenon’: Joseph Conrad, an early 20th-century novelist, moved 
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from his home country Poland to the UK at the age of 18. He acquired native-like 
proficiency in L2 writing after a short period of time, yet he was not able to get rid 
of his strong Polish accent (see also Jean-Aubry 1957). Over the past decades, second 
language acquisition (SLA) research has investigated the causes of this phenome-
non and has provided a number of possible explanations. Scovel (1988), among oth-
ers, argued that biological mechanisms are ultimately responsible for foreign ac-
cented speech (see also Lenneberg 1967; Penfield and Roberts 1959). With regard to 
this, it was assumed that attaining native-like proficiency in a second language is 
only possible within a limited time span, which usually ends at around puberty; af-
ter that, acquiring an L2 in a native-like fashion is no longer possible. The influence 
of biological constraints on second language acquisition in general and on L2 ac-
quisition of pronunciation in particular continues to be a controversial topic among 
SLA researchers (see Hyltenstam and Abrahamsson 2000, for a discussion), and 
many scholars propose that the existence of foreign accents cannot be exclusively 
explained against the background of maturational constraints (e.g., Bialystok, 
Hakuta, and Wiley 2003; Hyltenstam and Abrahamsson 2000; Moyer 1999, 2013; 
Singleton 2005, 2007; Snow and Hoefnagel-Höhle 1978). Other factors which have 
been shown to impact L2 speech acquisition to some extent are amount and quality 
of L1/L2 input and use (e.g., Flege, Frieda, and Nozawa 1997; Flege and Liu 2001; 
Moyer 2009), formal instruction (e.g., Saito 2012; Saito and Lyster 2012; Thomson 
and Derwing 2014) and phonetic training (e.g., Aliaga-García and Mora 2009; 
Thomson 2011), motivation (e.g., Moyer 1999; Nagle 2018), and (phonetic) aptitude 
(e.g., Baker Smemoe and Haslam 2013; Jilka et al. 2009; Jilka 2009).1 

Alongside the factors previously mentioned, the role of the first language and its 
influence on L2 speech acquisition has been extensively discussed from the onset 
of SLA research in the second half of the 20th century (e.g., Lado 1957; Moulton 
1962a, 1962b; Odlin 1989, 2006; Weinreich [1953] 1974). Traditionally, it was as-
sumed that the L1 provides the perceptual framework for second language learning 
and thus constrains and impedes an adult L2 learner’s ability to acquire nonnative 
sound categories (Moyer 2013). More current investigations into cross-linguistic in-
fluences on speech production, however, found that not only the first language im-
pacts L2 speech learning but that also L2 learning experience can influence L1 pro-
nunciation features (de Leeuw, Mennen, and Scobbie 2012a, 2012b; Dmitrieva, 
Jongman, and Sereno 2010; Flege 1987b; Mayr, Price, and Mennen 2012; Mennen 
2004), which might result in modifications of L1 phonetic categories, even to the 
extent that speakers are perceived to have a nonnative accent in their L1 (Bergmann 
et al. 2016; de Leeuw, Schmid, and Mennen 2010; Hopp and Schmid 2013; Mayr, 

 
1  For comprehensive overviews of factors influencing L2 pronunciation abilities see Derwing and 

Munro (2015), Piske, MacKay, and Flege (2001), and Trofimovich, Kennedy, and Foote (2015). 
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Sánchez, and Mennen 2020; Schmid and Hopp 2014). As mentioned above, AS’s L1 
pronunciation receives much public attention as it is often claimed that he has – to 
some extent – unlearned his first language. This phenomenon is referred to as first 
language loss or first language attrition, which can be defined as a temporal or per-
manent decline of first language linguistic abilities in a late bilingual who is being 
immersed in an L2-speaking or L2-dominant environment and thus has increased 
contact with the L2 (Köpke 2004; Köpke and Schmid 2004; Seliger and Vago 1991).2 
The findings of studies exploring attrition effects indicate that even a mature and 
fully developed L1 system is sensitive to change due to L2 acquisition experience 
and changes in the linguistic environment (see e.g., de Leeuw, Opitz, and Lubinska 
2013). Being immersed in an L2-speaking environment might be beneficial when it 
comes to attaining native-like proficiency in L2 pronunciation, but simultaneously 
“the associated reduced L1 use may cause linguistic abilities in the L1 to deteriorate” 
(Stoehr et al. 2017, 484). Despite the fact that there is a growing body of research 
examining aspects of L1 phonetic/phonological attrition in speakers with different 
language backgrounds (e.g., Bergmann et al. 2016; de Leeuw 2009, 2019; de Leeuw, 
Mennen, and Scobbie 2012a, 2012b; Mayr, Price, and Mennen 2012; Opitz 2011), 
there is still a lack of longitudinal investigations into L1 attrition phenomena. How-
ever, if language acquisition, including language maintenance and language loss, is 
considered a dynamic and ever-changing process, long-term investigations into 
speech and language development are indispensable. This view is in line with a Dy-
namic Systems Theory (DST) approach to second language learning which consid-
ers language acquisition as a constantly changing process which is influenced by a 
complex interplay between internal and external variables (de Bot, Lowie, and 
Verspoor 2007; Larsen-Freeman 1997, 2000). The relevance of DST in the context of 
L2 acquisition and L1 attrition will be discussed in Section 1.5. 

Furthermore, research into the relationship between L2 speech acquisition and 
L1 phonetic attrition has not provided conclusive findings yet. Some argue that an 
advanced L2 proficiency may cause L1 pronunciation abilities to decline (Flege 
1987b), while others provide evidence for changes in L1 pronunciation experienced 
by learners at the onset of L2 learning (Chang 2012, 2013; Dmitrieva, Jongman, and 
Sereno 2020; Kartushina, Frauenfelder, and Golestani 2016). Consequently, one of 
the objectives of this study is to find out whether there is a direct relationship be-
tween an increase in L2 pronunciation proficiency on the one hand, and a potential 
decline of L1 pronunciation abilities, on the other hand. 

 
2  Note that some scholars suggest a broader definition of first language attrition (see e.g., Schmid and 

Köpke 2017a, 2017b). Aspects related to the use and definition of the term ‘attrition’ will be outlined 
in more detail in Section 1.4.3. 
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The present longitudinal case study aimed to examine AS’s L1 and L2 speech 
production over a period of approximately 40 years, i.e., from the 1970s up to the 
2010s. In order to arrive at a thorough characterization of AS’s first and second lan-
guage speech development, and to gain a profound understanding of potential in-
teractions between processes of acquisition and attrition in a late consecutive bilin-
gual, the following research questions were addressed: 

 
Study I: AS’s productions of L1 and L2 plosives 
RQ 1.1: To what extent has AS’s L2 realization of voice onset time (VOT) contrast 

changed when comparing three stages in time (early, mid, and late)? Does he 
produce a significant difference between phonologically voiced and voiceless 
plosives in terms of VOT for each of the stages, i.e., has he gradually become 
more native-like since he moved to the United States? 

RQ 1.2: To what extent has AS’s L1 realization of VOT contrast changed when com-
paring two stages in time (early and late)? Does he produce a significant differ-
ence between phonologically voiced and voiceless plosives in terms of VOT for 
each of the stages, i.e., have his L1 VOT categories moved away from native pro-
duction norms and at the same time moved closer to L2 production norms since 
he moved to the United States? 

 
Study II: AS’s productions of L1 and L2 vowels 
RQ 2.1: To what extent has AS’s L2 production of monophthongs changed when 

comparing three stages in time (early, mid, and late)? Does he produce L2 vowels 
with formant frequencies (F1 and F2) which resemble those of monolingual 
American English speakers, i.e., has he gradually become more native-like since 
he moved to the United States? 

RQ 2.2: To what extent has AS’s L1 production of monophthongs changed when 
comparing two stages in time (early and late)? Does he produce L1 vowels with 
formant frequencies (F1 and F2) which more closely resemble those of mono-
lingual American English speakers, i.e., have his L1 vowel categories moved 
away from native production norms and at the same time moved closer to L2 
production norms since he moved to the United States? 

 
Study III: Perceived nativeness, comprehensibility and intelligibility of AS’s L1 speech 
RQ 3.1: Is AS perceived to sound less native in his late L1 German pronunciation 

than in his early L1 pronunciation compared to monolingual Austrian German 
speakers? 
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RQ 3.2: To what extent does the listeners’ linguistic background (monolingual vs. 
bilingual) affect their perception of L1 nativeness in German-English bilingual 
and German monolingual speakers? 

RQ 3.3: To what extent is the perceived nativeness of L1 German speech related to 
the intelligibility and comprehensibility of L1 speech, i.e., does a lower degree 
of perceived nativeness impede the comprehensibility and intelligibility of L1 
pronunciation, and vice versa? 
 

In order to gain insight into the extent to which AS’s L1 and L2 pronunciation has 
changed since he moved to an English-speaking environment and to arrive at an 
understanding of the relationship between L2 acquisition and L1 attrition, specific 
features of AS’s segmental speech production, namely plosives and vowels, were 
investigated in two acoustic-phonetic studies (Study I and Study II). For this pur-
pose, speech data were collected from various interviews with AS which were con-
ducted in German or English and were broadcast on different U.S. and Aus-
trian/German TV and radio channels. The German and English speech corpora 
were divided into early (1977–1989) and late (2010–2017/18) speech samples. An ad-
ditional set of samples was included to represent AS’s English pronunciation in the 
1990s and early 2000s (mid samples). 

With regard to AS’s plosive production, the focus was on the realization of voice 
onset time (VOT) contrast in word-initial prevocalic plosives (Study I, Chapter 2). So 
far, VOT has been most frequently studied in English, which distinguishes between 
long-lag and short-lag VOT: Voiceless plosives are produced with long-lag VOT in 
the range of 30 to 100ms, i.e., they are aspirated. English phonologically voiced plo-
sives, on the other hand, are realized with short-lag positive VOT ranging from 0 to 
25ms, or with voicing lead (Docherty 1992; Lisker and Abramson 1964). The same 
VOT-distinction applies to Standard German German, which exhibits a relatively 
consistent VOT contrast between short-lag versus long-lag plosives (Braun-
schweiler 1997; Jessen 1998; Taylor 1975). Speakers of Austrian German varieties, 
however, have been observed to neutralize VOT contrast in word-initial bilabial and 
alveolar plosives in conversational speech by producing both phonologically voiced 
and voiceless targets with short-lag VOT (Hödl 2017, 2019; Moosmüller, Schmid, 
and Brandstätter 2015; Wiesinger 1996, 2014). Based on these cross-linguistic differ-
ences between Austrian German and English, the present study aims to determine 
if and to what extent AS’s production of VOT in word-initial L1 and L2 plosives has 
changed since he moved to an English-speaking environment, i.e., if his L2 VOT 
productions have moved closer towards native English norms in the course of gain-
ing more L2-learning experience, and if his L1 VOT productions have moved fur-
ther away from L1 Austrian German norms as a result of increased L2 exposure over 
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time. The observation that AS’s L1 VOT values have drifted towards the norms of L2 
VOT values would suggest that his L1 plosives are affected by phonetic attrition. In 
order to find out to what extent his L1 and L2 pronunciation has shifted closer to or 
deviated from native speaker norms, AS’s early and late segmental speech produc-
tions were compared to monolingual productions in both languages. 

Study II (Chapter 3) focuses on examining AS’s L1 and L2 monophthongal vowel 
space by comparing his early and late productions. The aim of this comparison is 
to identify potential changes and modifications in his vowel space and to address 
the question of whether his productions of L2 vowels have moved towards native 
English production norms, and whether his L1 vowel productions can be observed 
to have moved away from native Austrian German norms. As there are no acoustic 
studies available so far which investigate acoustic characteristics of vowel produc-
tion in the Austrian German regional variety spoken in Thal, AS’s place of birth, an 
age-matched monolingual control speaker from Thal was recorded for comparison 
purposes (see Section 2.3). Since AS moved to California at the age of 21, it can be 
assumed that his English is influenced by the English variety spoken in California, 
which primarily differs from General American and other American English varie-
ties in terms of the quality and duration of some vowels (Ladefoged 2005). There-
fore, the Californian English vowel inventory (see e.g., Hagiwara 1997) provides the 
basis for the investigation of changes in AS’s L2 vowel productions. Modifications 
of his L1 and L2 vowel systems were described and compared by conducting vowel 
formant frequency measurements of the first and second formant (F1 and F2). 

Alongside conducting acoustic-phonetic analyses of VOT and formant frequen-
cies, the present investigation assessed perceived nativeness, intelligibility and 
comprehensibility of AS’s L1 pronunciation (Study III, Chapter 4). For this purpose, 
two listener groups from Graz (n = 20 each), who differed in terms of their linguistic 
background (monolingual vs. bilingual), were invited to rate a set of 29 speech sam-
ples according to perceived nativeness, intelligibility and comprehensibility. The 
speech corpus included short stretches of speech produced by two Austrian Ger-
man-English bilinguals, including AS, and seven monolingual Austrian German 
speakers from Thal, who functioned as control speakers. To represent AS’s pronun-
ciation, speech samples from two centuries were included, namely from the 1970s 
(early samples) and from the 2010s (late samples). The main objective of comparing 
early and late speech samples was to examine if AS’s overall L1 accent has changed 
since he moved to an L2-speaking country, i.e., whether his late L1 pronunciation 
is perceived to sound less native compared to his early L1 pronunciation. The na-
tiveness assessment in the present investigation is based on the rating instrument 
used by Moyer (1999), who studied perceived accentedness in L2 German speech. 
The dimension of intelligibility, i.e., a listener’s understanding of an utterance 
(Munro and Derwing 1995a), was examined by means of listener transcripts. 
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Perceived comprehensibility of AS’s L1 speech, i.e., how easy or difficult it is for a 
listener to understand an utterance (ibid.), was also tested by means of scalar rat-
ings (see Section 4.2). 

Based on the findings of the acoustical analyses and the listener ratings outlined 
above, the primary goal of the present investigation is to broaden the scope of ex-
isting research on L2 attainment and L1 attrition. The findings will provide insights 
into bidirectional L1–L2 influences operating in a late consecutive bilingual’s lan-
guage systems over an extended period of time. In addition, the study focuses on 
describing and gaining a better understanding of the dynamic processes involved 
in L2 speech acquisition and L1 maintenance/decline. Finally, the outcome of the 
study is not only expected to contribute to existing research on L2 acquisition and 
L1 attrition, but it will also bridge a gap between the scientific research community 
and the public sphere: As AS’s L1 and L2 accent is of interest to a broader public 
audience, findings which contribute to explaining this phenomenon from a scien-
tific perspective will also offer a valuable source for the public, including radio, tel-
evision, and other media. 

1.2. Terminology 
First language (L1) and second language (L2) 
Second language acquisition refers to the acquisition of any other language ac-
quired subsequent to the first language (Ellis 1997; Foster-Cohen 2001; Ortega 2013), 
and often also includes heritage language learning (see Gass and Selinker 2008). 
Some scholars argue, however, that using ‘L2’ as a cover term for all languages a 
speaker acquires subsequent to the L1 is misleading as such terminology is assumed 
to neglect the chronology of acquisition (see Wunder 2011). Hence, the more neu-
tral term ‘nonnative language’ is often used to refer to a second, third, or fourth 
language acquired in addition to the first (native) language, which is especially rel-
evant in the context of multilingualism. As the present thesis does not focus on 
speakers with more than two languages, L1 and native language, and L2 and 
nonnative language are used interchangeably. 

 
Second language acquisition (SLA) vs. L2 acquisition 
A further distinction needs to be made between the terms ‘SLA’ and ‘L2 acquisition’. 
While L2 acquisition primarily describes the process of learning a language subse-
quent to the first language, the acronym SLA is often used to refer to the scientific 
field of research which examines the processes involved in L2 acquisition (Gass and 
Selinker 2008). Despite the fact that this terminological distinction is not always 
made in SLA literature, it will be maintained in the present thesis for the sake of 
clarity. 
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(Foreign) language learning vs. (second) language acquisition 
Particularly in the 1980s, a distinction was frequently made between language learn-
ing and language acquisition, depending on the context in which a second/foreign 
language is learned or acquired. With regard to this, Krashen (1981) stated that lan-
guage acquisition is very similar to the process of native language acquisition in 
children, i.e., it describes an unconscious process which is primarily determined 
by interactions with native speakers and takes place in a naturalistic environment. 
Language learning, by contrast, was described as a conscious process which is char-
acterized by error correction and explicit teaching of language rules in a formal in-
structional context (Krashen 1981). In more current SLA literature, the learning-
acquisition-distinction is not always maintained due to the observation that often 
language acquisition/learning takes place through both naturalistic acquisition and 
instructed learning (see Foster-Cohen 2001). In the present thesis, second language 
acquisition and second language learning will be used interchangeably, both refer-
ring to the natural and/or instructed acquisition of an L2. 

 
Austrian German 
As stated by Hobel and Vollmann (2015, 5), “[t]he linguistic varieties in Austria 
range along a continuum between dialect and standard”. Hence, Austrian German 
does not represent a uniform variety of German, but is used as an umbrella term 
for different varieties and dialects which are spoken in Austria, including both 
Standard Austrian German (SAG)3 and non-standard regional and social varieties 
(see Wiesinger 1990, 2014). SAG, as described by Moosmüller, Schmid, and Brand-
stätter (2015), is oriented towards Standard German German norms and belongs to 
the (Middle/South-Middle) Bavarian dialect region.4 SAG is spoken in large urban 
centers, such as Salzburg and Vienna, and is usually associated with speakers be-
longing to an educated and affluent social class (Moosmüller 2011). In the present 
thesis, SAG will be used in the sense of a normative variety of Austrian German, 
which is understood and accepted by a large number of people within the language 
community (see Auer 1995; Laver 1994; Moosmüller 1995). 

As mentioned in the previous section, the subject (AS) examined in the present 
thesis was born and raised in Thal, a small municipality near Graz-City, the capital 
of the federal state of Styria. While Moosmüller (2011) and Moosmüller, Schmid, 

 
3  Although the term ‘standard language’ is frequently used in the literature, especially from a (socio-

)linguistic point of view, it should be noted that the notion if a standard language is challenged by 
some scholars. For an in-depth discussion of ideological, empirical and theoretical aspects which 
need to be taken into consideration when defining what a ‘standard language’ is, see Deppermann, 
Kleiner, and Knöbl (2011). 

4  Middle and Central Bavarian dialects are spoken in the south of Germany and in Austria with the 
exception of the Austrian federal state of Vorarlberg, which belongs to the Alemannic dialect region 
(see e.g., Kleber 2018; Wiesinger 1996, 2014). 
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and Brandstätter (2015) describe SAG being predominantly spoken in large urban 
centers, Schuller et al. (2019, 2379) argue that “[u]rban centers such as Graz differ 
from rural regions [in that] neither ‘dialect’ nor ‘standard’ is spoken”. Instead, 
speakers living in urban regions use a mixture of both dialect and more standard-
oriented features of Austrian German. With regard to this, Schuller et al. (2019) 
characterize the Austrian German variety spoken in Graz as ‘Urban Styrian’ in con-
trast to more rural Styrian dialects (see also Wiesinger 1967). For the sake of con-
venience, AS’s L1 variety will be referred to as ‘Austrian German’ in the context of 
the present thesis. 

1.3. Early developments in SLA research 
SLA is a relatively young field of research which emerged in the mid-20th century.5 
This emergence, according to Ellis (1997), can be explained by globalization pro-
cesses which led to the need to communicate across national borders. In order to 
be part of and participate in this global communicative network, people needed to 
learn other languages in addition to their first language. As a result, an interest 
emerged to examine, describe and explain language acquisition processes as well 
as to identify factors which might be involved in these processes. In 1982, Ruther-
ford summarized the core interests of SLA by stating that “[w]e wish to know what 
is acquired, how it is acquired and when it is acquired. But were we to have these 
answers even to these questions, we would still want to know why” (1982, 85). As 
this statement suggests, SLA is a complex field of research which adopts a multidis-
ciplinary perspective including different scientific disciplines, such as first lan-
guage acquisition, linguistics, psychology, sociolinguistics, and education (see 
Larsen-Freeman 2000; Ortega 2013. Early SLA research primarily focused on deter-
mining and describing potential areas of difficulty for L2 learners which were as-
sumed to result from differences between the native and the target language. The 
systematic description of these differences aimed at facilitating foreign language 
learning and teaching, as specified in the Contrastive Analysis approach to second 
language acquisition, which will be further outlined below. 

1.3.1 Contrastive analysis 
As mentioned in the introduction, the traditional understanding of language trans-
fer6 held that the L1 was not prone to being affected by interference processes 

 
5  For a detailed overview of the (historical) development of Applied Linguistics and SLA, see de Bot 

(2015) and McCarthy (2001). 
6  In the literature, the notion of ‘language transfer’ might also be referred to by using terms such as 

‘language interference’ (e.g., Weinreich [1953] 1974) or ‘cross-linguistic influence’ (e.g., Sharwood 
Smith and Kellerman 1986). The terminology used to describe the phenomenon of language transfer 
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while a learner’s L2 system was likely to be influenced by the L1 system. This view 
developed in the 1950s and 1960s against the background of the Contrastive Analysis 
(CA) approach which has its roots in behaviorist learning theory (Bloomfield 1933; 
Skinner 1957, 1974) and which served as a basis for predicting transfer processes. 
The basic assumption of behaviorist learning theory was that learning takes place 
through imitation (i.e., copying a particular stimulus) and reinforcement (i.e., ap-
propriate behavior is rewarded, inappropriate behavior is punished), which were 
assumed to trigger the formation of habits (Skinner 1974). Habits which had been 
established for the first language were claimed to interfere with the second lan-
guage system and hence impeded the successful learning of a new language (see 
Mitchell, Myles, and Marsden 2019, for an overview). The origins of CA can be 
traced back to Fries (1945) and Lado (1957), who described language transfer as be-
ing unidirectional in nature, i.e., taking place from the L1 to the L2, but not vice 
versa. In addition, L1 transfer processes were considered to be highly similar in all 
L2 learners, regardless of the languages involved (Weinreich [1953] 1974). Based on 
these assumptions, systematic comparisons of the L1 and L2 were made in order to 
reveal areas of potential difficulty learners might face when acquiring a second lan-
guage. Moulton (1962b), for instance, compared the phonetic and phonological sys-
tems of English and German and provided a classification of pronunciation errors, 
which should serve as a basis for teaching pronunciation in classroom settings. As 
pointed out by Lado (1957), such systematic L1–L2 comparisons were essential for 
language teaching and the design of teaching materials. Also Fries (1945) argued 
that “[t]he most effective materials are those that are based upon a scientific de-
scription of the language to be learned, carefully compared with a parallel descrip-
tion of the native language of the learner” (quoted in Dulay, Burt, and Krashen 1982, 
98). Consequently, CA developed out of the pedagogical demand for effective for-
eign language teaching. 

In terms of L2 speech production, proponents of CA argued that the more dif-
ferent L1 and L2 speech sounds are, the more difficult the authentic production of 
the L2 sounds (Lado 1957; Weinreich [1953] 1974). Furthermore, it was assumed that 
foreign language phonemes which are non-existent in the first language will be re-
placed with an L1 phoneme that is closest to the L2 phoneme, if the L2 learner fails 
to identify the L2 phoneme correctly (ibid.). Based on this, the nature of transfer 
was described being either positive or negative: Positive transfer occurs when an 
L1 structure has a corresponding structure in the L2 system, which results in au-
thentic L2 productions and thus facilitates L2 acquisition. Negative transfer (i.e., 

 
or language interaction depends on “how researchers perceive its scope and its positive or negative 
effects” (Ecke 2004, 336). In the present work, the terms ‘language transfer’ and ‘cross-linguistic in-
fluence’ will be used to refer to interactions between the L1 and L2 linguistic systems. 
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interference), on the other hand, inhibits successful L2 acquisition because a spe-
cific L1 structure does not have a corresponding structure in the L2. Consequently, 
the L2 target structure is replaced with an L1 structure, resulting in incorrect L2 
productions (Carroll 1968; Odlin 2006). Hence, interference from the first language 
was considered the primary obstacle to successful L2 (speech) acquisition (see 
Flege 1995, 235). 

The investigation of transfer processes, however, began well before the emer-
gence of CA. As early as 1939, Trubetzkoy argued that the inability to produce L2 
sounds correctly was the result of first language interference. He described the L1 
phonological system as a phonological ‘sieve’ which acts as a filter for L2 speech 
sounds and, according to this theory, incorrect speech productions result from dis-
similarities between L1 and L2 sounds (Trubetzkoy [1939] 1977). A similar line of 
argumentation was advanced by Wode (1980), who suggested that an L2 phonolog-
ical system is acquired through the ‘grid’ of the learner’s first language. Thus, an L2 
element which has a counterpart in the L1 system will be replaced by the most sim-
ilar element; dissimilar sounds, by contrast, “are not substituted by the learner’s L1 
elements but they undergo autonomous developments similar to […] those which 
the respective elements undergo in L1 acquisition” (Wode 1980, 129). 

Despite its popularity in the 1960s, the CA approach to second language acquisi-
tion became a much-debated issue in the early 1970s, which led to a gradually 
changing view on language transfer processes. In its original formulation, the 
strong version of CA suggested that all learner errors could be predicted on the basis 
of L1–L2 comparisons (Lado 1957). According to Wardhaugh (1974), one of the crit-
ics of CA, this strong interpretation of CA was not tenable in practice because it 
failed to provide reliable and testable predictions. A number of studies supported 
Wardhaugh’s argument and presented results contradicting the assumption that all 
learner errors could be predicted systematically. Richards (1971), for instance, re-
viewed several studies examining L2 learners of English with different L1 back-
grounds. He explored the nature of learner errors observed in the studies and found 
that the majority of these errors could not be classified as interlingual errors, i.e., 
errors resulting from first language interference. Instead, certain errors were 
found to occur regardless of the learners’ first language and were thus assumed to 
“reflect the learner’s competence at a particular stage, and illustrate some of the 
general characteristics of language acquisition” (Richards 1971, 3). These errors, 
which Richards classified as intralingual and developmental errors, include, for ex-
ample, overgeneralizations or false/incomplete applications of L2 rules. Similar 
findings were provided by Brooks (1960) and Dulay and Burt (1973, 1974a), who 
identified several types of errors which did not result from L1-interferences; in fact, 
the minority of errors could actually be traced back to transfer from the first lan-
guage system (Dulay and Burt 1973). 
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In addition to different types of learner errors which were not taken into account 
by CA, Eckman (1977, 1996, 2003, 2008) stated that CA failed to allow for predictions 
to be made concerning the directionality of difficulty. He proposed that not all dif-
ferences between a first and a second language will automatically entail production 
difficulties and, consequently, not all L2 elements will be equally difficult to acquire 
for learners (see Eckman 2008). Based on this, he called for an extension of CA by 
taking the directionality of difficulty into consideration (see Eckman 1977), which 
rests on the assumption that when two speakers with different L1 backgrounds 
learn the language of the other speaker, the speaker who has to learn a more 
marked L2 structure will face greater difficulty than the speaker who acquires an 
unmarked structure.7  

Alongside the observation that language transfer processes might be affected by 
markedness relationships, it was generally questioned whether learning difficulty 
on the one hand, and the relative difference between two language systems on the 
other hand, can be equated. Odlin (1989), for example, points out that differences 
between an L1 and L2 do not inevitably impede successful L2 productions, as orig-
inally stated by CA. In fact, studies conducted within the framework of Flege’s 
Speech Learning Model (Flege 1987a, 1987b, 1995, 2003, 2007) did not provide evi-
dence for a strong interpretation of CA as they showed that differences between the 
L1 and L2 at a phonological level might facilitate L2 learning. These observations 
laid the basis for current views on cross-linguistic transfer, which will be discussed 
in Sections 1.4 and 1.6. 

The fact that the validity of behaviorist learning theories was questioned added 
further to the recurrent criticism on CA (see Fisiak 1981; Major 2008). As a conse-
quence, an alternative approach to identifying potential difficulties L2 learners 
might be confronted with developed in the late 1970s, known as Error Analysis (EA). 
EA was concerned with the systematic description of learner errors without exclu-
sively focusing on errors resulting from L1 transfer. Corder (1967, 168), one of the 
pioneers of EA, disagreed with behaviorist learning theories by stating that not all 
learner errors8 can be explained by “interference from the habits of the mother-
tongue”. Rather, errors observed in L2 learners’ productions were interpreted to 
reflect innate strategies applied during the acquisition process. According to 

 
7  Based on the notion of marked vs. unmarked linguistic features, Eckman (2003, 2008) formulated the 

Markedness Differential Hypothesis (MDH), according to which marked linguistic features are more 
difficult to acquire than unmarked features. Whether a linguistic structure is classified as marked or 
unmarked depends on its distribution within and across languages, i.e., unmarked structures occur 
more frequently than marked ones. In the context of L2 acquisition, the MDH holds that unmarked 
L1 structures are more likely to be transferred to the L2 compared to marked L1 features. 

8  Corder (1967, 167) distinguishes mistakes from errors in that mistakes are “errors of performance” 
while errors are the result of systematic divergences from the target language, i.e., “errors of com-
petence”. 
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Corder, studying and analyzing these errors would provide language teachers with 
a sound basis for making language teaching more effective. 

While CA failed to provide testable predictions, research conducted within the 
framework of EA seemed to offer actual empirical data (e.g., Ghadessy 1980; Rich-
ards 1971). However, also EA soon found itself under critical investigation. 
Schachter and Celce-Murcia (1977), for instance, discuss several insufficiencies of 
EA, such as the fallacy of analyzing learner errors in isolation by extracting them 
from the context of speaking, or the difficulty of providing a distinct classification 
system for errors (see also Schachter 1974; Strevens 1969). Similarly, Hammarberg 
(1979) voiced reservations against EA and argued that it failed to take non-errors 
into account which are as essential as actual errors when it comes to the realization 
of pedagogical objectives, such as language teaching and syllabus design. 

In their concluding remark about the drawbacks of early approaches to explain-
ing second language acquisition processes, Schachter and Celce-Murcia (1977, 
449f.) state that “if anything was learned from the so-called rise and fall of CA, it 
should be that one single view of the language learning process [...] will not account 
for the diverse phenomena that exist”. However, despite the fact that there has been 
an ongoing debate about the validity of CA and EA, some SLA researchers argue that 
CA still bears some plausibility from current research perspectives in Applied Lin-
guistics. König and Gast (2007, 3), for example, point out that for translation pur-
poses as well as in the fields of bilingualism and foreign language teaching, com-
paring languages and running contrastive analyses might indeed provide useful 
first insights into differences and commonalities between the languages under in-
vestigation. In fact, their systematic analysis and comparison of German and Eng-
lish phonology, morphology, and syntax can serve as a useful starting point for con-
ducting in-depth investigations of L2 acquisition processes and thus broaden the 
perspective on the complex phenomenon of second language acquisition. 

1.3.2 Maturational constraints 
Alongside examining language transfer and interference processes, early SLA re-
search concentrated on exploring the relationship between L2 acquisition and age-
related factors, which has been a major topic of debate in SLA ever since (e.g., Long 
1990; Singleton 2007; Singleton and Lengyel 1995; Singleton and Leśniewska  2021; 
Vanhove 2013). One of the earliest explanations of age-related influences on the ac-
quisition of a second language were formulated in the critical period hypothesis 
(CPH), which held that language acquisition is predominantly – if not exclusively – 
controlled by biological mechanisms (Lenneberg 1967; Penfield and Roberts 1959). 

Penfield and Roberts (1959) originally proposed the existence of a CPH in the 
context of first language acquisition. They stated that first language acquisition 
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processes are essentially limited due to a loss of brain plasticity which was assumed 
to commence at the age of around nine. After this age, the successful (native-like) 
acquisition of a language was considered to be no longer possible. This idea was 
complemented by Lenneberg (1967) who argued that biological constraints also ul-
timately inhibit the acquisition of a second language if it is acquired subsequent to 
the supposed end of a critical period, which he set at around puberty. Lenneberg’s 
definition of a CPH is based on specific neurological processes associated with the 
lateralization of language functions in the brain. Once these lateralization pro-
cesses are completed, the capacity to acquire a second language with native profi-
ciency is no longer possible. 

Early formulations of the CPH soon became a target of criticism, which led to 
modifications of its initial claims. Krashen (1973), for instance, provided evidence 
for a much earlier completion of lateralization, i.e., well before puberty, and thus 
challenged Lenneberg’s arguments concerning the ultimately restrictive nature of 
lateralization. Scovel (1988) argued that Penfield and Roberts (1959) had failed to 
provide a comprehensive explanation of what they precisely meant by ‘brain plas-
ticity’ and which specific neurological processes were involved in language acqui-
sition. In addition, Scovel (1988) pointed out that not all areas of language learning 
are equally affected by a critical period as originally argued by Penfield and Rob-
erts; instead, he proposed that “a critical period is defensible only for phonological 
learning and cannot be expanded to include the learning of other linguistic skills, 
such as the acquisition of new words or new grammatical patterns” (Scovel 1988, 
59). He derived this assumption from the observation that phonological learning is 
the only area of language acquisition in which physical learning is directly involved, 
that is, the positioning and coordination of articulators required for speech sound 
production. Since learning these motoric abilities was assumed to be no longer pos-
sible once lateralization is completed, speakers who acquired an L2 late in life were 
thought to maintain a detectable foreign accent in their second language. 

Early interpretations of the CPH outlined above have significantly influenced 
subsequent discussions on the role of age in L2 (speech) learning. Among many 
others, Bongaerts (1999; see also Bongaerts, Mennen, and van der Slik 2000) tested 
the CPH’s prediction that native-like acquisition of second language speech is gen-
erally not possible if it is acquired after puberty. His study included highly success-
ful native Dutch learners of English, who had acquired the L2 in adulthood. Foreign 
accent ratings revealed that some speakers were indeed perceived as native speak-
ers of English, which was interpreted as evidence against any strong interpretation 
of the CPH and against the existence of an “absolute biological barrier” (Bongaerts 
1999, 154) when it comes to the acquisition of native L2 pronunciation. Other factors 
besides age need to be taken into consideration in order to account for the existence 
of exceptionally successful L2 learners, such as a high level of motivation, access to 
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a sufficient amount of L2 input, and intensive L2 perception and production train-
ing (see Bongaerts 1999). Also Moyer (1999) stresses the importance of additional 
factors which are likely to interact with the age factor. She examined the impact of 
motivation, instruction, phonological training, and self-perception of productive 
accuracy in native English learners of German who acquired the L2 after puberty. 
Her conclusions suggest that despite the fact that these factors were not shown to 
override the age factor, they still significantly contributed to the level of L2 pronun-
ciation proficiency. However, although numerous studies have investigated the rel-
ative influence of predictor variables on L2 pronunciation abilities and their inter-
action with age-related constraints (e.g., Guion 2003; Moyer 2009; Thomson 2011; 
Thomson and Derwing 2014), it remains unclear to date to what extent extra-lin-
guistic variables affect successful L2 pronunciation and whether at least some of 
these factors play an even more essential role than age-related constraints. 

Despite its popularity in the early 1950s, the validity of the CPH has been ques-
tioned by many SLA researchers, which resulted in several re-formulations and 
adaptions of its initial claims (see Birdsong 2014; Singleton 2007, for discussions). 
While some researchers still suggest that the existence of a critical period – despite 
several inconsistencies with regard to its end and beginning (e.g., Vanhove 2013) – 
is ultimately responsible for foreign accented speech in late L2 learners, others 
stress the importance of additional variables which interact with the age factor, as 
outlined above. 

1.3.3 Interlanguage and fossilization 
As can be concluded from the previous discussion, early developments in SLA sug-
gest that explaining language acquisition processes solely on the basis of language 
transfer and maturational constraints does not satisfactorily grasp the complexity 
of these processes. One of the drawbacks of behaviorist learning theories and CA 
was that they only accounted for what could be directly observed on the ‘surface’ of 
L2 production, that is, the language input a learner receives and their output in re-
sponse to the input (Ellis 1997, 32). Internal strategies and mechanisms applied by 
language learners in their attempts to acquire a second language were, however, 
not addressed. These insufficiencies of behaviorist learning theories led to the de-
velopment of a new theoretical framework which aimed to explain language acqui-
sition processes from a mentalist theory perspective. 

The basis of mentalist approaches to SLA is the proposed existence of a Lan-
guage Acquisition Device (LAD), described as an innate predisposition unique to 
humans which enables them to acquire language (Chomsky 1965, 1967). The con-
cept of the LAD was first introduced by Chomsky in the 1960s and later served as a 
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basis for Selinker’s (1979) formulation of what he termed ‘interlanguage’.9 Interlan-
guage, according to Selinker, is a unique learner-internal linguistic system which 
contains learners’ abstract rules and hypotheses they establish when processing the 
target language. This provisional mental grammar constitutes a separate linguistic 
system which is different from a learner’s L1 system and the linguistic system of the 
L2, but is likely to be influenced by both. While behaviorist learning theory empha-
sized the relevance of language input in the process of language acquisition, the 
concept of interlanguage holds that language acquisition processes are primarily 
determined by the LAD; input is necessary only in order to activate the LAD (e.g., 
Ellis 1997). With regard to this, the interlanguage system is described as being per-
meable, i.e., it might undergo changes and modifications due to input from the out-
side (language input) or due to internal mechanisms. For instance, learner errors, 
such as overgeneralizations or errors resulting from negative L1 transfer (see Sec-
tion 3.1) which can be observed on the ‘surface’ are considered being symptomatic 
of a learner’s internal processing strategies (Selinker 1979). This view is in line with 
Corder’s (1967) argument that different types of L2 learner errors reflect the imple-
mentation of innate learning strategies. It also suggests that interlanguage systems 
are transitional, which means that the set of L2 rules stored in a learner’s interlan-
guage system are constantly changing and expanding, and as a result, the L2 gram-
mar becomes increasingly complex. Based on this, interlanguage can be described 
as a “dynamic system moving in the direction of the target language” (Lennon 2008, 
55). 

In the context of an evolving mentalist approach to second language acquisition, 
increasing attention was paid to investigating learners’ interlanguage phonology, 
referred to as ‘second language phonology’ in current SLA (see e.g., Major 2008). 
Flege (1980), for example, assessed L2 segmental speech production in adult learn-
ers in order to determine whether the speakers’ linguistic output reflects interlan-
guage phonology or whether this output is the result of L1–L2 interference pro-
cesses. He investigated native Saudi Arabian speakers’ realization of voicing con-
trast in L2 English plosives. The analysis of the target sounds revealed that more 
experienced Arabic speakers managed to approximate English phonetic norms for 
voiced and voiceless stops, while less experienced speakers’ realization of the stop 
voicing contrast was found to be closer to Arabic norms. Based on these findings, 

 
9  Since the introduction of the concept of interlanguage, many other terms have been used to refer to 

the same or similar underlying phenomena, such as ‘approximative systems’ (Nemser 1971), ‘idio-
syncratic dialects’ (Corder 1971), or ‘transitional competence’ (Corder 1967). In addition, the term 
‘developing system’ is frequently used, which acknowledges the fact that a learner’s internal langu-
age system is constantly changing and developing as a result of their attempts to approach an L2 
system similar to that of a native speaker (Wei 2009). In current SLA research, the preferred term is 
‘learner language’ (Saville-Troike 2012). 
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Flege (1980) concluded that the learners’ linguistic output is that of the speakers’ 
interlanguage system rather than reflecting transfer processes from the L1. In ad-
dition, he emphasized that learners’ interlanguage systems might develop at differ-
ent rates, with some being faster in establishing phonetic categories for L2 speech 
sounds while others require more time to implement the phonetic norms of a new 
language. 

One of the mechanisms which are assumed to influence and control the devel-
opment of interlanguage systems is fossilization (Selinker 1979), which is frequently 
described as the ‘incompleteness’ (Schachter 1990), ‘non-progression’ (Han 2004b) 
or ‘stagnation’ (Nakuma 2005) of L2 acquisition. Earlier discussions of interlanguage 
phenomena viewed fossilization as the major property that distinguishes first from 
second language acquisition (e.g., Bley-Vroman 1990; Hyltenstam 1988; Schachter 
1988): While L1 acquisition in typically developing children (i.e., children who do 
not suffer from any speech or language impairment) is usually successful in that 
they attain native mastery of their L1, an adult learner’s L2 interlanguage system, 
on the other hand, is assumed to reach a point where no further progression or 
improvement in learning can be observed. Due to this ‘end state’ of L2 acquisition, 
late L2 learners typically acquire the L2 with varying levels of proficiency but are 
not likely to reach native L2 proficiency (Birdsong 1992). Selinker and Lamendella 
(1978, 187) define fossilization as a 

permanent cessation of IL [interlanguage] learning before the learner has at-
tained TL [target language] norms at all levels of linguistic structure and in all 
discourse domains in spite of the learner’s positive ability, opportunity, and mo-
tivation to learn and acculturate into target society. 

As Selinker (1979) argues, fossilization is the reason why only a small percentage of 
L2 learners is actually able to achieve native or near-native competence in the sec-
ond language. He exemplifies what fossilized phonological structures are by refer-
ring to typical errors observed in adult L2 learners: Native French learners of Eng-
lish, for example, might maintain the French uvular /R/ in their L2 English inter-
language, and native English learners of French maintain the English retroflex /ɻ/ 
in their L2 interlanguage. 

One question that is repeatedly raised in the context of fossilization is whether 
it is a global phenomenon, i.e., whether it affects the entire interlanguage system, 
or a local phenomenon, applying to specific features of L2 learning only (e.g., Han 
2004b; Larsen-Freeman 2005). Evidence seems to suggest that fossilization is selec-
tive in that it only affects certain linguistic features of the interlanguage system 
while other features are successfully acquired (see e.g., Long 2003; MacWhinney 
1999). Tracing potential fossilization in an L2 learner’s interlanguage system re-
quires empirical longitudinal research (see Selinker and Han 2001, for a discussion) 
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and, in fact, most studies focusing on fossilization of L2 structures present long-
term data (e.g., Han 1998; Jarvis and Pavlenko 2000; Lardiere 1998a, 1998b, 2000; 
Schumann 1978). However, studies examining fossilized linguistic structures have 
not presented entirely conclusive findings so far. Schumann (1978), for example, 
conducted a case study of an adult L1 Spanish speaker who learned English as an 
L2. The subject’s use of different grammatical items was examined over a period of 
ten months, starting at the very onset of L2 learning, i.e., at a point where the 
learner had hardly any knowledge of the L2. The analysis of grammatical items re-
vealed that the subject showed little linguistic development within the ten-months-
period as he was observed to use “a reduced and simplified version of English” 
(Schumann 1978, 65). According to Han (2004a), this study is often viewed as the 
first to provide evidence for fossilization in an adult second language learner. How-
ever, interpreting Schumann’s findings as evidence for fossilization mechanisms is 
rather misleading since it traces the subject’s linguistic development over a period 
of ten months only, starting from the very onset of L2 acquisition. Therefore, it is 
not possible to determine to what extent the L2 has changed and perhaps even ap-
proached native production norms in the further course of language development. 
Identifying a lack of improvement within the first ten months of language acquisi-
tion does therefore not allow for definite conclusions to be drawn about whether 
certain linguistic features of the L2 learner’s interlanguage system have fossilized 
or whether these features might have improved and changed at a later stage in the 
language acquisition process. 

Another study worth noting in this context was conducted by Long (1997, see 
also 2003). In a 16-year-longitudinal investigation, he examined the linguistic devel-
opment of an L1 Japanese adult speaker who had been living in Hawaii for 37 years 
at the time the study was conducted. The subject’s productions of different gram-
matical L2 (Hawaii Creole English) structures were tested in spontaneous conver-
sations at five points in time. It was found that while some productions were char-
acterized by persistent errors, others showed a considerable amount of variation, 
which Long (2003, 510) interpreted as evidence against fossilization; he concluded: 

What is most noticeable about Ayako’s speech is that while performing far short 
of nativelike levels, with pervasive and persistent errors despite ample oppor-
tunity to acquire the target language, and so constituting an apparently perfect 
candidate for a fossilization claim, her interlanguage exhibits extensive amounts 
of variation, both synchronic and diachronic. Some of this variability may turn 
out to be systematic, but much of it appears not to be. 

Also Lardiere’s research (1998a, 1998b, 2000) is frequently discussed in the context 
of fossilization in adult second language learners. Lardiere (1998a, 1998b) examined 
verbal agreement morphology in an adult L1 Chinese learner of L2 English. Similar 
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to the subject in Long (1997), the speaker had been long-term immersed in an L2 
environment at the time of study. Recordings of natural productions were taken at 
different points in time. Lardiere’s results indicate that the subject’s morphological 
marking on verbs had fossilized over time, but not all grammatical features exam-
ined were observed to be affected by fossilization. This allows for the conclusion 
that some features of the interlanguage system are more likely to be affected by 
fossilization than others, and thus also supports the view illustrated above that fos-
silization does not operate on a global level but might affect only specific aspects of 
the interlanguage system. 

As the previous discussion reveals, the concepts of interlanguage and fossiliza-
tion contrast with earlier approaches to second language acquisition insofar as it 
can be reasonably assumed that L2 learning is not exclusively governed by transfer 
from the L1 system, but by the development of an L1- and L2-independent learner-
internal system, containing abstract linguistic rules a learner establishes for the L2. 
Therefore, the interlanguage system is not static but develops and changes over 
time until it reaches an ‘end state’ of L2 proficiency. 

As mentioned above, the vast majority of L2 learners is not likely to master the 
L2 in a native-like fashion as their interlanguage system is assumed to fossilize at a 
certain stage of learning. With regard to this, Scovel (1988) proposed that fossiliza-
tion of adult learners’ interlanguage phonology is ultimately responsible for their 
inability to produce accent-free L2 speech. However, research shows that a 
learner’s interlanguage phonology can, in fact, attain a (near-)native state at least 
in some speakers (Bongaerts 1999; Bongaerts, Mennen, and van der Slik 2000). Se-
linker (1979) explains this phenomenon by referring to Lenneberg’s (1967) descrip-
tion of a ‘latent language structure’, i.e., a genetically determined structure which 
is activated in children in order to acquire language. While Lenneberg states that 
the activation of this structure is eventually inhibited by maturational constraints, 
Selinker (1979, 58) argues that adults can be successful in acquiring a second lan-
guage with native proficiency if they are able to “reactivate[ ] the latent language 
structure”. 

If and to what extent the concept of fossilization and its notion of an ‘end state’ 
of L2 proficiency is compatible with current theories and findings within the field 
of L2 acquisition will be further discussed in Section 1.7. 

1.3.4 Shifting perspectives 
With the development of the interlanguage concept a shift took place from investi-
gating L2 acquisition phenomena from a teaching perspective, as it was the case in 
the context of CA, towards adopting a learning-oriented perspective. In order to ar-
rive at a more thorough understanding of learner-internal mechanisms involved in 
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L2 learning processes, Selinker (1979) proposed analyzing learner language with 
regard to three systems: (1) a speaker’s L1, (2) their interlanguage system, and (3) 
the L2 system. Empirical studies conducted along this line of inquiry in the 1970s 
increasingly focused on defining universal stages of second language acquisition in 
child and adult learners. In this context, it was explored if these stages are similar 
to the stages learners go through during native language acquisition (e.g., Butter-
worth and Hatch 1978; Dulay and Burt 1973) . 

Dulay and Burt (1973), for instance, explored the acquisition of L2 English syntax 
in native Spanish children. Results of an error analysis revealed that only a small 
percentage of errors could be classified as interference errors while the majority 
were developmental errors, that is, L2 errors which are similar to those errors ob-
served when monolingual children learn their first language. Dulay and Burt inter-
preted these findings to suggest that the acquisition of an L2 proceeds along the 
same ‘natural route’ as L1 acquisition does. Wode (1978) presented similar results 
in his assessment of phonological and syntactic data from L2 German and L2 Eng-
lish learners. He argues, however, that “L2 developmental sequences are not, on 
the surface of them, exactly like the respective L1 sequences” (Wode 1978, 115) as 
had been suggested by previous research (e.g., Corder 1967; Dulay and Burt 1973; 
Hatch and Wagner-Gough 1975). Instead, he proposed that L1 and L2 acquisition 
operate on the basis of the same set of principles, but that these principles might 
result in different surface forms in the respective language. 

While universal principles and patterns of language acquisition were primarily 
investigated in young children, Butterworth and Hatch (1978) explored L2 acquisi-
tion in an adolescent speaker, acknowledging the fact that there are differences be-
tween children and adults in terms of language acquisition. In a case study of an L1 
Spanish learner of English they found that the predominant strategy used by the L2 
learner was simplification of L2 input and output. First language interference also 
played a role, but it was observed in a few instances only. Despite the fact that they 
assessed linguistic abilities in one speaker only, Butterworth and Hatch (1978) con-
cluded that also adult language learners are very similar in their order of acquisition 
regardless of their L1 background. 

Most of the studies outlined above focus on the acquisition of grammatical and 
syntactic L2 structures by child or adult learners while the development of interlan-
guage phonology did not receive as much attention in the early 1980s. However, 
although the development of L2 phonology is assumed to progress slower than the 
development of syntactic, semantic and lexical skills (Flege 1980), 10  L2 

 
10  Flege (1980) states that one reason for this relatively slower progression in the development of L2 

phonology might be that speech sound production involves a physiological component, i.e., the po-
sitioning and coordination of articulators, alongside with cognitive abilities. 
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phonological learning bears at least some similarities to native speech acquisition. 
These include, for instance, cluster reduction (e.g., Hansen Edwards 2004) or the 
segmentation of the speech stream (e.g., Ohala 2008). According to Ohala (2008, 35), 
the similarities between L1 and L2 phonological learning “suggest that the occur-
rence of such phenomena are not the explicit domain of either L1 or L2 phonologi-
cal acquisition and that the reason behind these similarities may lie in universal 
tendencies”. 

Speaking of ‘universal’ tendencies when it comes to language acquisition pro-
cesses and the development of interlanguage phonology conveys the impression 
that the interlanguage system is the same in every language learner at a particular 
stage of L2 acquisition. However, given that inter- and intra-learner variability is 
one of the most striking characteristics of L2 speech production and perception, the 
conclusion that “not two learners learn an L2 in exactly the same way” (Ellis 1991, 
10) seems valid. The source of variability observed in learners’ phonological data is
determined by a number of different factors: leaner-external factors, such as qual-
ity and quantity of input (e.g., Flege, Frieda, and Nozawa 1997; Flege and Liu 2001;
Moyer 1999), opportunities for language use, as well as learner-internal factors,
among them motivation (e.g., Gardner 2010; Gardner and Lambert 1972; Gardner
and MacIntyre 1993; Moyer 1999) and phonetic aptitude (e.g., Hinton 2012; Jilka et
al. 2009; Jilka 2009). Language acquisition processes have also been shown to be
influenced by linguistic variables, such as prosodic and segmental context, word
shape, lexical category, and the presence or absence of orthography (see Colantoni,
Steele, and Escudero 2015, 18). Hence, current SLA research acknowledges that
there are stages of acquisition which are similar in L2 learners, but the transition
from one stage to another might differ among learners due to the influence of some
of the factors previously mentioned.

1.4. A current perspective in SLA and bilingualism research: First 
language attrition 

1.4.1 Contextualizing first language attrition 
As previously outlined, early observations concerning second language (speech) ac-
quisition were predominantly discussed within the framework of L1 interference 
processes and maturational constraints (see e.g., Flege 2003; Piske, MacKay, and 
Flege 2001, for discussions). As the first language was assumed to reach a ‘steady 
state’ due to biological maturation mechanisms, it was claimed that the L1 system 
would remain unaffected by L2 learning experience, while the successful acquisi-
tion of an L2 was impeded by interferences from the first language if it was acquired 
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later in life (e.g., Lado 1957; Lenneberg 1967; Weinreich [1953] 1974). Thus, tradi-
tional SLA and bilingualism research seemed to provide a straightforward defini-
tion of the roles the native and the second language assumed in the context of L2 
acquisition. However, with the development of the wholistic view of bilingualism 
(Grosjean 1989),11 it was acknowledged that a bilingual’s two (or more) language 
systems do not exist in isolation but constantly influence each other. Resulting from 
this changing perspective, it was advocated that “[linguists] will no longer examine 
one of the bilingual’s languages without examining the other” (Grosjean 1989, 13). 
In the same vein, Schmid and Köpke (2007) argued that in order to be able to fully 
grasp the complexity of language development in bilingual speakers, it is not only 
necessary to explore how the L1 system influences additional language systems, but 
also to examine the extent to which the L1 system is affected by an evolving L2 sys-
tem. Several studies which were conducted in the past decades support this view 
and challenge the claim that the first language is not prone to being affected by 
transfer processes (e.g., Flege 1987a, 1987b; Flege and Eefting 1988; Flege and Hil-
lenbrand 1984; Flege, Schirru, and MacKay 2003; Major 1992; Mora, Keidel, and 
Flege 2015; Sancier and Fowler 1997). The findings of these investigations provide 
convincing evidence for bidirectional influences operating between the L1 and L2 
system and, hence, support the observation that “there is no such thing as an end 
state” (De Bot, Lowie, and Verspoor 2007, 19) when it comes to both the L1 and the 
L2 system. Consequently, the L1 – similar to the L2 – can undergo changes and mod-
ifications in late second language learners due to L2 learning experience and long-
term immersion in an L2-speaking context. This phenomenon is frequently re-
ferred to as ‘first language attrition’ and will be discussed in this section, focusing 
primarily on L1 phonetic attrition. Section 1.4.3 outlines some terminological and 
conceptual considerations concerning the use of the term ‘first language attrition’. 

One of the earliest investigations into the phenomenon of bidirectional influ-
ences was conducted by Flege (1987b). He examined VOT in plosives produced by 
native American English late learners of L2 French and native French late learners 
of L2 American English. His findings revealed that the subjects’ production of the 
alveolar plosive /t/ was intermediate to the VOT norms of the respective target lan-
guage. Flege explained this with reference to the Speech Learning Model (see Sec-
tion 1.6.1), which is based on the prediction that similar L1 and L2 speech sounds 

 
11  Originating from the wholistic view of bilingualism, several other theoretical frameworks have been 

developed, such as the integrated view of bilingual development (e.g., Schmid and Köpke 2007) and 
the notion of multicompetence (Cook 2003). The common ground of these concepts is that they aim 
to account for bidirectionality and mutual L1–L2 influence as inherent characteristics of a bilingual’s 
linguistic systems. This view developed in opposition to the monolingual view of bilingualism which 
maintained that the bilingual is “the sum of two complete or incomplete monolinguals” (Grosjean 
1989, 3) whose two language systems exist in isolation and are essentially independent of each other. 
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are assimilated due to the mechanism of equivalence classification (Flege 1987a, 
1991, 1995; Flege and Hillenbrand 1984). One of the core findings of Flege’s study 
was that the speakers’ L1 plosives had moved away from native production norms, 
i.e., they were no longer produced within native (monolingual) ranges. 

These and other more recent findings (e.g., Bergmann et al. 2016; de Leeuw 
2019; Dmitrieva, Jongman, and Sereno 2010; Mayr, Price, and Mennen 2012; Men-
nen 2004) suggest that even a mature L1 system does not remain unaffected by L2 
learning experience and is susceptible to change. As mentioned above, this phe-
nomenon is commonly referred to as first language attrition, defined as non-patho-
logical, non-age related changes in the fully developed L1 system which may result 
in a decline of proficiency in one’s first language (Köpke and Schmid 2004). At the 
onset of attrition studies in the 1980s, language attrition, without exclusively refer-
ring to attrition processes in the first language, was described as “a special case of 
variation in the acquisition and use of a language or languages” (Andersen 1982, 86). 
Depending on the language which is ‘lost’ and the linguistic environment in which 
language loss occurs, van Els (1986) introduced four different types of attrition, as 
illustrated in Figure 1. Current attrition research predominantly focuses on Type II, 
L1 attrition in an L2 environment resulting from L2 learning experience, which is 
also the focus of the present thesis. However, L1 attrition does not have to be exclu-
sively determined by the acquisition of a second language. According to Sharwood 
Smith and van Buren (1991), another reason for L1 attrition to occur is what they 
refer to as the ‘desert island situation’, that is, a situation in which speakers are be-
ing completely isolated from their first language – in reality, this is, however, rather 
unlikely to occur (Köpke 2004). In addition, L1 attrition processes have been ob-
served to affect speakers’ lexical and grammatical proficiency even without speak-
ers having any knowledge of the L2, merely by living in an L2 environment. 
Baladzhaeva and Laufer (2018) examined L1 Russian speakers who migrated to Is-
rael without acquiring and having contact to L2 Hebrew, i.e., they were solely in-
teracting in their L1 within their immigrant community. Their study revealed that 
the monolingual immigrants exhibited the same amount of (or even more) L1 lexi-
cal and grammatical attrition compared to bilingual immigrants despite not learn-
ing or using the L2. Baladzhaeva and Laufer (2018) argue that the monolingual 
speakers experienced an indirect influence from L1-attrited Russian immigrants 
with whom they communicated within their language community, a phenomenon 
they refer to as ‘second-hand attrition’. 

In addition to dialect loss (Type I), the loss of the L1 in an L1 speaking environ-
ment might also occur as a result of aging and/or pathological conditions, or it 
might refer to the extinction of minority languages (Lambert and Freed 1982; van 
Els 1986). In more recent discussions on attrition phenomena a distinction is typi-
cally made between a decrease in L1 linguistic abilities observed in an individual (= 
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attrition) as opposed to language loss at a community/society level, which is re-
ferred to as ‘language shift’ (De Bot 1998, 345–46). Second language attrition (Type 
III) relates to the loss of a foreign or second language due to, for instance, returning 
to the L1 environment or due to a lack of contact with the second language. Attrition 
Type IV, ‘language reversion’, describes a loss of language which occurs rather late 
in life after migrating to a country in which a different language is spoken. 

 
 

 

Figure 1: Four types of language attrition. 
 

Current research into L2-induced attrition considers bidirectional influences an in-
tegral part of the dynamics of language learning processes, which is reflected in the 
view that “linguistic skills can grow and decline, and [...] accordingly, language ac-
quisition and language attrition are equally relevant outcomes of developmental 
processes” (De Bot and Larsen-Freeman 2011, 6). While the growth of L2 linguistic 
skills has been thoroughly investigated since the emergence of SLA and bilingual-
ism research in the second half of the 20th century, the decline of linguistic skills in 
the first language as a consequence of L2 learning experience is a relatively young 
field of interest (see Ecke 2004, 321–22; Schmid 2016). L1 attrition research in adult 
bilinguals (i.e., late consecutive bilinguals) has concentrated on language decline 
at all linguistic levels, such as morphology (e.g., Altenberg 1991; Keijzer 2010), syn-
tax (e.g., Schmid 2002; Tsimpli et al. 2004; Yağmur 1997; Yağmur, de Bot, and Kor-
zilius 1999), morphosyntax (e.g., Bergmann, Sprenger, and Schmid 2015; de Bot and 
Clyne 1994), the lexicon (e.g., Ammerlaan 1996; Schmid and Jarvis 2014; Yilmaz and 
Schmid 2013), and semantics (e.g., Jaspaert and Kroon 1992; Pavlenko 2004; 
Pavlenko and Malt 2011). Despite the fact that the number of studies examining at-
trition phenomena in the phonetic domain is still rather limited, phonetic/phono-
logical attrition has been documented in different settings and with regard to dif-
ferent segmental (e.g., Bergmann et al. 2016; de Leeuw 2019; de Leeuw, Tusha, and 
Schmid 2017; Dmitrieva, Jongman, and Sereno 2010; Major 1992; Mayr, Price, and 
Mennen 2012; Stoehr et al. 2017) and prosodic features (e.g., de Leeuw 2019; de 
Leeuw, Mennen, and Scobbie 2012b; Mennen and Chousi 2018), as well as on the 
level of global foreign accent (e.g., Bergmann et al. 2016; de Leeuw, Schmid, and 
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Mennen 2010; Hopp and Schmid 2013; Mayr, Sánchez, and Mennen 2020; Sancier 
and Fowler 1997). 

A frequently cited study in the context of L1 phonetic attrition was conducted by 
Major (1992), who examined VOT of voiceless plosives in L1 American English adult 
speakers with L2 Portuguese. The overall findings revealed that all subjects exhib-
ited L1 attrition12 to some extent, i.e., their productions of L1 English stops had 
moved towards the VOT norms of Portuguese stops (shorter VOT) and vice versa. 
Major (1992) argues that a lack of L1 use cannot be considered a significant factor 
triggering the attrition of L1 VOT categories in this study as all participants used 
English on a daily basis. Instead, he states that L1 attrition may be correlated with 
L2 proficiency as all of his participants were highly experienced L2 speakers. How-
ever, it needs to be taken into consideration that Major did not include control sub-
jects with less L2 experience to test and compare potential effects of L2 proficiency 
on L1 decline or maintenance. In addition, a relatively small number of speakers 
(N = 5) was examined. 

Phonetic attrition was also investigated by Sancier and Fowler (1997) in a longi-
tudinal case study.13 They examined VOT in voiceless stops produced by a native 
Brazilian-Portuguese female speaker who had begun learning L2 American English 
in late adolescence. The focus of this study was on the question of whether the fact 
that the speaker regularly travelled between the L1 (Brazil) and the L2 (US) environ-
ment would influence VOT productions in both languages. VOT measurements of 
Portuguese and English /p/ and /t/ showed that VOT was shorter and thus more Por-
tuguese-like in both languages after the speaker had been staying in Brazil for a 
couple of months, and VOT was significantly longer and thus more English-like in 
both languages after the speaker had been staying in the US, being immersed in the 
L2. Sancier and Fowler (1997) take these findings as evidence for a ‘gestural drift’ of 
phonetic categories towards the norms of the most recently experienced language. 

In a more recent study, Mayr, Price, and Mennen (2012) examined phonetic at-
trition in the speech of a late consecutive Dutch-English bilingual who emigrated to 
an L2 (English) speaking environment in early adulthood. Her speech was com-
pared to that of her monozygotic twin sister who was also a late consecutive Dutch-
English bilingual but remained in the L1 (Dutch) speaking environment. The study 
was based on the prediction that any systematic differences between the twins’ L1 
segmental productions can be explained by the fact that both lived in different lin-
guistic environments. The results of an acoustic analyses of VOT and vowel 

 
12  Major (1992) uses the term ‘language loss’ to refer to what is described as ‘L1 attrition’ in more recent 

research. 
13  This study is frequently cited in the context of L1 (phonetic) attrition research. However, as will be 

further discussed in Section 1.4.3, the subjects investigated in Sancier and Fowler (1997) cannot be 
described as ‘attriters’ based on the definition of attrition applied in the present work. 
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formants indeed revealed differences between the twin sisters in some areas of pro-
nunciation and thus confirmed the hypothesis that long-term L2 immersion affects 
L1 accent. However, systematic differences were not discovered in all areas of pro-
nunciation: The twin living in the L2-speaking environment was, for instance, ob-
served to produce the Dutch voiced plosives /b/ and /d/ in a native-like fashion. In 
addition, she produced English /b/ and /d/ with considerable prevoicing (voicing 
lead) typical of her L1, which indicates L1 transfer to the L2. Based on these find-
ings, Mayr, Price, and Mennen (2012) suggest that some areas of pronunciation 
might be more sensitive to attrition than others.14 

While VOT is perhaps the most widely studied feature when it comes to phonetic 
attrition affecting plosive production, also other consonants have been examined, 
such as the lateral approximant /l/ (Bergmann et al. 2016; de Leeuw, Mennen, and 
Scobbie 2012a) and post-vocalic /r/ (Ulbrich and Ordin 2014). Ulbrich and Ordin 
(2014) investigated the vocalization and realization of post-vocalic /r/ in two groups 
of subjects who spoke a non-rhotic variety of German as their L1, and rhotic Irish 
English or non-rhotic British English as their L2. Those bilinguals who had been 
exposed to a rhotic variety of English for an extended period of time showed signs 
of rhoticity in their realization of word-final /r/ in their L1, which suggests an L2-
influence on L1 production. 

Other studies focus on perceived global foreign accent in the L1 pronunciation 
of different groups of L2-immersed bilinguals (Bergmann et al. 2016; de Leeuw, 
Schmid, and Mennen 2010; Hopp and Schmid 2013; Mayr, Sánchez, and Mennen 
2020; Schmid and Hopp 2014). De Leeuw, Schmid, and Mennen (2010), for example, 
explored global foreign accent in the L1 (German) of adult consecutive bilinguals 
living in a migrant context (Anglophone Canada or the Netherlands) with the aim 
to find out if the bilingual speakers’ L1 pronunciation is perceived to sound less na-
tive compared to the German pronunciation of monolingual German speakers, as-
sessed by monolingual German listeners. The foreign accent ratings obtained for 
the bilingual speakers were indeed significantly higher than the ratings obtained 
for the German monolingual controls, which suggests that the bilinguals were more 
likely to be perceived as foreign accented in their first language compared to mon-
olingual control speakers. It was, however, not investigated which specific segmen-
tal and prosodic features contributed to higher foreign accent ratings. 

 
14  It is generally acknowledged that attrition effects are selective, that is, not all linguistic (phonetic) 

features are equally affected by attrition processes (e.g., Köpke 2004). With regard to this, Andersen 
(1982) argued that language attrition proceeds along a continuum ranging from an early and com-
plete decline to full maintenance of specific language features. However, the question of which spe-
cific features are more prone to attrition than others has not been investigated in greater detail so 
far. 
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As outlined above, most attrition studies focus on segmental productions and 
the perception of global foreign accent, while studies investigating attrition related 
to prosodic features are rare. One study worth noting in this context was conducted 
by de Leeuw, Mennen, and Scobbie (2012b), who examined L1 attrition in the pros-
ody of L1 German speakers who had moved to Anglophone Canada in late adoles-
cence or adulthood. The focus of the study was on the intonational feature of prenu-
clear alignment with the objective to find out whether and to what extend relative 
tonal alignment patterns were different in the L1 of the experimental (bilingual) 
group compared to a monolingual control group. The overall findings suggest that, 
despite a considerable amount of individual variation, some of the bilingual speak-
ers in fact showed clear signs of L1 attrition with regard to the intonational feature 
under investigation, i.e., their L1 alignment of the prenuclear rise occurred earlier 
– as typical of L2 (British) English – compared to the control group. Hence, their 
productions had shifted away from monolingual German norms and fell closer 
within the L2 English range. 

Taken together, empirical research into phonetic attrition suggests that being 
immersed in an L2-speaking country might be beneficial when it comes to attaining 
native-like pronunciation abilities in the L2, but at the same time a reduction in L1 
use, which often goes along with using the L2 as a primary means of communica-
tion in an L2 setting, might lead to a decline of linguistic abilities in the L1 (see 
Stoehr et al. 2017, 484). However, despite the fact that language loss is frequently 
associated with a reduced use of the first language, there is only little evidence so 
far that the amount of L1 use can be considered a reliable predictive factor when it 
comes to attrition effects on the L1 system (see e.g., Cherciov 2012; Jaspaert and 
Kroon 1989; Major 1992; Schmid 2007). Schmid (2007), for example, investigated two 
groups of L1 German speakers being immersed in an L2 English and L2 Dutch en-
vironment, respectively. The aim of the study was to assess to what extend the 
amount of L1 use affects the bilinguals’ verbal fluency and lexical range in their first 
language. The findings did not reveal a significant effect of everyday L1 use on the 
speakers’ proficiency levels in the L1 and, based on that, Schmid (2007, 150) con-
cluded that the “quality of [language] contact might be more important than quan-
tity”. Similar observations were made by Mayr, Price, and Mennen (2012) who ex-
amined phonetic attrition in L1 Dutch L2 English monozygotic twin sisters (see 
above). As both subjects used their L1 on a regular basis, the changes which were 
observed in the L2-immersed twin sister’s L1 system could not be attributed to a 
lack of L1 use, but were explained with regard to fact that the sisters were living in 
different linguistic environments. Earlier observations concerning attrition consid-
ered a combination of both restricted language use and a change in linguistic be-
havior and/or environment being responsible for attrition processes to be triggered 
(e.g., Andersen 1982, 87). Current attrition research suggests that multiple linguistic 
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and non-linguistic factors influence L1 attrition, such as language learning motiva-
tion, length of residence in an L2-speaking environment, quality and quantity of L1 
use and input, and age at the time of immigration (e.g., Schmid 2011, 2012; Schmid 
and Köpke 2007). 

1.4.2 First language attrition: Permanent loss or temporary change? 
Before discussing the use of the term ‘L1 attrition’ and the definition of L1 (pho-
netic) attrition applied in the present work in the subsequent section, it will be ad-
dressed if L2-induced changes observed in a late bilingual’s L1 linguistic system are 
permanent and, thus, irreversible, or if such changes represent a temporary and 
reversible decline of L1 proficiency. In the context of L1 attrition, the permanency 
issue has been discussed by de Leeuw, Mennen, and Scobbie (2012a), who argue 
that a distinction needs to be made between changes relating to a speaker’s L1 com-
petence and modifications observed in their L1 performance.15 While attrition affect-
ing a speaker’s competence, i.e., their underlying linguistic knowledge, would ac-
count for a permanent loss of linguistic abilities, changes occurring on the level of 
performance do not necessarily imply that the speaker is not able to reactivate lin-
guistic knowledge on the level of competence. 

Previous research suggests that attrition effects are likely to be reversible and, 
thus, affect a speaker’s performance only. Stolberg and Münch (2010), for example, 
conducted a longitudinal study examining lexical-semantic, syntactic and morpho-
logical structures produced by a German-English bilingual, who had been long-
term immersed in an L2 English-speaking country. The data were obtained from a 
range of spoken conversations between the bilingual and two native German speak-
ers over a period of four years. The results revealed that the most significant 
changes within the four years of increased L1 exposure occurred in terms of the 
subjects’ ability to re-access certain lexical items in her L1, that is, she showed fewer 
hesitations and word searches in the later recordings. Based on these findings, Stol-
berg and Münch (2010, 30) conclude that an attriter’s first language skills are “being 
preserved at a specific level of competence that can be reached quickly as soon as 
this language is used again, even when an active L2 exists”. Similar observations 
were made by Chamorro, Sorace, and Sturt (2015), who examined the effects of re-
cent L1 exposure on the accessibility of L1 grammatical structures in long-term L2-
immersed Spanish-English bilinguals. Similar to Stolberg and Münch (2010), their 
findings indicate that after being re-exposed to the L1 – in this case, re-exposure 
meant that the bilinguals had spent a minimum of one week in the L1 country 

 
15  The distinction between competence and performance is understood in the sense of Chomsky who 

defined competence as speaker’s knowledge of their language and performance as “the actual use 
of language in concrete situations” (Chomsky 1965, 3–4). 
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shortly before being tested – the subjects showed an increased ability in their use 
of the L1 grammatical features under investigation. 

Although the studies outlined above seem to argue for the non-permanency of 
L1 attrition effects, their findings still need to be interpreted with caution. First, it 
is debatable if the subjects’ ability to use certain L1 structures correctly represents 
an actual case of relearning these structures, or whether they represent a temporary 
imitation of immediate L1 input. Second, it remains unclear if and to what extent 
similar observations can be made when it comes to L1 pronunciation abilities. As 
previously discussed, pronunciation is often attributed a special status in the con-
text of L2 acquisition (e.g., Scovel 1988), which becomes evident when considering 
that most L2 learners retain a detectable foreign accent if they acquire the L2 late 
in life, while often showing native or near-native mastery in other linguistic areas, 
such as reading and writing. Considering this special status of pronunciation, it 
might also be more difficult to relearn L1 pronunciation features which have been 
‘lost’, despite recent re-exposure to the L1. 

Furthermore, the studies discussed above do not necessarily test the speakers’ 
level of competence. As outlined by de Leeuw, Mennen, and Scobbie (2012a) and as 
discussed in the previous sections above, the majority of studies examining L1 at-
trition in bilingual subjects are based on cross-linguistic data, comparing bilingual 
with monolingual speakers in order to identify if and to what extent bilinguals may 
diverge from monolingual patterns in their L1. Thus, cross-sectional studies test 
speakers’ language use (performance) at a specific point in time but no conclusions 
can be drawn as to whether changes on the level of underlying language compe-
tence are evident or whether attrition effects observed at one point in time might 
be reversed at a later point. An empirical study testing an individual’s linguistic 
competence would require testing two groups, one including potential attriters and 
the other including what de Leeuw, Mennen, and Scobbie (2012a, 686) refer to as 
“first-time learners”, i.e., learners who are learning the L1 feature which has been 
‘lost’ by the attriter group for the first time. If subjects in the attriter group are able 
to re-learn the L1 feature at a faster rate than the first-time learners, it can be con-
cluded that the changes observed in the speakers’ L1 system were only superficial 
and thus did not affect their underlying competence. However, finding two groups 
with a virtually identical level of performance is very unlikely, if not impossible. 
Therefore, de Leeuw, Mennen, and Scobbie (2012a, 688) conclude that “the question 
of whether or not L1 loss in late bilingual migrants is permanent, and hence a re-
flection of competence rather than performance, is […] with all likelihood unan-
swerable” (See also Schmid 2008). 

It is due to the methodological constraints outlined above that also longitudinal 
research spanning a period of several decades, as has been done in the present 
study, does not sufficiently address the permanency issue in L1 attrition. As no 
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feasible practical approach to reliably test the permanency of attrited L1 features 
seems to be available at this point, L1 attrition is not defined in terms of a loss of 
competence in the present context, but as a decline of linguistic abilities observed 
in a speaker’s first language system, which might be (partially or completely) re-
versed due to a change in linguistic environment and linguistic behavior (see e.g., 
Chang 2019; Kartushina and Martin 2019). 

1.4.3 When attrition should (not) be called ‘attrition’: Some 
terminological considerations 
As discussed in Section 1.4.1, using the term ‘attrition’ to refer to different types of 
language loss or language decline goes back to the 1980s (e.g., Andersen 1982; van 
Els 1986). In current bilingualism and SLA research, attrition is mainly used to de-
scribe and explain changes and modifications which occur in a speaker’s L1 linguis-
tic system due to influences from an L2 system. The majority of studies examining 
L1 (phonetic) attrition focus on late consecutive bilinguals who are proficient L2 
speakers and who are being immersed in an L2 environment, i.e., in a typical im-
mersion situation (e.g., Bergmann et al. 2016; Hopp and Schmid 2013; Mayr, Price, 
and Mennen 2012; Ulbrich and Ordin 2014). 

A recent definition provided by Schmid and Köpke (2017a, 637) describes L1 at-
trition as “phenomena that arise in the native language of a sequential bilingual as 
the consequence of the co-activation of languages, cross-linguistic transfer or dis-
use, at any stage of second language (L2) development and use” (see also Schmid 
and Köpke 2017b). Arguing that attrition effects can be observed at any stage of L2 
development suggests that even inexperienced L2 learners who are not being im-
mersed in an L2 environment might show signs of attrition in their L1 system as a 
result of L2 acquisition. In fact, the findings of a study conducted by Chang (2012; 
see also 2013) revealed that native English speakers with no prior L2 Korean expe-
rience learning the L2 in a formal instructional context in Korea showed modifica-
tions in their L1 vowel and plosive productions. Chang (2012) concluded from these 
findings that recent L2 experience, even if it is only brief experience, can be con-
sidered a significant influencing factor when it comes to changes in L1 production. 
Findings like these challenge earlier views that an L2 which is mastered at a very 
basic level only should not have a significant impact on the L1 while an L2 which is 
mastered with high proficiency is likely to have an increased impact on the first 
language (see e.g., Major 1992). Another study worth noting in this context was con-
ducted by Kartushina, Frauenfelder, and Golestani (2016), who examined mutual 
influences between native French and nonnative Danish/Russian vowel production 
during learning. The participants in this study had pre-existing experience with 
Danish or Russian, and yet showed changes in their native vowel system after one 
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hour of articulatory training of nonnative vowels. Chang’s (2012, 2013) and 
Kartushina et al.’s (2016) findings have in common that they provide evidence for 
the possibility of L1 changes to occur even in inexperienced L2-speakers; hence, 
the L1 modifications observed in these speakers cannot be attributed to a lack of L1 
use or a long-term change in linguistic environment. Rather, they suggest that 
“cross-language linkages are established from the onset of second language learn-
ing” (Chang 2012, 249; my italics), which is also implied in Schmid and Köpke’s 
(2017a) definition cited above. The question is, however, whether the term ‘attrition’ 
is equally appropriate to describe L2-induced changes in the L1 of both highly ex-
perienced bilinguals and inexperienced L2 speakers in different linguistic settings 
as suggested by Schmid and Köpke (2017a). As Chang (2012, 249) argues, the L1 
changes observed in his study do not represent phonetic attrition, but are the result 
of a ‘phonetic drift’ of L1 categories towards the norms of the second language, i.e., 
a “subtle phonological restructuring in the L1 as a consequence of L2 experience”. 
While Schmid and Köpke (2017a) consider attrition effects being observable even at 
the very onset of L2 development, Chang (2012, 264) states that L1 phonetic attrition 
and L1 phonetic drift represent two different phenomena along the same contin-
uum, both being results of bidirectional influences between the first and the second 
language at different stages of L2 acquisition: 

[i]nstead of being symptomatic of attrition, the occurrence of phonetic drift seems 
to be indicative of a fluid, multifaceted quality to language development over the 
lifespan […] and it may be most accurate to think of phonetic drift as one step in 
a continuum of cross-linguistic effects in bilinguals dependent on relative use of 
the L1 vs. the L2. 

Based on their broad definition of language attrition, Schmid and Köpke (2017a) ex-
plicitly challenge the notion that there is a difference between cross-language in-
fluences from the L2 to the L1 system in early non-immersed bilinguals and the de-
cline of the L1 in long-term immersed, highly proficient bilinguals. They argue that this 
differentiation is “both artificial and unhelpful, as they merely represent develop-
mental stages on the same continuum” (2017a, 640). Resulting from this claim, they 
conclude that every bilingual – independent of their L2 proficiency level, linguistic 
environment, or L1 use – must be considered an L1 attriter (see also Schmid and 
Köpke 2017b). However, when considering language development as a continuum, 
expanding the definition of language attrition to the extent that every bilingual is 
an attriter – no matter at which stage in the continuum he or she is – is debatable. 
De Leeuw (2017) challenges this definitional expansion and argues that the findings 
of numerous studies which investigated attrition phenomena in bilingual speakers 
lead to the opposite conclusion, namely that not every bilingual is an attriter. De 
Leeuw, Mennen, and Scobbie (2012b), for instance, found that attrition did not 
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affect features of L1 prosody of all their German-English bilinguals and their results 
show a considerable amount of interpersonal variation. Another study worth noting 
in this context was conducted by de Leeuw, Tusha, and Schmid (2017), who exam-
ined phonological attrition in native Albanian speakers with L2 English. Their in-
vestigation of the realization of velarized versus non-velarized /l/ revealed that 
three out of ten subjects did not show any sign of phonological attrition and two 
bilinguals revealed signs of minimal attrition only. On the level of global foreign 
accent, de Leeuw, Schmid, and Mennen (2010) found that out of 57 late sequential 
bilinguals (L1 German, L2 English or Dutch) only 14 were clearly perceived to sound 
foreign accented in their L1 while 20 participants were judged to be native German 
speakers. These empirical findings support an earlier observation made by Schmid 
(2008, 11) who states that 

[a]ny large-scale study of attrition will uncover substantial variability between 
individual speakers in the degree of decomposition or maintenance of the linguis-
tic system. Typically, some speakers preserve native-like competence over a very 
long attrition span, while others seem to attrite quite dramatically within a few 
years of emigrating. 

Against the background of a definition which describes attrition as a phenomenon 
which can be observed in every bilingual, the findings of the studies previously out-
lined are difficult to interpret. 

 Schmid and Köpke (2017a, 638) quite rightly state that the term ‘attrition’ has 
been used to “refer to the particular and unique process of change” which takes 
place in a speaker’s L1 linguistic system. However, describing these changes and 
modifications as ‘unique’ and ‘particular’ contradicts their argument that L1 attri-
tion is observable in all bilinguals at all stages of bilingual development. By broad-
ening the definition of attrition to this extent, attrition is no longer a particular and 
specific process of change, but encompasses all influences from the second lan-
guage to the L1 system (i.e., cross-linguistic influences, language co-activation, 
transfer, etc.) and thus turns into a rather misleading umbrella term under which a 
variety of different phenomena are subsumed.16 In order to be able to investigate 

 
16  It might be due to this broad definition of attrition that Hopp and Schmid (2013, 366) point out that 

“[i]t is interesting that neither Flege (1987) nor Mennen (2004) use terms such as attrition or loss.” 
The bilingual subjects examined in Mennen (2004) can, in fact, not be considered potential attriters 
– at least based on the definition of attrition applied in this work – because they had not been long-
term immersed in an L2-speaking country. Therefore, it is actually not surprising that Mennen (2004) 
does not use the term ‘attrition’ to refer to the changes observed in some speakers’ L1 prosodic sys-
tems. Similarly, not all subjects in Flege (1987b) can be described as potential attriters: Out of the six 
speaker groups examined in this study, only two would qualify as potential attriters, namely late 
consecutive bilinguals who have been living in an L2-immersion context for an extended period of 
time. 
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bilingual development which takes place under different circumstances and in dif-
ferent contexts in a more differentiated manner, it is necessary to apply a narrower 
definition of L1 attrition as suggested by de Leeuw (2017). Therefore, the definition 
of attrition applied in the context of the present investigation is based on the fol-
lowing arguments: 

 
(1) Bilingual language development proceeds along a continuum. The different 

phases or steps along this continuum are likely to result from the constant inter-
actions and mutual influences between a speaker’s language systems (e.g., de 
Bot 2004). In line with an integrated view of bilingualism (e.g., Grosjean 1992) 
and a multi-competence perspective (e.g., Cook 1991, 2003) on bilingual devel-
opment, influences of the first language on the second language system and vice 
versa are inherent aspects of the dynamics of language development and, thus, 
are nothing unusual or unexpected. Therefore, cross-language influences are 
experienced by all bilinguals to a greater or lesser extent. 

(2) When considering the opposite ends of the language development continuum, 
we find, on the one hand, L2 learners who start off with no L2 learning experi-
ence and who experience (superficial) modifications and changes in their L1 
system due to recent and short-term L2 exposure (e.g., Chang 2012, 2013). These 
L1-modifications are likely to be non-permanent and be – partially (Chang 2019) 
or completely (Kartushina and Martin 2019) – reversed if the speakers receive, 
for instance, intensive L2-training for a limited period of time only and are then 
re-immersed in their L1 linguistic environment. On the other end of the contin-
uum we find highly proficient L2 speakers (e.g., Hopp and Schmid 2013; Major 
1992; Mayr, Price, and Mennen 2012; Ulbrich and Ordin 2014) who are being im-
mersed in an L2-speaking environment for an extended period of time and use 
their L2 on a regular basis in different contexts, which may also go along with a 
reduced L1 use. 

(3) Describing speakers at both ends of this continuum as (potential) ‘attriters’ ig-
nores the very different circumstances under which language acquisition, use 
and development take place. Attrition effects resulting from L2-to-L1 influences 
might be observed in late adult bilinguals who are highly proficient L2-dominant 
speakers or fluent bilinguals and are being immersed in an L2-speaking environment, 
i.e., in a typical migration setting. Consequently, attrition will be defined as a 
decline in L1 proficiency experienced by bilinguals who acquired the L2 late in 
life after the L1 had already been fully developed and who are being immersed 
in an L2-speaking environment. With regard to this, phonetic attrition is defined 
as the loss of native-like pronunciation abilities in the L1 due to influences of an 
L2 phonetic system experienced by late consecutive bilinguals living in an 
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attrition situation, which might even result in speakers being perceived as hav-
ing a foreign accent in their native language (e.g., Bergmann et al. 2016; de 
Leeuw, Schmid, and Mennen 2010; Hopp and Schmid 2013). 

1.5. Dynamic systems theory 

1.5.1 Language development from a dynamic systems perspective 
Dynamic Systems Theory (DST), a theoretical approach to the study of develop-
ment, originally developed as a branch of mathematics and has been emerging in 
the past two decades. It was, however, soon applied to other research areas such as 
biology, chemistry, and psychology (see Smith and Thelen 2003; Thelen and Smith 
2006). The core assumption of DST is that all dynamic systems consist of a set of 
intertwined variables that change over time (e.g., de Bot and Larsen-Freeman 2011; 
de Bot, Lowie, and Verspoor 2007). While human developmental processes can gen-
erally be regarded as complex dynamic systems, dealing with language acquisition 
and development within the framework of DST is a relatively new approach in the 
field of SLA, which was first extensively discussed in Larsen-Freeman’s paper on 
chaos/complexity theory (Larsen-Freeman 1997). As previously outlined, SLA is a 
multifaceted research area which addresses various aspects likely to influence sec-
ond language acquisition processes. A DST approach to second language acquisi-
tion aims to investigate and explain these processes from a non-linear perspective 
based on the assumption that language acquisition – as other developmental pro-
cesses – is characterized by a complex interplay of internal and external variables 
within a continuously changing system (de Bot, Lowie, and Verspoor 2007; Larsen-
Freeman 1997, 2000). Among these variables are situational factors, linguistic input, 
and individual learner differences, such as language learning aptitude and motiva-
tion (see Ellis 1991, for an overview). 

De Bot, Lowie, and Verspoor (2007, 19), among others, advocate the application 
of a DST approach in SLA research by proposing that “we can no longer work with 
simple cause-and-effect models in which the outcome can be predicted, but [that] 
we must use case studies to discover relevant sub-systems and simulate the pro-
cesses”. While linear cause-and-effect models of language learning and processing 
hold that L2 learners complete stages of acquisition which are assumed to be highly 
similar in every L2 learner (e.g., Dulay and Burt 1974b; Dulay, Burt, and Krashen 
1982), a DST approach considers variability an inherent part of any kind of develop-
ment (de Bot, Lowie, and Verspoor 2007). Variability is seen a result of the constant 
dynamic changes traceable in developing systems and provides evidence for the 
observation that learners may show both phases of regression and progression in 
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their linguistic development (see van Dijk, Verspoor, and Lowie 2011, 58). As de Bot, 
Lowie, and Verspoor (2007, 15) point out, variability is usually a major characteristic 
of second language learner data, even among relatively homogenous groups of 
learners. However, most SLA research so far has primarily “attempted to explain 
away seemingly FREE VARIATION by assuming full systematicity of variation in 
learner data” (ibid.) instead of recognizing intrapersonal and interpersonal varia-
bility as actual data which can be a valuable source for understanding the nature of 
second language developmental processes. A DST approach to second language 
learning acknowledges the existence of variation and change, and views them as 
integral processes and outcomes inherent to language learning. 

As discussed in Section 1.3.3, the phenomenon of fossilization is often associated 
with terms such as ‘non-progression’ (Han 2004b) or ‘stagnation’ (Nakuma 2005) of 
language learning, which implies that second language learning eventually reaches 
a state where no further development can be observed. (How) Is it possible then to 
relate the view that language development is dynamic and ever-changing as pro-
posed by DST to the assumption that there is an end state to language learning? 
Without specifically referring to language development, but to developmental pro-
cesses in general, Thelen (1995, 77) states that development “can be envisioned as 
a changing landscape of preferred, but not obligatory, behavioral states with vary-
ing degrees of stability and instability, rather than a prescribed series of structurally 
invariant stages leading to progressive improvement.” Along similar lines, Larsen-
Freeman (2005) argues that since language development is not a linear and even 
process, fossilization might affect some features of the linguistic systems while oth-
ers remain unaffected and improve further. Hence, applying a DST approach to 
language acquisition acknowledges that instability and continuous development on 
the one hand, and systematicity and stability on the other hand, are not mutually 
exclusive phenomena. Rather, stability and instability as well as variability are to 
be seen as inherent characteristics of language learning and development – a view 
that is also proposed in the context of the present work. 

In order to examine variability and its role in second language acquisition pro-
cesses from a DST perspective, researchers demand conducting longitudinal stud-
ies with a corpus of dense data (see e.g., van Dijk, Verspoor, and Lowie 2011). How-
ever, compared to cross-sectional investigations, the collection of longitudinal data 
is rather time-consuming and costly, which might be one reason why the number 
of longitudinal studies using developmental data is still limited. A solution to this 
problem is suggested by Thelen and Smith (1994), who state that long-term investi-
gations do not necessarily require the collection of new data, but might also be con-
ducted using already existing data collections and investigate them from a new, dy-
namic systems-oriented perspective. 
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Besides potential problems which go along with collecting longitudinal data, a 
DST approach to SLA entails further methodological issues as it is impossible to 
meet the challenge of grasping the full complexity of language learning as proposed 
by a DST approach. As a matter of fact, SLA research lacks applicable tools and 
methodology to fulfil the task of approaching L2 learning processes from an all-
encompassing perspective. Therefore, the optimal approach, according to de Bot, 
Lowie, and Verspoor (2007, 18), “would be one in which the representation of the 
full complexity of the systems is linked to attempts to reduce that complexity sepa-
rating highly relevant information from arguably less relevant information”. It 
might be due to these methodological challenges that SLA and bilingualism re-
search examining language development from a dynamic systems perspective is 
still relatively rare. Most work on DST in the field of SLA discusses the theoretical 
foundations of DST and its applications to second language acquisition studies (e.g., 
de Bot 2008; de Bot, Lowie, and Verspoor 2007; van Geert 2009). 

1.5.2 Language attrition and dynamic systems theory 
In the field of psycholinguistics, the relationship between language attrition and 
DST was first established by Herdina and Jessner (2002, 2013), who focused on lan-
guage acquisition and decline in multilingual speakers in the context of the Dynamic 
Model of Multilingualism (Herdina and Jessner 2002).Well before the application of 
DST to language attrition, however, Andersen (1982, 86) established a connection 
between the main tenets of DST and language attrition by emphasizing the need to 
examine attrition phenomena “within a framework that includes all other phenom-
ena of language acquisition and use”. The common ground of discussions dealing 
with language attrition from a DST perspective is that language systems are dy-
namic in nature, i.e., they are continuously developing and changing (e.g., Herdina 
and Jessner 2013, 752). This suggests that even a mature and apparently fully devel-
oped L1 is sensitive to modifications due to, for instance, L2 acquisition experience 
and changes in the linguistic environment. Thus, a potential restructuring of lin-
guistic skills is considered as “a normal part of language development and not as a 
lamentable loss of what once was” (De Bot 2004, 233). By contrast, proponents of a 
critical period in language acquisition (e.g., Lenneberg 1967; Scovel 1969, 1988) ar-
gued that an L1 system is not susceptible to change once it is fully developed after 
the end of the critical period. Therefore, any theory narrowly based on matura-
tional constraints and on the existence of a critical period does not consider lan-
guage attrition likely to affect a fully matured L1 system. A study conducted by de 
Leeuw, Mennen, and Scobbie (2012a) aimed to compare the predictive power of 
maturational constraints to DST by examining the production of the lateral pho-
neme /l/ in late German-English bilinguals residing in an L2-speaking country. The 
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results revealed that some subjects produced German /l/ with higher first formant 
values compared to monolingual controls, i.e., their productions of the L1 target 
sound were observed to have moved towards the norms of the L2. In addition, a 
large amount of intra- and interpersonal variation was found. De Leeuw, Mennen, 
and Scobbie (2012a) interpret these findings as evidence against maturational con-
straints as all participants had acquired the L2 in adulthood when the L1 had already 
been fully developed. Their findings are discussed in the context of DST suggesting 
that the variability observed within and across speakers can be “interpreted as evi-
dence for the efficacy of additional predictor variables not specified within a theory 
founded on maturational constraints” (De Leeuw, Mennen, and Scobbie 2012a, 
684). These findings are in line with de Leeuw et al.’s (2013) argument that extract-
ing a single variable – such as age – from the system and attribute overall predictive 
power to this individual element “may be unproductive because the impact of one 
element within the system or subsystems on other elements and (sub-)systems runs 
the risk of being ignored” ( 2013, 671; see also Herdina and Jessner 2013). Cherciov 
(2012) further specifies this argument by stating that a DST approach acknowledges 
that influences on both the first and the second language might be triggered by a 
variety of different variables, including motivational and attitudinal factors, as well 
as language use and language choice. 

Possible interactions of personal and environmental factors with L2 acquisition 
and L1 attrition processes were also part of Opitz’ (2011, 2012) cross-sectional inves-
tigation. Her study set out to examine the overall linguistic development of adult 
German-English bilinguals who were immersed in an L2-speaking environment. 
Based on the findings obtained by means of extensive sociolinguistic question-
naires and (self-)ratings of language proficiency, Opitz (2012) suggests that linguis-
tic as well as extra-linguistic factors, such as language use and input, linguistic ap-
titude and language attitudes, are relevant in the context of both successful second 
language acquisition and first language maintenance. 

1.6. Models of second language speech production and perception 
In the subsequent sections, two current models of second language speech learning 
will be outlined: the Speech Learning Model, developed by Flege and his colleagues 
(Flege 1987a, 1987b, 1991, 1995, 2002, 2003; Flege and Hillenbrand 1984) and the 
Perceptual Assimilation Model by Best et al. (Best 1994, 1995; Best and Tyler 2007).17 

 
17  Another model which is often discussed in this context is the Native Language Magnet model deve-

loped by Kuhl and her colleagues (Iverson and Kuhl 2000; Kuhl 2000, 2007; Kuhl et al. 2008; Kuhl and 
Iverson 1995). This model is predominantly concerned with infant speech development and is based 
on the assumption that babies are equipped with innate mechanisms allowing them to discriminate 
phonetic contrasts which are non-specific to their L1 (see e.g., Kuhl 2000). After the first year of life, 
this ability decreases and the child turns into a language-bound listener. According to Kuhl (2000, 
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These models have been developed to account for differences in L2 production and 
perception accuracy observed in second language speakers and aim to predict and 
explain potential difficulties inexperienced and experienced L2 learners might face 
when acquiring second language speech sounds (see Strange 2007, 36). The com-
mon ground of these models is that they “consider the representations established 
for the L1 to be crucial for the manifestation of foreign accent in the L2” (Jilka 2009, 
8). Based on this, language transfer is assumed to be more likely to occur between 
similar L1 and L2 segments, that is, accurate perception and, consequently, accu-
rate production, are determined by cross-language similarity. 

1.6.1 The Speech Learning Model  
The Speech Learning Model (SLM; Flege 1987a, 1987b, 1991, 1995, 2002, 2003; Flege 
and Hillenbrand 1984) is perhaps one of the most frequently cited and tested mod-
els in SLA and bilingualism research (see Flege and Bohn 2021, for a revised version 
of the SLM, SLM-r). It provides a comprehensive framework for understanding how 
the phonetic categories of a bilingual “reorganize over the life span in response to 
the phonetic input received during naturalistic L2 learning” (Flege and Bohn 2021, 
3) and is based on several postulates and hypotheses which serve as a sound basis 
for making testable predictions. Studies conducted within the framework of the 
SLM (e.g., Aoyama et al. 2004; Flege, MacKay, and Meador 1999; Flege, Munro, and 
Skelton 1992; Flege, Schirru, and MacKay 2003; Guion et al. 2000) focus on advanced 
L2 learners since the model’s predictions are concerned with ultimate attainment of 
L2 sounds in bilingual speakers (see Flege 1995). It should be noted though that in 
the context of the revised SLM, the focus is no longer on an assumed ‘end state’ of 
language learning, that is, on highly experienced bilinguals; instead, the SLM-r also 
takes less experienced L2 speakers into account. 

One of the basic assumptions of the SLM is that the ability to produce L2 sounds 
without a detectable foreign accent is influenced by age. Late L2 learners are as-
sumed to be less successful when it comes to distinguishing phonetic differences 
between L1 and L2 sounds than learners who acquired the L2 from an early age on, 
i.e., the earlier an L2 is acquired, the more likely it is that L2 sounds are produced 
in a native-like manner. However, at stated by Flege (1995), the learning mecha-
nisms which are responsible for the successful acquisition of the L1 phonological 
system are available over a speaker’s lifespan and are consequently also accessible 

 
11854), language-specific filters which have been developed during the first months of life hinder 
second language speech learning because “the mapping appropriate for one’s primary [first] langu-
age is completely different from that required by other languages”. However, as this model mainly 
focuses on native speech development in young children, it will not be considered in more detail 
here. 
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when learning a second language. Hence, achieving native or near-native profi-
ciency in an L2 might be restricted by age-related factors, but is still possible due to 
the continuous availability of language learning mechanisms. This assumption 
does not only contradict any strong interpretation of a critical period hypothesis for 
the acquisition of L2 pronunciation (e.g., Scovel 1969), but at the same time also 
suggests that there might be no such thing as an ‘end state’ of language acquisition, 
as proposed by theories of fossilization (e.g., Selinker 1979; Selinker and 
Lamendella 1978). 

Whether or not second language pronunciation is mastered in a native or near-
native fashion is closely linked to the relationship between perception and produc-
tion. According to the SLM, many second language production errors result from 
incorrect perception, that is, if differences between an L1 and an L2 speech sound 
are not perceived accurately, they are less likely to be produced in a native-like 
manner (e.g., Flege 1995, 2003).18 Furthermore, the SLM postulates that (in-)accu-
rate productions depend on whether a bilingual is able to establish separate pho-
netic categories for individual L1 and L2 speech sounds. If the speaker succeeds in 
forming distinct phonetic categories which resemble a monolingual’s categories, 
L2 pronunciation is assumed to be accurate (Flege 1995, 240). In this context, pho-
netic categories are defined as representations of language-specific properties 
which are stored in a bilingual’s mind. According to Flege (1995, 238), a bilingual’s 
L1 and L2 phonetic categories coexist in a shared phonological space.19 Within this 
shared phonological space, bilingual speakers aim at maintaining contrast between 
first and second language categories by applying different mechanisms, specified 
in the SLM’s hypotheses. 

Based on the relationship between production and perception described above, 
the SLM predicts that establishing a new phonetic category for an L2 speech sound 
which has a similar but phonetically different counterpart in the L1 will be success-
ful if the speaker is able to perceive subtle phonetic differences between the 
sounds. For example, the voiceless alveolar stop /t/ exists in both English and Span-
ish; however, they differ phonetically insofar as Spanish /t/ is typically realized with 
short-lag VOT while native English /t/ is produced with long-lag VOT values (see 
e.g., Flege and Eefting 1988; Flege and Schmidt 1995). An accurate production of the 
L2 speech sound presupposes that the speaker has successfully perceived the 

 
18  In the context of the SLM-r, the relationship between production and perception is slightly redefi-

ned: While the SLM, in its original formulation, considers accurate perception a prerequisite for 
production accuracy, the SLM-r proposes a bidirectional relationship between perception and pro-
duction, as specified in the model’s ‘co-evolution hypothesis’ (Flege and Bohn 2021, 29). That is, ac-
curate perception does not necessarily have to precede accurate sound production, but the two 
might co-evolve and influence each other. 

19  Note that in their discussion of the SLM-r, Flege and Bohn (2021) use the term ‘common phonetic 
space’. 
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phonetic differences between the L2 target sound and the closely related L1 sound 
and, based on this, is able to establish two separate phonetic categories for the re-
spective sounds. However, category formation for the L2 sound might be impeded 
by the mechanism of equivalence classification (category assimilation; see Flege 
2003), that is, a speaker fails to perceive phonetic differences between two sounds 
and classifies them as representations of the same sound. Category assimilation may 
result in the emergence of what Flege terms ‘compromise values’ (e.g., Flege 1987b, 
51). Referring back to the example mentioned above, this would imply that an L1 
Spanish L2 English bilingual establishes a merged L1–L2 category and produces the 
target sound with VOT values intermediate to the monolingual norms of short-lag 
Spanish and long-lag English, respectively. 

Another mechanism operating in bilingual speakers is category dissimilation 
(Flege 2003). In order to maintain difference between closely related L1 and L2 
sounds in the shared phonological space, a bilingual’s phonetic categories might be 
‘deflected away’ from the native categories (Flege 1995, 239). This hypothesis was 
tested and confirmed in a case study by Mack (1990), who found that a French-Eng-
lish simultaneous bilingual produced the voiceless plosives /p t k/ in both languages 
with VOT values being considerably longer than those produced by monolingual 
French and English controls. Despite the fact that the speaker realized the target 
sounds outside the native range, the bilingual subject had been able to establish one 
distinct long-lag category for each of the two languages and thus maintained con-
trast between the L1 and L2 phonetic categories. 

An earlier study conducted by Flege and Hillenbrand (1984) set out to examine 
the production of the voiceless alveolar plosive /t/ in native French learners of Eng-
lish. In line with the SLM’s predictions, the findings revealed that the speakers re-
alized /t/ with compromise VOT values in their native language, i.e., they produced 
values outside the short-lag VOT norm in French. Against the background of the 
SLM, it can be assumed that the speakers had failed to establish separated phonetic 
categories for French and English /t/, respectively, due to their perceived similarity. 
Another part of the study included native English learners of French who were 
tested on their production of the French vowels /y/ and /u/. The experiment re-
vealed that the subjects failed to produce French /u/ accurately while they managed 
to produce /y/ in a native-like manner. These findings can also be explained in the 
context of the SLM: The French vowel /y/ does not have a direct counterpart in the 
English vowel system, which is beneficial in terms of production accuracy because 
the target sound is not likely to be equated with a similar L1 sound. French /u/, on 
the other hand, has a similar counterpart in English. Due to the mechanism of cat-
egory assimilation, the bilinguals examined in Flege and Hillenbrand (1984) estab-
lished a merged L1–L2 category “that subsumes the properties of phonetically 



48 General introduction and literature review 

 

distinct L1 and L2 speech sounds that have been perceptually equated” (Flege 2003, 
330). 

One of the primary tenets of the SLM is the assumption that the interactions tak-
ing place between the L1 and L2 system are bidirectional in nature (Flege 1995, 241). 
As outlined in Section 1.3, early SLA theories maintained that interference and 
transfer processes are inherently unidirectional, i.e., taking place from the first to 
the second language, but not vice versa (e.g., Lado 1957; Weinreich [1953] 1974). 
Studies conducted within the framework of the SLM (e.g., Aoyama et al. 2004; Flege 
and Hillenbrand 1984; Guion et al. 2000; Guion, Flege, and Loftin 2000), however, 
suggest that a bilingual’s languages mutually influence each other, which does not 
only lead to nonnative productions in the L2, but might also affect the production 
accuracy of L1 speech sounds. In addition, the SLM challenges the traditional un-
derstanding that structural differences between the first and the second language are 
ultimately responsible for production difficulties (e.g., Moulton 1962a, 1962b) by 
proposing that perceived similarities between L1 and L2 speech sounds are more 
likely to lead to inaccurate productions. This means that if bilingual speakers per-
ceive two speech sounds to be dissimilar, they are more likely to create separate 
phonetic categories for the target sounds and thus produce them in a more native-
like fashion (Flege 1995, 239). It should be noted, however, that not all difficulties 
in accurate sound production are perceptually motivated, but might be the result of 
motoric and articulatory constraints. As pointed out by Flege (1980, 1987b), adult L2 
learners are likely to be less successful compared to children when it comes to 
adapting to new or modifying already existing articulatory patterns, that is, a 
speaker might be well able to identify phonetic differences between L1 and L2 
sounds, but fails to produce them correctly due to an inability to position and coor-
dinate articulators correctly. 

1.6.2 The Perceptual Assimilation Model 
The Perceptual Assimilation Model (PAM; Best 1994, 1995; Best and Tyler 2007) was 
originally developed to account for cross-language speech perception effects in in-
fant and adult listeners (see Best 1995). While the SLM focuses on experienced and 
highly proficient L2 speakers, the PAM was designed to explain the perception of 
nonnative speech by naïve (monolingual) listeners (see Best and Tyler 2007). How-
ever, as naïve and L2-learning listeners considerably differ in terms of nonnative 
speech perception, the main principles of the PAM were extended to L2 speech per-
ception, resulting in the development of the PAM-L2 (Best and Tyler 2007). 

One of the basic propositions of the PAM is that while young children are capa-
ble of discriminating nonnative contrasts which do not exist in their native lan-
guage, this ability is no longer available in adult speakers (see Best 1994). The 
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changes in perception ability, which have been shown to commence at the age of 
around 0;5, are said to be influenced by the development of the first language, i.e., 
in the course of the first months of one’s life speakers become attuned to their na-
tive language, which eventually affects the perception of nonnative speech (Best 
1995). With regard to this, the PAM posits that native language effects on nonnative 
contrasts result in “the perceptual assimilation of nonnative phones to the native 
phoneme categories with which those nonnative-phones share the greatest similar-
ity in phonetic characteristics” (Best 1994, 168). The mechanisms of perceptual as-
similation are said to take effect only if a nonnative phonetic contrast is perceived 
to be similar to a native contrast. If a listener is able to perceive differences between 
a nonnative segment and an L1 segment, no assimilation will take place, resulting 
in accurate production (Best 1994). This principle mechanism is assumed to be ul-
timately responsible for young children being able to master the language(s) they 
learn in a native fashion, while adults often speak a late-acquired L2 with a detect-
able foreign accent. 

However, the influence of first language experience on the perception of 
nonnative contrasts is said to not necessarily be permanent as it can change due to 
perception training or extensive conversations with native speakers (Best 1994). 
Therefore, the likelihood of producing L2 speech sounds in a native-like fashion is 
enhanced by increased L2 experience, i.e., the more experienced an L2 speaker is, 
the more likely it is that nonnative contrasts are discriminated accurately (Best and 
Tyler 2007). 

The main principles of the PAM and the SLM overlap to a certain extent in that, 
for instance, both models make predictions based on perceived similarities be-
tween the native and the nonnative language. In addition, the SLM as well as the 
PAM assume that perceptual learning abilities are available over the lifespan (Best 
and Tyler 2007). However, while the SLM is concerned with individual phonetic cat-
egories, the PAM focuses on “pairwise phonological contrasts” (Best and Bohn 2015, 
44). Furthermore, the SLM aims to predict production (in)accuracy influenced by 
perception, and the PAM, as discussed above, focuses on cross-language speech 
perception. 

1.7. Interim conclusion 
As mentioned in the previous section, the SLM and the PAM are based on the as-
sumption that language learning mechanisms are available across the lifespan 
(e.g., Best and Tyler 2007; Flege 1995), which implies that also late L2 learners are 
able to acquire native or near-native proficiency in the L2. In addition, both models 
emphasize the mutual interaction between the L1 and L2 system in the course of 
the language learning process and thus contradict the view that the L1 system is 



50 General introduction and literature review 

 

stable and resistant to change once it is fully developed, as proposed in theories of 
contrastive analysis (e.g., Lado, 1957) and maturational constraints (e.g., Scovel 
1969, 1988). Evidence for the malleability of a learners’ L1 and L2 language system, 
which has been provided by studies conducted in the field of L2 speech acquisition 
(e.g., Flege, Schirru, and MacKay 2003; Flege, Takagi, and Mann 1995; Simon 2009) 
and L1 attrition (e.g., Bergmann et al. 2016; de Leeuw 2019; Stoehr et al. 2017), sup-
ports a dynamic view of language learning, as outlined in Section 1.5 (e.g., de Bot 
2007, 2008; Larsen-Freeman 2005). In the same vein as it argues for the continuous 
development of the first language system, a dynamic view of language learning con-
tradicts the notion of an ‘end state’ of L2 proficiency as proposed by theories of fos-
silization (e.g., Selinker 1979; Selinker and Lakshmanan 1992; Selinker and 
Lamendella 1978). While the predictions made by the SLM have been tested and 
confirmed in numerous empirical studies (e.g., Aoyama et al. 2004; Flege and Eeft-
ing 1987b, 1988; Guion et al. 2000; Guion, Flege, and Loftin 2000), research into fos-
silization (e.g., Long 1997, 2003; Schumann 1978) has not provided conclusive find-
ings so far. One reason for the lack of reliable evidence for the occurrence of fossil-
ization phenomena can be found in methodological problems (see Han 2005; 
Selinker and Han 2001). Even in longitudinal studies which trace learners’ L2 devel-
opment over an extended period of time (i.e., several years or even decades) it is 
hardly possible to make reliable statements about a learner’s final state of L2 learn-
ing. Certain features of the learner’s language system might be identified as having 
fossilized, but it is still possible that they further develop at a later stage in the learn-
ing process due to, for example, a change in linguistic environment, increased con-
tact with native speakers, or specific pronunciation training. Thus, the initial claim 
that fossilization represents a “permanent cessation of [interlanguage] learning” 
(Selinker and Lamendella 1978, 187; my italics) cannot be reliably supported. 

The notion of an end state is also implied in the critical period hypothesis, which 
– in its strong interpretation – holds that language acquisition processes are ulti-
mately controlled and potentially constrained by biological ageing mechanisms, 
i.e., acquiring an L2 with native proficiency is only possible within a limited time 
span (e.g., Lenneberg 1967; Penfield and Roberts 1959; Scovel 1969, 1988). Research 
into the relationship between age and L2 pronunciation proficiency (e.g., Bongaerts 
et al. 1997; Bongaerts 1999; Bongaerts, Mennen, and van der Slik 2000; Flege, Yeni-
Komshian, and Liu 1999; Moyer 1999) stresses the importance of age-related fac-
tors, but – at the same time – documents the existence of highly successful L2 ac-
quisition in learners who acquired the L2 past the end of an assumed critical period. 
In this context, additional factors have been shown to influence L2 acquisition (see 
Section 1.3.2). Stressing the interplay between system-internal and system-external 
factors further supports a dynamics-oriented perspective on L2 acquisition. 
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Resulting from the previous discussion, language acquisition and linguistic de-
velopment, as defined in the context of the present work, are based on the following 
principles: 

 
(1) In line with a DST approach, (second) language learning is regarded as an on-

going and constantly changing process, which is characterized by a dynamic in-
terplay between external and internal variables. 

(2) As proposed by the SLM and the PAM, language learning strategies and mecha-
nisms are available across the lifespan, which accounts for the dynamic nature 
of language learning. Therefore, acquiring an L2 with native or near-native pro-
ficiency is also possible for late L2 learners. 

(3) Age does play an important role when it comes to L2 acquisition, yet it must be 
regarded in the context of additional factors which might influence successful 
L2 acquisition.  

(4) The L1 and L2 linguistic systems mutually influence each other. Therefore, any 
investigation into bilingual language development necessarily requires studying 
both the first and the second language system. 

1.8. Social and cultural dimensions of the phenomenon of foreign 
accent 
As the previous sections revealed, second language speech acquisition is a complex 
field of research which has received much attention in the past decades. Several 
approaches and models have been developed with the aim to explain the causes of 
foreign accented speech in nonnative speakers (see e.g., Best 1994; Flege 1995). In 
addition, more recent investigations into processes of L1 attrition have shown that 
L2 learning experience and long-term L2-immersion can, in fact, influence L1 pro-
nunciation abilities which may lead to speakers having a nonnative accent in their 
first language (see e.g., Bergmann et al. 2016; de Leeuw, Schmid, and Mennen 2010; 
Hopp and Schmid 2013). The discussion and juxtaposition of approaches in the field 
of L2 acquisition and L1 attrition leads to a range of questions which are inevitably 
related to the phenomenon of foreign accent: (Why) Is it necessary to be perceived 
as a native speaker in a second language? Which consequences might a foreign ac-
cent in both the first and the second language entail in different social and cultural 
settings? Why would speakers deliberately maintain a nonnative accent in their 
speech? 

The following definition of foreign accent (Flege 1988, 229) serves as a starting 
point for discussing social, cultural and identity-related dimensions of this phe-
nomenon: 
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Foreign accent is a phenomenological experience of listeners that is derived from 
detectable acoustic (and perhaps visual) differences between native and 
nonnative speakers in the pronunciation of sounds or other speech units. The per-
ception of foreign accent leads to the conscious or unconscious realization by the 
listener that the interlocutor is not a fellow native speaker. 

While foreign accent is accepted as a widely observed phenomenon in adult L2 
speakers in current bilingualism and SLA research, earlier discussions suggest that 
speaking a language with a nonnative accent was treated as “imperfect or defective 
speech” (Greene and Wells 1927, 24) which required some sort of therapy. Griffen 
(1980), for instance, maintained that the ultimate goal of teaching pronunciation 
should be to enable learners to speak the foreign language without any indication 
that they are nonnative speakers. Abercrombie (1949), by contrast, argued that it is 
more essential for L2 learners to speak the L2 in a way that is easy to understand for 
their interlocutors than to attain native pronunciation abilities. This view is also 
represented in current teaching-oriented discussions which stress the importance 
of being able to communicate effectively and making oneself understood in the L2, 
which does not necessarily presuppose a native L2 accent (see e.g., Kennedy and 
Trofimovich 2008). 

However, as accent is commonly considered an inherent feature of communi-
cative fluency, foreign accented speech might indeed have serious consequences 
for an L2 speaker in terms of intelligibility and comprehensibility. Besides being 
able to use the correct words in grammatically accurate sentences and choose a 
register appropriate to a specific communicative situation, a second language 
speaker’s pronunciation may contribute to whether their speech is comprehensible 
and intelligible. If a strong foreign accent and severe pronunciation mistakes lead 
to an impediment of communicative fluency or even to a complete breakdown of 
communication, it might make speakers intentionally avoid situations in which 
they have to interact with native speakers. However, as Munro (2008, 197) points 
out, “a detailed understanding of the situations in which pronunciation errors lead 
to communicative breakdowns has yet to be developed”. In addition, research 
shows that even a strong foreign accent does not per se entail reduced comprehen-
sibility and intelligibility (see e.g., Munro and Derwing 1995a, 1995b) and, conse-
quently, complete failures of communication are rarely observed, as will be further 
discussed in Chapter 4. 

A detectable foreign accent might not only affect – at least to some extent – suc-
cessful communication, but it may also lead to discrimination based on stereotypi-
cal judgments concerning a speaker’s intellect and language competence. Lippi-
Green (2003), who examined accent-based discrimination in English-speaking en-
vironments, points out that “[t]here is a common conception that there is a good 
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English, and following from that, bad English” (2003, 6). Based on this (mis-)percep-
tion, speakers of ‘bad’ English might be evaluated negatively because their speech 
does not conform to what is considered the norm of speaking. The idea that there 
is something like a proper way of speaking is promoted covertly, for instance, 
through popular media (Munro, Derwing, and Sato 2006) or by educators, politics 
and the general public (Trofimovich and Isaacs 2012). Negative evaluations and ste-
reotypical judgments based on a speaker’s accent can entail severe social and per-
sonal consequences for speakers, as Munro (2003) shows. He reviewed several 
cases of accent-based discrimination in Canada, where second language speakers 
were terminated or denied employment because of their foreign accent. Despite the 
fact, however, that accent is frequently associated with race, social status, and edu-
cational background, Munro and Derwing (2009, 486) make a valid point by stating 
that “accents do not cause discrimination – the fault is with intolerant, often mono-
lingual interlocutors” who have biased ideas about foreign accents and hence might 
simply refuse to understand accented speech even if it is clearly understandable. 

While the phenomenon of foreign accent is predominantly dealt with in the con-
text of second language speech, as the previous discussion shows, social and per-
sonal consequences of having a nonnative accent in one’s first language have re-
ceived less attention so far, although the consequences associated with reduced 
pronunciation abilities in the L1 might be similar to what nonnative L2 speakers 
experience. As discussed by de Leeuw, Schmid, and Mennen (2010), the observation 
that L2-immersed late bilinguals might be perceived as sounding nonnative in their 
first language raises questions of identity and belonging in the sense that speakers 
might no longer be regarded as “members of the linguistically and culturally dom-
inant group of their country of origin” (De Leeuw, Schmid, and Mennen 2010, 40). 
If speakers are then also not perceived as belonging to the speech community of 
their L2 because they retain a nonnative L2 accent, the question of identity becomes 
even more relevant. 

In the discussion above, several negative consequences of having a foreign ac-
cent in one’s first and/or second language have been illustrated. However, speakers 
with a detectable nonnative accent do not always have to face prejudices. Munro 
and Derwing (2009), for example, state that particularly European accents might be 
favored by listeners and speakers alike because they are often associated with social 
prestige and a high intellectual status. Others argue that speakers may deliberately 
maintain their foreign accent because it has a symbolic meaning to them or because 
they want to maintain their ethnic identity in an L2-dominant speech community 
(see e.g., Moyer 2013, 13). A famous example of a speaker who considers his 
nonnative L2 accent as a unique characteristic is Arnold Schwarzenegger, the sub-
ject of the present investigation, as will be presented in more detail in the subse-
quent chapter.



 

 

2 Study I: Arnold Schwarzenegger’s production of plosives 
in his L1 and L2 

2.1. Introduction to Study I 
This study investigates the realization of voice onset time (VOT) contrast in the 
speech of the late consecutive bilingual Arnold Schwarzenegger (AS), who moved 
to an L2 English-speaking environment at the age of 21. The overall aim of this study 
was to trace AS’s L2 segmental speech development over time and to identify poten-
tial changes and modifications in his L1 due to L2 learning experience. The speech 
corpus for the acoustic analysis of VOT consists of different interviews with AS 
which were conducted in either English or German (see Section 2.3.2, for a detailed 
description of the corpus). 

For the purpose of the present study, the specific L1 and L2 varieties spoken by 
AS need to be considered in more detail. AS acquired his L2 primarily through eve-
ryday interactions with native American English speakers in his home state Califor-
nia, where he has been living since he moved to the United States in the 1960s. 
Therefore, it can be assumed that his English pronunciation is predominantly in-
fluenced by Californian English,20 which – on the segmental level – primarily dif-
fers from General American English and other American English varieties in terms 
of the quality and duration of some vowels (Ladefoged 2005). When it comes to con-
sonant contrasts, however, there are hardly any differences between individual 
American English varieties. Consequently, in the context of the present study, AS’s 
L2 variety can be broadly described as American English, potentially with some Cal-
ifornian English influences on his vowel production, which will be considered in 
more detail in Study II (see Chapter 3). 

AS’s L1 is an Austrian German variety spoken in Thal, a municipality which is 
located four kilometers west of Graz-City in Austria. According to Wiesinger (1967), 
this local dialect can be classified as west-Styrian. Except for Wiesinger’s structural 
description of Styrian dialect regions and of some phonetic and lexical features of 
the dialects spoken in these regions, there are no investigations providing an in-
depth analysis of phonetic and phonological features of Styrian dialects, specifi-
cally of the regional variety spoken in Thal. Most studies examining pronunciation 
characteristics of Austrian German focus on Standard Austrian German 21  (e.g., 

 
20  It is, of course, likely that AS has been exposed to other English varieties through, for instance, the 

media and due to travelling within the United States and to other English-speaking countries. It 
should be noted that ‘Californian English’ is commonly used as an umbrella term for different regi-
onal varieties and sociolects which are spoken in the state of California (see e.g., Eckert and 
Mendoza-Denton 2006). 

21  As pointed out by Kleber (2018, 469), standard pronunciation forms of Austrian German become 
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Brandstätter, Kaseß, and Moosmüller 2015; Brandstätter and Moosmüller 2015; 
Harrington, Hoole, and Reubold 2012; Moosmüller 2007; Moosmüller and Ringen 
2004), which is strongly oriented towards Standard German German and is predom-
inantly spoken in urban centers (Moosmüller 1991, 2011; Moosmüller, Schmid, and 
Brandstätter 2015). Despite the fact that AS grew up speaking a regional variety of 
Austrian German which is likely to deviate from Standard Austrian German norms 
in terms of pronunciation (and other linguistic) characteristics, it will be referred 
to as ‘Austrian German’ in this investigation for the sake of convenience. In order 
to be able to compare AS’s production of L1 plosives to native speaker productions, 
normative speech data were collected from a 75-year-old monolingual Austrian 
German control speaker from Thal (see Section 2.3.2.3). 

As the focus of this study is on AS’s production of VOT in both of his languages, 
the subsequent sections provide an overview of aspects related to the phonetic fea-
ture of VOT in English and (Austrian) German. In addition, previous research on 
VOT in the context of L2 acquisition and L1 attrition will be considered in more 
detail. 

2.2. Voice Onset Time 
Voice Onset Time (VOT) is one of the most frequently investigated phonetic com-
ponents of stop consonants (e.g., Abramson and Whalen 2017; Baken and Orlikoff 
2000; Docherty 1992). According to Lisker and Abramson (1964, 388), this temporal 
acoustic parameter “serves to separate the stop categories of a number of languages 
in which both the number and phonetic characteristics of such categories are said 
to differ”. VOT is defined as the time interval between the release of the plosive, 
which is assigned the value ‘0’, to the onset of voicing (i.e., the onset of vocal fold 
vibration) of the following vowel (Lisker and Abramson 1964, 422). The time inter-
val between the plosive release and the onset of the following vowel is assigned a 
positive value (see Docherty 1992). It has been shown that listeners are very sensi-
tive to even small variations in VOT and use it as a cue to determine whether a stop 
is voiced or voiceless (e.g., Carney 1977; Miller and Volaitis 1989). Phonetically, the 
phonological distinction between ‘voiced’ and ‘voiceless’ plosives can be imple-
mented differently as illustrated in Figure 2.1. Languages such as French, Spanish, 

 
increasingly common among young speakers “as a result of convergence of regional varieties with 
the standard language”. This shift towards using standard pronunciation features is considerably 
influenced by language contact, for instance via German media (Muhr 2003; Stuart-Smith et al. 2013) 
and due to an increasing number of German nationals living in Austria (192,426 in January 2019; 
Statistik Austria 2019). The subject of the present study grew up in Thal in the 1940s, a time when 
people – particularly those who lived in rural areas of Austria – had less contact with Standard Ger-
man varieties compared to nowadays. This is why older speakers are more likely to maintain dia-
lectal, non-standard pronunciation features (Kleber 2018). 
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and Dutch, among many others, have short positive VOT for voiceless plosives; they 
contrast with voiced plosives which are usually fully voiced, i.e., phonation starts 
well before the release of the stop and is usually maintained through the closure 
phase ( Lisker and Abramson 1964; Simon 2009; van Alphen and Smits 2004). Con-
sequently, in these languages the phonological distinction between voiced and 
voiceless plosives is reflected in the presence or absence of prevoicing (negative 
VOT). In German and English, by contrast, voiceless stops typically have long-lag 
VOT. These aspirated stops contrast with voiced plosives which do not need to be 
fully voiced (very short VOT or around 0) (Docherty 1992; Lisker and Abramson 
1964). While most of the world’s languages have a two-way contrast, such as the 
languages described above, only few languages, for example Thai, Eastern Arme-
nian and Korean, have a three-way contrast (see e.g., Cho, Jun, and Ladefoged 2002; 
Gandour et al. 1986; Hacopian 2003), and even less languages, such as Nepali and 
Hindi, exhibit a four-way contrast (e.g., Cho, Whalen, and Docherty 2019; Davis 
1994, 1995; Poon and Mateer 1985). However, as argued by Abramson and Whalen 
(2017), in languages exhibiting a four-way contrast, VOT alone might not be suffi-
cient to distinguish the different plosive categories.22 Therefore, additional acous-
tic parameters, such as fundamental frequency, may need to be included when ex-
amining plosive contrasts (see Section 2.2.4). 
 
 

 

Figure 2.1: Schematic representation of different VOT categories in aspirating and 
voicing languages (based on Ashby and Maidment 2013, 95; Ladefoged 1975, 124). 

 

 
22  Hindi, for example, displays four plosive categories, namely [b], [bh], [p], and [ph]. As discussed by 

Abramson and Whalen (2017), voiced aspirated stops, such as [bh], are not distinguished from voiced 
stops, such as [b], in terms of VOT.  
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VOT duration of pre-vocalic plosives in word-initial position23 is influenced by sev-
eral linguistic factors, such as place of articulation, quality of the following vowel, 
stress, speaking rate, and syllable number (e.g., Baken and Orlikoff 2000; Foulkes, 
Docherty, and Jones 2011; Yavaş and Wildermuth 2006).24 With regard to place of 
articulation, it has been shown that the further back in the oral cavity the plosive is 
produced, the longer the VOT duration (Braun 1996; Byrd 1993; Crystal and House 
1988, 1990; Docherty 1992). The effect of place of articulation on VOT can be ex-
plained on the basis of general laws of aerodynamics: The primary reason for velar 
plosives having longer VOT compared to bilabial and alveolar plosives is the “rela-
tively smaller volume of the supralaryngeal cavity in velar stops [which] causes a 
greater pressure” (Cho and Ladefoged 1999, 213; see also Keating, Westbury, and 
Stevens 1980). The increased air pressure at the point of release takes longer to drop 
and, consequently, longer VOT durations can be measured. The relationship be-
tween place of articulation and VOT duration is well established, i.e., the majority 
of studies examining VOT in different languages generally found longer VOT values 
for velar plosives compared to bilabial and alveolar targets (e.g., Cho and Ladefoged 
1999; Morris, McCrea, and Herring 2008). 

In terms of vocalic environment, some research suggests that VOT tends to be 
shorter before mid and low vowels, and longer before high vowels (Braun 1996; 
Higgins, Netsell, and Schulte 1998; Klatt 1975; Morris, McCrea, and Herring 2008; 
Zue 1976). Klatt (1975), for example, reported that VOT for English /p t k/ was 15% 
longer when occurring before high vowels than before low vowels. However, inves-
tigations into the interaction between VOT duration and vowel quality have not pro-
vided entirely conclusive findings yet. Lisker and Abramson (1967) found no signif-
icant correlations between vocalic environment and VOT, but showed that word 
and syllable stress have an impact on VOT duration. Their findings suggest that the 
effect of stress on VOT in English is most prominent in voiceless stops, that is, the 
degree of aspiration is higher if the target plosive occurs in stressed position while 
it is lower when occurring in unstressed position. In addition, they found that VOT 

 
23  As pointed out by Docherty (1992; see also Foulkes, Docherty, and Jones 2011, 63), the acoustic di-

mension of VOT is not suitable for distinguishing plosives occurring in word-final position or within 
a consonant cluster, because plosives in these position “often lack the burst of wide-band noise in 
their spectra which marks the instant of the release of the stop, and which is used as a reference 
point for measuring voice onset time” (Docherty 1992, 16). Hence, the majority of acoustic studies 
examining VOT focus on plosives in word-initial position. 

24  Alongside the intra-linguistic factors discussed above, also extra-linguistic factors, such as speaker 
sex (e.g., Li 2013; Morris, McCrea, and Herring 2008; Oh 2011; Whiteside, Henry, and Dobbin 2004; 
Yu, Nil, and Pang 2015), have been examined to identify potential effects on VOT. However, findings 
on the influence of speaker sex on VOT are inconclusive: While some studies revealed differences 
between male and female speakers in terms of their production of VOT duration (e.g., Oh 2011; Ry-
alls, Zipprer, and Baldauff 1997; Whiteside, Henry, and Dobbin 2004), others (e.g., Morris, McCrea, 
and Herring 2008) did not find a correlation between speaker sex and VOT. 
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is significantly longer in target words produced in isolation compared to the same 
target words produced in a sentence. The same observation was made by Braun 
(1996), who found that VOT is overall longer in plosives in individual words than in 
plosives embedded in sentences. In order to control for the possibility that syllable 
stress affects VOT duration in the present study, only monosyllabic and bisyllabic 
tokens containing a plosive in stressed onset position were selected. 

Another influencing factor which needs to be considered when examining VOT 
is speaking rate (e.g., Kessinger and Blumstein 1997, 1998; Lisker and Abramson 
1964; Miller, Green, and Reeves 1986; Theodore, Miller, and DeSteno 2009; Volaitis 
and Miller 1992). In their investigation of VOT in French, English and Thai stops, 
Kessinger and Blumstein (1997, 1998) found that if speaking rate was slowed, VOT 
increased in voiceless stops; however, a change in speaking rate did not affect VOT 
duration in voiced stops. In addition, they reported that if speaking rate increases, 
“the VOT differences at the voiced-voiceless boundary may be reduced, leading in 
some cases to overlap between the VOT categories” (Kessinger and Blumstein 1997, 
144). Since the present investigation uses pre-recorded and spontaneous speech 
materials, controlling for speaking rate was not possible. It should be noted, 
though, that also in speech samples elicited by means of monitored production 
tasks, such as sentence readings, controlling for speaking rate can be problematic 
because speakers might differ in what they consider a ‘slow’ versus a ‘fast’ speaking 
rate (see Harrington 2010, 23). 

Alongside the factors previously outlined, the number of syllables in a word 
might influence VOT duration. Klatt (1975) compared VOT in plosives occurring in 
monosyllabic and bisyllabic items embedded in carrier phrases which were pro-
duced in a reading task. He found that VOT was shorter in bisyllabic tokens than in 
monosyllabic tokens. In a more recent study, Yu, Nil, and Pang (2015) measured 
VOT in voiceless bilabial plosives in single-syllables (CV) and polysyllables 
(CVCVCV) produced by monolingual English-speaking children and adults. Similar 
to Klatt (1975), they found a significant effect of syllable number on VOT duration: 
All speakers produced longer mean VOT values for tokens occurring in monosyl-
labic tokens, and significantly shorter VOT in polysyllabic tokens. 

While different linguistic factors have been shown to influence VOT duration to 
a greater or lesser extent, variability in VOT has also been identified as a speaker-
specific phenomenon. Chodroff and Wilson (2017), for example, examined VOT du-
ration in word-initial stops in isolated and connected speech produced by monolin-
gual American English speakers. A considerable amount of VOT variability was ev-
ident even after controlling for factors such as speaking rate, number of syllables, 
and vowel context, i.e., the variability in VOT observed in this study could not be 
exclusively explained by linguistic factors but was shown to be the result of speaker-
specific factors. Speaker-specific variation in VOT is associated with several extra-
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linguistic factors, such as speaker sex (e.g., Oh 2011; Robb, Gilbert, and Lerman 
2005; Swartz 1992; Whiteside and Marshall 2001), dialect (e.g., Scobbie 2005, 2006), 
and natural ageing processes (e.g., Ryalls, Simon, and Thomason 2004; Ryalls, Zip-
prer, and Baldauff 1997; Smith, Wasowicz, and Preston 1987; Torre and Barlow 
2009). 

2.2.1 Voice onset time in English and Austrian German  
The phonetic dimension of VOT has been investigated in numerous acoustic studies 
on plosives in different languages (e.g., Abdelli-Beruh 2004; Chao and Chen 2008; 
Cho and Ladefoged 1999; Lisker and Abramson 1964; Rosner et al. 2000; Smiljanic 
and Bradlow 2008). So far, VOT has been most frequently examined in English (see 
Table 2.1), which, as described above, is an aspirating language and distinguishes 
between short-lag and long-lag VOT, i.e., /p t k/ are produced with long-lag VOT 
ranging from approximately 30 to 100ms, and phonologically voiced plosives /b d g/ 
are produced with short-lag positive VOT in the range of 0 to 25 ms ( Docherty 1992; 
Lisker and Abramson 1964). 
 

Study  /p/ /b/ /t/ /d/ /k/ /g/ 

Chodroff et al. (2015) AE 51 9 60 14 54 17 
Morris, McCrea, and 
Herring (2008) 

AE 56 15 69 19 73 30 

Chao and Chen 
(2008) 

BE 62 
22–117 

11 
7–18 

73 
48–105 

22 
13–68 

86 
65–145 

24 
13–40 

Docherty (1992) BE 42 
10–80 

15 
0–50 

64 
30–110 

21 
0–50 

62 
30–150 

27 
10–60 

Lisker and Abram-
son (1964) 

AE 58 
20–120 

-101; 1 
-130: -
20; 0–5 

70 
30–105 

-102; 5 
-155: -
40; 0–
25 

80 
50–135 

-88; 21 
-150: -
60; 0–
35 

Zue (1976) AE 58 13 71 19 74 30 

Table 2.1: Mean VOT durations (measured in milliseconds; ranges displayed 
in italics if available) for native British English (BE) and American English 

(AE) reported in previous studies. 
 
As shown in Table 2.1, Lisker and Abramson (1964), who examined VOT in mono-
lingual American English speakers, report two different VOT categories for the pro-
duction of English phonologically voiced plosives, namely short-lag and negative 
VOT, the latter indicating prevoicing. However, it must be noted that Lisker and 
Abramson included a relatively small number of speakers (N = 4) in their study. In 
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addition, 95% of all prevoiced plosives were produced by a single participant. 25 
Similarly, Flege and Brown (1982) found that only two of their monolingual Ameri-
can English speakers (N = 8) produced /b/ with prevoicing. Both studies show that 
the subjects were consistent in terms of producing voiced targets with prevoicing, 
which suggests that “speakers do not arbitrarily choose one of the two forms of tim-
ing [short-lag VOT vs. voicing lead], but have a preference for one form or the other” 
(Docherty 1992, 29). In addition, prevoiced English tokens are most likely to occur 
in controlled speech production contexts (Roach 2009), particularly in voiced envi-
ronments (Docherty 1992). Based on the findings of the aforementioned studies and 
the studies illustrated in Table 2.1, producing voiced stops with voicing lead in 
American English can be considered a speaker-specific and context-dependent 
phenomenon, but it cannot be reliably argued that it is a general and widespread 
characteristic of American English VOT production.26 
The schematic representation of VOT ranges for English plosives illustrated in Fig-
ure 2.2 shows that the VOT values reported in different studies cover quite broad 
ranges, which becomes particularly evident in the voiceless targets. Most VOT stud-
ies report population values without further examining individual variation in VOT 
production, which might be a reason for the broad ranges presented below. Theo-
dore, Miller, and DeSteno (2009), among others (e.g., Allen, Miller, and DeSteno 
2003; Chodroff et al. 2015), set out to examine speaker-specific differences in VOT 
duration depending on two contextual variables, namely speaking rate and place of 
articulation. In terms of speaking rate, findings showed that a decrease in rate en-
tails an increase in VOT duration in voiceless plosives; VOT in voiced plosives, by 
contrast, was not significantly affected by speaking rate (see Kessinger and Blum-
stein 1997, 1998). In addition, Theodore, Miller, and DeSteno (2009) observed that 
the effects of speaking rate on VOT differed significantly among individual speak-
ers. By contrast, the effect of place of articulation on VOT was not found to be 
speaker-specific, i.e., all subjects consistently produced the voiceless bilabial plo-
sive with shorter VOT compared to the voiceless velar target, which is in line with 
previous findings (e.g., Lisker and Abramson 1964). Similarly, Docherty (1992) ob-
served a considerable amount of inter-speaker variability in his investigation of 
VOT. He points out that “it does seem to be the case that the between-speaker 

 
25  Another aspect to consider is that Lisker and Abramson (1964) do not provide further details about 

the participants’ language backgrounds, apart from stating that all speakers were educated speakers 
of a standard variety of the respective language (see 1964, 388). In addition, it is not described how 
the speech samples were elicited, which might indeed have had an influence on VOT durations. 

26  One exception is a study by Hunnicutt and Morris (2016) who examined mean VOT duration in word-
initial stops produced by 13 speakers of Southern American English from Alabama and Mississippi. 
Their findings show that the majority of all voiced tokens (77.8%) were produced with voicing-lead, 
which was interpreted to represent a dialect-specific feature of Southern American English as spo-
ken in Alabama and Mississippi. 
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difference in voice onset time is a reflection of different implementation strategies, 
as opposed to being a by-product of some other feature of the speaker concerned” 
(169). 
 
 

 

Figure 2.2: Schematic representation of VOT ranges for English /p t k/ and /b d g/ re-
ported in the literature ( Chao and Chen 2008; Docherty 1992; Lisker and Abramson 

1964). 
 
Similar to English, Standard German German (SGG) also distinguishes between 
long-lag (aspirated) and short-lag plosives (e.g., Braunschweiler 1997; Jessen 1998; 
Jessen and Ringen 2002; Kuzla and Ernestus 2011; Stock 1971).27 While the short-
lag and long-lag VOT categories are relatively stable in English and SGG, speakers 
of Austrian German varieties have been observed to neutralize28 VOT contrast in 
bilabial and alveolar word-initial plosives by producing both voiced and voiceless 
targets within the short-lag VOT range ( Moosmüller 2011; Moosmüller and Ringen 
2004; Moosmüller, Schmid, and Brandstätter 2015). According to Wiesinger (1996, 
2014), the voiced-voiceless distinction is eliminated if the stop is followed by a son-
orant consonant, as in Draht vs. trat (wire vs. kicked), or Blatt vs. platt (leaf/sheet vs. 
flat) (see also Muhr 2001; Zeman 2009). Similarly, this neutralization of contrast has 
been observed to occur in bilabial or alveolar plosives followed by a vowel (e.g., du 
vs. tu / you vs. do; Tank vs. Dank / tank vs. thank). However, VOT contrast is usually 
maintained for velar plosives preceding a vowel (e.g., Karten vs. Garten / cards vs. 
garden). While many descriptions of Austrian German pronunciation characteris-
tics rely on auditory-based observations and impressionistic data only (e.g., Muhr 
2001; Wiesinger 1996, 2014), Moosmüller and Ringen (2004) and Moosmüller (2011) 
took VOT as a parameter to examine plosive production in speakers from Vienna 
(see Table 2.2). In a sentence reading task, they elicited target words with plosives 
occurring in word-initial position. The findings by Moosmüller (2011) indicated that 
the speakers produced a significant VOT difference between voiced and voiceless 

 
27  Jessen (1998, 306ff.), for example, reports the following mean VOT durations for Standard German 

plosives: 75 ms for /p/, 7 ms for /b/, 77 ms for /t/, 18 ms for /d/, 87 ms for /k/, and 29 ms for /g/. 
28  In the context of the present investigation, ‘neutralization’ is defined as “the elimination of phono-

logical contrast in certain phonetic environments” (Dmitrieva, Jongman, and Sereno 2010, 483). 
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stop consonants: VOT for voiceless plosives ranged from 40 ms to 60 ms, and voiced 
plosives were produced with VOT values between 5 ms and 20 ms. Moosmüller and 
Ringen (2004) found a considerable amount of VOT variability in their speakers’ 
productions of voiceless alveolar and bilabial plosives as indicated by the broad 
VOT ranges reported in Table 2.2. By contrast, variability for the voiced targets was 
relatively balanced across all places of articulation. The high variability observed 
in voiceless plosives with a bilabial and alveolar place of articulation, according to 
Moosmüller and Ringen (2004, 49), shows a tendency to neutralize VOT contrast in 
bilabial and alveolar plosives, that is, VOT contrast is not realized consistently. 
As discussed by Moosmüller, Schmid, and Brandstätter (2015), bilabial and alveolar 
contrasts are most likely to be eliminated in spontaneous conversational speech 
styles, i.e., “bilabial and alveolar fortis [voiceless] and lenis [voiced] plosives might 
collapse, especially in word-initial position, so that packen ‘to pack’ and backen ‘to 
bake’ become homophonous: [b ̥ɑkŋ]” (341). This neutralization of contrast has al-
ready been described by Luick (1904, 83), who speaks of ‘blurring’ the distinction 
(‘Verwischung der Grenzen’) between voiced and voiceless plosives in Austrian Ger-
man. In a more recent investigation, Hödl (2019; see also 2017) examined the reali-
zation of VOT contrast in conversational and read speech produced by a group of 
Styrian speakers (N = 33). As displayed in Table 2.2, VOT data obtained from the 
spontaneously produced speech samples differed considerably compared to those 
obtained from read samples: While a tendency to neutralize VOT contrast in bila-
bial and alveolar plosives was observed in the speakers’ spontaneous speech, there 
was no overlap between long-lag and short-lag VOT categories in the read speech, 
i.e., speakers realized a pronounced VOT-based distinction between voiced and 
voiceless plosive targets. By contrast, the results provided by Grassegger ( 19881988; 
see also 1996) do not indicate a difference in VOT measured in read speech and in 
speech produced on the basis of a picture naming task. As pointed out by Hödl 
(2019, 17), the picture naming task included in the study was used to elicit non-
scripted but carefully controlled speech and, thus, the VOT measurements obtained 
from these samples cannot be considered representative of spontaneously pro-
duced, more naturally occurring speech. 
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Study  /p/ /b/ /t/ /d/ /k/ /g/ 

Grassegger 
(1988) 

Read 
speech 

29 17 39 21 87 28 

Picture 
naming 

27 18 37 22 85 30 

Moosmüller 
and Ringen 
(2004) 

Read 
speech: 
Mid vowel 
context 

29 
6–60 

11 
5–16 

33 
14–49 

14 
8–13 

64 
30–73 

25 
14–37 

Read 
speech: 
High 
vowel 
context 

52 
17–108 

13 
5–18 

61 
19–110 

26 
14–41 

99 
80–129 

31 
12–58 

Moosmüller 
(2011) 

Read 
speech 

37 14 46 18 80 27 

Hödl (2019) Read 
speech 

46 10 59 14 78 23 

Spontane-
ous 
speech 

22 
1–178 

11 
1–17 

29 
3–143 

19 
3–88 

63 
12–181 

24 
4–70 

Table 2.2: Mean VOT durations (in milliseconds; ranges displayed in italics if 
available) for Standard Austrian German speakers from Vienna (Moosmüller 

2011; Moosmüller and Ringen 2004) and for Styrian speakers (Grassegger 
1988; Hödl 2019) 

 
As the previous discussion reveals, (American) English and Austrian German differ 
when it comes to the implementation of a VOT contrast: While English displays a 
relatively stable contrast between short-lag (sometimes prevoiced) versus long-lag 
VOT categories, this contrast tends to be neutralized in Austrian German bilabial 
and alveolar tokens produced in spontaneous speech contexts. These cross-linguis-
tic differences in VOT between English and Austrian German provide the basis for 
the present study. In fact, examining VOT duration is quite popular in SLA and bi-
lingualism research because data are usually easy to obtain and VOT measurements 
can be done rapidly and rather accurately (see Flege 2017, 2018). The subsequent 
sections provide an overview of research into L2 acquisition and L1 attrition of VOT. 

2.2.2 L2 acquisition of VOT 
Previous studies examining VOT production in different L2s have mainly focused 
on the question of whether bilinguals and second language learners acquire sepa-
rate VOT categories for their two languages and to what extent bilingual VOT 
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patterns resemble those of monolingual speakers. While there are only few studies 
investigating VOT in the context of L1 attrition, as will be discussed in the subse-
quent section, there is a substantial amount of research examining L2 acquisition 
of VOT. 

Table 2.3 displays a selection of studies which examined the acquisition of VOT 
in late learners of L2 English with different first languages, all of which implement 
VOT contrast differently compared to English (except for Stoehr et al. 2017 who in-
vestigated L2 learners of German, and the subjects in Flege 1987b and Flege and 
Hillenbrand 1984 who spoke English as their L1). As outlined in the previous sec-
tion, English is an aspirating language, i.e., voiceless plosives are produced with 
long-lag VOT values. They contrast with voiced plosives which are usually not fully 
voiced but are produced within the short-lag VOT range. In voicing languages, such 
as French, Dutch and Spanish, voiceless plosives are produced with short-lag VOT 
and their voiced counterparts are produced with voicing lead, i.e., they are fully 
voiced (Lisker and Abramson 1964). Consequently, native speakers of voicing lan-
guages who learn English as an L2 have to acquire aspiration for English voiceless 
plosives and the short-lag VOT category for English voiced stops. Based on these 
cross-linguistic differences between English and different voicing languages, the 
studies displayed in Table 2.3 aimed at examining to what extent L2 learners of Eng-
lish are able to acquire distinct VOT categories for their second language. The focus 
here is on late L2 learners, i.e., individuals who started acquiring English late in life 
after the first language had already been fully developed, which reflects the order 
of language acquisition experienced by the subject investigated in the present 
study. Other VOT studies, not featured in Table 2.3, include early sequential bilin-
guals who acquired English as an L2 in early childhood (e.g., Caramazza et al. 1973; 
Flege and Eefting 1987b; Mack 1990; MacLeod, Stoehl-Gammon, and Wassnik 2009; 
McCarthy et al. 2014), or simultaneous bilinguals who acquired both languages 
from birth (e.g., Fabiano-Smith and Bunta 2012; Kehoe, Lleó, and Rakow 2004; Lein, 
Kupisch, and van de Weijer 2016). 
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Study Languages N of 
subjects 

Plosives 
tested 

Elicitation method 

Flege and 
Hillenbrand 
(1984) 

L1: English 
L2: French 

14 /t/ Reading: target words in 
carrier phrase + story 
telling 

Flege (1987b) L1: English 
L2: French 

14 /t/ Reading: target words in 
carrier phrase 

Flege and Eeft-
ing (1987a) 

L1: Dutch 
L2: English 

50 /t d/ Reading: target words in 
carrier phrase 

Flege (1991) L1: Spanish 
L2: English 

10 /t/ Reading: target words in 
carrier phrase 

Flege, Munro, 
and MacKay 
(1996) 

L1: Italian 
L2: English 

126 /p t/ Reading: target words in 
carrier phrase 

Thornburgh 
and Ryalls 
(1998) 

L1: Spanish 
L2: English 

16 /p t k b d g/ Reading: isolated words 

MacKay et al. 
(2001) 

L1: Italian 
L2: English 

72 /b/ Delayed repetition task 

Simon (2009) L1: Dutch 
L2: English 

16 /p t k b d g/ Reading: isolated words 
+ spontaneous conversa-
tion 

Stoehr et al. 
(2017) 

L1: Dutch 
L2: German 

18 /p t k b d 
g/29 

Picture-naming 

Table 2.3: Overview of studies on L2 acquisition of VOT in late bilinguals (in 
chronological order).30 

 
A review of the studies presented in Table 2.3 reveals that bilingual speakers, whose 
languages differ in the way VOT contrast is implemented, often fail to produce L2 
targets within native ranges. Flege and Hillenbrand (1984) and Flege (1987a), for 
instance, found that their English-French late consecutive bilinguals produced L2 
French /t/ with considerably longer (i.e., more English-like) VOT values compared 
to monolingual French controls, that is, they realized values which were too short 
for English and too long for French. This observation can be explained with refer-
ence to the Speech Learning Model which will be discussed in Section 1.6.1: Due to 
the mechanism of equivalence classification31 (e.g., Flege 1987a, 1995), the bilingual 

 
29  Since word-initial /g/ is not part of the Dutch consonant inventory, it was not included in this study 

for either language. 
30  As mentioned in the introduction to this section, research focusing on the acquisition of VOT in bi-

lingual speakers and second language learners is quite extensive. The overview presented here is 
not intended to give a review of all studies of VOT in bilingual speakers, but rather includes a re-
presentative selection of studies as a basis for discussing VOT acquisition patterns which can be ob-
served in bilingual speakers. 

31  Flege and Hillenbrand (1984) refer to the phenomenon of equivalence classification as “interlingual 
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speakers in Flege and Hillenbrand (1984) and Flege (1987) failed to identify phonetic 
differences between English /t/ and French /t/ and, thus, produced the L2 target 
sound with VOT values intermediate between English and French monolingual 
norms. 

The same observation was made by Flege and Eefting (1987a), who examined L1 
speakers of Dutch learning L2 English: Despite the fact that the L1 Dutch speakers 
produced English /t/ with longer VOT values compared to their production of Dutch 
/t/, they did not realize the English target plosive within the monolingual English 
long-lag range. That is, they had not acquired the long-lag VOT category for English 
aspirated voiceless plosives and produced VOT values intermediate to L1 Dutch and 
L2 English. These findings are also reflected in Flege (1991), who observed ‘com-
promise’ – nonnative-like – VOT values in the productions of L2 English /t/ by Span-
ish-English late bilinguals. By contrast, the early L2 learner group (i.e., early se-
quential bilinguals) in this study did not differ from monolingual controls in their 
production of the target plosive, that is, they were able to establish different pho-
netic categories for the plosives in their two languages. 

While the studies discussed above focus exclusively on the production of the 
voiceless alveolar plosive /t/, other studies examine the realization of VOT contrast 
in voiced and voiceless targets. Thornburgh and Ryalls (1998), for example, found 
that the majority of their native Spanish learners of L2 English were able to produce 
English /p t k/ within the long-lag monolingual range, but their productions of Eng-
lish voiced stops were characterized by consistent prevoicing, as typical of their L1 
Spanish. This transfer of prevoicing from the L1 to the L2 was also observed in stud-
ies examining native Dutch learners of English (e.g., Mayr, Price, and Mennen 2012; 
Simon 2009; Stoehr et al. 2017). 

Overall, the findings of the studies discussed above support Flege and Hillen-
brand’s (1984, 717) argument that “adult learners of a foreign language will never 
succeed in producing L2 stops with complete accuracy when stops in their native 
language differ substantially in VOT from those in L2”.32 This assumption is in line 

 
identification” (717). However, with the development of the Speech Learning Model (e.g., Flege 
1995), the term ‘equivalence classification’ became more commonly used. 

32  Despite the fact that the majority of individuals who learn an L2 in adulthood have been shown to 
produce L2 features in a nonnative fashion, Flege and Hillenbrand’s (1984, 717) claim that late L2 
learners “will never succeed” (my italics) when it comes to attaining native pronunciation abilities in 
the L2 might be too strong. In fact, research has documented the occurrence of exceptionally suc-
cessful late L2 learners (e.g., Bongaerts 1999; Bongaerts, Mennen, and van der Slik 2000; Moyer 
1999). For example, some of the late learners of L2 Dutch in Bongaerts, Mennen, and van der Slik 
(2000) were perceived to sound (near-)native in their L2 by a group of monolingual Dutch listeners, 
which led to the conclusion that “it is not impossible for post-critical period [i.e., late] learners to 
achieve a nativelike accent in a non-primary language, in spite of the alleged biological barriers” 
(Bongaerts, Mennen, and van der Slik 2000, 305). In the studies cited above, (non-)nativeness of L2 
learners was examined on the basis of foreign accent ratings, i.e., the focus was on perceived global 
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with the predictions made by the Speech Learning Model ( Flege 1991, 1995, 2002, 
2003): The majority of late L2 learners fail to identify phonetic differences between 
closely related L1 and L2 sounds and perceive them as being representations of the 
same phonetic category, which is likely to result in nonnative L2 productions. For 
L2 English learners who speak a voicing language (such as Dutch or Spanish) as 
their L1 this might lead to the production of compromise values which are interme-
diate to L1 and L2 norms (e.g., Flege and Hillenbrand 1984), or to transferring an 
L1 feature – such as prevoicing – to the production of the corresponding sounds in 
the L2 (e.g., Mayr, Price, and Mennen 2012; Thornburgh and Ryalls 1998). A second 
possibility alongside the merging (i.e., assimilation) of L1 and L2 phonetic catego-
ries is category dissimilation, or polarization (Keating 1984), which serves to enhance 
acoustic differences between L1 and L2 categories (see Flege and Eefting 1987a, 
198). Flege and Eefting (1988) examined VOT in Spanish-English early and late bi-
linguals’ productions of Spanish /p t k/. They observed that the early bilinguals pro-
duced the L1 Spanish target plosives with considerably shorter VOT values com-
pared to monolingual control speakers. That is, the early bilingual subjects – unlike 
the late bilinguals – had established a new phonetic category for the L2 sounds, but 
‘overshot’ the L1 target in order to maintain contrast between the L1 and L2. This 
dissimilatory effect is usually observable in early bilinguals, who are “more likely 
to develop new L2 categories and, so, are more likely to exhibit dissimilation” (Oh 
et al. 2011, 157). By contrast, late bilinguals are less likely to dissimilate phonetic 
categories, but – as outlined above – often fail to establish separate categories for 
closely related L1 and L2 sounds and produce merged categories instead. 

2.2.3 L1 attrition of VOT 
While there is extensive research on the acquisition of L2 VOT by bilingual speak-
ers, as discussed above, there are only few studies which examine VOT in the con-
text of L1 phonetic attrition. 

Table 2.4 presents an overview of attrition studies examining VOT in different 
languages. In line with the definition of attrition discussed in Section 1.4.3, the stud-
ies included in this overview focus on late consecutive bilinguals who have been long-
term immersed in an L2-speaking environment. This reflects the order of acquisition 
and the immersion context experienced by AS, the subject examined in the present 
study. Hence, studies including simultaneous bilinguals (as in Fowler et al. 2008) or 
inexperienced L2 learners receiving intensive formal instruction in the L2 (as in 
Chang 2012, 2013; Kartushina, Frauenfelder, and Golestani 2016) were excluded 
from this overview despite the fact that they are frequently cited in the context of 

 
accent. Acoustic investigations of specific segmental and prosodic features to identify potential di-
vergences from native speaker norms were not included. 
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L1 phonetic attrition. Similarly, the case study conducted by Sancier and Fowler 
(1997; see Tobin, Nam, and Fowler 2017, for a replication of this study) is not repre-
sented here. They examined VOT in an L1 Brazilian-Portuguese speaker with L2 
English, who regularly travelled between the L1 and the L2 environment. The aim 
of this study was to find out whether the regular change in linguistic environment 
influenced the bilingual’s productions of VOT in voiceless stops. As the subject in 
Sancier and Fowler’ study regularly travelled between two linguistic environments 
and did not consistently stay in an L2-immersion context for an extended period of 
time, this study is not included in the overview. 

 
Study Languages N of 

subjects 
Plosives 
tested 

Elicitation method 

Flege and 
Hillenbrand 
(1984) 

L1: English 
L2: French 

733 /t/ Reading: target words in 
carrier phrase + story 
telling 

Flege (1987b) L1: Eng-
lish/French 
L2: French/ 
English 

1434 /t/ Reading: target words in 
carrier phrase 

Major (1992) L1: English 
L2: Portu-
guese 

5 /p t k/ Formal: word/sentence 
reading; 
Informal: conversation 

Mayr, Price, 
and Mennen 
(2012) 

L1: Dutch 
L2: English 

2 /p t k b d g/ Reading: target words in 
carrier phrase 

Stoehr et al. 
(2017) 

L1: German 
L2: Dutch 

2335 /p t k b d/ Picture-naming 

Table 2.4: Overview of studies on L1 attrition of VOT in late bilinguals (in chronologi-
cal order). 

 
Overall, the findings of the studies presented in Table 2.4 show that VOT in different 
L1s might be affected by processes of attrition. However, L1 voiced and voiceless 
stops have not been found to be influenced by L2 learning experience to the same 
extent; rather, voiceless stops seem to be especially sensitive to attrition while 
voiced stops remain largely unaffected (Mayr, Price, and Mennen 2012; Stoehr et 

 
33  Flege and Hillenbrand (1984) examined VOT in three groups of speakers, but only one of these 

groups can be described as a potential attriter group, namely L1 French learners of L2 English (late 
consecutive bilinguals) living in an L2-speaking environment. 

34  Flege (1987b) included six groups of speakers, only two of which be considered as potential attriters, 
namely L1 English late learners of L2 French living in France, and L1 French late learners of L2 
English living in the US. 

35  An additional group consisted of L1 Dutch L2 German bilinguals living in the Netherlands. As these 
speakers did not live an L2-immersion setting, they are not included in this overview. 
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al. 2017). L1 speakers of languages with voiceless aspirated plosives such as German 
and English have been observed to shorten VOT in voiceless targets in their L1 when 
speaking French, Dutch or Portuguese as their L2, and thus assimilate VOT in their 
L1 to the norms of the L2 (Flege 1987b; Major 1992; Stoehr et al. 2017). Flege (1987b), 
for example, found that the L1 English L2 French bilinguals in his study produced 
L1 English /t/ with considerably shorter and thus more French-like VOT compared 
to monolingual English controls. Although Flege (1987b) does not describe this phe-
nomenon as ‘attrition’, the changes in L1 VOT categories for voiceless targets clearly 
show an effect of L2 learning experience on production abilities in the L1 and sup-
port Flege’s (1987b, 47) hypothesis that late L2 acquisition leads to a – at least partial 
– restructuring of learners’ L1 and L2 phonetic space. 

Similar observations were made by Stoehr et al. (2017), who examined VOT in 
L1 German L2 Dutch-immersed bilinguals. VOT durations measured in the speak-
ers’ L1 voiceless plosives were significantly shorter, and thus more Dutch-like, com-
pared to monolingual German speakers. The speakers’ L1 voiced plosives, by con-
trast, were not observed to be affected by attrition as they were not consistently 
prevoiced as typical of L2 Dutch. 32% of the bilinguals’ L1 productions of /b/ and /d/ 
were, in fact, characterized by prevoicing and a significantly higher percentage of 
prevoiced tokens (65%) was observed in the bilinguals’ productions of voiced plo-
sives in Dutch. However, no significant differences in terms of the percentage of 
prevoicing could be observed when comparing the bilingual group and the mono-
lingual German group, i.e., also the monolingual speakers produced prevoiced to-
kens of /b/ and /d/. Therefore, the occurrence of prevoicing in the L1 German of the 
bilingual group was not interpreted as evidence for an L2-influence on the L1. 
Stoehr et al. (2017, 505) argue that despite the observation that the subjects were 
capable of producing prevoiced tokens in their L1, “[t]hey may […] not necessarily 
be able to control the required muscular activities to a similar extent as native 
speakers of a prevoicing language”. Prevoicing has also been observed to occur in 
English plosives produced by monolingual speakers (e.g., Docherty 1992; Lisker 
and Abramson 1964), but, as discussed in Section 2.2.1, it cannot be considered a 
systematic and widespread feature of English VOT production in the same vein as 
prevoicing in German does not seem to occur systematically. 

Major (1992) also examined a group of bilinguals speaking an aspirating lan-
guage (American English) as their L1 and a voicing language (Brazilian Portuguese) 
as their L2. He tested the subjects’ productions of /p t k/ elicited in two different 
contexts (formal vs. casual/informal). Overall, Major’s (1992) results provide evi-
dence for deviations from the native English norm in the L1 of all subjects, i.e., they 
produced L1 voiceless plosives with shorter and thus more Portuguese-like VOT 
compared to monolingual controls. However, the subjects differed in terms of the 
degree of deviation from native norms. Two out of five speakers showed fewer 
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significant deviations from native English norms compared to the other subjects. 
Three speakers exhibited shorter VOT values in their L1 voiceless plosives pro-
duced in an informal context (conversational speech) when being compared to 
monolingual English speakers. This suggests a drift of the L1 (long-lag) VOT cate-
gory towards the L2 (short-lag) category. One of the three speakers was not only 
observed to differ significantly from monolingual production norms, but her VOT 
values for English voiceless plosives were also significantly shorter than the values 
measured for the other subjects. In addition, this speaker scored within the native 
range in terms of her L2 productions of voiceless plosives, i.e., she produced the L2 
targets consistently with native short-lag VOT. By contrast, the remaining four 
speakers were observed to produce L2 plosives within the long-lag VOT range as 
typical of their L1 English. While this study, similar to the studies discussed above, 
provides evidence for voiceless plosives being affected by attrition processes, it did 
not test whether or not similar effects could be observed in terms of the speakers’ 
L1 voiced plosives. At the same time, Major’s findings suggest that not all individu-
als are equally affected by attrition, that is, some bilinguals are able to maintain 
native production abilities in their L1 while others show clear divergences from na-
tive production norms in their first language. 

While the studies previously discussed examine VOT in L1 speakers of aspirating 
languages, other studies focus on investigating VOT in L1 speakers of voicing lan-
guages who speak an aspirating language as their L2 (Flege and Hillenbrand 1984; 
Mayr, Price, and Mennen 2012). Overall, the subjects examined in these studies 
were found to produce voiceless stops in their L1 with longer VOT values compared 
to monolingual speakers, i.e., their L1 short-lag VOT categories moved in the direc-
tion of the long-lag VOT categories of their L2. Mayr, Price, and Mennen (2012), for 
example, observed that their bilingual speaker produced L1 Dutch voiceless plo-
sives with considerably longer VOT values compared to her non-immersed bilin-
gual twin sister, which suggests a drift of L1 categories towards the norms of the L2 
English. By contrast, her L1 voiced plosives were consistently prevoiced as typical 
of native Dutch, i.e., no attrition effects could be observed. Interestingly, however, 
the subject’s English voiced plosives were characterized by voicing lead (prevoic-
ing), which was even longer in her L2 compared to her L1. One possible explanation 
for transferring the L1 feature of prevoicing to the L2 and overshooting the L1 target 
is, according to Mayr, Price, and Mennen (2012, 692), that the subject might have 
“acquired separate representations for voiced categories in the two languages and 
is attempting to differentiate them thus, exhibiting a polarization effect”. 

In an earlier study, Flege and Hillenbrand (1984) examined VOT duration in the 
alveolar plosive /t/ in monosyllables produced by French-English bilinguals. The 
bilinguals in this study were observed to produce L1 French /t/ with considerably 
longer VOT compared to monolingual French speakers and, thus, were observed to 
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have drifted away from native production norms. These findings support Flege and 
Hillenbrand’s (1984, 716) hypothesis that “the perceptual target for an L1 phone – 
and eventually the motor plan used to realize it – changes as the foreign language 
learner is exposed to that phone’s acoustically different counterpart in L2”. 

Taken together, research seems to provide evidence for a shift of L1 VOT cate-
gories in voiceless plosives towards the norms of the L2 in late adult bilinguals, 
which results in either a shortening of VOT towards the short-lag category of the L2 
(e.g., French, Dutch) or a lengthening of VOT duration towards the long-lag cate-
gory for L2 voiceless plosives (e.g. ,English, Standard German). In addition, the 
findings provided by Mayr, Price, and Mennen (2012) and Stoehr et al. (2017) indi-
cate that L1 voiced plosives are less likely to be affected by L2-influences. 

2.2.4 Other acoustic parameters of plosives 
As illustrated in the previous sections, VOT is one of the most frequently investi-
gated acoustic components of word-initial stops and it is often described as the most 
reliable cue to measure voicing contrasts in plosives (e.g., Foulkes, Docherty, and 
Jones 2011; Lisker 1975, 1978). However, when examining plosive voicing contrasts 
other acoustic cues might also play a role, which will be briefly outlined in this sec-
tion. 

Alongside VOT, fundamental frequency (f0) of the vowel following the plosive 
has been identified as an intrinsic cue to distinguish voicing in plosives. It has been 
observed that vowels tend to have higher f0 after phonologically voiceless plosives, 
and lower f0 after phonologically voiced plosives (e.g., Coetzee et al. 2018; Haggard, 
Ambler, and Callow 1970; Hombert, Ohala, and Ewan 1979; Shultz, Francis, and Lla-
nos 2012). This difference in f0 depending on whether the preceding plosive is 
voiced or voiceless can approach up to 20 Hertz (Hz) (House and Fairbanks 1953; 
Lehiste and Peterson 1961). The influence of the plosive on f0 has been shown to be 
largest at the onset of the vowel (Coetzee et al. 2018), but f0 has also been measured 
at its peak (e.g., Lehiste and Peterson 1961; Löfqvist 1975), and across the entire 
vowel (e.g., House and Fairbanks 1953). In the present investigation, intrinsic f0 
was not included as an acoustic cue, which is mainly due to the fact that the validity 
of f0 as a voicing cue in authentic non-prompted speech has not been reliably es-
tablished so far (see Abramson and Whalen 2017, 79). In addition, Chang (2012, 253) 
argues that “[t]he f0 difference between English stop types has consistently been 
shown to be relatively subtle”. This is also reflected in Coetzee et al.’s (2018, 187) 
overview of studies examining post-plosive f0. The f0 difference between preceding 
voiced and voiceless plosives for English ranges from 6 to 16 Hz, which confirms 
Chang’s (2012) observation that English shows a relatively small f0 difference be-
tween voiced and voiceless plosives. Shultz, Francis, and Llanos (2012) arrive at a 
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similar conclusion: They examined the relationship between VOT and onset f0 in 
American English in both production and perception. In terms of production, their 
findings show that the majority of speakers used distinct VOT categories to produce 
a voicing contrast while the difference in onset f0 was not shown to be significant. 
Also in terms of perception, the study revealed that onset f0 was not used as a pri-
mary perceptual cue to the voiced-voiceless distinction in American English. 

Another acoustic phenomenon which has been identified as a cue to the voiced-
voiceless distinction in plosives is the intensity of the plosive burst. Alveolar stops 
have been shown to have the highest energy level (> 4000 Hz), i.e., the most intense 
burst, while bilabials usually have a very low frequency burst. Also, voiced plosives 
generally show a lower burst intensity compared to their voiceless counterparts 
(Baken and Orlikoff 2000; Dorman, Studdert-Kennedy, and Raphael 1977; Zue 1976). 
The frequency of the burst is commonly included as a phonetic component when 
VOT alone is not sufficient to examine voicing in plosives. According to Ladefoged 
and Maddieson (1997), this is, for example, the case in languages which exhibit a 
four-way plosive contrast, such as Hindi and Marathi, or the Indo-Aryan language 
Gujarati (see Rami et al. 1999). For languages with a two-way contrast, such as Eng-
lish and German, VOT alone serves as a reliable cue to examine voicing in plosives, 
at least in word-initial position (see Kleber 2018, 483). Therefore, burst frequency 
was not examined in the present study. 

The duration of the closure interval of the plosive is the third parameter which 
serves as a cue to the voicing contrast in plosives. While there is extensive research 
on VOT in English and other languages (see Section 2.2.1), closure duration is a fea-
ture which has been less frequently investigated. So far, it has been shown that /p/ 
has a longer closure duration compared to /t/ and /k/ ( Byrd 1993; Zue 1976). Yao 
(2007), for example, measured a closure duration of 69.5 ms for /p/, 48.9 ms for /t/, 
and 54.9 ms for /k/ in spontaneous American English speech; these findings were 
in line with previous results (e.g., Byrd 1993), showing that place of articulation has 
an effect on the duration of the closure interval. Alongside other voicing parame-
ters, Moosmüller and Ringen (2004) examined closure duration in pre-vocalic word-
initial and intervocalic word-medial plosives in Standard Austrian German speakers 
from Vienna. They found a significant difference in closure duration between 
voiced and voiceless plosives in word-medial position, i.e., closure duration was 
longer for voiceless plosives compared to their voiced counterparts. By contrast, 
their findings did not show a significant difference in closure duration in word-ini-
tial plosives, which is in line with previous studies on different varieties of German 
(e.g., Jessen 1998). While Moosmüller and Ringen (2004, 54) conclude that “closure 
duration is the only parameter which still contrasts fortis and lenis plosives” in 
word-medial position in Standard Austrian German, this parameter does not seem 
to play a significant role when it comes to distinguishing the voiced-voiceless 
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opposition in word-initial Austrian German plosives. As the present investigation 
focuses on Austrian German and English plosives occurring in word-initial position, 
closure duration was also not examined. 

As can be concluded from the previous discussion, other acoustic cues besides 
VOT might be of interest when it comes to examining plosive voicing contrasts in 
different languages. However, VOT has been identified as the most stable voicing 
parameter and can be described “as a variable that, in a sense, summarizes a very 
complex and extremely important aspect of articulator-laryngeal coordination” 
(Baken and Orlikoff 2000, 274). This is why the focus of the present investigation is 
on examining characteristics of AS’s VOT production in his two languages. 

2.3. The study 

2.3.1. Aims and objectives 
As outlined in the previous sections, VOT has been examined in the context of both 
acquisition of L2 pronunciation and L1 phonetic attrition. In terms of L2 acquisition 
it has been shown that the majority of late L2 learners fail to authentically produce 
L2 VOT if their L1 differs from the L2 in terms of VOT categories (e.g., short-lag vs. 
long-lag / voicing lead vs. short-lag). Instead of producing L2 plosives with native 
VOT values, it has been observed that late L2 learners are likely to produce the tar-
get sounds with compromise VOT values which are intermediate between the L1 
and L2 norms, or to transfer a specific L1 feature (such as prevoicing) to the L2. 

The few studies which have been conducted to examine VOT in the context of 
L1 attrition show that VOT is a phonetic feature which might be affected by pro-
cesses of attrition as a result of L2 learning experience and long-term immersion in 
an L2 environment. Attrition effects were mainly observed in terms of L1 voiceless 
plosives, which have been shown to have shifted closer to L2 production norms in 
late consecutive bilinguals. However, as previously mentioned, there is still a lack 
of research in the field of L1 phonetic attrition, especially in terms of longitudinal 
studies tracing speech development in late consecutive bilinguals over an extended 
period of time. The present study aims to fill this gap by examining L1 and L2 de-
velopment of pronunciation in a late consecutive bilingual over a period of approx-
imately 40 years.36 In order to identify instances of L1 attrition as well as to trace 
AS’s L2 speech development, this study set out to examine his realization of VOT 

 
36  Due to the limited availability of broadcast recordings, it was not possible to trace AS’s speech devel-

opment right from the beginning of his L2 learning process, i.e., from the time he moved to the 
United States in 1968. The earliest speech samples available were recorded in 1978, ten years after 
he had moved to the L2-speaking environment. 
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contrast in word-initial plosives in Austrian German and American English. With 
regard to this, the following research questions were addressed: 
 
RQ 1.1: To what extent has AS’s L2 realization of VOT contrast changed when com-

paring three stages in time (early, mid, and late)? Does he produce a significant 
difference between phonologically voiced and voiceless plosives in terms of 
VOT for each of the stages, i.e., has he gradually become more native-like since 
he moved to the United States? 

RQ 1.2: To what extent has AS’s L1 realization of VOT contrast changed when com-
paring two stages in time (early and late)? Does he produce a significant differ-
ence between phonologically voiced and voiceless plosives in terms of VOT for 
each of the stages, i.e., have his L1 VOT categories moved away from native pro-
duction norms and at the same time moved closer to L2 production norms since 
he moved to the United States? 

2.3.2. Methodology 

2.3.2.1 The subject: Arnold Schwarzenegger 
The subject of the present case study is Arnold Schwarzenegger, a – at the time of 
investigation – 72-year-old native Austrian German speaker who moved to the 
United States at the age of 21 in 1968, so he had been living in an L2-speaking coun-
try for approximately 50 years at the time the study was conducted. AS can be de-
scribed as a late consecutive bilingual, who acquired the L2 in adulthood when his 
first language had already been fully developed (Wei 2007). 

Born in 1947, shortly after the end of World War II, AS grew up under rather 
poor circumstances in Thal, a small village near Graz in Austria.37 His father Gustav 
Schwarzenegger was a local police officer, and his mother Irene took care of Arnold 
and his older brother Meinhard. At the age of 15, AS discovered his passion and 
talent for weight training, which laid the foundation for his future career as a body-
builder. In 1966, after completing military service in the Austrian Army, AS decided 
to leave his home country to pursue his “mission […] to become the world champion 
in bodybuilding” (Schwarzenegger 2012, 37). Before moving to the United States at 
the age of 21, AS spent some time in Munich and London where he met influential 
people from the bodybuilding business. These acquaintances helped him to finally 
move to the US, where he started a career as a professional bodybuilder and won 
the highest and most recognized awards in the business within a short period of 
time. After retiring from active participation in national and international 

 
37  This paragraph is based on Schwarzenegger (2012) if not quoted otherwise. 
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bodybuilding competitions, AS advanced his career as a Hollywood actor, business-
man, and author, and started engaging in politics. In 2003, he was elected 38th Gov-
ernor of California, an office he held until 2011. Due to his tremendously successful 
career and his many talents, the USC Schwarzenegger Institute (2013) described AS 
as being “one of the most recognized individuals on the planet”. 

Prior to migrating to the US, AS had been learning English as a foreign language 
in an Austrian school for approximately three years (Absolute Radio 2014), so it can 
be assumed that he had at least some basic knowledge of English, but he had not 
acquired English as a “functional second language” (Flege and Hillenbrand 1984, 
710) before moving to an L2-speaking country. Alongside acquiring the L2 through 
everyday communication with native English speakers, AS enrolled in English as a 
Second Language classes at Santa Monica College in California shortly after his ar-
rival in the US, where had been receiving intensive instruction in English for several 
months. However, as mentioned in Chapter 1, AS struggled with acquiring English 
pronunciation and admitted that “[b]ecoming fluent in English was still the hardest 
thing on my to-do-list […] Pronunciations were especially dangerous” 
(Schwarzenegger 2012, 135). 

One question which needs to be addressed in the context of the present study is 
whether and to what extent AS uses his first language and how frequent he has con-
tact with native Austrian German speakers. It is well-known that AS regularly visits 
Austria on different occasions (e.g., Die Presse 2011, 2018; Jungwirth 2018; Vi-
enna.at 2019) and that he is also a welcome guest in Germany (e.g., Clamann 2017; 
Gerstenberger 2019; Köndgen 2019). As he is a native German speaker, one might 
assume that he speaks German when being interviewed by Austrian or German 
broadcasting stations. Interestingly, however, he prefers giving interviews in Eng-
lish and not in his native language (e.g., Gala 2015; Gersemann 2009; Hitradio Ö3 
2015; von Uslar 2012; Ziesel 2018). In an interview with a German newspaper 
(Naumburger Tageblatt 2015), AS was asked about his L2-preference when giving 
interviews and he stated that he speaks German primarily in his private environ-
ment while English has become the language he prefers speaking in public. In ad-
dition, he reports that he feels more comfortable when speaking English and that it 
is easier for him to express himself in English (Gala 2015; Gersemann 2009; von 
Uslar 2012). It seems that AS has attributed his two languages to different domains, 
with German being primarily restricted to the private domain. In fact, using their 
languages for different purposes and in different contexts is frequently observed 
among bilingual speakers (Fishman 2007; Grosjean 1982; Wei 2007). However, the 
extent to which AS uses German when interacting with friends and family is hard 
to determine as there are no (self-)reports documenting his L1 use in more detail. 
For the purpose of this study, it will be assumed that AS’s primary means of com-
munication is his L2, which he predominantly uses in professional contexts and 
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when interacting with English-speaking friends. The use of his first language is 
likely to be restricted to the private domain when interacting with German-speak-
ing friends and family. Thus, it can be argued that he is fully immersed in the L2, 
presumably with limited L1 use.38 

AS is a famous example of an L2 speaker who regards his nonnative accent as a 
part of his identity. In interviews, he has repeatedly stated that his distinctive Aus-
trian German accent has become his trademark and that his fans expect him to 
speak with an accent (Daily Mail UK 2015; Gersemann 2009). In an interview with 
Daily Mail UK (2015), he even claims that he is well able to speak ‘perfect’ English 
but deliberately maintains his accent, which makes it easy to identify him as a 
nonnative English speaker. If it was the case that AS consciously modifies his pro-
nunciation to make it sound more foreign, it would hardly be possible to draw any 
reliable conclusions from an investigation into his L2 – and possibly also his L1 – 
speech development. However, a speaker’s ability to consciously maintain or get 
rid of a nonnative accent is limited due to the fact that some aspects of pronuncia-
tion cannot be controlled for by the speaker. Alongside, for example, age-related 
constraints and the availability of sufficient L2 input, pronunciation involves mo-
toric abilities, which are likely to prevent a speaker from deliberately modifying 
and adapting their speech patterns (Munro and Derwing 2009). Therefore, as 
Munro and Derwing (2009, 486) conclude, “[i]t is wrong to interpret accent as an 
intentional expression of identity if the speaker has no control over these non-voli-
tional features”. 

In an interview with the Hindustan Times in 2014, AS was asked whether he has 
ever tried to lose his foreign accent. In his response it becomes clear that putting 
much effort into losing his accent was never a priority for him:   

No, I never learned or tried very hard to lose it, I always felt like the most im-
portant thing is that you’re understandable but I did not really work on losing 
the accent. I worked on it sometimes to have different accents depends on what  
the movie is but not to lose it now, I think it’s part of the Austrian charm. 
(AS_E_2014_2)39 

In an earlier interview with the American talk show host David Letterman in 1985, 
AS was asked whether his nonnative L2 accent had an impact on his career as a 

 
38  The notion of full L2 immersion is based on Stoehr et al. (2017, 504), who state that being fully immer-

sed in an L2 environment is “inherently tied with L2 use in a variety of contexts and also with nume-
rous speakers, whereas it largely limits L1 use to conversations within the family”. Full L2 immer-
sion is distinguished from L2 immersion at home which restricts L2 use to interactions within the 
family while the L1 is predominantly used for communication outside the home. 

39  An overview of the video and audio files the present investigation is based on, including the corres-
ponding file designations, can be found in Appendix A. 
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bodybuilder. Similar to the 2014-interview with the Hindustan Times, AS states that 
while he thinks that it is essential to be understood by his interlocutors, he does not 
consider losing his Austrian accent important: 

You always have to work on it to be totally understandable […] it’s not important 
to lose it, I think that some people think it’s attractive. (AS_E_1985_1)  

Based on AS’s self-reports and on the observation that certain pronunciation fea-
tures are not controllable and cannot easily be manipulated by a speaker (see 
Munro and Derwing 2009), it will be argued that AS’s L1 and L2 speech examined in 
this study reflects his authentic pronunciation. In addition, the present study fo-
cuses on interviews presenting (semi-)spontaneous rather than scripted speech. In 
a rather unpredictable and even stressful interview situation it would be quite dif-
ficult (if not impossible) to consistently maintain a specific dialect or pronuncia-
tion. 

Another question, which arises from the discussion above, is whether and to 
what extent AS can be considered a bilingual. As pointed out by Gass and Selinker 
(2008, 25), “SL researchers reserve the use of the term [bilingual] for only those that 
are truly […] the equivalent of native speakers of two languages”. This narrow and 
strict interpretation of bilingualism is – as recent discussions in the fields of SLA 
and bilingualism research show (see e.g., Grosjean 2010) – rather outdated as it de-
fines bilingualism solely on the basis of (native) language proficiency with regard 
to all linguistics skills (i.e., speaking and engaging in spoken interactions, reading, 
and writing). Against the background of this narrow view on bilingualism, AS would 
rather not be considered a ‘true’ bilingual given that he retains a detectable foreign 
accent when speaking English and, thus, does not have native speaker proficiency 
in both languages. From a more current perspective, however, bilingualism is re-
garded as a continuum (e.g., Valdés 2001), which takes different dimensions of bi-
lingualism into consideration, such as the age of acquisition, the level of proficiency 
in both languages, and the context and domain of language use (Wei 2007). This 
contradicts the concept of the bilingual and acknowledges the existence of different 
types of bilinguals, which are likely to show different levels of proficiency with re-
gard to different linguistic skills in their languages and may restrict the use of their 
respective language to different domains and contexts (e.g., using one language as 
a primary means of communication within the family and among friends while us-
ing the other language in professional contexts). Based on this wholistic view of bi-
lingualism, AS can indeed be considered a bilingual or, to be more precise, a late 
consecutive bilingual, who started acquiring the L2 in adulthood and who is well 
able to use both of his languages in different communicative situations despite var-
ying levels of proficiency. 
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2.3.2.2 Materials and procedure 
The present investigation of AS’s production of word-initial pre-vocalic plosives in 
his L1 and L2 is based on an acoustic-phonetic analysis of VOT. Speech data were 
taken from interviews with AS which were conducted in either German or English 
and were broadcast on different Austrian and/or German and U.S. television and 
radio channels. The main source for the speech materials was the online video plat-
form YouTube (see Appendix A, for an overview of the individual sound files). As the 
speech materials are freely accessible and part of the public domain, using the 
sound files for scientific purposes did not entail copyright issues.40 

After converting the individual recordings into WAV-files and setting the sam-
pling frequency uniformly to 44.1 kHz, each file was cut into several shorter files 
using PRAAT (Boersma and Weenink 2018); thus, a total of 656 individual sound files 
was included in the speech corpus. These files contained sequences of AS’s speech 
only; interviewer sequences as well as particularly noisy sequences and those af-
fected by speaker overlaps were not included in the sound samples used for the 
analysis. Table 2.5 depicts the total durations of English and German sound files 
according to year. The column Duration* shows the durations of the sequences 
which were identified as being usable for an acoustic analysis. As the quality of the 
sound files largely varied, some files had to be cut to a few seconds only. Thus, 
sound files with a total duration of 281'02" minutes were included to represented 
AS’s L2 pronunciation, and approximately 19'59" minutes to represent his L1 
speech. The German and English speech corpora used for this analysis were divided 
into early recordings, including samples from the late 1970s and early 1980s, and 
late samples representing AS’s pronunciation from 2012 until 2017/2018. An addi-
tional corpus containing English speech samples from the mid-1990s and early 
2000s was included as well. A corresponding corpus for AS’s German pronunciation 
could not be assembled because there were no recordings available covering the 
same time span. 

 
 
 
 
 
 
 

 
40  According to the Austrian Copyright Act (Urheberrechtsgesetz § 42(2)), duplicating and storing 

works for scientific purposes is permitted as long as no commercial use is intended: “Jedermann 
darf von einem Werk einzelne Vervielfältigungstücke auf anderen als den in Abs. 1 genannten Trä-
gern zum eigenen Gebrauch zu Zwecken der Forschung herstellen, soweit dies zur Verfolgung nicht 
kommerzieller Zwecke gerechtfertigt ist.“ (UrhG § 42(2)) 



Study I: Arnold Schwarzenegger’s production of plosives in his L1 and L2  79 
 

 

 English German 

Year Total dura-
tion 

Duration* Year Total du-
ration 

Duration* 

Early 1979 38'26" 22'29" 1982 3'59" 2'24" 
 1984 10'39 4'06" 1985 5'58" 2'05" 
 1985 12'35" 4'12" 1986 7'42" 3'10" 
 1986 04'58" 3'23"    
 1987 04'29" 2'56"    
 1988 18'32" 14'00"    
Middle 1994 7'43" 5'39"    
 1999 48'45" 21'41"    
 2002 74'19" 13'33"    
 2003 20'16" 9'58"    
Late 2012 47'17" 29'22" 2012 4'54" 3'12" 
 2013 82'54" 45'52" 2013 10'09" 2'16" 
 2014 46'31" 19'23" 2017 6'37" 4'59" 
 2015 12'00" 8'01" 2018 21'15" 2’33" 
 2016 87'54" 67'25"    
 2017 81'35" 47'42"    
  598'53" Total used 

281'02" 
 60'34" Total used 

19'59" 

Table 2.5: Total durations of the recordings and durations of sound samples included 
in the analysis (Duration*) according to year and stage. 

 
In a next step, each sound file was transcribed orthographically using OCTRA (Pömp 
and Draxler 2017, version 1.2.7), a web-application for the orthographic transcrip-
tion of audio files provided by the Bavarian Archive for Speech Signals (BAS) at the 
University of Munich ( Kisler, Reichel, and Schiel 2017; Schiel 1999). Each ortho-
graphic transcript is a verbatim transcription of what AS said during the interviews 
and is based on either American English or German spelling conventions. Repeti-
tions, hesitations, and pauses were included in the transcriptions following the OC-

TRA transcription guidelines. The individual audio files in combination with the or-
thographic transcripts underwent automatic phonetic and phonological transcrip-
tion using WebMaus Basic (Kisler, Reichel, and Schiel 2017), an automatic labelling 
and segmentation tool for spontaneous, non-prompted speech also provided by the 
BAS WebServices. Segmentations and labelling were hand-corrected where neces-
sary. 

VOT was then labelled manually using PRAAT (Boersma and Weenink 2018). La-
belling was based on a combination of both oscillogram and wideband spectrogram 
displays, which has previously been described as providing more precise measure-
ments than exclusively relying on one or the other (e.g., Abramson and Whalen 
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2017; Ladefoged 2003; Petrosino et al. 1993). Overall, the database contained 10,782 
tokens including a pre-vocalic plosive in word-initial position. From this overall 
number of tokens, monosyllabic (mo) and bisyllabic (bi) words (content words in-
cluding proper names, and function words with empathic stress) containing a 
word-initial plosive followed by a stressed vowel were extracted and selected for 
analysis (nmo = 2,391; nbi = 1,068; ntotal = 3,459; see Figure 2.6), i.e., around 30% of the 
overall number of tokens was used for analysis. All other tokens containing an ini-
tial plosive were not included.41 VOT was then measured from the release of the 
plosive, indicated by a peak in the waveform and an abrupt spectral change in the 
spectrogram representing the transient noise burst (see Foulkes, Docherty, and 
Jones 2011, 64). The plosive release was treated as one acoustic event rather than a 
separation of transient and frication as suggested by some authors (e.g., Stevens 
1993). According to Abramson and Whalen (2017, 83), “[f]or VOT, the separation of 
transient and frication holds no theoretical importance, so, the two together are 
classified as the release”. The first zero-crossing at the onset of waveform periodic-
ity was determined as the second acoustic landmark, indicating the start of the 
vowel (see Figure 2.3). On the spectrogram, the onset of periodicity was defined as 
the occurrence of the first regular vertical striation.42 For some tokens it was not 
possible to clearly identify the release of the plosive or the onset of periodicity due 
to noise, mumbled speech or speech produced with laughter; these tokens were ex-
cluded from the analysis (N = 42). After labelling VOT according to the conventions 
outlined above, VOT durations for the individual tokens were extracted using a 
PRAAT script. 

 
41  That is, tokens consisting of more than two syllables, and tokens with an initial plosive followed by 

an unstressed vowel or a consonant (consonant clusters). 
42  Different acoustic landmarks have previously been suggested to determine the onset of voicing, such 

as f0, F1, F2, F3, or – as in the present study – the onset of waveform periodicity, which has been 
shown to provide the most accurate landmark to determine voicing onset (see Foulkes, Docherty, 
and Jones 2011; Francis, Ciocca, and Yu 2003, for discussions) 
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Figure 2.3: Acoustic landmarks (plosive release and vowel onset) used for VOT label-
ling on the waveform (top) and spectrogram (bottom) display. VOT measured for /p/ in 

this example is approximately 52 ms. 
 

In some cases, velar plosives were released with a double burst (see Figure 2.4). 
Double or even multiple bursts are common in velar plosives due to anatomical and 
aerodynamic factors (see Keating, Westbury, and Stevens 1980, for a discussion) 
while they occur less frequently or are even completely absent in bilabial and alve-
olar stops (Fischer-Jørgensen 1954; Olive, Greenwood, and Coleman 1993). There is 
no consensus among scholars as to whether the first or the second velar burst 
should be taken as the first acoustic landmark for VOT measurements (see Foulkes, 
Docherty, and Jones 2011; Gráczi and Kohári 2014). Some suggest measuring from 
the burst with the highest intensity (see e.g., Fuchs 2005, for German; Lousada, Je-
sus, and Hall 2010, for Portuguese), others argue that measurements should be 
taken from the first velar burst, regardless of its intensity (see e.g., Davis 1995). 
Whenever double bursts occurred during the labelling process in the present inves-
tigation, the first burst was determined as the first landmark for VOT measure-
ments, as illustrated in Figure 2.4. 
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Figure 2.4: Example of a double burst in /k/ in the target word can. VOT duration 
measured from the first burst in this example is approximately 74 ms. 

 

Prevoicing, i.e., vocal fold vibration being maintained throughout the hold phase, 
was observed in very few instances only. AS’s prevoiced two voiced alveolar plo-
sives in his late German, and two voiced bilabial plosives in his early and late Eng-
lish, respectively. Prevoicing was also identified in two voiced alveolar plosives in 
his late English. The onset of prevoicing was determined as the point at which vocal 
fold vibration could be identified (see Figure 2.5). The end of prevoicing was iden-
tified as the onset of the release of the plosive, indicated by a peak in the waveform 
and a spectral change in the spectrogram (see van Alphen and Smits 2004). As pre-
voiced plosives occurred very rarely in the present data set, it can be argued that 
prevoicing does not represent a systematic feature of AS’s English and German pro-
nunciation. Therefore, prevoiced tokens were excluded from further analysis. 
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Figure 2.5: Acoustic landmarks for labelling prevoiced tokens on the waveform (top) 
and spectrogram (bottom) display. Prevoicing measured for German /d/ in this exam-

ple is approximately –153 ms. The plosive is preceded by a pause (<p:>) of approxi-
mately 0.7 seconds. 

 

Figure 2.6 depicts the number of tokens included in the analysis to represent AS’s 
English and German production of plosives in the early and the late stage. As can 
be seen, the number of tokens largely varied for the two languages: The majority of 
tokens were included for his late English pronunciation, while only very few tokens 
could be identified to represent his German pronunciation. This is due to the fact 
that the present study is based on a corpus of non-prompted, pre-recorded speech, 
which makes it almost impossible to control for certain factors which are normally 
taken into consideration when conducting acoustic-phonetic analyses. Advantages 
and drawbacks which go along with using pre-recorded speech materials will be 
discussed in Section 2.3.3. 
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Figure 2.6: Number of tokens (N = 3,459) measured for each plosive in AS’s early, mid-
dle, and late English, and early and late German pronunciation. 

 

As previously mentioned, VOT was measured in word-initial plosives followed by a 
vowel in monosyllabic and bisyllabic items. As discussed in Section 2.2.1, the num-
ber of syllables in a word (e.g., Klatt 1975; Yu, Nil, and Pang 2015) and the quality of 
the vowel following the plosive (e.g., Braun 1996; Chao and Chen 2008; Morris, 
McCrea, and Herring 2008), among other factors, might influence VOT duration. In 
order to control for influences on VOT duration induced by syllable number and 
vowel quality, most phonetic studies examine VOT in monosyllabic items contain-
ing a word-initial plosive followed by a pre-defined set of vowels (e.g., Chang 2012; 
Flege and Hillenbrand 1984; Flege and Port 1981; Mayr, Price, and Mennen 2012; 
Simon 2009; Thornburgh and Ryalls 1998). In order to determine potential influ-
ences of syllable number (monosyllabic vs. bisyllabic) and vowel quality (low, mid, 
high) on VOT in the present study, AS’s VOTs depending on syllable number and 
vowel in English and German was plotted (see Appendix B) and visually inspected 
prior to conducting the main analysis presented in Section 2.3.4. In terms of AS’s 
English plosives, only minor differences (in most cases less than four milliseconds) 
were found when comparing mean VOT durations in monosyllabic and bisyllabic 
tokens. In German, syllable number seemed to affect voiceless velar plosives only, 
with overall longer mean VOT values measured for /k/ in bisyllables compared to 
monosyllables. This observation contradicts previous research which shows that 
VOT duration tends to be shorter in bisyllabic than in monosyllabic tokens (e.g., 
Klatt 1975; Yu, Nil, and Pang 2015). Also the influence of the vowel on VOT duration 
in AS’s speech does not seem to be systematic: In English /p/ and /t/ followed by low 
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vowels, VOT tends to be slightly longer compared to the same plosives followed by 
a high or a mid-vowel. Again, this observation does not confirm previous investiga-
tions, reporting shorter VOT values before mid and low vowels, and longer VOT 
values before high vowels (e.g., Braun 1996; Chao and Chen 2008; Higgins, Netsell, 
and Schulte 1998; Morris, McCrea, and Herring 2008). In AS’s German, longer VOT 
values can be observed in plosives occurring before high vowels, but only at an al-
veolar and velar place of articulation (which is presumably due to the rather small 
number of observations for German /p/). Overall, as this informal visual inspection 
reveals, the effects of syllable number and vowel on AS’s VOT seem to be rather 
inconsistent, i.e., no systematic correlations could be identified. Therefore, no fur-
ther (statistical) analyses were conducted. In the statistical tests (linear mixed mod-
els) described in Section 2.3.4, word was included as a random factor in each model 
to control for potential variability caused by this factor. 

2.3.2.3 Collection of normative data for Austrian German 
In order to compare AS’s L1 productions of plosives (Study I) and vowels (Study II) 
to monolingual Austrian German data, a 75-year-old male speaker from Thal, AS’s 
place of birth, was recorded.43 The speaker was recruited via personal contacts in 
Thal and was paid 20 Euro for participation. He was born and raised in Thal and has 
never lived somewhere else. Before being recorded, the participant was asked to 
fill in a questionnaire to collect information about his language background and 
use. Based on his answers and a short informal conversation which was held before 
the actual recording session took place, the participant can be described as a mon-
olingual Austrian German speaker who does not use English or any other foreign 
language on a regular basis. In fact, he stated that he is hardly able to speak and 
understand English or any other language despite having learned English and 
French as foreign languages in school. In addition, he reported using what he re-
ferred to as “the typical Styrian dialect spoken by the people in Thal”, which he con-
sidered to be distinctively different from the more standard-oriented variety which 
especially younger people living in Graz City speak. The participant reported ormal 
hearing and did not suffer from any speech impairment. 

The recording session took place at the participant’s home44 in a quiet room and 
was conducted by a female native Austrian German speaker from Graz, who 

 
43  Originally, five speakers from Thal were recruited to be recorded. However, due to the restrictions 

which have been implemented in connection with the spread of the Covid-19 virus in 2020, it was 
not possible to collect these data as planned. The recording of the speaker described in this section 
had been made shortly before the Covid-19 regulations were introduced. Reference data obtained 
from a single speaker add, of course, limitations to the present investigation, which will be further 
discussed in Chapter 5. 

44  The reason for recording the participant in his home instead of using a professional recording studio 
was the age of the participant. As the subject was relatively old, recording him in an unfamiliar 
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received detailed instructions concerning the experimental procedure in advance. 
After the participant had signed an informed consent form, the experimenter 
started an approximately ten-minute conversation to create a relaxed and informal 
atmosphere. After that, the participant received instructions of what he was re-
quired to do while being recorded. He was shown four pictures, one after another, 
and was asked to describe in his own words and at his own pace what he saw on the 
respective picture (picture description task). A break could be taken any time. The 
next picture was shown when the participant had named all words included in the 
test corpus, which will be described further below. In order to make this task more 
conversational, the experimenter asked questions in between, either relating to one 
of the pictures, or to a different topic which came up while describing the picture. 
As the test words (see Appendix C) were relatively simple and easy to display in 
pictures, the participant did not struggle with identifying a specific word. The com-
plete recording session lasted approximately 50 minutes. 

Based on the picture description task, two sets of German test words were elic-
ited (see Appendix C): One set contained monosyllabic and bisyllabic target words 
with pre-vocalic plosives, which were distinguished in terms of place of articulation 
and voicing. The second set included monosyllabic and bisyllabic words containing 
a vowel45 in stressed onset position. Thus, a total of 52 plosive tokens and 58 vowel 
tokens was elicited. Due to the semi-spontaneous nature of the elicitation task, it 
was not possible to provide an equal number of tokens for each plosive and vowel. 
Labelling and measurements of VOT durations and formant frequencies (F1 and F2) 
were conducted in PRAAT (Boersma and Weenink 2018) following to the criteria 
specified in Sections 2.3.2.2 (Study I) and 3.2.2 (Study II), respectively. 

2.3.3 Benefits and drawbacks of working with broadcast recordings 
The collection of experimental speech data for phonetic analyses is usually based 
on a tightly controlled design of materials, speaking style, and recording setup (see 
e.g., Cieri 2011; Harrington 2010; Mertins 2016). In order to ensure a proper record-
ing setup, experiments are often conducted in a sound-proof recording studio with 
professional recording devices. Thus, effects of background noise can be reduced 
and the recordings are usually of good quality. Another factor which is typically 
taken into consideration is speaking style, which has been shown to have an impact 
on different aspects of speech production (see Harrington 2010, 23). Speaking style 
refers to whether speech is produced spontaneously or on the basis of an elicitation 

 
surrounding was assumed to cause a stressful and perhaps even intimidating situation, which should 
be avoided. 

45  The vowels collected are the same which are included in the analysis of AS’s vowel space and will be 
described in more detail in Chapter 3. 
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task, and whether the target items are embedded in carrier phrases or occur in ci-
tation form. In addition, speaking style is determined by speaking rate46 and dis-
course context (DiCanio et al. 2015). Experimental phonetic research makes use of 
different tasks to elicit speech data and to control for the context of speech produc-
tion, such as picture naming tasks (e.g., Harada 2003; Stoehr et al. 2017), film retell-
ing tasks (e.g., de Leeuw, Schmid, and Mennen 2010; Keijzer 2004), or reading tasks 
containing single target items (e.g., Chang 2011; de Leeuw, Mennen, and Scobbie 
2012a). On the basis of these production tasks it is possible to elicit a pre-defined set 
of speech data containing an exact number of tokens occurring in a specific pho-
netic context. 

As the present study is based on a corpus of pre-recorded speech samples it was 
not possible to control for all the factors previously outlined. First of all, the indi-
vidual recordings differed in terms of length and sound quality. The earliest sam-
ples were recorded in the 1970s and thus have a rather poor recording quality. In 
addition, all recordings used for this study are interviews including a minimum of 
two speakers, which often leads to speaker overlaps and background noise caused, 
for example, by an audience applauding or laughing, or several people speaking at 
the same time. This is why not all data were equally usable. One of the most obvious 
drawbacks was that it was not possible to control for word (or syllable) length and 
word frequency, which resulted in an unequal number of tokens representing AS’s 
productions of plosives and vowels in his L1 and L2. 

However, using pre-recorded speech material which covers a wide time span 
(i.e., several decades) has also major benefits. First of all, it allows conducting lon-
gitudinal analyses. Usually, collecting longitudinal data is rather time-consuming 
and quite costly if subjects are paid for their participation in an experiment. In ad-
dition, long-term studies always have to rely on the continuous availability of par-
ticipants over an extended period of time (see e.g., Di Paolo and Yaeger-Dror 2011; 
Duff and Anderson 2015). These factors do not have to be taken into consideration 
when using broadcast recordings, which are freely available and thus offer a valu-
able source for longitudinal speech data. In fact, a number of studies have exam-
ined different linguistic variables in individual speakers on the basis of broadcast 
recordings. Harrington and his colleagues (Harrington 2006; Harrington, Pale-
thorpe, and Watson 2000a, 2000b), for example, investigated long-term changes in 
Queen Elizabeth’s monophthongal vowel space by conducting acoustic analyses of 
the Queen’s Christmas broadcasts. Similar studies were conducted by Reubold and 
Harrington (2015, 2017) and Reubold, Harrington, and Kleber (2010) who assessed 

 
46  As pointed out by Harrington (2010, 23), testing the effect of speaking rate on the production of spe-

cific segmental and suprasegmental (prosodic) features can be problematic since “[s]ome speakers 
may not vary their rate a great deal in changing from ‘slow’ to ‘fast’ and one person’s slow speech 
may be similar to another subject’s fast rate”. 
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changes in F1 and f0 in the native German speech of the newsreader Dagmar 
Berghoff and in the native English speech of the British-American radio commen-
tator Alistair Cooke, using broadcast recordings. 

Conducting longitudinal research is especially relevant in the context of exam-
ining both L2 and L1 speech development because it allows investigating and char-
acterizing the relationship between L2 acquisition and L1 phonetic attrition over an 
extended period of time. As outlined in Chapter 1, most of the studies on L1 attrition 
present cross-sectional rather than longitudinal data. Studies which are often cited 
as longitudinal attrition studies investigate L2 learners over a rather limited period 
of time, from a few weeks (e.g., Chang 2012, 2013) to just under a year (e.g., Sancier 
and Fowler 1997). A long-term investigation of L1 attrition effects was carried out 
by de Leeuw (2019), who explored segmental and prosodic features in the native 
German speech of the former professional tennis player Stefanie Graf. Acoustic 
analyses were based on data collected from different TV and radio interviews, 
which represented Graf’s L1 speech development over more than four decades.47 

Alongside the possibility to conduct longitudinal research, another benefit of 
working with broadcast recordings is the authenticity of speech. As Di Paolo and 
Yaeger-Dror (2011) state, using audio data which were recorded in a sound booth 
and were elicited, for example, by means of a reading task, might not be representa-
tive of an individual’s authentic and spontaneous speech. A speaker might be af-
fected by the experimental situation, including the location (e.g., a recording stu-
dio), the presence of the experimenter(s), and the ‘unnatural’ situation of being rec-
orded while reading words or sentences from a list. In fact, reading individual 
words from a list is often described as triggering “the most hyperarticulated form 
of pronunciation” (Kleber 2018, 470) while spontaneously produced speech “re-
flects overall abilities the best, allowing especially representative impressions of 
[...] prosodic patterns and segmental realizations” (Jilka et al. 2008, 247). In formal 
experimental situations, dialect speakers in particular have been observed not to 
rely on dialectal pronunciation features but to adapt more standard-oriented pro-
nunciation patterns (e.g., Schmid, Moosmüller, and Kaseß 2015, 4). In addition, it 
might be the case that the participants notice the aim of the experiment and adapt 
their pronunciation accordingly. This was, for instance, observed by Flege (2018) 
who pointed out that some of the subjects in Flege and Eefting (1987a) had in fact 
recognized the aim of study and thus exaggerated their productions of English 

 
47  Although de Leeuw (2019) found modifications in Graf’s L1 speech presumably resulting from L2 

acquisition experience, the findings were not compared to potential changes in the speaker’s L2. 
Despite the fact that this study provides insights into the plasticity of the native language system in 
a late consecutive bilingual speaker, it does not examine the relationship between L2 acquisition of 
speech and L1 phonetic attrition – a gap the present study aims to fill. 
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plosives. Consequently, VOT values measured in their plosive productions were not 
representative of their natural pronunciation. 

Of course, also in an interview situation there are several factors which can be 
assumed to influence an individual’s way of speaking, such as the presence of one 
or more interviewers, other guests and/or a studio audience, as well as the purpose 
and context of the interview. In addition, an individual’s potential nervousness and 
anxiety of being interviewed in a public setting and/or having to speak in their 
nonnative language might have an impact on their pronunciation. This is why the 
materials used in this study are considered representing semi-natural/authentic ra-
ther than completely natural speech. 

As mentioned above, speaking style is a variable which is almost always system-
atically controlled for in phonetic experiments, and it also plays a role when it 
comes to selecting broadcast recordings. For the purpose of this study, only TV and 
radio interviews were included in the corpus which focus on similar topics, that is, 
AS’s career in the bodybuilding and film business, his childhood and upbringing in 
Austria, his political engagement as Governor of California, and his organization of 
environmental campaigns. Political speeches and inaugural addresses were ex-
cluded because they are usually representative of a rather formal speech style as 
they are often scripted and rehearsed. 

2.3.4 Results 
The aim of Study I was to identify and describe potential changes in AS’s realization 
of VOT contrast in word-initial pre-vocalic plosives in his L1, Austrian German, and 
his L2, English. To this end, speech data were collected to represent AS’s pronunci-
ation over a period of 40 years, i.e., ten years after moving to the United States up 
to 2017/2018. His English productions were analyzed across three stages, namely 
early (1970s/1980s), mid (1990s/early 2000s), and late (2010s), while his German pro-
ductions were compared across the early and the late stage.48 VOT was measured 
in a total of 3,459 monosyllabic and bisyllabic target words containing a word-initial 
plosive followed by a stressed vowel. This section first gives an overview of the de-
scriptive statistics of AS’s VOT production in voiced and voiceless plosives repre-
senting his early and late English and German pronunciation and presents the sta-
tistical models used for analysis. In a next step, AS’s L1 and L2 plosives will be com-
pared to monolingual American English and monolingual Austrian German norms. 
 
 

 
48  As mentioned in Section 2.3.2, data representing AS’s German pronunciation in the mid stage were 

not available. 
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 ENG early ENG mid 

Plosive Min Max Mean 
(SD) 

Median Min Max Mean 
(SD) 

Median 

/p/ 11.72 131.55 54.05 
(23.33) 

52.47 23.15 135.86 61.36 
(25.05) 

55.34  

/b/ 4.95 31.29 15.98 
(5.9) 

16.4 5.25 24.46 13.81 
(3.93) 

13.46 

/t/ 18.97 134.06 67.58 
(22.89) 

66.33 19.68 124.69 56.4 
(20.13) 

53.42 

/d/ 12.51 39.71 24.01 
(6.02) 

23.72 11.1 36.9 22.17 
(5.74) 

22.67 

/k/ 33.72 115.97 69.8 
(18.04) 

68.96 41.81 120.8 72.75 
(17.27) 

71.64 

/g/ 14.46 51.03 29.35 
(7.42) 

28.49 14.67 46.28 29.75 
(7.3) 

28.87 

 ENG late GER early 
Plosive Min Max Mean 

(SD) 
Median Min Max Mean 

(SD) 
Median 

/p/ 8.23 149.67 48.22 
(24.36) 

45.46 9.46 24.6 17.62 
(7.27) 

18.21 

/b/ 1.66 28.5  13.32 
(4.7) 

12.49 8.15 27.5 16.49 
(4.64) 

16.07 

/t/ 9.67 132.56 50.07 
(20.46) 

47.42 15.77 44.67 27.46 
(11.4) 

24.96 

/d/ 8.66 46.66 20.83 
(7.09) 

20.06 12.64 34.85 26.13 
(6.29) 

25.54 

/k/ 30.43 143.74 68.33 
(19.37) 

64.53 43.07 102.31 70.78 
(16.68) 

67.97 

/g/ 13.67 61.13 31.13 
(7.62) 

30.85 16.3 35.65 27.70 
(4.89) 

27.3 

 GER late     
Plosive Min Max Mean 

(SD) 
Median     

/p/ * * * *     
/b/ 4.08 23.43 11.16 

(4.85) 
11.27     

/t/ 14.17 109.42 44.67 
(29.54) 

34.08     

/d/ 8.31 37.91 22.71 
(7.62) 

22.76     

/k/ 44.67 129.24 73.06 
(22.15) 

72.56     

/g/ 18.32 46.13 29.84 
(6.28) 

28.22     

Table 2.6: Descriptive statistics of VOT durations (in milliseconds) in English (ENG) 
and German (GER) plosives according to stage (early, mid, and late). *Note: For late 

German /p/ only one token was included (VOT = 13.59 ms). 
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(I) Descriptive statistics: AS’s English VOT 
Figure 2.7 depicts VOT durations measured in AS’s English plosives across three 
stages (early, mid, and late). An inspection of the boxplots shows that, overall, AS’s 
voiced plosives fall within a short-lag VOT range, with slightly longer VOT durations 
measured in his voiced velar plosives compared to the voiced bilabial and alveolar 
targets. When comparing the interquartile ranges for voiced and voiceless tokens 
across all three stages it can be seen that AS’s voiced plosives cover a smaller VOT 
range compared to the voiceless targets, which are characterized by a considerable 
amount of variability. In terms of AS’s production of voiceless plosives, it can also 
be observed that /p/ and /t/, in particular, tend to be slightly less aspirated in the 
late stage compared to the early stage. 

Overall, Figure 2.7 indicates that AS realizes a VOT contrast for voiced and voice-
less targets in his L2 across all three stages. This is particularly surprising in terms 
of his early L2 productions where one might have expected an L1-influence on his 
L2 English, i.e., a tendency to neutralize VOT contrast and produce both voiced and 
voiceless targets within the short-lag VOT range, as typical of his L1 German. 

 
 

 

Figure 2.7: VOT durations of AS’s English plosives according to stage (early, mid, late) 
and place of articulation (bilabial, alveolar, velar). 

 

(II) Descriptive statistics: AS’s German VOT 
Figure 2.8 shows the VOT durations measured in AS’s Austrian German plosives 
across two stages (early and late). As expected, AS realizes a clear contrast between 
/g/ and /k/ in both stages, with his voiceless productions falling within the long-lag 
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VOT range and his voiced productions covering the short-lag VOT range. It can be 
seen, however, that his late productions of /k/ are characterized by a larger amount 
of variability, ranging from a minimum VOT duration of 44.67 ms up to a maximum 
of 129.24 ms. In terms of his early bilabial and alveolar productions, a tendency to 
neutralize VOT contrast can be observed, i.e., he produces both phonologically 
voiced and voiceless targets within the short-lag VOT range. Despite some overlap 
between the interquartile ranges of voiced and voiceless alveolar plosives in the late 
stage, a lengthening of VOT duration in AS’s voiceless alveolar plosives can be ob-
served. This suggests a shift from neutralizing the alveolar contrast in the early 
stage towards realizing an L1 voiced-voiceless contrast in the late stage. 
 
 

 

Figure 2.8: VOT durations of AS’s German plosives according to stage (early, late) and 
place of articulation (bilabial, alveolar, velar). 

 

(III) Descriptive statistics: Cross-linguistic comparison between AS’s English and German 
VOT 
Figure 2.9 allows for a direct comparison of VOT durations in AS’s L1 German and 
L2 English plosives across two stages (early and late). The most obvious differences 
in VOT can be observed in terms of the bilabial and alveolar targets when compar-
ing the two stages in both languages: Despite a wider distribution and thus a larger 
amount of variability which can be observed in AS’s realizations of the English 
voiceless targets, a tendency towards realizing a VOT contrast even in the early 
stage of L2 learning can be observed. His early German bilabial and alveolar pro-
ductions, on the other hand, are characterized by a tendency towards neutralizing 
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VOT contrast as typical of native Austrian German speech. His late German produc-
tions, however, suggest a change of VOT of L1 German /t/ in the direction of L2 
English, i.e., he now produces the L1 voiceless alveolar targets predominantly in 
the long-lag VOT range as typical of L2 English. 
 
 

 

Figure 2.9: VOT durations of AS’s English (ENG) and German (GER) plosives according 
to stage (early, late). 

 

(IV) Statistical analysis 
A series of linear mixed-effects regression analyses was performed in R (R Core 
Team 2020, version 3.6.3), using the lmerTest package (Kuznetsova, Brockhoff, and 
Christensen 2017) including both the anova method and the step function, which 
“performs backward elimination of non-significant effects – both random and 
fixed” (Kuznetsova, Brockhoff, and Christensen 2017, 1). The linear mixed models 
were fitted by restricted maximum likelihood (REML) t-tests using Satterthwaite’s 
approximations to estimate degrees of freedom. Post hoc testing using the emmeans 
package (Lenth 2020)was used to identify pairwise effects. An alpha level of .05 was 
used throughout testing. 

The first linear model regression was conducted to examine potential changes 
in AS’s realization of VOT contrast in his L2 English across three stages (RQ 1.1). In 
the model, VOT duration was included as the dependent variable and stage, phoneme, 
and an interaction between the two as fixed effects. As random effects, by-word ran-
dom intercepts and by-stage random slopes were entered (duration ~stage*pho-
neme + (stage|word)). The second regression analysis aimed to examine changes in 
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AS’s realization of VOT contrast in his L1 German (RQ 1.2). The same model speci-
fications outlined above were applied, using German data only. The third linear 
model regression was conducted to compare AS’s early and late productions of plo-
sives in his two languages. The same model specifications applied in the first and 
second analysis were used with language (lang) as an additional fixed effect (dura-
tion ~stage*phoneme*lang + (stage+lang|word)). 

 
AS’s English VOT 
The analysis of AS’s VOT duration in English plosives showed a significant effect of 
stage (F[2,97] = 23.2, p < .001) and phoneme (F[5,328] = 296, p < .001) on VOT duration, 
as well as an interaction between stage and phoneme (F[10,97.3] = 8.6, p < .001). Pair-
wise comparisons using post hoc Tukey tests revealed that AS realizes a voiced-voice-
less contrast for all places of articulation in all three stages. In terms of AS’s pro-
duction of voiced plosives, no significant differences in VOT duration could be iden-
tified when comparing the early and the mid stage (p = .748), the early and the late 
stage (p = .761), and the mid and the late stage (p = .974), i.e., he consistently pro-
duced voiced targets across all places of articulation and across all three stages 
within the short-lag VOT range, as visible in Figure 2.7. In addition, no significant 
effects could be observed for the voiceless velar plosives when comparing the early 
and the mid stage (p = 1), the early and the late stage (p = .996), and the mid and the 
late stage (p = 1), i.e., the voiceless velar targets were consistently produced with 
long-lag VOT values. While the analysis did not show significant effects for AS’s pro-
duction of the voiceless bilabial plosives in the early vs. late stage (p = .072), and the 
early vs. mid stage (p = .999), a significant effect was found for voiceless bilabial 
plosives in the late and mid stage (t(104.8) = -5.21, p < .0001), showing that, as dis-
played in Figure 2.7, AS’s voiceless bilabial plosives are less aspirated in the late 
stage compared to the mid stage. Significant effects were also found for the voice-
less alveolar plosives in the early and the late stage (t(63.5) = 9.14, p < .0001), and the 
early and the mid stage (t(94.9) = 4.86, p < .001), while no effects were observed for 
the voiceless alveolar plosives in the late and the mid stage (p = .279). 
 
AS’s German VOT 
The second analysis, which focused on VOT duration in AS’s Austrian German plo-
sives, showed a significant effect of phoneme on VOT duration (F[5,115.4] = 75.6, p < 
.001), as well as an interaction between stage and phoneme (F[5,194.6] = 2.4, p < .05). 
No significant effect was found for stage (F[1,179.5] = 0.2, p = .67). Pairwise compar-
isons using post hoc Tukey test showed that, as expected, AS realizes a significant 
VOT contrast between /g/ and /k/ in the early (t(139) = -9.75, p < .0001) and in the late 
stage (t(153) = -11.48, p < .0001). In terms of AS’s realization of the bilabial contrast 
in the early stage, the analysis showed that he did not produce a significant 
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difference between /b/ and /p/ (p = 1.). Similarly, no significant VOT differences 
were observed in his realization of the alveolar contrast in the early stage (p = .998). 
In the late stage, however, AS realizes a significant contrast between /d/ and /t/ 
(t(144)= -4.51, p < .001), i.e., /d/ and /t/ are not neutralized any longer in the late 
stage, as an inspection of Figure 2.8 suggests. 
 
Cross-linguistic comparison between AS’s English and German VOT 
The third analysis, which compared AS’s VOT in both languages, showed significant 
interactions between stage and language (F[1,328.9] = 4.34, p < .05), phoneme and lan-
guage (F[5,255.3] = 12.3, p < .001), and a three-way interaction between stage, pho-
neme and language (F[5,330.6] = 4.6 , p < .001). Post hoc Tukey tests showed a signifi-
cant difference between AS’s English and German in terms of his production of /p/ 
in the early stage (t(195.1)= 5.96, p < .0001), i.e., his early German /p/ falls within the 
short-lag VOT range, while his early English /p/ is produced within the long-lag VOT 
range (see Figure 2.9). Similarly, a significant difference was observed between his 
English and German production of /t/ in the early stage (t(117.3)= 8.15, p < .0001), 
which confirms that he produces voiceless alveolar plosives in German with short-
lag VOT values while his productions of the English counterparts fall within the 
long-lag VOT range. In the late stage, however, no significant differences between 
AS’s German and English productions of both the voiceless bilabial and the voice-
less alveolar tokens (p = 1, and p = 0.947, respectively) could be observed. That is, 
he produces these target plosives in both of his languages with long-lag VOT values. 

 
Comparison with monolingual American English VOT values 
As one objective of the present investigation was to find out whether AS’s produc-
tion of plosives in his L2 has become more native-like since he moved to an L2-
speaking environment, the mean VOT durations obtained for AS’s early, middle, 
and late English pronunciations were compared to American English native 
speaker VOT values reported in Morris, McCrea, and Herring (2008)49 (see Figure 
2.10). Mean VOT durations measured in his early and late German productions were 
compared to the same monolingual American English VOT values in order to deter-
mine if a shift of his late L1 VOT categories towards native L2 norms can be ob-
served (see Figure 2.11). In addition, AS’s German VOT was compared to native 

 
49  Although the study by Lisker and Abramson (1964) is one of the most frequently cited studies when 

it comes to VOT characteristics in different languages, among them American English, the present 
investigation is based on the VOT values for American English reported in Morris, McCrea, and Her-
ring (2008). Unlike Lisker and Abramson (1964), who examined a relatively small number of speak-
ers (N = 4), Morris et al. (2008) investigated VOT in word-initial plosives in a larger group of native 
American English speakers (N = 40). Thus, their results were considered more useful for a compari-
son. However, using VOT values reported in the literature for comparison adds some limitations to 
the present study, which will be discussed in Chapter 5. 
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Austrian German VOT data obtained from an age-matched monolingual speaker 
from Thal (see Section 2.3.2 ) to identify to what extent AS’s L1 productions have 
moved away from native production norms. 
 
 

 

Figure 2.10: Mean VOT durations (in milliseconds) in AS’s early, middle, and late Eng-
lish pronunciation compared to monolingual (American) English values reported in 

Morris, McCrea, and Herring (2008). Error bars indicate +/-1 SD. 
 

As can be seen in Figure 2.10, AS’s mean VOT values in his early, late and middle 
English plosives are within the native American English range, with overall longer 
VOT durations for the voiceless plosives and shorter VOT for the voiced counter-
parts. It should be noted, however, that Figure 2.10 (and Figure 2.11) reports mean 
VOT durations.50 Only considering the means might create the impression that AS 
consistently produces a clear VOT contrast in his early, middle and late English, 
i.e., remains with the short-lag range for voiced plosives and within the long-lag 
range for voiceless targets. However, as previously discussed and as indicated by 
the high standard deviations in Figure 2.10, AS’s production of VOT and his realiza-
tion of VOT contrasts is characterized by a considerable amount of overlap between 
short-lag and long-lag VOT categories, which shows that he neutralizes contrast in 
some tokens. In addition, when comparing AS’s productions to native speaker pro-
ductions, a shortening of VOT in his bilabial and alveolar voiceless plosives can be 
identified in the late stage, while his early productions are characterized by a larger 

 
50  Due to the fact that Morris et al. (2008) do not report ranges (maximum and minimum VOT values) 

or medians, it was not possible to display the variation in the data by means of a boxplot. 
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degree of aspiration, as typically observed among native (American) English speak-
ers. 

Figure 2.11 displays AS’s early and late German VOT compared to monolingual 
American English values (Morris et al., 2008) and monolingual Austrian German 
values. When comparing his productions of the alveolar contrast in his early and 
late German to native English VOT values, a tendency towards a lengthening of VOT 
duration in the voiceless alveolar targets can be observed in the late stage, which 
indicates a shift towards native English long-lag VOT values. At the same time, his 
late productions of /t/ have moved away from native Austrian German short-lag 
VOT (M = 17.98, SD = 6.58). However, as can be seen in Figure 2.11, the mean VOT 
duration measured for his late German productions of the voiceless alveolar target 
is still shorter (M = 45, SD = 29) than the native mean VOT durations reported in the 
literature (M = 69, SD = 16, in Morris et al., 2008). As mentioned earlier, there were 
only very few tokens which could be included to represent AS’s L1 production of 
the bilabial contrast. Therefore, it was not possible to determine if his realization 
of the bilabial contrast has also moved in the direction of L2 American English 
norms. 

 
 

 

Figure 2.11: Mean VOT durations (in milliseconds) in AS’s early and late German pro-
nunciation compared to monolingual (American) English values, reported in Morris, 

McCrea, and Herring (2008), and monolingual Austrian German (AG) values. Error 
bars indicate +/-1 SD.*Note: For AS’s late German /p/ only one token was included (VOT 

= 13.59 ms). 
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2.3.5 Discussion of Study I 
The present study examined the production of word-initial plosives in the L1 (Aus-
trian German) and L2 (American English) of the late consecutive bilingual Arnold 
Schwarzenegger. Based on a speech corpus of broadcast interviews, the aim of 
Study I was to determine if and to what extent AS’s L1 and L2 production of plosives 
has changed over a period of 40 years, i.e., ten years after his arrival in the United 
States up to the year 2018. His realization of voicing contrast in German and English 
plosives was examined by means of VOT measurements. In the following, the re-
sults of this investigation will be discussed in the light of L1 phonetic attrition and 
L2 acquisition as well as in the context of potential biological ageing effects. 
 
L2 acquisition of VOT 
The first research question (RQ 1.1) addressed in the present investigation aimed to 
find out to what extent AS’s realization of L2 VOT contrast has changed when com-
paring three stages in time (early, mid, and late), i.e., whether he produces a signif-
icant difference between voiced and voiceless L2 plosives in terms of VOT for each 
of the stages and thus has become more native-like in his L2 in the course of L2 
immersion. 

The analysis of VOT durations in AS’s L2 English plosives revealed that, across 
all three stages (early, middle, late), his VOT values fell – at least partly – within the 
native range, i.e., he realized some of the voiceless targets within the long-lag (as-
pirated) VOT range and the voiced counterparts within the short-lag range, as typi-
cal of English plosives (e.g., Chao and Chen 2008; Lisker and Abramson 1964). When 
considering his early English pronunciation, the observation that he realizes a 
voiced-voiceless distinction for some tokens is surprising given the fact that native 
Austrian German speakers tend to neutralize VOT contrast in bilabial and alveolar 
plosives in spontaneous speech and produce both phonological voiced /b, d/ and 
voiceless /p, t/ within the short-lag VOT range (Hödl 2019; Moosmüller and Ringen 
2004; Moosmüller, Schmid, and Brandstätter 2015). Due to L1-influences on L2 
speech production, it might have been expected that AS transferred the L1 feature 
of neutralizing VOT contrast to his L2, which would have resulted in nonnative pro-
ductions of L2 /p/ and /t/, especially in the early stage. In fact, L1-influences on L2 
production abilities have not only been documented in relatively inexperienced, 
non-immersed L2 learners (e.g., Flege 1980; MacKay et al. 2001), but also in highly 
proficient L2 speakers who have been long-term immersed in an L2 environment. 
Mayr, Price, and Mennen (2012), for example, found that their L1 Dutch L2 English 
subject produced voiced plosives in her L2 English with a considerable amount of 
prevoicing, as typical of Dutch (see Section 2.2.3). The L1 French L2 English subjects 
in Flege (1987b), who had been long-term immersed in an L2 country, produced L2 
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English /t/ with significantly shorter (and thus more French-like) mean VOT com-
pared to monolingual English control speakers, which suggests an L1-influence on 
L2 pronunciation. What might be indicative of an L1-influence on L2 VOT produc-
tion in the present study is the considerable amount of variability observed in AS’s 
productions of L2 voiceless plosives across all three stages. This variability shows 
that he is inconsistent in distinguishing L2 voiced and voiceless plosives, i.e., he does 
not realize a distinct and native-like contrast for all English tokens but neutralizes 
contrast in some bilabial and alveolar tokens as typical of his L1 Austrian German. 
Previous research into the acquisition and realization of VOT categories also pro-
vides evidence for variable production patterns in bilingual speakers (e.g., Flege 
1991; Hazan and Boulakia 1993), and further suggests that the degree of variability 
tends to be larger in (late) bilinguals than in monolingual speakers (MacLeod, 
Stoehl-Gammon, and Wassnik 2009), which, as stated above, might be a result of 
L1-influences on the L2 system. 

Another aspect which might account for the considerable amount of variability 
observed in AS’s L2 voiceless plosives are potential articulatory constraints, which 
have been shown to affect the acquisition of aspiration for English voiceless plo-
sives in particular. Previous research examining the acquisition of VOT categories 
in English-speaking children shows that children need longer until they are able to 
produce voiceless plosives than voiced plosives in their native language (e.g., Kew-
ley-Port and Preston 1974; Lowenstein and Nittrouer 2008; Macken and Barton 1980; 
Preston et al. 1968; Yu, Nil, and Pang 2015). According to Yu, Nil, and Pang (2015, 
153), the reason for this is that voiceless targets produced with aspiration “require 
fine temporal coordination to delay the onset of laryngeal vibration relative to oral 
closure release” (see also Whiteside and Marshall 2001). While most research ex-
amining the relatively higher degree of difficulty involved in the acquisition of 
voiceless aspirated stops has been conducted in the field of child language acquisi-
tion (see studies cited above), Stoehr et al. (2017) also observed this phenomenon in 
their late Dutch-German bilinguals (see Section 2.2.2). The L1 Dutch L2 German 
subjects in this study failed to produce German voiceless plosives with aspiration 
and produced de-aspirated plosives instead. Similar observations were made in the 
present investigation: As discussed above, AS’s productions of English voiceless tar-
gets are characterized by a high amount of VOT variability, with some plosives fall-
ing in the short-lag VOT category (as typical of L1 Austrian German) while others 
are produced within the long-lag (aspirated) VOT category (as typical of L2 English). 
This inability to realize a consistent VOT contrast for all English tokens might be 
partly related to articulatory constraints which may impede a speaker’s ability to 
consistently produce voiceless (aspirated) plosives. 
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As illustrated in Figure 2.12,51 an interesting development was observed in AS’s 
productions of English /t/: When comparing early and late /t/, a significant shorten-
ing of VOT was identified in the late stage, which resulted in a reduction of aspira-
tion in late /t/. By contrast, his early realizations of English /t/ are aspirated, i.e., 
they are characterized by considerably longer VOT values, which fall within the na-
tive (American) English range. One might have expected that these changes go in 
the opposite direction, that is, from early slight aspiration to a higher degree of as-
piration in the late stage, and thus indicate an improvement of L2 production abili-
ties in the late stage. Interestingly, however, AS’s productions of English /t/ are most 
native (most aspirated) in the early stage and then become less aspirated in the mid 
and in the late stage. Similar observations were made concerning his productions 
of English /p/ in the mid and in the late stage: His voiceless bilabial plosives are 
slightly more aspirated in the mid stage while his late productions of English /p/ are 
characterized by less aspiration. Thus, as discussed in the context of the Speech 
Learning Model (Flege 1995, 2002, 2003; see Section 1.6.1), it can be assumed that 
AS has established a merged L1–L2 category and produces the late bilabial and alve-
olar targets with VOT values which are intermediate between the long-lag (aspi-
rated) VOT category in L2 English and the short-lag (unaspirated) VOT category in 
L1 Austrian German. The observation that no significant changes were evident in 
his early vs. late productions of English /k/ were not surprising given that both Eng-
lish and Austrian German have (strongly) aspirated velar plosives. 

 
 
 
 
 

 
51  The VOT categories displayed in Figure 2.12 are based on Cho and Ladefoged (1999, 223), who iden-

tified the following four VOT ranges for the categorization of voiceless plosives in different langu-
ages: (1) unaspirated (up to 30 ms), (2) slightly aspirated (averaging 50 ms), (3) aspirated (around 90 
ms), and (4) highly aspirated (longer than 90 ms). According to Moosmüller and Ringen (2004), these 
ranges are also useful when it comes to classifying Austrian German voiceless plosives according to 
their degree of aspiration (see Figure 2.13). 



Study I: Arnold Schwarzenegger’s production of plosives in his L1 and L2  101 
 

 

 

Figure 2.12: Schematic representation of VOT categories for AS’s early and late English 
(ENG) voiceless alveolar plosives. 

 

The observation that AS’s realization of VOT contrast in his L2 English is more pro-
nounced (i.e., more native-like) in the early stage, as manifested in a higher degree 
of aspiration, and has reverted to a less native-like production in the late stage, may 
be explained against the background of his language learning history. As discussed 
in Section 2.3.2, AS invested much time and effort into learning English at the very 
beginning of his L2 immersion by, for instance, attending English as a Second Lan-
guage classes at a community college for several months and practicing with native 
American English speakers (Schwarzenegger 2012). Acquiring English pronuncia-
tion was one of the most challenging tasks he was confronted with after migrating 
to the United States (Schwarzenegger 2012), and his lack of pronunciation skills 
turned out to be problematic even after he had already lived in the United States for 
several years, when he played in his first movie Conan the Barbarian in 1982 (Miller 
2012). In order to improve his pronunciation and acting skills, AS worked with act-
ing and dialogue coaches in preparation for the movie (ibid.). Taken together, his 
endeavors to sound more native in his L2 might have resulted in an explicit aware-
ness for American English pronunciation and, at the same time, in an improvement 
of certain L2 pronunciation features, such as producing aspirated plosives as typi-
cal of native English. Not much is known, however, about if and to what extent he 
continued working on his English pronunciation in the later years when he had al-
ready established himself as a successful actor and businessman. His success no 
longer depended on sounding more native, but film producers and the media began 
to appreciate his ‘unique’ way of speaking (AS_E_1985_1), which may be a reason 
why he did not continue working on his second language pronunciation. However, 
the extent to which AS worked on his English pronunciations in the early stage of 
L2 immersion cannot be further specified since it is only possible to refer to anec-
dotal evidence. Moreover, the present study is based on a speech corpus 



102 Study I: Arnold Schwarzenegger’s production of plosives in his L1 and L2 

 

representing AS’s pronunciation over the past 40 years, i.e., ten years after he 
moved to the United States up to 2018. Therefore, it was not possible to examine 
potential changes in his L2 VOT productions in the first ten years of L2 immersion, 
that is, right from the onset of his L2 learning experience. It might have been the 
case that the most drastic changes happened within the first few years of the L2 
acquisition process when, as discussed above, he received intensive L2 instruction 
and pronunciation training. Further research including speech data representing 
AS’s L2 pronunciation from the very onset of L2 acquisition will be necessary to test 
this assumption. 
 
L1 attrition of VOT 
The second research question (RQ 1.2) addressed in this study was to what extent 
AS’s realization of VOT contrast in his L1 German has changed when comparing two 
stages (early and late), i.e., whether he produces a significant difference between 
voiced and voiceless plosives in terms of VOT for each of the stages and has thus 
become less native-like in his L1, resulting from L2 learning experience. 

As expected, the analysis of his early German plosives showed that he does not 
realize a significant VOT contrast for /p, b/ and /t, d/, that is, he produces both pho-
nologically voiced and voiceless targets within the short-lag VOT range, which is a 
typical feature of native Austrian German conversational speech (e.g., Hödl 2019; 
Moosmüller, Schmid, and Brandstätter 2015). By contrast, AS realizes a significant 
short-lag vs. long-lag contrast for /g/ and /k/, which is also characteristic of mono-
lingual Austrian German pronunciation. 

In terms of his late German alveolar plosives, a lengthening of VOT duration in 
the direction of the L2 was observed for /t/ (from early M = 27.46 ms to late M = 44.67 
ms), which might be indicative of an L2 English influence on L1 production abili-
ties. In terms of AS’s late productions of /p/, no reliable results could be obtained 
due to the limited number of observations; a lengthening of VOT duration in his 
voiceless bilabial plosives in his late German pronunciation can only be assumed. 
As discussed in the previous section, the most significant changes in AS’s L2 devel-
opment were also observed in his productions of English /t/, which are produced 
with less aspiration in the late stage compared to the early stage. By contrast, an 
opposite movement of VOT categories was observed in AS’s L1 German when com-
paring his early (unaspirated) and late (slightly aspirated) voiceless alveolar plo-
sives. As can be seen in Figure 2.13, his late productions of the target plosive in both 
of his languages fall within the same VOT range, which is most likely the result of a 
merging of VOT categories (Flege 2003) and, thus, indicative of a mutual interaction 
between the L1 and the L2 system. However, it needs to be taken into consideration 
that, as already discussed in the previous section, AS’s early and late productions of 
voiceless plosives in both of his languages are characterized by a considerable 
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amount of variability. That is, his early and late voiceless alveolar plosives do not 
consistently cover the VOT ranges displayed in Figure 2.13. 

 
 

 

Figure 2.13: Schematic representation of VOT categories for AS’s early and late English 
(ENG) and German (GER) voiceless alveolar plosives. 

 

In addition to a lengthening of VOT in AS’s late L1 productions of /t/, changes were 
also observed in his late German productions of /k/. Although no significant differ-
ences in terms of mean VOT duration could be identified when comparing early 
and late productions of the target plosive (early M = 70.78 ms, late M = 73.06 ms), 
his late German /k/ covers a broader VOT range (84.57ms) compared to the early 
counterpart (59.24 ms), i.e., his late German velar productions are characterized by 
a larger degree of variability. By contrast, his productions of German /g/ did not 
undergo significant changes, but remained within the short-lag VOT range. 

The findings outlined above are in line with previous studies on L1 attrition of 
VOT, which suggest that voiceless plosives are prone to be affected by attrition pro-
cesses (see Mayr, Price, and Mennen 2012; Stoehr et al. 2017). Stoehr et al. (2017), 
for instance, found that the L1 German L2 Dutch bilinguals in their study produced 
L1 voiceless plosives with considerably shorter and thus more Dutch-like VOT val-
ues. Similar observations were made by Mayr, Price, and Mennen (2012): Their L1 
Dutch L2 English bilingual produced voiceless plosives in both languages with VOT 
values which were intermediate to native Dutch and L2 English norms while L1 
voiced plosives remained unaffected by L2-influences. As stated above, these find-
ings are also reflected in the present study since AS’s productions of /t/ in his late 
German speech is characterized by a considerable lengthening of VOT in the direc-
tion of L2 English norms. By contrast, his L1 voiced plosives were not expected to 
change significantly because voiced plosives in both English and Austrian German 
are characterized by short-lag VOT values. 
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Biological ageing effects 
Several studies have been conducted to examine ageing effects on VOT duration by 
comparing groups of older and younger monolingual speakers of different lan-
guages. Some of these studies suggest that with increasing age mean VOT durations 
of word-initial plosives decrease (e.g., Ryalls, Simon, and Thomason 2004; Ryalls, 
Zipprer, and Baldauff 1997; Smith, Wasowicz, and Preston 1987) while others show 
a lengthening of VOTs in older speakers (e.g., Bóna 2014).52 Despite inconsistent re-
sults as to whether VOT durations increase or decrease with age, the studies men-
tioned above show that biological ageing effects on VOT seem to be most pro-
nounced when it comes to the production of voiceless stops while their voiced coun-
terparts seem to remain largely unaffected. Another study worth noting in this con-
text was conducted by Petrosino et al. (1993): Unlike the studies previously men-
tioned, their comparison of mean VOT durations in velar stops produced by older 
(aged 70–87) and younger (aged 20–30) monolingual American English speakers did 
not reveal significant VOT differences, i.e., both age groups produced similar VOT 
values (see also Neiman, Klich, & Shuey, 1983). However, a considerably larger 
amount of VOT variability was observed in the older speaker group. Similar obser-
vations were made by Sweeting and Baken (1982), who detected a significant in-
crease in VOT variability in their oldest speaker group (>75 years), particularly in 
terms of /p/. Petrosino et al. (1993) argue that the variability observed among older 
subjects might be due to natural anatomical and physiological changes which go 
along with ageing processes (see also Benjamin 1982; Smith, Wasowicz, and Preston 
1987). Variability and broad overlaps of different VOT categories were also identi-
fied in the present study, which might not only be indicative of cross-linguistic in-
fluences but could also be related to natural ageing effects. However, a comparison 
of AS’s early and late productions of /t/ and /p/ in both of his languages showed a 
shortening of VOT in his L2 /t/ and /p/ in the late stage (i.e., with increasing age). At 
the same time, his L1 productions of /t/ (and presumably /p/) were characterized by 
a lengthening of VOT. In the context of biological ageing effects one would expect 
to observe either a lengthening or a shortening of VOT in both languages. Therefore, 
the findings of the present investigation cannot be reliably attributed to age-related 
changes, but are rather considered being the result of bidirectional interactions be-
tween the L1 and L2 phonetic system as discussed in the previous sections. 
 

 
52  Bóna (2014) observed longer VOT values for voiceless bilabial and alveolar plosives in older speakers 

of Hungarian, but their productions of the voiceless velar targets were characterized by considerably 
shorter mean VOT durations compared to the younger speakers. 



 

 

3 Study II: Arnold Schwarzenegger’s production of vowels 
in his L1 and L2 

3.1. Introduction to Study II 
Study II aimed to examine vowel production in the late consecutive bilingual Arnold 
Schwarzenegger over the past 40 years. Potential modifications and changes in AS’s 
L1 and L2 monophthongal vowel systems were described and compared by con-
ducting formant frequency analyses, focusing on the first and the second formant 
(F1, F2). The present investigation is based on the same speech corpus used in Study 
I (Chapter 2), that is, English and German interview sequences which have been 
broadcast on different television and radio channels (see Section 2.3.2, for a de-
tailed description of the corpus). 

The following sections provides an overview of the vowel systems of English, 
with a particular focus on Californian English, and Austrian German. In Sections 
3.1.3 and 3.1.4, previous research exploring different aspects of vowel production 
in the context of both L1 phonetic attrition and L2 speech acquisition will be dis-
cussed in more detail. 

3.1.1 American English vowels 
As discussed in Chapter 2, AS’s L2 variety can be broadly described as American 
English, with some Californian English influences given that he had spent most of 
his life in California at the time the present study was conducted. Of course, it can 
be assumed that he was and still is exposed to other (American) English varieties, 
but Californian English is presumably the variety he is immersed in and exposed to 
in his daily life. The American (Californian) English monophthongal vowel inven-
tory contains five front vowels, /i, ɪ, e, ɛ, æ/, four back vowels, /u, ʊ, o, ɑ/, the open-
mid central vowel /ʌ/, and mid-central /ɝ/ (Hagiwara 1997; Ladefoged 2005).



 

 

 

Figure 3.1: Formant frequencies (F1, F2) for male speakers measured in previous studies for the Mid-Atlantic speech area (Pe-
terson and Barney 1952), the Northern Mid-West (Hillenbrand et al. 1995), the South and Southwest (Yang 1996), and Southern 

California (Hagiwara 1997). 
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The vowel plots in Figure 3.1 are based on formant frequency measurements (F1, 
F2) obtained in previous studies on American English vowels.53 One of the earliest 
and perhaps most frequently cited investigations of American English vowel acous-
tics was conducted by Peterson and Barney (1952), who examined vowel produc-
tions in 76 male and female speakers from the Mid-Atlantic speech area.54 It should 
be noted, however, that the subjects included varied in terms of their language 
background. Some speakers were, for instance, nonnative speakers of English 
and/or born outside the United States, and most of the male subjects spoke General 
American. Therefore, the speakers’ vowel productions are not necessarily repre-
sentative of the Mid-Atlantic speech area. Hillenbrand et al. (1995) replicated this 
study and recorded 139 speakers of the Northern Mid-West dialect, including men, 
women, and children. The subjects were tested on their productions of American 
English monophthongs in /h/–Vowel–/d/ syllables. Another replication study of Pe-
terson and Barney (1952) was conducted by Hagiwara (1997), who analyzed formant 
frequencies in 15 speakers (6 male, 9 female) of Southern Californian English. Fi-
nally, Yang (1996) compared 20 American English speakers from the South and 
Southwest to speakers of Korean. While there are hardly any phonetic differences 
between individual American English varieties when it comes to consonants 
(Ladefoged 2005, 45), the quality of American English vowels can differ significantly 
due to dialectal variation as shown in the vowel plots above. Therefore, the Califor-
nian English vowel inventory (Hagiwara 1997; Ladefoged 2005) will serve as a basis 
for comparing AS’s L2 vowels with native American English vowels in the present 
study. 

The most striking differences between GA and Californian English can be iden-
tified in the production of the vowels in boo and hood: Californian English /u/ and 
/ʊ/ are characterized by a higher F2 frequency compared to GA, i.e., these vowels 
are produced at a more front position compared to GA (see Ladefoged 2005, 45–46). 
In addition, speakers of Californian English tend to realize the STRUT vowel with a 
slightly lower F1 and a higher F2, i.e., /ʌ/ is produced more front and more close 
compared to GA. According to Chang (2012, 254), the tendency to produce /u/ and 
/ʊ/, as well as /ʌ/, with a relatively high F2 is a result of the California Vowel Shift, 
which affects different parts of the Californian speech area. Another distinctive fea-
ture of the Californian Vowel Shift is the complete merging of /ɑ/ and /ɔ/ in the di-
rection of /ɑ/, i.e., the vowels in bod and bawd have the same quality (Boberg 2005; 
Eckert 2004; Hinton et al. 1987; Janoff 2018). Consequently, native Californian 

 
53  In Figure 3.1, only the results for male speakers are displayed since they are most relevant in the 

context of the present investigation which focuses on vowel productions in a male subject. 
54  The Mid-Atlantic accent is described as a distinct American English dialect which includes the Mid-

Atlantic cities of Philadelphia, Reading, Atlantic City, Wilmington, and Baltimore (Labov, Ash, and 
Boberg 2006, 236). 
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English speakers are less likely to distinguish between the two vowels in production 
as well as in perception, as shown in a vowel identification test conducted by Hil-
lenbrand et al. (1995). 

A further characteristic of Californian English varieties concerns the production 
of the high front vowel /ɪ/ in velar contexts: While RP speakers produce the same 
vowel in sing and sin, Californian English speakers typically produce the vowel in 
sing with the same quality as the vowel in seen (Ladefoged 2005, 31). 

3.1.2 Austrian German vowels 
The vowel inventory of (Standard) Austrian German contains nine front vowels, /i, 
y, ɪ, ʏ, e, ø, ɛ, œ/, and five back vowels /u, ʊ, o, ɔ, ɑ/. The majority of studies exam-
ining acoustic characteristics of Austrian German vowels focus on speakers of 
Standard Austrian German (SAG) from Vienna or Salzburg (Brandstätter and 
Moosmüller 2015; Cunha et al. 2015; Cunha, Harrington, and Hoole 2013; Moosmül-
ler 2007). As illustrated in Figure 3.2, SAG distinguishes 14 vowels, which can be 
divided into rounded and unrounded monophthongs (Moosmüller 2007; Moosmül-
ler, Schmid, and Brandstätter 2015). In Standard German German (SGG) the high 
vowels /i, ɪ, y, ʏ, u, ʊ/ are clearly differentiated according to vowel quality, e.g., Ger-
man tense /i/ in bieten ‘to offer’ vs. German lax /ɪ/ in bitten ‘to beg’ (see Jessen et al. 
1995). SAG speakers, however, show a tendency to neutralize the tense-lax-contrast 
in the vowel pairs /i/-/ɪ/, /y/-/ʏ/, and /u/-/ʊ/ in the direction of the tense counterpart 
(Brandstätter, Kaseß, and Moosmüller 2015; Cunha et al. 2015; Cunha, Harrington, 
and Hoole 2013; Moosmüller 2007). Brandstätter and Moosmüller (2015), for exam-
ple, investigated the realization of the /i/-/ɪ/ contrast in 12 speakers of SAG from 
Vienna who read word lists containing the target vowels in plosive environments. 
Analyses of vowel duration and formant frequencies revealed a tendency towards 
eliminating the /i/-/ɪ/ contrast in the direction of the FLEECE-vowel, particularly in 
velar contexts. Similar observations were made by Cunha et al. (2015) who exam-
ined the influence of three consonantal contexts on the realization of seven tense-
lax contrasts55 in SAG and SGG read speech. They identified a greater approxima-
tion of lax vowels towards the respective tense counterpart in SAG speakers. It was 
also shown that the implementation of the tense-lax contrast was significantly in-
fluenced by consonantal context: Overall, the distinction between tense and lax 
pairs was smaller when the vowel targets occurred in velar contexts, which is in line 
with the results reported by Brandstätter and Moosmüller (2015). While SAG speak-
ers showed a tendency to neutralize some tense-lax contrast, vowel quantity was 

 
55  These were /e:/-/ɛ/, /ø:/-/œ/, /a:/-/a/, /i:/-/ɪ/, /y:/-/ʏ/, and /u:/-/ʊ/. 
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equally stable in both speaker groups, i.e., SAG speakers were not observed to neu-
tralize vowel duration. 

The chart displaying the Austrian German vowel inventory (Figure 3.2) is based 
on Moosmüller’s (2007) acoustic analysis of monophthongs produced by six speak-
ers of SAG from Vienna. SAG vowel tokens were elicited in different production 
tasks, including short interviews (spontaneous speech) as well as sentence and 
word list reading tasks (read speech). Moosmüller (2007) elicited two different sets 
of vowel tokens in each production task, one set containing stressed tokens and the 
other set unstressed tokens. For the sake of comparison with Californian English 
vowels (Hagiwara 1997), which were elicited in a formal reading task, the SAG vow-
els displayed in Figure 3.2 represent stressed vowels produced in a sentence read-
ing task. When comparing the formant frequencies of the monophthongs which 
both SAG and Californian English share, the following observations can be made: 
The English back vowels /u/ and /ʊ/ tend to have higher F2 values, i.e., they are 
produced more front compared to their SAG counterparts, while the English front 
vowels /ɪ/, /ɛ/, and /e/ have lower F2 values, i.e., they are produced more back com-
pared to SAG, which has higher F2 values. In terms of F1, American English /ʊ/, /ɪ/, 
/ɛ/, and /e/ are produced with slightly higher F1 values compared to SAG, that is, 
speakers of American English tend to produce these vowels more open than speak-
ers of SAG. As can be also seen in Figure 3.2, the SAG vowel inventory lacks a mid-
central vowel, which has been observed to “exist neither phonetically nor phono-
logically” (Moosmüller 2007, 52). The American English inventory, by contrast, in-
cludes the mid-central vowel /ɝ/ as described in the previous section. In terms of 
the German vowels /ɑ/ and /a/, it has been shown that SAG speakers produce hardly 
any differences in F1 and F2 between these two vowels (Moosmüller 2007, 115). As 
Moosmüller (2007) observed, the greatest degree of distinction in F1 for /ɑ/ and /a/ 
occurs in non-words produced in formal reading tasks. F2 frequencies, by contrast, 
are not discerned at all, independent of the context of production. 
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Figure 3.2: Vowel charts of Standard Austrian German vowels (Moosmüller 2007; 
Moosmüller, Schmid, and Brandstätter 2015) and Californian English vowels ( Hagi-
wara 1997). Vowels which exist in both vowel inventories are displayed in the same 

colors. 
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3.1.3 L2 acquisition of vowels 
A considerable amount of research has been conducted to examine the acquisition 
of nonnative vowels by L2 learners (see Table 3.1). Since the present study investi-
gates the acquisition of L2 speech in a late consecutive bilingual, the studies se-
lected for the overview provided in this section include subjects with the same order 
of acquisition, i.e., learners who acquired the L2 late in life after the L1 had already 
been fully developed. Most of the studies displayed in Table 3.1 (Baker and Trofimo-
vich 2005; Flege, Schirru, and MacKay 2003; Oh et al. 2011; Piske et al. 2002; Tsukada 
et al. 2005) examined L2 acquisition of vowels in late bilinguals and compared their 
productions to early bilinguals in order to examine effects of age of learning and L2 
experience on L2 vowel production accuracy. Studies focusing exclusively on sim-
ultaneous and early sequential bilinguals are not included in this overview (e.g., 
Darcy and Krüger 2012; Kehoe 2002; Khattab 2007; Mack 1989; MacLeod, Stoehl-
Gammon, and Wassnik 2009), because they do not allow for conclusions to be 
drawn about the potential difficulties late L2 learners might encounter when it 
comes to acquiring L2 vowels. 
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Study Languages N of 
subjects 

Vowels 
tested 

Elicitation method 

Flege, Bohn, 
and Jang 
(1997) 

L1: German, 
Spanish, 
Mandarin, 
Korean 
L2: English 

90 English 
/i ɪ ɛ æ/ 

Reading: target words in 
carrier phrase 

Flege, Mac-
Kay, and 
Meador (1999) 

L1: Italian 
L2: English 

72 English 
/i ɪ e ɛ æ u ʊ 
o ʌ ɒ/ 

Combination of visual 
and auditory prompts 

Piske et al. 
(2002) 

L1: Italian 
L2: English 

64 English 
/i ɪ e ɛ æ u o 
ʌ ɒ ʊ ɚ/ 

Reading: target words 
(non-words) in carrier 
phrase 

Flege, Schirru, 
and MacKay 
(2003) 

L1: Italian 
L2: English 

72 English /eɪ/ Reading: target words in 
carrier phrase 

Baker and Tro-
fimovich 
(2005) 

L1: Korean 
L2: English 

2056 English 
/i u æ ɛ ʊ ɪ/; 
Korean  
/i u e ɛ ɨ/ 

Reading: individual 
words 

Tsukada et al. 
(2005) 

L1: Korean 
L2: English 

108 English  
/i ɪ e ɛ æ ɑ ʌ/ 

Picture naming 

Wang and van 
Heuven (2006) 

L1: Manda-
rin or Dutch 
L2: English 

40 Complete 
English 
vowel in-
ventory 

Reading: individual 
words 

Levy and Law 
(2010) 

L1: English 
L2: French 

29 French 
/y œ u i a/ 

Repetition task 

Oh et al. (2011) L1: Japanese 
L2: English 

32 English 
/i eɪ ɑ u ɪ ɛ ʌ 
ʊ / 

Reading: individual 
words 

Table 3.1: Overview of studies on L2 vowel acquisition (in chronological order). Note: 
Due to the substantial amount of studies examining the acquisition of nonnative vow-
els in bilingual speakers, the overview presented in this table includes a representa-

tive selection of studies. 
 
Flege, Bohn, and Jang (1997) examined the effect of L2 experience on vowel pro-
duction accuracy in a group of adult L2 English speakers with different L1 back-
grounds and varying degrees of L2 experience. 57  The learners’ L2 vowels were 

 
56  A total of 40 subjects participated in this study, including a group of early bilinguals (n = 20) who 

started acquiring the L2 English in early childhood. 
57  The division into experienced vs. inexperienced/relatively experienced speakers was based on the 

subjects’ length of residence in the United States, that is, the longer the subjects had been living in 
the L2-speaking environment, the more experienced they were considered to be. 
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rated by three native English speakers according to their degree of accuracy in a 
forced-choice identification test. In addition, acoustic measurements of vowel du-
ration and formant frequencies (f0, F1, F2) were conducted. In a third experiment, 
Flege, Bohn, and Jang (1997) tested the L2 learners’ identification ability of the Eng-
lish /i/-/ɪ/ and /ɛ/-/æ/-continua. Overall, the findings of the vowel identification tests 
and the results obtained in the acoustic analyses showed that L2 experience was 
positively correlated with production and perception accuracy in the L2, that is, 
more experienced L2 learners were more likely to produce and perceive English 
vowels accurately compared to less experienced L2 learners. However, despite the 
observation that the experienced speaker group performed better in terms of vowel 
perception and production than the inexperienced speaker group, there were only 
very few experienced learners whose English vowel productions were completely 
native. According to Flege, Bohn, and Jang (1997, 467), attaining native production 
abilities in the L2 is likely to require more than approximately seven years of L2 
learning experience, i.e., even the experienced English learners in Flege et al. 
might not have gained enough L2 experience to be able to produce L2 vowels within 
native norms. 

The effect of experience on vowel production accuracy was also investigated by 
Levy and Law (2010), who tested L1 English learners of L2 French. The bilingual 
subjects were assigned to three different groups, depending on their amount of L2 
experience (minimal, moderate, extensive).58 Alongside investigating the effect of 
experience on L2 vowel production, Levy and Law (2010) aimed to find out if the 
consonantal context in which the vowels occurred had an effect on production ac-
curacy. Production accuracy of the French vowels /y/ and /u/ was assessed based on 
native speaker judgements59 and acoustic analyses of formant frequencies. Results 
showed that highly experienced L2 French learners were more accurate in their 
productions of French /y/ occurring in an alveolar context compared to French /u/ 
in the same consonantal context. However, a different trend was observed for the 
French target vowels occurring in a bilabial context: French /u/ was produced more 
accurately in all three speaker groups – regardless of L2 experience – while French 
/y/ – in a bilabial context – was produced inaccurately across the three groups, 
which shows an effect of consonantal context on L2 production accuracy. Based on 
these findings, Levy and Law (2010, 1304) conclude that “[t]he extensive language 

 
58  The division into three sub-groups with minimal, moderate and extensive L2 experience was based 

on three factors, namely the amount of formal L2 education the subjects had received, the amount 
of L2 use in private and professional contexts, and the amount of L2 immersion, i.e., the time the 
subjects had spent in a French-speaking country. 

59  Monolingual French judges (N = 9) were asked to rate vowel production accuracy by means of 
keywords to determine which vowel they heard in the input stimulus. In addition, the degree of per-
ceived vowel accuracy was rated on a 9-point-Likert scale (ranging from 1 = most foreign sounding to 
9 = most French sounding) by the same judges. 
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experience of the [highly experienced] group here suggests that reaching native-
like production may not be feasible for certain L2 vowels”, i.e., certain nonnative 
vowels might be more difficult or easier to acquire depending on the phonetic con-
text in which they occur. 

Piske et al. (2002) compared the production of L2 (Canadian) English vowels in 
early and late Italian-English bilinguals living in Canada. Three sub-groups were 
formed, depending on the speakers’ amount of L1 Italian use, that is, early-high sub-
jects who used their L1 on a regular basis, and early-low subjects who used their L1 
less frequently. In the late bilingual group, all subjects made frequent use of their 
L1. To assess vowel production accuracy, monolingual English listeners were asked 
to rate the subjects’ vowels on a 5-point scale, ranging from 1 = very strong foreign 
accent to 5 = no foreign accent. The rating results showed that, overall, the English 
vowels produced by the late bilinguals were perceived to be less accurate than the 
early subjects’ vowels. In addition, the findings support the hypothesis that the 
amount of L1 use (i.e., high vs. low) significantly influences production accuracy of 
L2 vowels (see also Flege, Bohn, and Jang 1997): While the early-low subjects were 
not perceived to differ from monolingual English vowel production norms, some of 
the vowels produced by the early-high subjects received higher accent ratings, i.e., 
their vowels were perceived to sound less native. 

Flege, Schirru, and MacKay (2003) examined the same Italian-English bilinguals 
as Piske et al. (2002), focusing on their production L2 English /eɪ/, which differs from 
Italian /e/ in that English /eɪ/ is produced with more tongue movement compared to 
the Italian counterpart. The findings of an acoustic analysis of formant frequencies 
showed that the early-low bilinguals produced the English target vowel with more 
formant movement compared to monolingual English speakers, i.e., they ‘overshot’ 
the monolingual target and thus maintained contrast between L1 and L2 vowel cat-
egories, despite not being able to produce the target vowel in a native-like manner. 
The late bilinguals, by contrast, were observed to assimilate English /eɪ/ to Italian 
/e/ and thus failed to establish separate phonetic categories for the L1 and L2 vow-
els, respectively. As discussed in Section 2.2.2, category dissimilation is most fre-
quently observed among early bilinguals, while assimilating phonetic categories is 
typical of L2 learners if they are not able to perceive phonetic differences between 
closely related (similar) L1 and L2 sounds. 

Tsukada et al. (2005) assessed L2 English vowel perception and production by 
Korean-English adults and children. The bilinguals’ productions of L2 vowels were 
rated for intelligibility by a monolingual English listener. 60  Compared to 

 
60  The English listener was asked to assign each vowel produced by the bilingual subjects to one of the 

American English vowels, i.e., the bilingual vowels were situated within the American English vowel 
inventory. In this case, intelligibility was defined as “how often the target vowels were heard as in-
tended” (Tsukada et al. 2005, 287). 
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monolingual adult speakers, the adult bilinguals received significantly lower intel-
ligibility ratings, while no significant differences could be observed between the 
monolingual and bilingual children in terms of vowel intelligibility. A comparison 
between the two bilingual groups revealed that the vowels produced by the bilin-
gual children were rated as being more intelligible than the same vowels produced 
by the adult speakers. These findings were confirmed in an acoustic analysis: Bilin-
gual children were not found to differ significantly from age-matched monolingual 
control speakers, while the adult speakers’ vowels differed from native (monolin-
gual) vowel targets. 

Baker and Trofimovich (2005) examined L1 and L2 vowels produced by early and 
late Korean-English bilinguals, focusing on potential interactions between the na-
tive and nonnative vowel systems. Differences in L2 experience within and between 
the two bilingual groups were defined based on the length of residence in the 
United States, ranging from one to seven years in the late bilingual group, and from 
one to eight years in the early bilingual group. By means of acoustic analyses of f0, 
F1 and F2, the bilinguals’ vowel productions in both languages were compared (1) 
to each other (bilingual comparison), and (2) to monolingual productions of English 
and Korean, respectively (monolingual comparison). In terms of the bilingual com-
parison, results indicate that late bilinguals were able to keep those English and 
Korean vowels apart which are dissimilar across the two languages, that is, Korean 
/e/ and /ɛ/, and English /æ/ and /ɛ/. By contrast, the speakers were observed to pro-
duce vowels which exist in both vowel inventories with similar acoustic properties, 
i.e., English /i/, /ɪ/, and /u/, /ʊ/ were found to overlap with Korean /i/ and /u/, re-
spectively. Early bilinguals, on the other hand, had successfully established sepa-
rate phonetic categories for all English and Korean vowels, regardless of whether 
they were similar or dissimilar. The monolingual comparison showed that the late 
bilinguals’ vowel productions were predominantly determined by L1-influnces on 
the L2, while the early bilinguals’ productions were observed to be affected by bidi-
rectional influences, that is, their “renditions of at least some L2 […] and L1 […] 
vowels were ‘colored’ by the acoustic properties of their L1 and L2 vowels, respec-
tively” (Baker and Trofimovich 2005, 19). 

The findings outlined above are in line with the Speech Learning Model’s hy-
pothesis that dissimilarity between L1 and L2 sounds facilitates the formation of 
separate phonetic categories, while L1–L2 similarity is likely to impede category 
formation (e.g., Flege 1995, 2003). In addition, the results of the bilingual compari-
son in Baker and Trofimovich (2005) support the Speech Learning Model’s main 
tenet that late L2 learners are less likely to identify differences between closely re-
lated L1 and L2 sounds and assimilate L2 to L1 categories, which results in inaccu-
rate (nonnative) productions. 
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Overall, the findings of the studies discussed in this section show that accurate 
L2 vowel production is determined by several factors, namely age of L2 learning 
(early vs. late learners), amount of L2 experience and – to some extent – amount of 
L1 use (Piske et al. 2002), and degree of perceived cross-linguistic (dis-)similarity 
between L1 and L2 vowel targets. In terms of age of L2 learning, late learners have 
been shown to be less likely to produce L2 vowels with native accuracy compared 
to early learners, particularly when it comes to vowels which are similar in the L1 
and L2 (Baker and Trofimovich 2005). 

3.1.4 L1 attrition of vowels 
The majority of studies investigating attrition of L1 segmental speech production 
have focused on examining changes in consonant production (e.g., de Leeuw, Men-
nen, and Scobbie 2012a; Major 1992; Stoehr et al. 2017; Ulbrich and Ordin 2014) 
while comparatively few attrition studies investigate potential effects of L1 attrition 
processes on the production of vowels. Table 3.2 includes all studies which have 
been conducted so far to examine L1 vowel production in long-term immersed late 
bilinguals. 
 

Study Languages N of 
subjects 

Vowels 
tested 

Elicitation method 

Mayr, Price, 
and Mennen 
(2012) 

L1: Dutch 
L2: English 

2 Dutch and 
English 
vowel space 

Reading: target words in 
carrier phrase 

Bergmann et 
al. (2016) 

L1: German 
L2: English 

20 German /a: 
ɛ ɔ/ 

Film retelling (semi-
spontaneous) 

De Leeuw 
(2019) 

L1: German 
L2: English  

1 German  
/i a/ 

(semi-)spontaneous 
(pre-recorded TV and 
radio interviews)  

Table 3.2: Overview of attrition studies on L1 vowel production61 (in chronological or-
der). 

 
61  Another study which is often discussed in the context of phonetic attrition of L1 vowels was conduc-

ted by Chang (2012; see also 2013), who examined L1 (American) English speakers learning L2 Ko-
rean in a six-week intensive language instruction course in Korea. As mentioned in Section 2.2.3, L1 
modifications experienced by the subjects in Chang (2012) are not referred to as attrition effects the 
context of the present investigation because they have not been long-term immersed in an L2 en-
vironment, but instead learned the L2 through intensive and short-term formal instruction. Chang’s 
(2012) findings show a phonetic drift of L1 English vowels towards the norms of L2 Korean vowels, 
which suggests that cross-linguistic effects set in already at an early stage of L2 learning and are 
therefore not restricted to highly experienced, proficient bilinguals. Similar observations were made 
by Kartushina, Frauenfelder, and Golestani (2016) who investigated L1 vowel productions in a group 
of native French speakers who were trained in L2 Dutch or L2 Russian vowel production in several 
intensive training sessions. Despite the fact that none of the subjects had prior experience with the 
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Mayr, Price, and Mennen (2012) conducted acoustic analyses of plosives (see Chap-
ter 2) and vowels produced by monozygotic twin sisters with L1 Dutch and L2 Eng-
lish. Both twins were late consecutive bilinguals, but one sister had been immersed 
in an L2 environment for an extended period of time, while the other sister was 
living in the Netherlands. Based on formant frequency analyses, the twins’ vowel 
spaces in their L1 and L2 were compared: The twin who stayed in the L1 speaking 
environment produced vowels close to native Dutch norms while the L2-immersed 
twin produced L1 monophthongs significantly lower (more open) compared to her 
sister, i.e., her vowels were characterized by higher F1 values and thus had moved 
closer to the L2 English counterparts. Interestingly, significantly higher F1 values 
were also observed in her Dutch vowels /y/ and /ʏ/, which lack a counterpart in the 
English inventory. In addition, she failed to produce a clear contrast between some 
of her vowels (e.g., Dutch and English /ɛ i ɪ ɔ u/), presumably as a result of assimi-
lating closely related L1 and L2 vowel categories. However, not all of her vowels 
were influenced by assimilation processes as she managed to maintain contrast, 
between, for example, Dutch /a/ and English /ɑ/. This suggests that – even within 
the same sound category – not all sounds are equally affected by attrition. 

In another study, Bergmann et al. (2016) examined changes in the L1 German 
vowels /a:, ɛ, ɔ/ produced by a native and a nonnative group of German-English bi-
linguals. The division into ‘native’ versus ‘nonnative’ attriters was based on the re-
sults of a preceding foreign accent rating study, i.e., those speakers who had re-
ceived an overall low foreign accent rating were labelled as ‘native’ attriters, and 
speakers with a high foreign accent rating were assigned to the ‘nonnative’ attriter 
group. Interestingly, an acoustic analysis of L1 German vowel formants showed a 
significantly lower F2 in the native attriter group compared to both nonnative at-
triters and monolingual German controls. In terms of F2, the native attriters pro-
duced German /a:/ with lower formant values compared to monolingual speakers, 
i.e., the German vowel target had moved in the direction of the most similar English 
vowel target. Although a slight tendency towards lowering F2 could also be ob-
served in the nonnative attriter group, this was not shown to be significant. Fur-
thermore, no significant formant differences between both attriter groups and the 
monolingual controls were detected in terms of the subjects’ productions of the Ger-
man vowels /ɛ/ and /ɔ/. Despite the fact that Bergmann et al.’s (2016) overall findings 

 
target L2, Kartushina, Frauenfelder, and Golestani (2016) found evidence for a phonetic drift of na-
tive vowels towards the L2 vowel targets. The results provided by Chang ( 2012, 2013) and Kartushina, 
Frauenfelder, and Golestani (2016) show that even short-term experience with an L2 can affect – at 
least to some degree – productions in the native language. The changes observed in the speakers’ L1 
systems, were, however, likely to be short-term temporary changes, resulting from what Chang 
(2013) refers to as a novelty effect, and were presumably reversed – or partially reversed (Chang 2019) 
– when the subjects returned to their L1 country and/or did not receive intensive L2 input any longer. 
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did not reveal significant differences between native and nonnative attriters in 
terms of vowel productions, differences were detected between the two attriter 
groups and the monolingual control group, particularly in terms of their produc-
tions of German /a/, which leads to the conclusion that “the sustained presence of 
an L2 in the phonological system of a speaker can lead to changes in the articulation 
of L1 speech sounds” (Bergmann et al. 2016, 84). In addition, the observation that 
only some of the bilinguals’ L1 vowels shifted closer to L2 norms are in line with 
Mayr, Price, and Mennen’s (2012) findings, suggesting that attrition effects operate 
selectively rather than affecting a speaker’s entire L1 pronunciation system. 

The most recent study examining potential L2 influences on L1 vowel produc-
tion was conducted by de Leeuw (2019), who investigated the native German speech 
of Stefanie Graf, a former professional tennis player. Similar to AS, Graf can be de-
scribed as a late consecutive bilingual who had permanently moved to an L2 Eng-
lish-speaking environment in adulthood. De Leeuw (2019) conducted formant 
measurements of the German vowels /i/ and /a/ to determine changes in F1 and F2 
over a course of four decades, that is, the time Graf had been living in an L2 envi-
ronment at the time the study was conducted. In terms of the German high front 
vowel /i/, her findings show a significant increase in F2 frequency, which suggests 
a drift towards the norms of L2 English /i/ which is characterized by higher F2 val-
ues compared to native German. In both L1 target vowels, significant changes were 
also found for F1, namely a decrease in /i/ and an increase in /a/. However, these 
changes were not assumed to reflect a movement towards L2 norms but were inter-
preted as being a result of natural ageing effects, which have been shown to lead to 
a lowering of F1 in elderly speakers (see e.g., Reubold and Harrington 2015, 2017). 
As mentioned in Section 2.3.3, de Leeuw (2019) did not investigate longitudinal 
changes in Graf’s L2 English pronunciation; thus, it is not possible to establish a 
direct link between Graf’s L2 pronunciation development and the changes observed 
in her first language. 

Although as few as three studies have been conducted so far which examined L1 
vowel productions in late consecutive bilinguals, the findings of these studies pro-
vide evidence for L1 vowels being affected by processes of attrition, presumably 
due to L2 learning experience. However, as stated above, vowel categories do not 
seem to be equally affected by attrition, which Mayr, Price, and Mennen (2012, 698) 
attribute to “a complex interaction between token-level and system-level shifts in 
bilingual vowel systems”. 
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3.2. The study 

3.2.1 Aims and objectives 
As discussed in Section 3.1, a considerable amount of research has been conducted 
to examine L2 vowel productions in late bilinguals and L2 learners (e.g., Flege, 
Bohn, and Jang 1997; Flege, Schirru, and MacKay 2003; Levy and Law 2010; Piske et 
al. 2002) while only few studies set out to investigate vowel productions in the L1 of 
L2-immersed late bilinguals (Bergmann et al. 2016; de Leeuw 2019; Mayr, Price, and 
Mennen 2012). In terms of L2 vowel production, research shows that the successful 
realization of L2 vowels is influenced by several factors, including age of L2 acqui-
sition, amount of L2 experience and use, and the degree of cross-linguistic similar-
ity between related L1 and L2 vowel categories. With regard to this, it has been 
shown that late L2 learners often fail to distinguish similar L1 and L2 vowels and, 
consequently, tend to assimilate L2 to L1 categories, which results in nonnative pro-
ductions. The few attrition studies which have been conducted so far indicate that 
a speaker’s L1 vowel system might indeed be affected by attrition, i.e., L1 vowels 
have been observed to move closer towards similar L2 vowel targets and are thus 
assimilated to L2 phonetic categories. However, it seems that not all L1 vowels are 
equally affected by attrition (see Bergmann et al. 2016; Mayr, Price, and Mennen 
2012). As there is still a lack of research investigating L1 attrition of vowels, it is not 
possible to draw any reliable conclusions at this point about which vowel targets 
are more likely to be affected by attrition and why some vowels are more prone to 
change than others. 

The present study aims to expand existing research on bilingual speech devel-
opment by examining L1 and L2 vowel productions in an L2-immersed late bilin-
gual over a period of approximately 40 years. To this end, AS’s productions of mon-
ophthongs in his L1 Austrian German and his L2 American English was assessed by 
means of formant frequency measurements. The following research questions 
were addressed: 

 
RQ 2.1: To what extent has AS’s L2 production of monophthongs changed when 

comparing three stages in time (early, mid, and late)? Does he produce L2 vowels 
with formant frequencies (F1 and F2) which resemble those of monolingual 
American English speakers, i.e., has he gradually become more native-like since 
he moved to the United States? 

RQ 2.2: To what extent has AS’s L1 production of monophthongs changed when 
comparing two stages in time (early and late)? Does he produce L1 vowels with 
formant frequencies (F1 and F2) which more closely resemble those of mono-
lingual American English speakers, i.e., have his L1 vowel categories moved 
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away from native production norms and at the same time moved closer to L2 
production norms since he moved to the United States? 

3.2.2 Materials and procedure 
Modifications in AS’s L1 and L2 vowel space were examined by conducting formant 
frequency analyses of F1 and F2, which are correlated with vowel height and vowel 
backness, respectively, and are thus most relevant when it comes to distinguishing 
vowel quality (e.g., Harrington and Cassidy 1999, 60). The present study is based on 
the same speech corpus as the previous investigation of AS’s plosive productions, 
i.e., German and English broadcast interviews. Vowel data were taken from a total 
of 656 individual sound files representing AS’s L1 and L2 pronunciation from the 
late 1970s to 2017/2018 (see Chapter 2, Table 2.5). As described in Chapter 2, the 
individual audio files were automatically segmented and annotated using the online 
tool WebMaus Basic provided by the BAS WebServices (Kisler, Reichel, and Schiel 
2017; Schiel 1999). 
 

 German English  German English 

Front Back 
/i/ bieten ‘offer’ bead /u/ Mus ‘pulp’ booed 
/ɪ/ bitten ‘requ-

est’ 
bid /ʊ/ Bus ‘bus’ book 

/ɛ/ Bett ‘bed’ bed /ʌ/ – bud 
/e/ Beet ‘flo-

werbed’  
– /ɔ/ Motte 

‘moth’ 
bawd 

/æ/ –  bad /ɑ/ satt ‘sated’ bod 
Central      
/ɝ/ –62 bird    

Table 3.3: Target vowels with corresponding sample words for American English (see 
Ladefoged 2005, 46) and Austrian German (see Moosmüller, Schmid, and Brandstätter 

2015, 342). 
 

Table 3.3 shows the German and English target vowels included in the present in-
vestigation to represent AS’s monophthongal vowel productions in his L1 and L2. 
Alongside the vowels which exist in both Austrian German and American English 
(i.e., /i, ɪ, ɛ, u, ʊ, ɔ, ɑ/), three additional English vowels were included: The STRUT-
vowel /ʌ/, the TRAP-vowel /æ/, and the NURSE-vowel /ɝ/. For Austrian German, the 

 
62  As stated in Section 3.1.2, Austrian German – unlike other German varieties – does not contain a mid 

central vowel (see Moosmüller 2007, 52). 
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front vowel /e/ was additionally included. The reason to include these vowels de-
spite the fact that they are not shared by the two vowel inventories is that they fre-
quently occur in the respective vowel systems and were therefore considered im-
portant to display AS’s L1 and L2 vowel space. The German vowel inventory addi-
tionally includes the front vowels /y/, /ʏ/, /ø/, and /œ/, which were, however, ex-
cluded from the present analysis due to the observation that they rarely occur in 
spontaneous speech (Moosmüller 2007, 52).63 Although it has been shown that na-
tive Californian English speakers are not likely to distinguish between the vowels 
/ɔ/ and /ɑ/ as a result of the Californian Vowel Shift (see Section 3.1.1), they were 
still included as separate vowels in the present investigation in order to identify if 
AS produces different vowel targets. 

In the individual recordings, monosyllabic and bisyllabic tokens (function 
words with empathic stress and content words) which contained a stressed vowel 
(in bisyllabic words: stress on the first syllable) were identified by hand using PRAAT 
(Boersma and Weenink 2018). As the present investigation is based on a corpus of 
pre-recorded speech samples, it was not possible to collect all vowel data in a neu-
tral consonantal phonetic context.64 In order to control for effects of co-articula-
tion on the spectral properties of the vowels examined, the preceding and following 
consonants were included as random factors in the statistical analysis (see Section 
3.2.3). Tokens with preceding or following approximants (/w/, /j/, /l/, /r/) were en-
tirely excluded from the analysis. These sounds are commonly categorized as semi-
vowels (e.g., Lawson et al. 2011; Levi 2011), i.e., they share characteristics of both 
consonants and vowels. Therefore, as pointed out by Di Paolo, Yaeger-Dror, and 
Beckford Wassnik (2011, 89), selecting vowels following or preceding an approxi-
mant might make it difficult to choose exact measurement points for the spectral 
features of the vowel. 

After identifying words containing the vowel sounds relevant for this study (see 
Table 3.3), vowel onset and offset were delineated in PRAAT using a combination of 

 
63  In her investigation of SAG monophthongs produced by speakers from Vienna, Moosmüller (2007) 

found that out of the total number of vowel tokens analyzed in spontaneously produced speech 
samples, only 1.72% were /y/ and /ʏ/ tokens, while /ø/ and /œ/ occurred even less frequently with 
0.38%. Given that these percentages relate to a specific speech corpus, it can, of course, not be ar-
gued that German /y/, /ʏ/, /ø/, and /œ/ occur generally less frequently in Austrian German spontane-
ous speech compared to other vowels. However, an inspection of the vowel data used for the present 
investigation also suggests that these vowels occur relatively infrequently, which is why they were 
not included for analysis. 

64  According to Di Paolo, Yaeger-Dror, and Beckford Wassnik (2011, 88), “neutral context means that 
all the moving articulators are at rest as they are for /h/, which does not require any particular tongue 
body shape, lip protrusion, or constriction in the supralaryngeal cavity.” Therefore, acoustic studies 
typically elicit vowel tokens in a neutral /h_d/ consonant frame (among many others, e.g., Chang 
2012; Strange 2007; Wang and van Heuven 2006). Alternatively, vowels might be elicited in a plosive 
environment, as in Mayr, Price, and Mennen (2012) and Flege, Bohn, and Jang (1997). 
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both oscillogram and wideband spectrogram displays (see Figure 3.3). For vowels 
following a plosive, fricative, or affricate, onset was marked at the occurrence of 
the first glottal striation where the formants became visible on the spectrogram. 
Vowel offset was marked at the point where formants were no longer visible. For 
vowels occurring in a nasal context, onset and offset were set at the point where a 
rise (onset) or drop (offset) of acoustic energy65 could be identified, which coin-
cides with the vowel formants being visible on the spectrogram. Tokens which were 
affected by noise or produced with creaky voice were excluded. Also, vowel seg-
ments were not included if they were too short in duration so that it was not possible 
to reliably calculate formant frequencies (see e.g., Harrington, Palethorpe, and 
Watson 2007, 2754). 

 
 

 

Figure 3.3: Acoustic landmarks (vowel onset and vowel offset) for vowel labelling on 
the waveform (top) with corresponding spectrogram (bottom). This example shows 

AS’s late production of the English vowel /æ/ in the target word back. 
 

Formant frequencies were measured in PRAAT (Boersma and Weenink 2018) with a 
maximum formant frequency of 5000 Hz for an adult male speaker, a window 
length of 0.025 seconds and a pre-emphasis of 50 Hz. Based on linear predictive 
coding (LPC), formant frequencies were extracted using Burg’s algorithm ( Childers 
1978; Markel and Gray 1976). Measurements of F1 and F2 were taken at the temporal 
mid-point of the vowel segment, i.e., halfway between onset and offset of the vowel. 
While it is sometimes argued that taking measurements at multiple points of the 

 
65  Nasal consonants have a first formant with a considerably lower frequency compared to vowel 

sounds (see Ladefoged 2005, 55). 
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vowel (onset, mid-point, and offset) would allow for a more precise picture of vowel 
characteristics (Di Paolo, Yaeger-Dror, and Beckford Wassnik 2011, 90; see also 
Moosmüller 2007, 24), mid-point measurements are still most frequently used in 
acoustic vowel studies (e.g., de Leeuw 2019; Harrington 2006; Harrington, Pale-
thorpe, and Watson 2000b; Mayr, Price, and Mennen 2012). Since co-articulatory 
effects of preceding and following consonants are only minimal at the very center 
of the vowel, single-point measurements also seemed most appropriate for the pre-
sent study, particularly because – as mentioned before – not all vowel tokens oc-
curred in a neutral phonetic context. 

In total, 2,819 vowels (see Figure 3.4) were labelled and included in the analysis. 
As discussed in Section 2.3.3, due to the fact that the acoustic analysis was based on 
pre-recorded speech material, it was not possible to identify an equal number of 
vowel tokens representing AS’s English and German pronunciations, which re-
sulted in a significantly lower number of vowels obtained for his early and late Ger-
man pronunciation. 

Measurements of vowel duration, which are frequently conducted in addition to 
formant frequency analyses (e.g., Flege, Schirru, and MacKay 2003; Mayr, Price, 
and Mennen 2012 Flege et al., 2003; R. Mayr et al., 2012; Mok, 2011; G. E. Oh et al., 
2011), were not included in the present analysis. As discussed by Paolo et al. (2010, 
p. 98), vowel duration is influenced by various factors, such as consonantal context 
and syllable number. In addition, vowel quantity is substantially affected by inter-
active factors, including speaking rate (see also Mok 2011, 528), i.e., in natural con-
versations, speakers tend to speak at varying rates, which might change even within 
one sentence or utterance. Therefore, as pointed out by Di Paolo, Yaeger-Dror, and 
Beckford Wassnik (2011, 98), “the measurement of duration from small quantities 
of actual conversations may not be very profitable”. In order to reduce potential 
influences from discourse factors, duration measurements should be based on 
vowel tokens elicited in wordlist or short text passage readings (ibid.). In the re-
cordings used for the present analysis, AS speaks at different rates, sometimes 
faster, sometimes slower – as typical of spontaneously produced conversational 
speech. Although vowel segments which were too short in duration were excluded 
from the analysis because it was not possible to provide reliable formant measure-
ments, including an additional acoustic analysis of vowel duration was not consid-
ered useful due to the fact that the present investigation is based on conversational 
speech samples. 
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Figure 3.4: Number of tokens (N = 2,819) measured for each vowel in AS’s early, mid-
dle, and late English, and early and late German pronunciation. 

3.2.3 Results 
The aim of Study II was to identify and describe changes in AS’s monophthongal 
vowel space in his L1, Austrian German, and his L2, American English, by conduct-
ing formant measurements of F1 and F2. Similar to Study I, AS’s English vowels 
were analyzed across three stages (early, mid, and late), while his German vowel 
productions were assessed in the early and the late stage. F1 and F2 were measured 
at the vowel mid-point in a total of 2,819 monosyllabic and bisyllabic tokens con-
taining a stressed vowel. This section provides an overview of the descriptive statis-
tics66 of AS’s vowel productions in his early and late English and German, and pre-
sents the statistical models used for analysis. The comparison of AS’s L1 and L2 
vowels with monolingual American English and Austrian German norms is based 
on an informal descriptive analysis. 
 
(I) Descriptive statistics: AS’s English vowels 
Figure 3.5 shows the mean formant frequencies (in Hz) of F1 and F2 in AS’s English 
monophthongs across the three stages. The distributions of formant frequency 
measurements for F1 and F2 for the individual vowel tokens are displayed in Fig-
ures 3.6 and 3.7, respectively. 

 
66  A table showing the F1 and F2 frequency means, medians and ranges for each vowel according to 

language and stage can be found in Appendix D. 
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A visual inspection of the individual English vowels shows the following: A low-
ering of F1 and F2 can be observed for English /ɔ/ in the mid (F1: M = 615.4, SD = 
71.73; F2: M = 915.4, SD = 78.48) and in the late (F1: M = 614.1, SD = 78.2; F2: M =876.5, 
SD = 73.74) stage compared to the early stage (F1: M = 661.5, SD = 69.7; F2: M = 
1042.2, SD = 209.91), which indicates that the target vowel has moved towards a 
more close and a more back position in the late stage. Similarly, AS’s early produc-
tions of English /u/ are characterized by overall higher F2 values (M = 1003.6, SD = 
267.0), showing a more front production of /u/ in the early stage compared to a more 
back production (i.e., lower F2 values) in the mid stage (M = 867.8, SD = 246.98). 
However, the high standard deviations for F2 across all three stages indicate that 
there is a considerable amount of variation in AS’s realizations of /u/. In terms of 
F1, only minor differences are observable, i.e., English /u/ is produced with a simi-
lar height across all three stages. A shift in F2 towards a more back position can also 
be observed in AS’s productions of English /ʌ/ and /ɛ/ in the mid (M = 1218.2, SD = 
82.09, and M = 1595.3, SD = 142.56, respectively) and in the late (M = 1231.2, SD = 
88.65, and M = 1607.9, SD = 115.03, respectively) stage compared to the early stage 
(M = 1277.9, SD = 104.57, and M = 1665.2, SD = 188.0, respectively). 

In terms of the English front vowel /ɪ/, the most obvious changes can be observed 
in F1, with lower F1 values for late /ɪ/ (M = 400.3, SD = 60.58) compared to mid /ɪ/ (M 
= 436.4, SD = 77.18). This indicates that AS’s English /ɪ/ shifted from a more open 
production in the mid stage to a more close production in the late stage. For the late 
front vowel /i/, lower F1 values (M = 306.0, SD = 41.32) and slightly higher F2 values 
(M = 2054.8, SD = 117.79) can be observed compared to early and mid /i/, which in-
dicates a more close and a more front production of the target vowel in the late 
stage. Finally, changes in vowel height can be observed in AS’s production of the 
English back vowel /ʊ/, which is characterized by lower F1 values in the late stage 
(M = 384.6, SD = 39.41) compared to the mid stage (M = 418.0, SD = 50.3).  

Overall, no uniform pattern is observable when it comes to changes in AS’s mon-
ophthongal vowel space in this L2 English: While some vowels (/u/, /ɔ/, /ʌ/, and /ɛ/) 
seem to have moved towards a more back production in the late and/or mid stage 
compared to the early stage, indicated by a lowering of F2, other vowels (/ʊ/, /ɪ/, /i/, 
and /ɝ/) are characterized by a shift towards a more close production in the late 
stage compared to the early and/or mid stage, which is the result of a lowering of 
F1 in AS’s late productions. For the vowels /æ/ and /ɑ/, only minor changes in F1 
and F2 are observable, i.e., they seem to be relatively stable across all three stages. 

 
 



126 Study II: Arnold Schwarzenegger’s production of vowels in his L1 and L2 
 

 

 

Figure 3.5: F1~F2 plot of the means (centroids) for AS’s English monophthongs accord-
ing to stage (early, mid, late). 

 

 

 

Figure 3.6: Boxplots of F1 (in Hz) in AS’s English monophthongs according to stage 
(early, mid, late). 
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Figure 3.7: Boxplots of F2 (in Hz) in AS’s English monophthongs according to stage 
(early, mid, late). 

 

(II) Descriptive statistics: AS’s German vowels 
Figure 3.8 displays the mean formant frequencies (in Hz) of F1 and F2 in AS’s Ger-
man monophthongs in the early and the late stage. Figures 3.9 and 3.10 show the 
distributions of F1 and F2 for the individual vowel tokens across the two stages. An 
inspection of the figures suggests that most of AS’s German vowels have changed 
considerably when comparing his early and late productions. The most striking 
changes are observable in terms of the German vowels /ʊ/ and /e/, which are char-
acterized by an increase in F2 and a decrease in F1, respectively: F2 in his German 
/ʊ/ increased from M = 1048.4 (SD = 514.96) in the early stage to M = 1684.3 (SD = 
129.35) in the late stage, which shows a shift towards a more front position in the 
late stage. The large standard deviation for early German /ʊ/, however, indicates 
that there is a considerably wider variation in his early compared to his late produc-
tions. While /ʊ/ has moved to a more front position in his late German, /e/ is char-
acterized by a lowering of F1 in the late stage (M = 384.3, SD = 18.81), which shows 
a more close production. As can be seen in Figure 3.8, F1 for AS’s late /e/ overlaps 
with F1 for his productions of early /ɪ/, and only minor differences in F2 can be 
observed between these two vowels. 

 His productions of German /u/ in the late stage are characterized by a consid-
erable lowering of F1 compared to early /u/ (from early M = 391.3, SD = 27.85 to late 
M = 308.7, SD = 27.44), which shows a more close production of German /u/ in the 
late stage. At the same time, a shift towards a more front production can be seen in 
late German /u/, which is demonstrated by an increase in F2 (from early M = 1242.7, 
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SD = 366.13 to late M = 1326.7, SD = 227.47). However, as indicated by the large stand-
ard deviations for both his early and late productions of German /u/, his produc-
tions show a considerable amount of variability. 

In AS’s German /i/ a more close production, as shown by lower F1 values, can be 
observed in the late stage compared to the early stage (from early M = 360.8, SD = 
34.69 to late M = 303.8, SD = 16.14), while only minor changes can be identified in 
terms of F2. A shift towards a more close position is also evident for late German /ɑ/ 
(from early F1 M = 701.6, SD = 76.09 to late F1 M = 617.1, SD = 76.84). Minor changes 
can be observed in terms of AS’s productions of the German vowels /ɪ/ and /ɛ/, which 
have only slightly shifted towards a more close and a more back position in the late 
stage compared to the early stage. 

 
 

 

Figure 3.8: F1~F2 plot of the means (centroids) for AS’s Austrian German monoph-
thongs according to stage (early, late). 
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Figure 3.9: : Boxplots of F1 (in Hz) in AS’s German monophthongs according to stage 
(early, late). 

 

 

 

Figure 3.10: Boxplots of F2 (in Hz) in AS’s German monophthongs according to stage 
(early, late). 

 

(III) Descriptive statistics: Cross-linguistic comparison between AS’s English and German 
vowels 
Figure 3.11 shows a direct comparison of AS’s monophthongal vowel space in L2 
English and L1 German across two stages (early and late). The most obvious 
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changes can be identified in AS’s productions of the vowels /ɑ/ and /ʊ/: While his 
English and German /ɑ/ in the early stage are almost identical in terms of both F1 
and F2, a shift of German /ɑ/ towards English /ʌ/ can be observed in the late stage, 
which is reflected by a lowering of F1. Similarly, German /u/ and English /ʊ/ are 
very similar in the early stage, i.e., he does not seem to distinguish between the L1 
and the L2 sound in terms of vowel quality. In the late stage, however, a lowering 
of F1 can be observed in AS’s German /u/, which shows that this vowel has moved 
away from English /ʊ/. A tendency for L1 and L2 vowel categories to move apart in 
the late stage can also be identified in the English and German vowels /ɪ/ and /ɛ/: 
While an increase in F2 is observable in AS’s late German productions of both vow-
els, F2 has decreased in English /ɪ/ and /ɛ/ in the late stage. Thus, his late German 
vowels /ɪ/ and /ɛ/ are characterized by a more front production while the same tar-
get vowels in English have moved towards a more back production. 

A shift towards the English counterpart can be observed when comparing AS’s 
productions of German /i/ in the early and in the late stage: While his early German 
/i/ is produced more open (i.e., higher F1 values) compared to English /i/, the Ger-
man target vowel is characterized by a lowering of F1 in the late stage and has thus 
moved closer towards the English target, which results in almost identical mean 
values for F1 in both languages (German late F1 M = 303.8, SD = 16.4 and English 
late F1 M = 306.8, SD = 41.32). In terms of the vowel /ɔ/, an approximation of the 
English and the German targets can be observed, which manifests itself in a lower-
ing of F1 and F2 in English /ɔ/, and an increase in F1 and F2 in the German target. 

 
 

 

Figure 3.11: F1~F2 plot of AS’s English and Austrian German monophthongs according 
to stage (early, mid, late). 



Study II: Arnold Schwarzenegger’s production of vowels in his L1 and L2  131 
 

 

(IV) Statistical analysis 
Similar to Study I, a series of linear mixed-effects regression analyses were run in 
R (R Core Team, 2020, version 3.6.3), using the lmerTest package (Kuznetsova, 
Brockhoff, and Christensen 2017). The linear mixed models were fitted by REML t-
tests using Satterthwaite’s approximations to estimate degrees of freedom. Post hoc 
testing using the emmeans package (Lenth 2020) was used to identify pairwise ef-
fects. An alpha level of .05 was adopted throughout testing. 

The first two regression models were conducted to examine changes in AS’s L2 
English monophthongs across three stages (RQ 2.1). In the first model, F1 was in-
cluded as the dependent variable and stage, phoneme, and an interaction between 
the two as fixed effects. As random effects, by-word random intercepts and by-stage 
random slopes were entered (F1~stage*phoneme + (stage|word)). In the second 
model, which also addressed Research Question 2.1, F2 frequency was included as 
the dependent variable, with the same fixed and random factors specified above. 
The second regression analyses aimed to examine changes in AS’s L1 German mon-
ophthongs across two stages (RQ 2.2). The same model specifications outlined 
above (with F1 and F2 as dependent variables, respectively) were applied, using 
German data only. The third linear model regression was conducted to compare 
AS’s early and late productions of vowels in his two languages by including language 
(lang) as an additional fixed effect (F1/F2 ~stage*phoneme*lang + 
(stage+lang|word)). 

 
AS’s English vowels (F1, F2) 
The analysis of F1 in AS’s English vowels showed a significant effect of stage 
(F[2,2380] = 8.5, p < .001) and phoneme (F[9,523.5] = 250.74, p < .0001), and an inter-
action between stage and phoneme (F[18,2399.2] = 1.76, p < .01). Pairwise compari-
sons using post hoc Tukey tests revealed a significant difference in terms of F1 for 
/æ/ between the early and the late stage (t(2358) = 2.43, p = .04), i.e., AS produces 
English /æ/ with a slightly lower F1 frequency in the late stage compared to the early 
stage, as visible in Figure 3.5. A significant difference was also observed in AS’s pro-
ductions of English /ɪ/ in the mid and in the late stage (t(2347) = 3.58, p = .001), i.e., 
he produces /ɪ/ with a lower F1 frequency in the late stage compared to the mid 
stage. In addition, significant effects were found for his productions of English /ɔ/ 
in the early and in the late stage (t(2324) = 2.55, p = .03), indicating a tendency to 
produce the English target vowel with a slightly lower F1 frequency in the late stage 
than in the early stage. For the remaining vowels, no significant differences in F1 
were found between the three stages. 
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AS’s German vowels (F1, F2) 
The analysis of F1 of AS’s German vowels revealed a significant effect of stage 
(F[1,245.89] = 23.64, p < .0001) and phoneme (F[7,127.43] = 70.15, p < .0001) as well as 
interaction between stage and phoneme (F[7,239.55] = 3.33, p = .0021). Pairwise com-
parisons using post hoc Tukey tests showed a significant difference in F1 for /ɑ/ in 
the early and in the late stage (t(246) = 3.77, p < .001), indicating a lowering of F1 in 
AS’s late productions of the target vowel as visible in Figure 3.8. Similarly, a signif-
icant lowering of F1 in AS’s late compared to his early productions was found for 
German /e/ (t(231) = 3.47, p < .001), as can be seen in Figure 3.8. In addition, a sig-
nificant effect was observed for his production of German /u/ when comparing the 
two stages (t(225)= 2.72, p = .007), with an overall higher F1 frequency in the early 
stage compared to the late stage. 

In the second regression analysis, F2 frequency in AS’s German vowels across 
the two stages was examined. Again, the analysis revealed a significant effect of 
stage (F[1,242.08] = 25.97, p < .0001) and phoneme (F[7,130.28] = 214.67, p < .0001), and 
an interaction between stage and phoneme (F[7,235.91] = 8.29, p < .0001). Pairwise 
comparisons using post hoc Tukey tests indicated significant differences in terms of 
F2 in the vowel /ʊ/ between the early and the late stage (t(245)= -8.03, p < .0001), as 
shown by an increase of F2 in the late stage. No other comparisons were significant, 
which was rather unexpected (see Figure 3.8), but is very likely the result of a low 
number of observations representing AS’s productions of L1 vowels. 

The second linear regression, which included F2 of AS’s English vowels as a de-
pendent variable, also showed a significant effect of stage (F[2,91.2] = 3.98, p = .022) 
and phoneme (F[9,486.06] = 264, p < .001), and an interaction between stage and pho-
neme (F[18,87.51] = 2.64, p = .0014). Pairwise comparisons using post hoc Tukey tests 
revealed a significant difference in terms of F2 for /i/ between the early and the late 
stage (t(102.8) = -2.78, p = .022) and the mid and the late stage (t(102.8) = -3.0, p = 
.009), i.e., AS produces English /i/ with an overall higher F2 frequencies in the late 
stage compared to the early and the mid stage. In addition, a significant effect was 
found for his productions of English /ɔ/ in the early and the late stage (t(85.2) = 4.36, 
p < .001), i.e., his productions of the target vowel are characterized by a significantly 
higher F2 in the early stage. In terms of AS’s productions of English /ʌ/, significant 
differences in F2 were also observed between the early and the late stage (t(216.4) = 
2.51, p = .034), indicating a decrease of F2 frequency in the late stage. 

 
Cross-linguistic comparison between AS’s English and German vowels (F1, F2) 
The analysis of F1 frequency in AS’s English and German vowels showed a signifi-
cant effect of stage (F[1,277.05] = 20.33, p < .001) and phoneme (F[6,420.38] = 260.04, p 
< .001), as well as an interaction between phoneme and language (F[6,422.54] = 7.49, 
p < .001) and a three-way interaction between stage, phoneme and language 
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(F[6,260.26] = 2.37, p = .03). Pairwise comparisons showed a significant difference 
in F1 in AS’s English and German production of /ɑ/ in the late stage (t(362.7) = 5.1, p 
< .001), with significantly higher F1 values for his late German /ɑ/ compared to his 
late English /ɑ/. Significant differences in F1 were also found for English and Ger-
man /ɔ/ in the early stage (t(258.6) = 5.22, p < .001)  and in the late stage (t(339)= 
3.92, p = .028), showing significantly higher F1 values in English /ɔ/ compared to 
German /ɔ/ in both stages.  

In the second analysis, F2 frequency in AS’s English and German vowels across 
the two stages was examined. The analysis revealed a significant effect of stage 
(F[1,1310.64] = 17.23, p < .001) and phoneme (F[6,482] = 377.39, p < .001), as well as 
an interaction between phoneme and language (F[6,484.6] = 7.28, p < .001) and a 
three-way interaction between stage, phoneme and language (F[6,1315.95] = 9.42, p 
< .001). Post hoc Tukey tests revealed significant between-language effects for AS’s 
production of the vowels /ɛ/ and /ɪ/ in the late stage (t(574.8)= -3.91, p = .027, and 
t(585.1)= -4.6, p = .0017, respectively), as shown by significantly lower F2 values 
measured for his English productions of the target vowels. In addition, significant 
effects were found for F2 in English and German /ʊ/ and /u/ in the late stage 
(t(686.7)= -6.99, p < .001, and t(574.9)= -5.55, p < .001, respectively), with significantly 
higher F2 values measured for his late German /ʊ/ and /u/. 

 
Comparison with monolingual American English and Austrian German vowels  
In order to determine if AS’s L2 vowels have become more native-like since he 
moved to an L2-speaking environment, his early and late vowels were compared to 
monolingual Californian English vowels reported in Hagiwara (1997). In addition, 
his L1 vowels were compared to monolingual Californian English vowels and mon-
olingual Austrian German vowels (see Figure 3.12) in order to determine if his L1 
vowel space has moved closer to L2 production norms and, at the same time, moved 
away from L1 norms. As described in Section 2.3.2, the native Austrian German ref-
erence data were collected from an age-matched monolingual Austrian German 
speaker living in Thal, AS’s place of birth. 
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Figure 3.12: Comparison of AS’s English and German vowels (AS_ENG, AS_GER) with 
monolingual Californian English vowels (NS_ENG) reported in Hagiwara (1997) and 

monolingual Austrian German vowels (NS_GER) across two stages (early, late). 
 

As can be seen in Figure 3.12, AS’s German /i/ has moved closer to native German 
production norms in the late stage, which is indicated by a lowering of F1 from early 
/i/ to late /i/. In his L2 English, AS produces the front vowel /i/ with a considerably 
lower F2 and a higher F1 compared to monolingual Californian English productions 
in both stages, i.e., his L2 target vowel is characterized by a more open and a more 
back production. Similar observations can be made for the English vowels /u/ and 
/ʌ/, which show much lower F2 values and slightly higher F1 values compared to 
native speaker F1 and F2 of the same vowels. At the same time, it can be seen that 
AS’s productions of German /u/ have moved closer to L2 English norms in the late 
stage, indicated by a lowering of F1. Interestingly, his L2 English /u/ seems to have 
shifted towards native German norms in the late stage, as can be seen in a lowering 
of F2. When comparing AS’s productions of the English target vowel /ʌ/ with native 
English speaker norms, it can be observed that his English /ʌ/ has moved away from 
native production norms in the late stage, which is shown by higher F1 values in 
AS’s late /ʌ/ compared to lower F1 values reported for native English /ʌ/. Interesting 
observations can also be made in terms of AS’s productions of /ɑ/: While his pro-
ductions of this vowel in both English and German closely correspond to native Eng-
lish speaker productions in the early stage, his German /ɑ/ seems to have moved 
towards his English /ʌ/ in the late stage. 

In terms of the back vowel /ɔ/, a comparison of AS’s English and German pro-
ductions with native German /ɔ/ shows a shift of AS’s German /ɔ/ away from native 
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Austrian German production norms and closer to his English production of the tar-
get vowel in the late stage. Note that Hagiwara (1997) does not include formant fre-
quency measurements for /ɔ/ because this vowel has merged with /ɑ/ in Californian 
English. However, as can be seen in Figure 3.12, AS distinguishes between English 
/ɔ/ and /ɑ/, with /ɑ/ being characterized by an overall higher F2 frequency compared 
to English /ɔ/. When it comes to AS’s productions of the vowel /ɛ/, it can be observed 
that his early and late German productions of this vowel are characterized by lower 
F2 values and higher F1 values compared to native Austrian German norms, which 
indicates a more back and a more open production in AS’s German. 

AS’s productions of the German front vowels /ɪ/ and /e/ are characterized by 
higher F1 values and lower F2 values compared to native German /ɪ/ and /e/ in both 
stages. In the late stage it can be seen that AS’s productions of German /e/ have been 
raised to German /ɪ/. His productions of English /ɪ/, by contrast, closely correspond 
to native English speaker norms in the early stage while a lowering of F1 in the late 
stage indicates a more close production compared to native English norms. For the 
remaining vowels /æ/ and /ɝ/, which are not part of the German vowel inventory, 
AS’s English productions in both stages are characterized by lower F1 values com-
pared to native English production norms, i.e., he produces both vowels at a more 
front position compared to monolingual speakers. 

3.2.4 Discussion of Study II 
Study II set out to examine the monophthongal vowel space in the L1 (Austrian Ger-
man) and L2 (American English) of Arnold Schwarzenegger, a late consecutive bi-
lingual who started learning his L2 in early adulthood upon migrating to the United 
States. A speech corpus of broadcast interviews in English and German was used to 
determine if and to what extent AS’s L1 and L2 monophthongs have changed over a 
period of approximately 40 years. His L1 and L2 vowels were examined by measur-
ing formant frequencies of F1 and F2. In the following, the results of Study II will 
be discussed in the context of L2 acquisition of speech and L1 phonetic attrition. In 
addition, the findings will be related to potential biological ageing effects and soci-
ophonetic factors. 
 
L2 acquisition of vowels 
The first research question (RQ 2.1) addressed in Study II aimed to find out to what 
extent AS’s L2 production of monophthongs has changed when comparing three 
stages (early, mid, and late), i.e., whether he produces L2 vowels with formant fre-
quencies (F1 and F2) which resemble those of monolingual American English 
speakers. 
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The analysis of AS’s L2 vowel productions across three stages revealed signifi-
cant changes in the front vowels /i/, /ɪ/ and /æ/, and in the back vowels /ɔ/ and /ʌ/. 
These changes are characterized by a lowering of F1 in the late stage for /ɪ/, /æ/, and 
/ɔ/, and by a lowering of F2 for /ɔ/ and /ʌ/. A significantly higher F2 frequency was 
observed for the late English vowel /i/. A comparison of AS’s early and late L2 pro-
ductions with monolingual Californian English vowels showed that only two vow-
els, namely /ɝ/ and /i/, have shifted closer to the L2 target in the late stage, indicated 
by a lowering of F1 in both vowels; late English /i/, however, is still produced more 
back compared to monolingual English /i/. His late productions of the remaining 
vowels (i.e., /ɛ/, /ʌ/, /æ/, /ɑ/, /u/, and /ɪ/) were observed to have moved further away 
from native production norms in the late stage. This shift towards less native-like 
productions manifests itself in a lowering of F1 in these vowels, and an additional 
lowering of F2 in /ɛ/, /ʌ/ and /u/. The tendency to produce less native-like vowels in 
the late stage is particularly evident in AS’s productions of /ɑ/, which closely match 
the monolingual English target in the early stage but, as mentioned before, has 
moved towards a more close production (lowering of F1) in the late stage. 

As the summary of the findings suggests, no uniform pattern can be identified 
when it comes to changes in AS’s L2 vowel space. In the context of the Speech Learn-
ing Model (e.g., Flege 1995), which allows for predictions to be made concerning 
the nature of mutual interactions between the L1 and L2 sound systems, systematic 
differences were expected to occur between AS’s productions of L2 vowels which 
have a similar counterpart in his L1 German, and those vowels which do not exist in 
the L1 vowel inventory (i.e., /æ/, /ʌ/, and /ɝ/). Flege, Bohn, and Jang (1997), for ex-
ample, found that their L1 German late learners of L2 English failed to produce a 
distinction between English /ɛ/ and /æ/, presumably as a result of identifying Eng-
lish /æ/, which does not exist in the German vowel inventory, as an instance of Ger-
man /ɛ/ or /ɛ:/. Flege and Hillenbrand (1984) showed that native English late learn-
ers of L2 French were successful in establishing a separate phonetic category for 
French /y/ as this vowel does not have a direct counterpart in English. By contrast, 
their productions of French /u/, which has a similar counterpart in English, were 
characterized by significantly higher F2 values compared to native French speak-
ers, i.e., they were not able to identify phonetic differences between the L1 and the 
L2 sound. Also the L1 Korean L2 English subjects in Baker and Trofimovich (2005) 
were shown to keep those L1 and L2 vowels apart which were dissimilar in the two 
languages (Korean /e/ and /ɛ/, and English /æ/ and /ɛ/), while they failed to produce 
similar L1–L2 vowels authentically (English and Korean /i/ and /u/). Based on the 
findings of these studies, AS might have been predicted to move closer to native 
production norms from the early to the late stage in his productions of the vowels 
/æ/, /ʌ/, and /ɝ/, which lack a counterpart in the Austrian German vowel system and 
are hence less likely to be assimilated to a corresponding L1 target. However, a shift 
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closer towards native norms could only be observed for the mid-central vowel /ɝ/. 
The front vowel /æ/ and the back vowel /ʌ/, by contrast, have moved further away 
from native English norms, as indicated by a lowering of F1. 

In addition, an overall improvement of AS’s L2 vowels with increasing L2 expe-
rience in the late stage was expected as previous research provides evidence for a 
positive correlation between L2 learning experience and L2 production accuracy, 
i.e., production accuracy is likely to increase with increasing experience (e.g., 
Flege, Bohn, and Jang 1997; Levy and Law 2010). In the present investigation, how-
ever, the observed changes seem to go in the opposite direction, that is, most of AS’s 
L2 vowels have moved even further away from native English production norms in 
the late stage, which, as mentioned above, is particularly evident in his production 
of English /ɑ/. Overall, the shift towards less native production abilities in the late 
stage manifests itself in a lowering of F1 in most of AS’s late English vowels (with 
the exception of /ʌ/, which is characterized by a significant lowering of F2 and an 
increase of F1 in the late stage). The tendency to produce late L2 vowels with overall 
lower F1 frequencies might not be explained against the background of cross-lin-
guistic (system-internal) influences, but might rather be considered a result of age-
related changes. Ageing mechanisms, which lead to, for example, physiological 
changes in the human vocal tract, have been shown to cause a decrease in F1 fre-
quency in vowels produced by elderly speakers (e.g., Reubold and Harrington 2015, 
2017; Reubold, Harrington, and Kleber 2010). 

 
L1 attrition of vowels 
The second research question (RQ 2.2) addressed in Study II aimed to find out to 
what extent AS’s productions of L1 monophthongs has changed when comparing 
two stages (early and late), i.e., whether he produces L1 vowels with formant fre-
quencies (F1 and F2) resembling those of monolingual American English speakers 
and thus have become less native-like. 

The analysis of AS’s L1 vowel productions across two stages showed a significant 
decrease of F1 in his late productions of the German vowels /e/, /u/ and /ɑ/, and a 
significant increase of F2 in German /ʊ/ in the late stage. Interesting observations 
were made in terms of AS’s productions of German /ɑ/. In the early stage, this vowel 
is nearly identical with the monolingual English target; in the late stage, however, 
the German target vowel has moved away from the monolingual English target, as 
shown by a significant decrease of F1, and has moved towards AS’s production of 
English /ʌ/. That is, AS does not distinguish between the vowel categories for Eng-
lish /ʌ/ and German /ɑ/ in the late stage. At the same time, his productions of English 
/ʌ/ have shifted further away from monolingual English norms, in the direction of 
German /ɑ/. An approximation of L1 and L2 vowel categories was also observed in 
his early vs. late productions of /ɔ/, indicated by a significant decrease of F1 in 
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English, and an increase of F1 in his German. Also his German productions of the 
target vowel /u/ has changed significantly when comparing the two stages: While 
his early German /u/ is close to his English productions of /ʊ/, a significant decrease 
of F1 could be identified in his late German productions of /u/, which are now close 
to the native Californian target vowel /u/. At the same time, his productions of Eng-
lish /u/ have shifted towards monolingual Austrian German /u/ in the late stage. 

The shift away from native (monolingual) production norms in AS’s late German 
vowels /ɑ/, /ɔ/, and /u/, as previously outlined, might be indicative of category as-
similation, that is, AS’s L1 and L2 vowel categories come to resemble each other in 
the course of L2 learning experience (Flege 1995, 2003). It needs to be taken into 
consideration, however, that even in the early stage, none of his L1 vowels is iden-
tical with native Austrian German production norms. This might be a result of hav-
ing already stayed in an L2- speaking environment for an extended period of time 
before the first speech samples used for the present investigation were recorded. 
In addition, not all of AS’s German vowels have shifted towards L2 production 
norms, i.e., attrition is not evidenced uniformly across his vowel space. For in-
stance, both his German vowels /ɛ/ and /ʊ/ have shifted towards a more front posi-
tion in the late stage, further away from English production norms. The observation 
that not all vowels are equally affected by cross-linguistic interactions and attrition 
has also been made by Mayr, Price, and Mennen (2012)Mayr et al. (2012), who found 
evidence for cross-linguistic assimilation patterns in the L1 vowels of their L1 Dutch 
L2 German bilingual. However, despite an overall trend for a shift of L1 Dutch 
vowel categories in the direction of L2 English, not all categories were observed to 
be affected by cross-linguistic assimilation, such as the Dutch vowel /ɑ/ which was 
shown to be distinct from English /ɑ/. In the same vein, de Leeuw (2019) concluded 
from her investigation of Stefanie Graf’s L1 German speech that L1 changes due to 
cross-linguistic interactions cannot necessarily be observed to affect a speaker’s en-
tire language system. Her analysis of segmental features revealed, for example, 
changes in Graf’s productions of German /i/ and /l/ over time, while her productions 
of German /u/ and /r/ were not observed to have changed significantly when com-
paring her early and late pronunciations. Bergmann et al. (2016) further support 
the assumption that cross-linguistic interactions do not operate on a system-wide 
level: Their investigation of changes in the German vowels /a/, /ɛ/, and /ɔ/ in a group 
of German-English bilinguals showed that L1 German /a/ had moved towards L2 
English /ɑ/, while no shift in the direction of the L2 could be observed for the vowels 
/ɛ/ and /ɔ/. Taken together, the findings outlined above and the findings of the pre-
sent investigation seem to support the assumption that a bilingual’s vowel system 
is characterized by “a complex interaction between token-level and system-level 
shifts” (Mayr, Price, and Mennen 2012, 698). 
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Similar to AS’s English vowels, a general trend towards a decrease in F1 could 
also be observed in his L1 vowel productions, as discussed above. That is, whenever 
changes were observed in his L1 vowels, they manifested in a lowering of F1 in the 
late stage (with the exception of late German /ɔ/ which is characterized by an in-
crease of F1), regardless of whether the L1 vowel moved closer to a corresponding 
L2 target or not. These changes in F1 in both his English and German productions 
might be the result of biological ageing processes, as will be discussed in the subse-
quent section. 

 
Biological ageing effects 
The extent to which biological ageing processes affect the production of vowels in 
a speaker’s native language system over time has been examined in acoustic studies 
conducted by Reubold and Harrington (Reubold and Harrington 2015, 2017; see also 
Harrington 2006; Harrington, Palethorpe, and Watson 2000a, 2007; Reubold, Har-
rington, and Kleber 2010). These studies examined vowel changes based on longi-
tudinal speech data of different public figures, such as Queen Elizabeth II (Reubold, 
Harrington, and Kleber 2010), the German newsreader Dagmar Berghoff (Reubold 
and Harrington 2017), and the British-American radio commentator Alistair Cooke 
(ibid.). Overall, findings suggest that age-related changes in vowel production 
mainly affect F1, that is, a decrease of F1 could be observed in older speakers.67 As 
shown by Linville and Rens (2001), who compared resonance characteristics in 
young adults and older speakers, decreasing frequencies of F1 are likely to be the 
result of a lengthening of the vocal tract over a speaker’s lifespan. 

However, as discussed by Eichhorn et al. (2018), conclusions concerning the ef-
fect of age on vowel acoustics need to be drawn with caution since research so far 
has not provided entirely consistent results, which might be explained by method-
ological differences relating to the speech materials used and the speakers exam-
ined (Eichhorn et al. 2018, e5). In addition, most investigations (other than the stud-
ies mentioned above) into the relationship between age and vowel acoustic charac-
teristics are based on cross-sectional comparisons of two or more groups of speak-
ers differing in age (e.g., Debruyne and Decoster 1999; Fletcher et al. 2015; Linville 
and Fisher 1985; Rastatter and Jacques 1990 ) and, thus, do not trace ageing effects 

 
67  In addition, the decrease in F1 in older speakers has been found to correlate with a decrease in f0 

(see e.g., Reubold and Harrington 2015, 2017; Reubold, Harrington, and Kleber 2010). This correla-
tion between F1 and f0 was observed to occur predominantly in high vowels where the frequencies 
of F1 and f0 are close together. In low vowels, by contrast, changes in F1 were “mainly characterized 
by increasing centralization at an older age” (Reubold and Harrington 2017, 129), i.e., longitudinal 
F1 changes were not observed to go along with changes in f0. As the present investigation did not 
include an acoustic analysis of fundamental frequency in AS’s speech, the relationship between age-
related changes in F1 and f0 will not be further discussed. However, examining this relationship 
based on the speech data used in the present study offers a valuable source for future research. 
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in the same individual or the same group of individuals over an extended period of 
time. In order to allow for a closer interpretation of the findings of the present study 
against the background of potential age-related effects, a longitudinal study con-
ducted by Reubold and Harrington (2015), which examined age-related changes in 
Alistair Cooke’s vowel space, was used for comparison due to two reasons: First, 
they examined vowel changes in a single (male) speaker68 over a period of five dec-
ades and, second, the materials used for analysis are similar to the materials the 
present study is based on. Cooke’s vowel productions were analyzed using broad-
cast recordings which covered a period of approximately 50 years (1951–2004), rep-
resenting Cooke’s speech from age 42 to age 95. The longitudinal changes identified 
in F1 (and in f0, which is not discussed here) as a function of ageing differed de-
pending on vowel height. That is, in Cooke’s phonetically high vowels F1 was found 
to have decreased up until his seventies, followed by an increase of F1 from his sev-
enties until age 95. In his low vowels, an initial rise of F1 frequency was identified 
between the ages 42 and 61, followed by a decrease after age 61. Also in his mid-
vowels, a slight decrease of F1 up until the mid-sixties was observed, which was, 
however, not found to be statistically significant. The outcomes of Reubold and 
Harrington’s study are – to some extent – mirrored by the present findings. Alt-
hough F1 frequencies were not averaged by the age of the speaker in the present 
study (as in Reubold and Harrington 2015, 19), an overall decrease of F1 could be 
observed when comparing AS’s vowel productions in the early and in the late stage 
in both languages. The early stage, including recordings from 1979–1988, repre-
sents AS’s pronunciation from age 32–41, and the late stage (2012–2018) represents 
his pronunciation from age 65–71. Consequently, he was in his late sixties/early sev-
enties when the lowering of F1 was identified. That is, the late decrease of F1 in 
both his English and German vowels coincides with the decrease of F1 observed in 
Alistair Cooke’s low vowels after the age of 61, and in his high vowels in his seven-
ties. 

It should be noted, however, that some of Alistair Cooke’s vowels also seemed to 
have been affected by sociophonetic changes in the form of accent reversion, which 
means that elderly speakers might revert back to a particular accent or to accent-
specific features which they used when they were younger (see Howell, Barry, and 
Vinson 2006, 140). Reubold and Harrington (2015) identified changes in Cooke’s 

 
68  Some previous research suggests that age-related effects on vowel production might differ depen-

ding on speaker sex (e.g., Eichhorn et al. 2018; Linville and Rens 2001; Torre and Barlow 2009). Lin-
ville and Rens (2001, 323), for example, found that the elderly female speakers in their study “de-
monstrate[d] more substantial lowering of spectral peaks with aging than men”, which might sug-
gest that the lengthening of the vocal tract as a consequence of biological ageing is more pronounced 
in women than in men. By contrast, other studies identified similar changes – predominantly in F1 
– in both elderly male and female speakers (e.g., Debruyne and Decoster 1999; Harrington, Pal-
ethorpe, and Watson 2007) and thus do not provide evidence for an interaction with speaker sex. 



Study II: Arnold Schwarzenegger’s production of vowels in his L1 and L2  141 
 

 

BATH, LOT, THOUGHT and DRESS vowels in the period from 1950 to 1980 towards 
features of Received Pronunciation, a variety he had – presumably – acquired at a 
younger age before migrating to the United States. In AS’s case it is difficult to de-
termine what his target English looked like when he started learning the L2. As 
mentioned in Chapter 2, he had spent some time in the UK before migrating to Cal-
ifornia at the age of 21. Anecdotal evidence suggests that he had stayed in London 
for approximately 18 months in the mid-1960s (e.g., Preston 2015; The Times 2008) 
and, during this time, he regularly travelled between London, Austria and Germany 
to partake in bodybuilding competitions. Therefore, the time he was effectively ex-
posed to Received Pronunciation or to another variety of British English was per-
haps too short to reliably argue that this was the variety he acquired before moving 
to the United States where he adopted an American (Californian) English variety. 

While AS’s L1 and L2 vowels seem to be affected by an overall decrease of F1 in 
the late stage – perhaps as the result of biological ageing processes – no uniform 
patterns could be observed in terms of changes in F2 in AS’s English and German 
productions. That is, while some of his late English vowels (/u/, /ɑ/, and /ʌ) were 
characterized by significantly lower F2 values in the late stage, his late /i/ was found 
to be produced with significantly higher F2 values. In his late German productions, 
by contrast, a statistically significant increase in F2 was observed for the vowel /ʊ/ 
only. Previous research into potential age-induced changes of F2 also present in-
consistent results: While some studies report a significant decrease of F2 as a func-
tion of age (e.g., Debruyne and Decoster 1999), others found either no (e.g., (e.g., 
Mwangi et al. 2009; Sebastian et al. 2012) or inconsistent changes (e.g., Reubold, 
Harrington, and Kleber 2010; Schötz 2006). 

To summarize, the findings of Study II suggest that not all phonetic features are 
prone to undergo attrition, i.e., attrition is not an all-or-nothing phenomenon, 
which is in line with previous findings (e.g., Bergmann et al. 2016; Mayr, Price, and 
Mennen 2012). In addition, some changes observed in a bilingual’s linguistic sys-
tems might, in fact, not be directly related to system-internal interactions but are 
the result of extra-linguistic influences, such as biological ageing mechanisms. 

 



 

 

4 Study III: Perceived nativeness, intelligibility, and 
comprehensibility of L1 speech 

4.1. Introduction to Study III 
As mentioned in Chapter 1, AS is often described as “one of the most recognized 
individuals on the planet” (USC Schwarzenegger Institute 2013) due to his outstand-
ing career as an actor, politician, businessman, and athlete. However, not only his 
many talents and achievements brought him fame, but also his apparently unique 
way of speaking seems to be closely associated with the person(ality) of Arnold 
Schwarzenegger. Referring to his L1-accented English pronunciation, AS stated in 
an interview that when people hear him speak “they know it’s Arnold […] they don’t 
have to see me […] that makes me unique” (AS_E_1985_1). In German and Austrian 
media, it is also frequently discussed whether AS has ‘unlearned’ his first language 
(e.g., Quora 2017), which has led to many comic imitations of his apparently Eng-
lish-accented German pronunciation (e.g., Guten Morgen Österreich 2012a, 2012b; 
Maschek 2013; Stummer 2011). When Austrians or Germans hear the name Arnold 
Schwarzenegger, watch him on television or listen to him on the radio giving inter-
views in his native language, they might automatically expect to hear his English-
accented German pronunciation. 

Study III set out to answer the question if AS’s L1 accent is perceived to sound 
nonnative by two groups of naïve (i.e., phonetically untrained) listeners who were 
not informed in advance that they were to listen to AS’s speech. In the context of 
the present investigation, the phenomenon of foreign-accented speech is ap-
proached from two different perspectives: First, it is understood as a phenomenon 
that refers to divergences from native (monolingual) norms which can be quanti-
fied by means of acoustic-phonetic analyses – as has been done in Study I and Study 
II. Second, foreign accent is understood as a perceptual phenomenon on the part of 
listeners, i.e., whether and to what extent listeners perceive L1 speech to sound 
(non)native (see Thomson 2018), which is the focus of Study III. From this perspec-
tive, accentedness will be defined as “the degree to which the pronunciation of an 
utterance sounds different from an expected production pattern” (Munro, Derwing, 
and Morton 2006, 112). In order to assess to what extent AS’s L1 speech is perceived 
to deviate from native pronunciation patterns, monolingual Austrian German and 
bilingual English-German listeners from Graz (Austria) were invited to rate a set of 
speech samples in a nativeness rating task. 

Alongside investigating the dimension of perceived nativeness, the present 
study set out to examine if AS’s L1 speech is perceived to be intelligible and com-
prehensible by the same listener groups described above. Intelligibility is defined 
as “the extent to which a speaker’s message is actually understood” (Munro and 
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Derwing 1995a, 76) while the dimension of comprehensibility refers to a listener’s 
perception of how difficult or easy a speaker’s utterance is to understand, i.e., the 
“ease of understanding” (Saito, Trofimovich, and Isaacs 2016, 217). In the present 
study, intelligibility was tested by means of listener transcripts and perceived com-
prehensibility was assessed using a rating scale (see Section 4.2.2). 

Before reviewing L1 nativeness/accent perception studies which have been pre-
viously conducted, a final remark concerning the terms ‘perceived accented-
ness/nativeness’, ‘perceived intelligibility’ and ‘perceived comprehensibility’ as 
used in this chapter will be made: According to Munro (2008), assessing accented-
ness and comprehensibility (as well as intelligibility) is only possible through direct 
listener responses, elicited, for example, by means of scale-ratings. Therefore, he 
argues, “there is no reason to use expressions like ‘perceived accentedness’ or ‘per-
ceived comprehensibility’ because, in fact, there is no other kind of accentedness or 
comprehensibility” (Munro 2008, 200; my italics). While this argument holds true 
for the dimensions of comprehensibility and intelligibility, accentedness, as dis-
cussed above, can be approached from two different perspectives, namely from an 
analytical instrumental perspective (through acoustic-phonetic analyses) and from 
a perceptual, listener-oriented perspective. Therefore, the term ‘perceived accent-
edness’ will be used in this chapter to stress its perceptual dimension. It should be 
noted that the terms ‘perceived accentedness’ and ‘perceived nativeness’ are often 
used interchangeably in studies examining global foreign accent. However, per-
ceived nativeness is not necessarily the same as perceived accentedness: Listeners 
who perceive a speaker as sounding nonnative might not base their judgments on 
perceived deviations from expected pronunciation patterns (i.e., accentedness), 
but other linguistic features, such as the incorrect use of grammatical structures or 
lexical items, might contribute to perceiving a speaker as nonnative. Therefore, a 
speaker’s accent, though being a very salient feature when it comes to judging 
(non)nativeness, is not inevitably the only indicator of nativeness. In order to avoid 
that listeners make their judgments based on incorrect grammar or wrong word 
choice rather than on the speaker’s pronunciation, empirical studies usually in-
clude speech samples which do not contain grammatical and/or lexical errors, as 
will be further discussed in Section 4.1.3. In the present investigation, the terms 
‘perceived nativeness’ and ‘perceived accentedness’ will be used interchangeably, 
bearing in mind that both refer to the dimension of pronunciation here. 

4.1.1 Perceived nativeness of L1 speech 
As discussed in the previous chapters, there is only a limited number of acoustic 
studies which examine phonetic (e.g., de Leeuw 2019; Mayr, Price, and Mennen 
2012; Stoehr et al. 2017) and phonological (e.g., de Leeuw, Tusha, and Schmid 2017; 
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Dmitrieva, Jongman, and Sereno 2010) attrition of L1 speech, and there are even 
fewer studies which assess perceived foreign accent in the L1 pronunciation of L2-
immersed late consecutive bilinguals. Table 4.1 provides an overview of studies ex-
amining global foreign accent in the L1 of L2-immersed late consecutive bilinguals. 
As can be seen, all studies, except for Sancier and Fowler (1997), examined L1 Ger-
man bilinguals being immersed in an L2 English or L2 Dutch environment. 
 

Study Languages N bilinguals N 
monoli
ngual 
control
s 

N 
rater
s 

Elicitation 
method 

Duration 
of speech 
materials
69  

Sancier 
and 
Fowler 
(1997)70 

L1: Brazil-
ian-Portu-
guese 
L2: English 

1 – 46 Verbal sen-
tence trans-
lation 

not stated 

De Leeuw, 
Schmid, 
and Men-
nen (2010) 

L1: German 
L2: English 
/ Dutch 

34  
(L2 English) 
23  
(L2 Dutch) 

5 19 Film retell-
ing (semi-
spontane-
ous)  

12.6-17.7 

Hopp and 
Schmid 
(2013) 

L1: German 
L2: English 
/ Dutch 

4071  
(attriters) 
40  
(L2 learn-
ers)72 

20 149 Narrative-
descriptive 
tasks (semi-
spontane-
ous) 

10-20 

Table 4.1: Overview of studies examining perceived global foreign accent in the L1 of 
late bilinguals (in chronological order). 

 

De Leeuw, Schmid, and Mennen (2010) assessed global foreign accent in the L1 Ger-
man of late consecutive bilinguals living in either Canada (L2 English) or the Neth-
erlands (L2 Dutch). Monolingual German listeners rated speech samples produced 
by the bilingual speakers and monolingual German control speakers according to 
perceived nativeness in the speakers’ German pronunciation. Results show that the 
foreign accent ratings (FARs) obtained for the L2-immersed native German speak-
ers were significantly higher than the ratings obtained for the monolingual German 

 
69  Per recording, in seconds. 
70  Based on the definition of attrition applied in the present work (see Section 1.4.3), the female subject 

in Sancier and Fowler (1997) cannot be described as a potential attriter, because she was not consis-
tently L2-immersed but changed linguistic environments on a regular basis. However, as the study 
by Sancier and Fowler is one of the few which do not exclusively focus on perceived L2 accent but 
also examine L1 accent, it is included in the present discussion. 

71  Speakers were selected from the speaker group in de Leeuw, Schmid, and Mennen (2010). 
72  Late L2 learners who live in an L1-speaking environment. 
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speakers, i.e., the bilinguals were more likely to be perceived as sounding 
nonnative in their L1 German compared to the control group. No differences were 
observed between the two groups of bilinguals (L2 Dutch, L2 English), which sug-
gests that the degree of perceived accentedness was not influenced by the speakers’ 
respective second language. In addition, de Leeuw, Schmid, and Mennen (2010) as-
sessed the impact of several predictor variables on the outcome of the FARs, includ-
ing age of arrival and length of residence in the L2 country as well as L1 contact.73 
L1 contact turned out to be the most significant predictor variable, that is, bilinguals 
with frequent L1 contact were less likely to be perceived as nonnative German 
speakers compared to those bilinguals who had less frequent contact with the L1. 
These findings suggest that frequent L1 contact might be beneficial when it comes 
to L1 maintenance. 

Hopp and Schmid (2013) conducted a similar study, using some of the speakers 
included in de Leeuw, Schmid, and Mennen (2010). The study compared three 
groups of speakers in terms of perceived foreign accentedness: German-English bi-
linguals living in an L2 (English or Dutch) environment, L1 Dutch or English late 
learners of L2 German, and (quasi-)monolingual German speakers living in Ger-
many, who served as control speakers. The late L2 German learners were compared 
to speakers who acquired the target language (German) from birth (L1 attriters and 
monolingual German controls), and both bilingual groups (late L2 learners and L1 
attriters) were compared to the monolingual control group. In terms of the late L2 
learners, the results obtained in the FARs showed that the majority of speakers (n = 
27 out of 40) was perceived to have a foreign accent in their L2 German, while the 
remaining 13 speakers received low accent ratings, i.e., they were perceived to 
sound (near-)native in their L2. By contrast, the majority of attriters (n = 29 out of 
40) did not perform differently from the German control speakers, i.e., they scored 
within the monolingual German range. The remaining L1 attriters (n = 11 out of 40) 
were perceived to sound clearly nonnative in their L1 German pronunciation. Based 
on these findings, Hopp and Schmid (2013, 383) conclude that late L2 acquisition 
does not necessarily impede native-like pronunciation in the L2, while acquiring 
the target language from birth “does not ensure sustained nativelikeness in speech 
production”, as has been shown for some speakers in the L1 attriter group. 

In the same vein, Bergmann et al. (2016) aimed to find out if a group of late con-
secutive bilinguals (L1 German, L2 English), being immersed in an L2-speaking en-
vironment, were perceived to sound foreign accented in their L1 German by a group 
of monolingual German listeners. Their hypothesis that the bilingual group would 
be perceived to sound less native compared to the monolingual group was 

 
73  L1 contact was specified as the frequency of contact with L1 settings in which code-switching and/or 

code-mixing was likely (frequent L1 contact) or not likely (infrequent L1 contact) to occur. 
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confirmed in the FARs: Almost 40% of the bilingual speakers were rated below the 
native range, that is, they were perceived to sound nonnative in their L1 pronunci-
ation. In addition, a larger amount of variation was found in the bilingual group 
compared to the monolingual speaker group. The effect of two variables, namely 
length of residence in the L2 environment and L1 use, was observed to account for 
this variation: The longer the bilinguals had been living in the L2 country, the more 
nonnative their L1 pronunciation was rated, while an increased L1 use led to lower 
FARs, i.e., speakers who used their L1 on a regular basis were more likely to be 
perceived as sounding native in the L1. 

Another study which is often cited in the context of perceived L1 nativeness was 
conducted by Sancier and Fowler (1997). They examined whether the speech of a 
native Brazilian-Portuguese speaker with L2 English, who regularly travelled be-
tween the L1 (Brazil) and L2 (United States) country, was perceived to have a foreign 
accent in her L1 and L2, judged by monolingual listeners of the respective language. 
The findings of the FARs indicate that Brazilian-Portuguese listeners perceived the 
sentences produced right after a stay in the United States to sound more foreign-
accented than those sentences produced after a stay in Brazil. By contrast, the ma-
jority of monolingual English listeners did not perceive a significant difference be-
tween the bilingual’s L2 English pronunciation after staying in the United States and 
her pronunciation after staying in Brazil. In an acoustic analysis of the speakers’ 
VOT, Sancier and Fowler (1997, 421) identified a “gestural drift”, i.e., the bilingual’s 
VOT categories in both languages were observed to have moved closer towards the 
VOT categories of the language she had been recently exposed to. As the results of 
the FAR show, this gestural drift was perceivable only for the Brazilian-Portuguese 
listeners while it was not audible to the majority of American English listeners.74 

Taken together, the findings of the FARs discussed above show that on the level 
of global accent late L2-immersed bilinguals may be perceived as nonnative speak-
ers of their L1 when being compared to monolingual control speakers. Conse-
quently, not only specific acoustic characteristics of a bilingual’s L1 segmental and 
prosodic productions might diverge from the native norm, but attrition – in the 
sense of sounding less native – might also be traced on a more global perceptual 
level. Thus, the studies presented above provide further counter-evidence to the 
assumption that a first language – once fully developed – is stable and resistant to 
changes. 

 

 
74  This conclusion, however, has to be drawn with caution given that it is not clear which segmental 

and/or prosodic features the listeners based their nativeness judgments on, that is, it cannot be reli-
ably stated that listeners used VOT as a (primary) cue to nativeness in this study. 
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4.1.2 Comprehensibility and intelligibility 
Alongside examining perceived nativeness of AS’s L1 German pronunciation, the 
present investigation focused on two further dimensions, namely comprehensibil-
ity and intelligibility of AS’s L1 speech. As previously outlined, there are three stud-
ies examining global foreign accent in the L1 of bilingual speakers (Bergmann et al. 
2016; de Leeuw, Schmid, and Mennen 2010; Hopp and Schmid 2013; see Table 4.1). 
To date, however, no investigations have been conducted which assess intelligibil-
ity and comprehensibility of potentially attrited L1 pronunciation – a gap the pre-
sent study aims to fill. Given the lack of research in this area, this section will focus 
on studies which have been conducted in the field of second language acquisition 
to examine perceived intelligibility and comprehensibility of L2 pronunciation. 
Methodological considerations relating to the question of how to test perceived 
comprehensibility and intelligibility, and which speech samples to use in an empir-
ical study will be discussed in the subsequent sections. 

As defined in the introduction to this chapter, intelligibility refers to a listener’s 
understanding of an utterance, while comprehensibility refers to the ease of under-
standing, i.e., how easy or difficult it is for a listener to understand an utterance 
(Derwing and Munro 1997; Kennedy and Trofimovich 2008; Munro and Derwing 
1995a). As pointed out by Derwing and Munro (1997, 2), the terms ‘comprehensibil-
ity’ and ‘intelligibility’ have been used in different ways. Smith (1992, 76), for exam-
ple, defined comprehensibility as the understanding of the actual meaning of a 
word or utterance, while intelligibility reflects a lower level of understanding, 
namely the recognition of a word or utterance. In the context of the present inves-
tigation, the two terms are used as defined by Munro and Derwing (1995a, see 
above), since these definitions are most widely applied in empirical studies exam-
ining perceived nativeness of L2 speech. 

As outlined in Section 1.8, intelligibility, comprehensibility and accent play an 
essential role when it comes to communicative fluency, but they are not necessarily 
mutually dependent. In fact, research examining the perceived nativeness of L2 
speech has shown that even a strong nonnative L2 accent does not automatically 
impede intelligibility and comprehensibility, i.e., heavily accented L2 speech might 
be still perfectly intelligible and comprehensible. Munro and Derwing (1995a), for 
example, asked native English listeners to rate English utterances produced by L1 
Mandarin learners of L2 English and by monolingual English speakers, respec-
tively, according to perceived accentedness, comprehensibility, and intelligibility. 
Despite the fact that the majority of bilingual speakers were rated being both clearly 
intelligible and comprehensible, a considerable number of these speakers was 
rated as ‘heavily accented’. Similar observations were made in another study by 
Munro and Derwing (1995b), who tested to what extent foreign accent influences 
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sentence processing time. For this purpose, native English listeners were asked to 
rate the English pronunciation of L1 Mandarin L2 English bilinguals and native Eng-
lish speakers, respectively, according to perceived accentedness and comprehensi-
bility. In addition, listeners’ sentence processing times were measured by means of 
a sentence verification task. Results showed that English sentences produced with 
a Mandarin accent took the listeners longer to process than English sentences pro-
duced by native English speakers. It was also shown that English utterances which 
were perceived to be less comprehensible required longer processing times than 
sentences which were rated as being more comprehensible. While this study pro-
vides evidence for a negative correlation between processing time and comprehen-
sibility (i.e., the more comprehensible, the less processing time), no direct correla-
tion between processing time and degree of foreign accent could be observed. 
These findings indicate that “an accent – even a strong one – is by no means an 
inevitable barrier to communication” (Munro and Derwing 1995b, 302). 

As previously mentioned, there is still a lack of research examining perceived 
comprehensibility and intelligibility in the L1 speech of L2-immersed late bilin-
guals. In order to fill this gap, the present study aims to provide first insights into 
the interrelation between the three perceptual dimensions of nativeness, intelligi-
bility and comprehensibility of bilingual and monolingual (Austrian) German 
speech. In the subsequent sections, some methodological considerations concern-
ing the assessment of perceived nativeness, intelligibility and comprehensibility 
will be discussed in detail and will be related to the aims of the present study. 

4.1.3 Methodological aspects I: Assessing global accent 
Global accent ratings are widely used in studies on L2 acquisition to examine if and 
to what extent bilinguals or second language learners are perceived to sound (non-
)native in their L2. As discussed above, also in the field of L1 attrition, accent ratings 
have been used to assess the nativeness of L1 pronunciation of late consecutive bi-
linguals being immersed in an L2-speaking environment. However, the methodol-
ogy to conduct such ratings – in the context of L2 acquisition and L1 attrition – has 
not been standardized so far, which results in differences concerning rating instru-
ments, number and type of recordings, and the criteria for selecting speakers and 
listeners (see Jesney 2004). This section provides an overview of methodological as-
pects which should be taken into consideration when designing and conducting na-
tiveness ratings based on previous global accent studies displayed in Table 4.2. 



 

 

 
Study Languages N L2 

speakers 
N 
controls 

N 
raters75 

Elicitation method Rating instrument 

Tahta, Wood, and 
Loewenthal (1981) 

Various L1s76 
L2: English 

109 0 3 Reading (paragraph) 3-point-scale from no foreign 
accent (FA), to marked accent 

Flege (1984) L1: French 
L2: English 

8 8 9-1277 Reading (single sen-
tences) 

Two-alternative-forced choice 
identification: native vs. 
nonnative 

Anderson-Hsieh 
and Koehler 
(1988) 

L1: Chinese 
L2: English 

3 1 224 Reading (paragraph)  5-point-scale from heavy FA 
to no FA 

Thompson (1991) L1: Russian 
L2: English 

36 10 1678 Reading (sentences, 
paragraph) + narrative 
task 

5-point-scale from no FA to 
heavy FA 

Bongaerts, 
Planken, and 
Schils (1995) 

L1: Dutch 
L2: English 

22 5 4 Reading (words, sen-
tences, paragraph) + 
narrative task 

5-point-scale from very strong 
FA: definitively nonnative to no 
FA: definitely native 

Elliott (1995) L1: English 
L2: Spanish 

66 0 3 Picture description 5-point-scale from very poor 
accent to native 

Flege, Munro, and 
MacKay (1995) 

L1: Italian 
L2: English 

240 24 10 Delayed repetition 
(sentences) 

Sliding scale with endpoints 
no FA and native speaker of 
Italian 

Munro and Der-
wing (1995a) 

L1: Mandarin 
L2: English 

10 2 18 Picture description 9-point-scale from no FA to 
very strong FA 

 
75  ‘Raters’ refers to the listeners who were asked to judge speech samples based on different criteria. In the present study, the terms ‘raters’, ‘judges’, 

and ‘listeners’ will be used interchangeably. 
76  Among them, Arabic, Cantonese Chinese, Greek, Hindi, Spanish, and Swedish. 
77  Given that Flege (1984) conducted a series of different experiments, varying numbers of judges were included, differing in terms of previous phonetic 

training. 
78  Thompson (1991) included two different groups of judges, differing in terms of their level of L2 experience. 
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Derwing and 
Munro (1997) 

Various L1s79 
L2: English 

48 0 26 Picture description 9-point-scale from no accent to 
extremely strong accent 

Riney and Flege 
(1998) 

L1: Japanese 
L2: English 

11 5 5 Reading (words, sen-
tences) 

9-point-scale from strong FA 
to no FA 

Moyer (1999) L1: English 
L2: German 

24 4 4 Reading (word list, 
sentences, paragraph) 
+ narrative task 

Two-alternative-forced choice 
identification: native vs. 
nonnative, 3-point-scale to in-
dicate degree of certainty 

Jilka (2000a) L1: English 
L2: German 

10 10 57 Reading (sentences ), 
repetition task + spon-
taneous conversation 
task 

10-point visual analogue scale 
with endpoints no FA at all 
and very strong FA 

Table 4.2: Sample studies examining perceived nativeness of L2 speech (in chronological order). 
 

 
79  Among them, Cantonese, Japanese, Polish, and Spanish. 
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When it comes to the speech samples played to the listeners, differences can be 
observed in terms of the type of speech included in the samples. Moyer (1999), for 
example, asked her native German listeners to rate single word utterances pro-
duced by late learners of L2 German (see also Bongaerts, Planken, and Schils 1995). 
Other accent rating studies make use of longer stretches of read speech, such as 
Tahta, Wood, and Loewenthal (1981; see also Moyer 1999; Thompson 1991), who 
recorded 109 speakers with different L1s reading a short paragraph in their L2 Eng-
lish. The most frequently used type of input when it comes to the assessment of 
global L2 accent are single sentences produced in a reading task (e.g., Bongaerts, 
Planken, and Schils 1995; Flege and Fletcher 1992; Flege, Munro, and MacKay 1995; 
Riney and Flege 1998). Some studies use samples of spontaneous speech elicited in, 
for example, picture describing tasks (e.g., Elliott 1995; Munro and Derwing 1995a), 
free response tasks (e.g., Jilka 2000a; Moyer 1999; Thompson 1991), or film retelling 
tasks (e.g., Bergmann et al. 2016; de Leeuw, Schmid, and Mennen 2010, for the per-
ception of global L1 accent). As can be seen in Table 4.2, most studies make use of 
reading tasks to elicit formal, non-spontaneous speech, and only few studies in-
clude (semi-)spontaneous samples. Although it is relatively easy to control for the 
content of speech, sentence length and phonological context when using reading 
tasks, speech elicited this way might not be entirely representative of a speaker’s 
natural pronunciation. This was criticized by Long (1990, 267) who argued that us-
ing tape recordings of rehearsed and non-spontaneous speech cannot be consid-
ered indicative of a speaker’s ‘normal’ pronunciation and of their phonological 
competence (see also Jilka et al. 2008). Similarly, Flege (1984, 695) pointed out that 
the nature of the speaking task is likely to affect the authenticity of both L2 and 
native speech production. The ratings conducted in the present investigation were 
based on non-prompted, authentic speech samples taken from different interviews 
with AS and monolingual Austrian German speakers (see Section 4.2.2, for a de-
tailed description of the speakers included). This is a new approach insofar as none 
of the accent rating studies outlined in Table 4.2 make use of completely free speech 
samples produced in a non-experimental setting, but rely on semi-authentic, con-
trolled speech instead. 

A second methodological issue which has not been standardized so far is the 
length of stimuli presented to the judges. In the L1 accent rating studies discussed 
in Section 4.1.1, the duration of speech samples ranges from 10 to 23 seconds (Berg-
mann et al. 2016; de Leeuw, Schmid, and Mennen 2010; Hopp and Schmid 2013); 
similarly, the duration of free speech samples used in L2 accent rating studies typ-
ically lasts from 10 to 20 seconds (see Jesney 2004). Flege (1984), however, found 
that listeners actually do not need more than approximately 30 milliseconds of 
speech input to judge a speaker as native or nonnative. His native American English 
listeners were asked to detect nonnative English speech produced by a group of L1 
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French speakers. They were presented with speech samples which differed signifi-
cantly in terms of length, ranging from the length of a short utterance to 30 milli-
seconds only.80 Results showed that even when being presented with input as short 
as 30 milliseconds, listeners were able to make a correct judgment in 77% of the 
time.81 However, as pointed out by Jesney (2004, 4), longer samples are generally 
considered being more informative for listeners in accent rating tasks. 

In the present investigation, the speech samples presented to the listeners 
should not allow them to recognize AS as the speaker and thus influence their judg-
ments. It was assumed that the longer the samples played to the listeners, the more 
likely they were to identify AS as the speaker. Therefore, only short samples were 
included (< 10 seconds), containing a single utterance or sentence. With an average 
duration of 5.75 seconds, the individual recordings were considered being suitable 
in terms of length for the listeners to make their judgments while at the same time 
not giving away who is speaking, as was shown in several pre-testing sessions con-
ducted before the actual ratings. Another reason for including samples which were 
shorter compared to the samples used in the studies displayed in Table 4.2 was the 
actual feasibility and practicability of the intelligibility part of the experiment: In 
order to test perceived intelligibility, listeners were asked to produce a written tran-
script of what the speakers say in 29 different speech samples (see Section 4.2.2, for 
a detailed description). The intention was to avoid making the individual samples 
too long and thus gradually reduce the listeners’ concentration or even their will-
ingness to participate in the experiment. 

Another important methodological question which needs to be addressed in the 
context of studying global accent is how many listeners and native versus nonnative 
speakers to include. The purpose of including speech samples produced by native 
(monolingual) control speakers in foreign accent studies on both L1 and L2 accent 
is the “establishment of native-speaker norms” (Jesney 2004, 6; see also Flege and 
Fletcher 1992). However, scholars do not seem to agree on the exact number of con-
trol speakers to include in relative proportion to the number of nonnative (bilin-
gual) speakers. As shown in Table 4.2, the number of native controls varies from 
none (Elliott 1995; Tahta, Wood, and Loewenthal 1981) or one subject only (Ander-
son-Hsieh and Koehler 1988), to 24 control speakers in Flege, Munro, and MacKay 
(1995). In addition, the number of L2 speakers is not evenly distributed, ranging 
from three speakers in Anderson-Hsieh and Koehler (1988) to 240 in Flege, Munro, 

 
80  In the first experiment, Flege (1984) presented the listeners with native and nonnative productions 

of the two short English utterances ‘two little dogs’ and ‘two little birds’. In the second experiment, 
the initial CV-syllable /tu/ was extracted from each utterance and the judges were asked to rate these 
syllable-length stretches of speech according to perceived nativeness. 

81 By comparison, 89% of the English phrases produced by native French speakers were identified cor-
rectly as nonnative productions. 
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and MacKay (1995). It can be seen, however, that generally less control speakers 
than L2 speakers are included, which also applies to the studies examining per-
ceived L1 nativeness displayed in Table 4.2 (except for Bergmann et al. 2016, who 
included an equal number of bilingual and monolingual speakers). When deciding 
how many speakers to include to represent monolingual versus bilingual speech, 
potential range effects should be taken into consideration. As observed by Flege 
and Fletcher (1992, 370), the higher the number of native speech samples included, 
the more likely it is that listeners judge nonnative speakers as foreign-accented. 

As for the number of listeners included, previous studies also largely differ: 
Snow and Hoefnagel-Höhle (1977), for example, asked a single listener to rate all 
speech samples while Anderson-Hsieh and Koehler (1988) used a total of 224 mon-
olingual English judges to rate English speech samples produced by L1 Chinese 
speakers. As illustrated in Table 4.2, the number of native judges included in L1 
accent rating studies also substantially differs, ranging from 19 in de Leeuw, 
Schmid, and Mennen (2010) up to 149 used by Hopp and Schmid (2013). Generally, 
it can be assumed that the more listeners are included, the more representative the 
findings obtained in rating tasks. For the present investigation, two groups includ-
ing 20 listeners each were recruited as will be described in more detail in Section 
4.2.2. 

The last methodological aspect to consider concerns the rating instruments used 
to examine perceived nativeness/perceived accentedness. As can be seen in Table 
4.2, the degree of perceived accent in L2 speech is commonly measured by means 
of rating scales, including 5-point scales (e.g., Anderson-Hsieh and Koehler 1988; 
Bongaerts, Planken, and Schils 1995), 9-point scales (e.g., Derwing and Munro 1997; 
Riney and Flege 1998), and 10-point scales (Jilka 2000a, 2000b). Such scales allow 
measuring the degree of perceived foreign accent, usually ranging from ‘no foreign 
accent’ to ‘(extremely) strong foreign accent’. Flege (1984) applied a different meas-
urement tool in the form of a two-alternative-forced identification task, i.e., listen-
ers had to decide whether the syllables they listened to were produced by a 
nonnative or a native speaker. Moyer (1999) added a second rating dimension to 
this binary judgment task (native vs. nonnative) by asking listeners to indicate how 
confident they were concerning their judgment on a 3-point scale (‘very confident’, 
‘fairly confident’, ‘not very confident’). Combining the binary judgment and the con-
fidence level judgment then results in a six-point Likert scale, ranging from 1 defi-
nitely native to 6 definitely nonnative. This rating tool was adopted in all three accent 
rating studies focusing on bilinguals’ first language pronunciation (Bergmann et al. 
2016; de Leeuw, Schmid, and Mennen 2010; Hopp and Schmid 2013) and will also 
be used in the present study to evaluate if and to what extent AS’s is perceived to 
sound (non-)native in his L1 German pronunciation. 
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4.1.4 Methodological aspects II: Assessing intelligibility and 
comprehensibility 
While examining speakers’ divergences from or approximations of native speaker 
norms by means of acoustic-phonetic analyses provides quantifiable results, as-
sessing intelligibility and comprehensibility of L2 and L1 speech entails the ques-
tion of how to operationalize these rather abstract dimensions. This section dis-
cusses some methodological aspects related to testing the degree of perceived in-
telligibility and comprehensibility. 

As shown in Table 4.3, the most commonly applied method to assess speech in-
telligibility is to ask listeners to provide orthographic transcriptions of what they 
hear in a speech recording (Derwing and Munro 1997; Kennedy and Trofimovich 
2008; Munro and Derwing 1995a; Munro, Derwing, and Morton 2006). However, 
earlier studies made use of different testing tools to assess how intelligible L2 
speech is perceived to be: Smith and Rafiqzad (1979), for example, designed cloze-
tests82 listeners had to complete. Speaker intelligibility was then evaluated based 
on the number of words the listeners had identified correctly. In a more recent 
study, Thomson and Derwing (2016) investigated if the type of practice stimuli (real 
words vs. nonsense words) had a significant effect on pronunciation accuracy of 
English vowels produced by L2 learners of English. For this purpose, two phoneti-
cally trained listeners were asked to rate each target word by deciding whether the 
vowel produced in this word represents a ‘good’, ‘poor’, or ‘incorrect’ example of 
the English vowel target. As discussed by Thomson (2018), this particular rating task 
does not exclusively focus on assessing the dimension of intelligibility but examines 
perceived nativeness at the same time. 

Perlmutter (1989) asked native English listeners to rate the intelligibility of L2 
English speakers with different L1s on a 5-point scale, ranging from 1 being the least 
intelligible and 5 being the most intelligible,. In addition, raters were instructed to 
name the main topic of the short monologue they had listened to. With regard to 
examining speech intelligibility by means of a rating scale, Munro (2008, 201) ar-
gues that rating data are less reliable compared to listener transcripts “because lis-
teners sometimes mistakenly believe that they have understood an utterance, and 
may therefore rate it highly, when they have not understood it well at all”. As lis-
tener transcripts have been widely adopted in previous studies, this testing method 
was also applied in the present investigation to assess perceived intelligibility of 
AS’s L1 speech (see Section 4.2.2). 

 
82  First described by Taylor (1953), cloze-tests are mostly used to examine language abilities in the con-

text of second/foreign language learning assessment. This testing format involves deleting words 
from a text passage or sentence and asking subjects to identify those word(s) correctly which have 
been removed (e.g., Bachman 1982). 
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As can be seen in Table 4.3, the majority of studies focus on a combination of 
assessing both intelligibility (through listener transcriptions) and comprehensibil-
ity (Derwing and Munro 1997; Kennedy and Trofimovich 2008; Munro and Derwing 
1995a; Munro, Derwing, and Morton 2006). Comprehensibility is usually tested in 
scalar fashion using 9-point scales to indicate how difficult or easy an utterance is 
to understand for a listener. The rating results of perceived comprehensibility and 
accentedness in combination with the transcript scores are then used to make a 
statement about the interrelation between these three dimensions. As will be de-
scribed in Section 4.2.2, the present study makes use of a 6-point scale, ranging from 
very easy to understand to very difficult to understand, to examine perceived compre-
hensibility. Unlike an uneven-point scale, a 6-point scale does not provide the mid-
dle option for ‘neutral’ or ‘undecided’. The reason for adopting a forced choice 
measure excluding a middle option was that the middle option was considered an 
‘easy-way-out’-option for listeners who are undecided or who might do not want to 
put much thought into their ratings (see Allen and Seaman 2007; Bartram 2016). 

In addition to deciding for an appropriate technique to assess perceived intelli-
gibility and comprehensibility, also the type of speech to be rated plays an essential 
role. As discussed in the previous section, using speech material produced by 
means of reading tasks cannot necessarily be considered representative of a 
speaker’s natural pronunciation (see Jilka et al. 2008; Long 1990). With regard to 
examining perceived intelligibility and comprehensibility, also Munro (2008, 202) 
suggests using spontaneously produced speech samples. He argues, however, that 
spontaneous speech often includes grammatical inaccuracies which might influ-
ence a listener’s ratings, and a speaker might not necessarily produce specific target 
words or sounds that are supposed to be tested. As the present investigation did not 
aim at testing the perception of particular segments and/or prosodic features, but 
focused on the degree of perceived nativeness, comprehensibility and intelligibility 
of L1 pronunciation, the speech materials were not selected based on the 
sounds/words uttered by a speaker. As will be outlined in Section 4.2.2, speech sam-
ples containing grammatical and/or syntactic errors were entirely excluded from 
the corpus. 



 

 

Study Languages N L2 
speakers 

N 
controls 

N 
raters 

Elicitation 
method 

Assessment of 
intelligibility 

Assessment of 
comprehensibility 

Munro and 
Derwing 
(1995a) 

L1: Mandarin 
L2: English 

10 2 18 Picture de-
scription 

Listener tran-
scriptions 

9-point-scale from 
extremely easy to un-
derstand to impossi-
ble to understand 

Munro and 
Derwing 
(1995b) 

L1: Mandarin 
L2: English 

10 10 20 Reading (sen-
tences) 

– 9-point-scale from 
not difficult to un-
derstand at all to 
very difficult to un-
derstand 

Derwing and 
Munro (1997) 

L1: Cantonese, 
Japanese, 
Polish, Span-
ish 
L2: English 

48 – 26 Picture de-
scription 

Listener tran-
scriptions 

9-point-scale from 
extremely easy to un-
derstand to impossi-
ble to understand 

Munro, Der-
wing, and 
Morton (2006) 

L1: Cantonese, 
Japanese, 
Polish, Span-
ish 
L2: English 

48 – 40 Picture de-
scription 

Listener tran-
scriptions 

9-point-scale from 
extremely easy to un-
derstand to impossi-
ble to understand 

Kennedy and 
Trofimovich 
(2008) 

L1: Mandarin 
L2: English 

12 12 24 Reading (sen-
tences) 

Listener tran-
scriptions 

9-point-scale from 
very easy to under-
stand to very hard to 
understand 

Kraut and 
Wulff (2013) 

Various L1s83 
L2: English 

24 6 78 Reading (text 
passage) 

– 7-point-scale84 

 
83  Among them, Spanish, Chinese, Japanese, and Arabic. 
84  Kraut and Wulff (2013) do not describe in more detail which items were represented by the scale. 



 

 

Munro, Der-
wing, and 
Saito (2013) 

L1: Russian or 
Mandarin 
L2: English 

31 – 3 Reading (sen-
tences) 

Identification 
task of English 
vowels in mon-
osyllabic words 

– 

Saito, Tro-
fimovich, and 
Isaacs (2016) 

L1: Japanese 
L2: English 

120 10 1085 Picture de-
scription  

– 9-point-scale from 
very easy to under-
stand, no accent to 
very hard to under-
stand, heavily ac-
cented 

Thomson and 
Derwing 
(2016) 

Various L1s86  
L2: (Canadian) 
English 

21 10 2 Reading (target 
items in carrier 
phrase)  

3-alternative-
forced choice 
identification of 
English vowels 
in monosyllabic 
words 

– 

Table 4.3: Overview of studies examining perceived intelligibility and/or comprehensibility in L2 speakers (in chronological 
order).87 

 
 

 
85  The rater group consisted of two sub-groups, i.e., phonetically trained and untrained (naïve) listeners. 
86  Among them, Chinese, Spanish, Russian, and French. 
87  As mentioned in Section 4.1.2, no studies have been conducted so far which assess the dimensions of intelligibility and comprehensibility of poten-

tially attrited L1 speech. 
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4.2. The study 

4.2.1 Aims and objectives 
As outlined in the previous sections, the perception of global accent and the dimen-
sions of perceived comprehensibility and intelligibility have been most frequently 
examined in the context of the acquisition of L2 pronunciation. With regard to this, 
research has focused on the question of whether late bilinguals are perceived to 
sound (non-)native in their L2 and to what extent a strong nonnative accent might 
affect the comprehensibility and intelligibility of L2 speech (see overviews in Tables 
4.2 and 4.3). By contrast, only three studies (Bergmann et al. 2016; de Leeuw, 
Schmid, and Mennen 2010; Hopp and Schmid 2013) have been conducted so far to 
examine perceived nativeness in the L1 of immersed late bilinguals, and to date 
there are no investigations which assess the potential relationship between per-
ceived L1 accent and the comprehensibility and intelligibility of potentially ac-
cented L1 speech. The present study aimed to fill this gap by answering the follow-
ing research questions on the basis of different rating tasks: 
 
RQ 3.1: Is AS perceived to sound less native in his late L1 German pronunciation 

than in his early L1 pronunciation compared to monolingual Austrian German 
speakers? 

RQ 3.2: To what extent does the listeners’ linguistic background (monolingual vs. 
bilingual) affect their perception of L1 nativeness in German-English bilingual 
and German monolingual speakers? 

RQ 3.3: To what extent is the perceived nativeness of L1 German speech related to 
the intelligibility and comprehensibility of L1 speech, i.e., does a lower degree 
of perceived nativeness impede the comprehensibility and intelligibility of L1 
pronunciation, and vice versa? 

4.2.2 Methodology 

4.2.2.1 Speakers and speech samples 
The samples representing AS’s L1 early (1970s) and late (2017) German pronuncia-
tion (see Appendix E) were extracted from the speech corpus used in the acoustic 
analyses presented in Chapters 2 and 3. Overall, four samples representing AS’s 
early German pronunciation, and four samples representing his late German pro-
nunciation were included. The selection of speech samples was based on a set of 
criteria which have been applied in previous accent rating studies (see Hopp and 
Schmid 2013; Schmid and Hopp 2014, for overviews). The samples used in the 
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ratings did not include hesitations, pauses longer than one second and no or only 
few self-corrections. In addition, utterances with grammatical and/or lexical errors 
were excluded in order to avoid that listeners make their judgments on the basis of 
grammatically or lexically incorrect sentences88 (see e.g., de Leeuw 2009). Also, as 
suggested by Hopp and Schmid (2013), samples containing borrowings from the L2 
as well as place or proper names were not included. Avoiding place and proper 
names was especially relevant in the present investigation, because mentioning 
Thal (AS’s place of birth), the city of Graz (which is close to Thal), and other 
names/places could be easily associated with the person of Arnold Schwarzenegger 
and thus make it easier for the listeners to identify who is speaking. The speech 
recordings included some moderate background noise, which was not filtered out 
because it was not considered disturbing. 

As mention in Section 4.1.3, only short stretches of speech were selected in order 
to avoid that listeners identify AS as the speaker. The length of the individual sam-
ples varied from 3.21 seconds to 7.75 seconds, depending on where the sound files 
were cut. The recordings differed in length because each sample was supposed to 
represent a complete phrase or clause and it was not possible to observe clause and 
phrase boundaries while selecting samples of equal length at the same time. The 
choice of which utterances/sentences to select was based on subjective interpreta-
tion, but followed the criteria mentioned above. The average duration of 5.74 sec-
onds was assumed to be suitable for listeners to make their judgements (see Flege 
1984).  

A second set of speech samples represented the speech of Frank Stronach (see 
Appendix E), a native Austrian-born businessman and politician, who moved to 
Canada at the age of 21 in 1954. Stronach was born as Franz Strohsack in a small 
municipality in East Styria in 1932 (Mayr 2013; Noble 2014). Similar to AS, Stronach 
is a late consecutive bilingual who acquired his L2 English when he migrated to an 
L2-speaking country. Stronach was considered an appropriate subject for the pre-
sent investigation due to three main reasons: First of all, Stronach can be described 
as a potential L1 attriter, who started acquiring the L2 after his L1 had already been 
fully developed, and who has been long-term immersed in an L2-speaking environ-
ment. Second, he was exactly the same age as AS when he moved to Canada, which 
has been his primary place of residence ever since.89 Third, Stronach speaks an L1 

 
88  Trofimovich and Isaacs (2012) showed that grammatical accuracy is closely linked to perceived com-

prehensibility, i.e., utterances and sentences containing grammatical errors are more likely to be 
rated as being less comprehensible compared to sentences which contain less/no grammatical er-
rors. 

89  Similar to AS, Stronach is a public person, who runs businesses not only in Canada, but also in Aus-
tria and other countries around the world (Noble 2014). He therefore travels on a more or less regular 
basis to his home country and gives interviews for Austrian TV and radio channels (ARD Mittagsma-
gazin 2012; Menschen im Porträt TV 2018; OE24.TV 2018). 
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Austrian German variety which can be broadly described as East Styrian (Ernst 
2004) and is thus close to AS’s L1 variety. Speech samples were extracted from in-
terviews Stronach gave for different Austrian TV and radio channels in 2018.90 The 
four samples included in the ratings were selected according to the criteria dis-
cussed above and have a mean duration of 4.9 seconds (range: 3.21 to 6.51 seconds). 
With regard to the content, the samples were very similar to the control samples 
discussed below, i.e., they addressed general topics in order to avoid giving away 
who is speaking – although Stronach might not be as well-known as AS. 

A group of seven monolingual Austrian German male speakers from Thal served 
as control speakers in the present study. Since AS’s and Stronach’s samples used in 
this study represent non-prompted, (semi-)spontaneous speech and were selected 
from a pre-recoded speech corpus, also the control speakers’ samples were taken 
from different TV and radio recordings, i.e., all speakers produced speech in a 
spontaneous and non-experimental setting. They were roughly the same age as AS, 
ranging from 69 to 78 years, and were friends and former training partners91 of AS, 
who were interviewed on different occasions, such as AS’s birthdays or the opening 
of the Schwarzenegger Museum in Thal in 2011. Content-wise, the speech samples 
are similar, i.e., they focus on sports, weight training and different training routines 
without explicit or implicit references to AS’s career as a bodybuilder. Some sam-
ples address more general topics, such as childhood memories or leisure activities. 
 

 N subjects N samples Mean word 
count 

Mean sample 
duration (sec.) 

Bilingual group 2 12 16.42 5.86 
Control group  7 17 14.23 5.62 
 Ntotal sub-

jects 
Ntotal sam-
ples 

Total word 
count 

Total duration 
(sec.) 

9 29 440 166.62 

Table 4.4: Speakers and speech samples included in the three rating tasks. 
 
As discussed earlier, AS is well known by many Austrians since he has been a public 
person for over four decades and has been present in the media and in films ever 
since. Thus, it can be assumed that most people are familiar with his voice and his 
German pronunciation, which might make it easy for listeners to identify AS as the 

 
90  Recordings representing Stronach’s early pronunciation, that is, around the time he moved to Ca-

nada, were not available. 
91  The speakers included are Peter Urdl, former mayor of Thal and the founder of the Schwarzenegger 

Museum in Thal, Kurt Marnul and Karl Kainrath, AS’s former training partners and close friends, 
Peter Schickhofer, mayor of Thal from 2008 to 2015, and Alfred Gerstl, who died in 2016 at the age of 
93 and is often referred to as AS’s mentor who supported him at the very beginning of his career 
(ORF Steiermark 2016). 
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speaker in a listening experiment. The same is true for Frank Stronach, who is also 
a well-known public figure. In order to determine whether the speech materials 
selected for the present study were suitable and whether listeners can identify AS’s 
or Stronach’s speech, a pre-testing session was conducted. Thus, not only the mate-
rials to be used in the study, but also the experimental setup and procedure could 
be tested in advance. Eight randomly selected listeners participated in the ratings. 
Each participant was asked to listen to the individual recordings and fill out an an-
swer sheet after each recording (see Section 4.2.2.3). After completing the session, 
the listeners were asked by the experimenter whether they had recognized one or 
more of the speakers. As none of the listeners identified AS or Stronach as the 
speaker, the recordings were considered suitable for the actual study. 

4.2.2.2 Listeners 
A total of 40 listeners participated in the ratings. The subjects were assigned to two 
groups (n = 20 each), depending on their language background. The first group 
(ML–GRA) included (quasi-)monolingual speakers of Austrian German (Styrian) 
from Graz while the second group (BIL–GRA) included native Austrian German 
speakers from Graz, who were undergraduate students of American and English 
studies at the University of Graz at the time the present study was conducted. All 
participants reported normal hearing and none of them suffered from speech im-
pairments. Participants in both groups, which will be described in more detail be-
low, were recruited via personal contacts in Graz and at the Department of English 
Studies at the University of Graz. 

Participants in Group ML–GRA (10 female, 10 male), aged between 25 and 39 
years (M = 31.8; see Appendix F), were (quasi-)monolingual speakers of Austrian 
German with some pre-existing knowledge of English. As English is a compulsory 
subject in Austrian schools,92 it is nearly impossible to find participants in Austria 
who do not have at least some very basic knowledge of English. In order to obtain 
information about the participants’ use of English, each participant was invited to 
fill in a questionnaire (see Appendix G). The assessment of overall English profi-
ciency was based on the six competence levels provided by the Common European 
Framework of Reference for Languages (Council of Europe 2001; see Appendix G, 
for a definition of the levels) and ranged from A1 (elementary user of English) to B1/B2 
(independent user of English) in the monolingual group. Figure 4.1 provides an over-
view of the participants’ self-reported frequency of English use in different contexts 
(speaking, listening, reading, writing), which they had to indicate on a scale ranging 

 
92  Austrian children start learning English as their first foreign language at the age of 10–11 in grade 5 

(first year of Gymnasium). 
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from very frequently to very rarely or never.93 As can be seen, the majority of mono-
lingual subjects rarely or never used English, which qualifies them as “functional 
monolinguals” (Best and Tyler 2007, 16), who do not actively learn or use a sec-
ond/foreign language. In addition, none of the participants reported having stayed 
in another country or another Austrian city for an extended period of time (i.e., 
longer than four weeks). All participants in this group were born and raised in Graz 
or Graz-Umgebung94 and have been permanently living there. Thus, it could be as-
sumed that all subjects were equally familiar with the Styrian dialect and used in on 
a daily basis when interacting with friends and family. Furthermore, none of the 
subjects in this group had received phonetic training in advance or had pre-existing 
phonetic knowledge.95 

 
 
 
 

 
93  On the questionnaire (Appendix G), participants were asked, for example: Do you speak English in 

your professional environment? (yes/no), If ‘yes’, how often? (very rarely/rarely/frequently/very fre-
quently/never). 

94  Graz-Umgebung is a political district of Styria and includes 36 municipalities. It has the second hig-
hest number of inhabitants after Graz City (Statistik Austria 2019). 

95  Previous studies on the perception of global foreign accent have included both phonetically trained 
listeners (e.g., Munro and Derwing 1995a; Munro, Derwing, and Saito 2013) as well as naïve, untrai-
ned listeners (e.g., Flege and Fletcher 1992; Flege, Munro, and MacKay 1995; Major 2007; Munro, 
Derwing, and Burgess 2003). While it might be argued that trained listeners have an advantage over 
untrained listeners when it comes to the detection of nonnative speech, research shows that also 
listeners who do not have phonetic/linguistic experience are well able to identify accented speech. 
Major (2007), for example, showed that phonetically naïve listeners were able to distinguish in-
stances of foreign-accented speech from native speech in languages they were not familiar with. 
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Figure 4.1: Monolingual listeners’ (n = 20) self-reported use of English in different con-
texts. 

 

Subjects in Group BIL–GRA (11 female, 9 male), aged between 19 and 25 years96 (M 
= 21.65; Appendix F) and born and raised in Graz and Graz-Umgebung, have been 
studying English at the University of Graz for an average of 2.46 years. The majority 
of the subjects were enrolled in a teacher training program (n = 13), the remaining 
n = 7 subjects were undergrade students of English and American Studies. Besides 
studying English at university level, the majority of subjects reported using English 
on a regular basis outside university in different contexts, as depicted in Figure 4.2. 
Ten subjects reported that they had already stayed in an L2-speaking country for an 
extended period of time, ranging from 3 to 12.5 months. As all participants in the 
BIL–GRA Group were undergraduate students, none of them had received intensive 
phonetic training during the first years of their studies. However, they had gained 
some phonetic experience in different pronunciation and linguistics classes, which 
introduce students to basic concepts related to English phonetics and phonology. 
Thus, similar to the subjects in the ML–GRA Group described above, none of the 
BIL–GRA subjects could be identified as a phonetically trained listener. 

 
96  As can be seen, the listeners in the two groups differed in terms of their mean age, with the bilingual 

listeners being younger (M = 21.65 years) than the monolingual listeners (M = 31.8 years), which was 
due to the generally limited availability of participants and due to the fact that the subjects in the 
bilingual group were university students. However, as pointed out by Schmid and Hopp (2014, 372), 
there is no evidence so far which indicates that age and/or gender differences significantly affect the 
perception of global accent. 
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Figure 4.2: Bilingual listeners’ (n = 20) self-reported use of English in different con-
texts. 

 

As outlined above, participants in the two groups mainly differed in terms of their 
language background and linguistic experience. As pointed out by Long (1990, 267), 
subjects who have already experienced much linguistic diversity through, for in-
stance, regular travelling, contract with nonnative speakers or living in another 
country for an extended period of time, are likely to show an increased “tolerance 
for and expectation of within-language variation”. Consequently, linguistically ex-
perienced listeners – that is, subjects in the BIL–GRA Group – might be more hesi-
tant to judge a speaker as nonnative compared to listeners who are predominantly 
exposed to their L1 variety and thus have less tolerance for variations in pronunci-
ation (i.e., subjects in the ML–GRA Group).97 

In terms of the listeners’ L1 variety, subjects in both groups were equally famil-
iar with the Styrian variety spoken in Graz (and Graz-Umgebung) as they were born 
and raised in Graz. All listeners reported being dialect speakers and the majority (n 
= 38 out of 40) stated that they were well able to distinguish Styrian from other Aus-
trian dialects (the remaining two speakers chose the option I don’t know on the ques-
tionnaire). As pointed out by de Leeuw, Schmid, and Mennen (2010, 38; see also 
Almberg and Husby 2000; Flege 1984; Reinisch 2005), a lack of familiarity with a 

 
97  It should be noted, however, that due to globalization and multicultural influences, linguistic diver-

sity is present of course also in Graz, the subjects’ place of residence. Graz is the second largest city 
in Austria after Vienna and is located at a number of borders, which has led to an increasing contact 
with different nationalities and different languages in the past decades. 
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specific regional L1 accent might reduce listeners’ ability to distinguish between 
foreign-accented and non-foreign-accented speech, which may lead to a misper-
ception of an L1 variety as a non-native accent. Therefore, only listeners who re-
ported being familiar with the Styrian variety were selected as judges in the present 
study. 

4.2.2.3 Experimental procedure 
The rating experiment was designed as an online experiment, i.e., the materials 
and detailed task descriptions (all presented in German) were sent to the partici-
pants via e-mail. In a first step, potential participants were asked to fill in a ques-
tionnaire (see Appendix G) in order to identify those subjects who fulfilled the lis-
tener requirements specified above. As described in the previous section, the ques-
tionnaire collected information about the subjects’ language background, particu-
larly focusing on their L1 use and L2 learning experience, and gathered information 
about relevant personal details, such as age, sex, and education. Out of a total of 55 
subjects who were asked to complete the questionnaire, eight subjects were ex-
cluded from the study because they were either nonnative speakers of Austrian Ger-
man or had lived in another Austrian city for more than four months. The remain-
ing 47 subjects fulfilled the requirements and were assigned to one of the two 
groups described in the previous section. However, the responses from six listeners 
were excluded afterwards, because these listeners had recognized either AS or Stro-
nach as the speaker in one or more of the recordings. One participant did not com-
plete all three rating tasks and was therefore also excluded from analysis. 

Subjects who met the participation criteria were then provided with the materi-
als via e-mail, including a description of the overall rating procedure (see Appendix 
H). The materials consisted of a set of Power Point slides including the three sets of 
speech samples and a detailed description of each rating task. In addition, each par-
ticipant received an Excel file including three answer sheets for the respective lis-
tening tasks.98 In order to ensure that the task descriptions were clear and easy to 
follow, the materials were tested in advance. The eight test runs, which were con-
ducted prior to the actual testing, showed that the participants needed approxi-
mately 35 to 45 minutes to complete all tasks. Before starting the ratings, each par-
ticipant was asked to sign an informed consent sheet. The experimental part in-
cluded three rating tasks, which aimed at testing (1) perceived nativeness (FAR), (2) 
perceived intelligibility (INTEL), and (3) perceived comprehensibility (COMP), 

 
98  Each of the three rating sheets was included in a single Excel-file with different spreadsheets (i.e., 

three spreadsheets labelled “Antwortbogen_1”, “Antwortbogen_2”, and “Antwortbogen_3”). For 
each of the three rating tasks, the 29 sound files were presented via Power Point with one sound file 
per slide, preceded by a task description. 
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respectively. After each task, the listener was informed on a Power Point slide that 
they were allowed to take a short break and then continue with the next part. 

To investigate (1) perceived nativeness, the foreign accent assessment scale in-
troduced by Moyer (1999) was adopted, which has also been used in studies focusing 
on perceived nativeness of L1 pronunciation (Bergmann et al. 2016; de Leeuw, 
Schmid, and Mennen 2010; Hopp and Schmid 2013). Each listener was asked to 
make two judgments after listening to a recording (i.e., after listening to one 
speaker at a time): Based on a two-alternative-forced choice identification, the lis-
tener had to decide first if the speaker is a native or nonnative speaker of German. 
The second judgment reflected their confidence level on a three-point scale.99 The 
judgments were then converted to a six-point Likert scale: 6 = certain of nonnative 
speaker status, 5 = semi-certain of nonnative speaker status, 4 = uncertain of nonnative 
speaker status, 3 = uncertain of native speaker status, 2 = semi-certain of native speaker 
status, 1 = certain of native speaker status. 

In the second part of the rating experiment, which tested (2) perceived compre-
hensibility, the participants listened to the same recordings as in the first part, but 
in a different order. After listening to one speaker at a time, the listeners had to 
decide how difficult or easy the speaker was to understand on a 6-point scale, rang-
ing from 1 = very easy to understand to 6 = very difficult to understand.100 

The third part of the rating examined (3) perceived intelligibility. Again, the par-
ticipants listened to the 29 speech samples in a different order. After each record-
ing, they were instructed to write down word by word what they heard on a separate 
answer sheet (see Appendix K). They were allowed to listen to the speech sample a 
second time if they were not able to complete their transcription in one go. 

In order to control for the possibility that listeners might have identified AS or 
Stronach as the speakers, each listener was asked whether there was anything in 
the speech samples they had noticed while listening. As mentioned above, six lis-
teners stated that they had recognized AS and/or Stronach in one or more than one 
of the recordings. Although they did not identify the two speakers in all twelve re-
cordings and they did not always seem to be entirely sure about whether it was them 
or not, the ratings of these participants were excluded from the analysis. None of 
the remaining listeners indicated that they had recognized one or more of the 
speakers. 

 
99  On the German questionnaire (see Appendix I), each listener was asked 1) Hat dieser Sprecher Deutsch 

als Muttersprache? (Is this speaker a native German speaker?) with two possible responses (Ja/Nein, 
Yes/No); (2) Wie sicher sind Sie sich? (How certain are you of this?) with three answer options (si-
cher/certain – relativ sicher/relatively certain – unsicher/uncertain). 

100 The German questionnaire (see Appendix J) included the following items: 1 = sehr leicht verständlich 
(very easy to understand), 2 = leicht verständlich (easy to understand), 3 = eher leicht verständlich (rather 
easy to understand) ; 4 = eher schwer verständlich (rather difficult to understand), 5 = schwer verständlich 
(difficult to understand), 6 = sehr schwer verständlich (very difficult to understand). 
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4.2.2.4 Analysis procedure 
As specified above, each of the 40 listeners was invited to complete three rating 
tasks (FAR, COMP, INTEL) based on 29 speech samples, resulting in 87 ratings per 
listener and a total of 3,480 individual ratings (40 listeners x 3 tasks x 29 samples). 
The ratings where analyzed according to task and the resulting data were organized 
in a CSV file (Microsoft Excel 2016), which was used later for the statistical analyses 
(Section 4.2.3). 

For the first rating task (FAR), the two judgments obtained per listener were, as 
described above, converted to a six-point Likert scale ranging from 1 = certain of 
native speaker status to 6 = certain of nonnative speaker status (de Leeuw, Schmid, and 
Mennen 2010; Moyer 1999). Consequently, speakers with a low accent rating were 
perceived to have a native or near-native L1 pronunciation, while speakers with a 
high accent rating were judged as nonnative or near-nonnative speakers of Ger-
man. Resulting from this, a speaker who was rated ‘6’ on the Likert scale received 
the highest accent rating and was perceived to sound clearly nonnative. By contrast, 
a speaker who received a rating of ‘1’ was considered having a clearly native pro-
nunciation. Also the second rating task (COMP) was based on scalar ratings, which 
resulted in each speaker being assigned a value between 1 (very easy to understand) 
and 6 (very difficult to understand) by the 40 listeners. 
INTEL was assessed based on listener transcripts. Prior to conducting the ratings, 
the speech recordings used in Study III were transcribed by hand by the experi-
menter. The accuracy of each transcription was verified by two native Austrian Ger-
man speakers from Graz, who were otherwise not involved in the present investi-
gation. In line with the analysis procedure applied by Derwing and Munro (1997; 
see also Munro, Derwing, and Morton 2006), an INTEL score was calculated for each 
listener transcription defined as “the percentage of words exactly matching the 
original transcription” (Derwing and Munro 1997, 7). For this purpose, each listener 
transcript was compared to the original transcript and divergences from the origi-
nal transcript were labelled as errors, including words being left out, incorrect 
word order and adding words which were not said by the speaker. Errors which 
were not counted and, thus, not included in the INTEL score calculations, were mis-
spellings/typos and omissions of single words repeated by the speaker as typical of 
natural speech. The identification of errors in each transcript was conducted man-
ually and each corrected transcript was double-checked by one of the native Aus-
trian German speakers who verified the original transcripts. 

4.2.3 Results 
The main objective of Study III was to determine if AS is perceived to sound more 
nonnative in his late L1 German speech compared to his early L1 speech and to 



168 Study III: Perceived nativeness, intelligibility, and comprehensibility of L1 speech 

 

what extent the degree of nativeness is perceived differently in AS’s L1 speech when 
being compared to age-matched monolingual Austrian German control speakers 
from Thal, AS’s place of birth (RQ 3.1). Alongside including speech samples repre-
senting AS’s early and late L1 German pronunciation and the pronunciation of mon-
olingual German control speakers, an additional set of samples was included. These 
samples were produced by Frank Stronach, a native Austrian-born Canadian immi-
grant, who – similar to AS – is an L2-immersed late consecutive bilingual and thus 
qualified as a control bilingual. A further aim of the present study was to examine 
perceived comprehensibility (COMP) and intelligibility (INTEL) of AS’s early and 
late L1 German pronunciation compared to the monolingual control speakers in 
order to examine the extent to which perceived nativeness can be related to the in-
telligibility and comprehensibility of L1 speech (RQ 3.3). Two groups of listeners (n 
= 20 each), who differed in terms of their language background (monolingual vs. 
bilingual), rated 29 speech samples according to perceived nativeness, comprehen-
sibility and intelligibility in three ratings tasks. Potential effects of the listeners’ lan-
guage background on the degree of perceived nativeness were also examined (RQ 
3.2). This section gives an overview of the descriptive statistics of the results ob-
tained in the three rating tasks and presents the statistical tests used for analysis. 
 
(I) Nativeness ratings (FAR) 
In order to assess inter-rater reliability, Cronbach’s alpha coefficient was calcu-
lated. Overall inter-rater reliability was high, with α = .82. A slightly lower, but still 
acceptable Cronbach alpha coefficient was determined for the bilingual listener 
group (α = .74) compared to the monolingual listener group (α = .8). First, the statis-
tical models used to examine the overall FAR scores obtained for the individual bi-
lingual speakers (AS_early, AS_late and Stronach) and the monolingual Austrian 
German control speakers (ML_AG) will be presented. Next, the statistical analyses 
of rating differences between the two listener groups (BIL = bilingual vs. ML = mon-
olingual) will be presented. 

Figure 4.3 displays the FAR scores assigned to the individual bilingual speakers 
and to the monolingual Austrian German control group. On a six-point scale, rang-
ing from 1 = certain of native speaker status to 6 = certain of nonnative speaker status, 
speakers in the monolingual control group received an average rating of 1.71 (SD = 
0.85, Mdn = 1.0). AS’s early L1 German pronunciation received a slightly higher av-
erage rating of 2.33 (SD = 1.06, Mdn =2.0). The speech samples produced by the two 
bilinguals, AS_late and Stronach, were rated with an average of 3.56 (SD = 1.33, Mdn 
= 3.0) and 3.83 (SD = 1.33, Mdn = 4.0), respectively. 
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Figure 4.3: Distribution of nativeness ratings according to speakers. 
 

Due to the fact that several responses were obtained from each listener for each 
speaker, two-way repeated ordinal regression analyses were performed in R (R 
Core Team 2020; version 4.0.1), using the Anova.clmm function from the RVAide-
Memoire package (Hervé 2020) to determine main and interaction effects. Post hoc 
Tukey’s tests were conducted using the emmeans R package (Lenth 2020). An alpha 
level of .05 was adopted throughout. 

The first model addressed RQ 3.1, i.e., whether AS’s L1 German is perceived to 
sound less native in his late speech (AS_late) than in his early speech (AS_early) 
compared to monolingual Austrian German speakers (ML_AG). In addition, it was 
assessed if the FAR scores assigned to the control bilingual (Stro) were significantly 
different from those assigned to the monolingual control speakers. In the model, 
FAR (rating score) was included as the dependent variable, and Speakers (four levels: 
AS_early, AS_late, Stro and ML_AG) as fixed effect. As a random effect, by-Listener 
random intercepts were entered (FAR~Speaker + (1|Listener)). The model showed 
a main effect for Speaker, with χ2[3] = 331.47, p < .001. Pairwise comparison using 
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post hoc Tukey tests revealed a significant difference between FARs obtained for 
AS_early and those obtained for AS_late (β = -1.93, SE = 0.21, z = -9.16, p < .001), i.e., 
AS late pronunciation was perceived to sound less native compared to his early pro-
nunciation by the native Austrian German listeners. In addition, a significant dif-
ference in FAR scores between AS_late and the monolingual control speakers was 
revealed (β = 3.24, SE = 0.19, z = 17.32, p < .001), indicating that in his late German 
pronunciation, AS is perceived to sound less native than the monolingual control 
speakers. The difference between FAR scores obtained for AS_early and those ob-
tained for the monolingual group was also shown to be significant (β = 1.3, SE = 0.17, 
z = 7.83, p < .001), that is, the listeners perceived his early L1 German pronunciation 
as being less native-like than the monolinguals’ German pronunciation. As depicted 
in Figure 4.3, the control bilingual (Stro) received overall higher FARs compared to 
the monolingual speaker group; this difference was shown to be significant (β = -
3.68, SE = 0.19, z = -19.13, p < .001). By contrast, the rating scores obtained for AS_late 
and those obtained for Stronach (see Figure 4.3) did not turn out to be significantly 
different (p = .13). 

A second objective of the present investigation was to examine if the listeners’ 
linguistic background (BIL vs. ML) had an effect on their perception of nativeness 
in AS’s early and late German pronunciation (RQ 3.2). An inspection of Figure 4.4 
reveals differences in the rating scores assigned to AS_late and AS_early by the 
monolingual and bilingual listener group, respectively: While AS_late received a 
mean rating of 2.94 (SD = 1.24, Mdn = 3.0) from the BIL listeners, the ML listener 
group assigned AS_late a higher mean rating of 4.17 (SD = 1.11, Mdn = 4.0). Simi-
larly, the control bilingual (see Figure 4.5) was rated with a mean rating of 3.35 (SD 
= 1.36, Mdn = 3.0) by the BIL listeners, while the ML listeners rated him with a mean 
rating of 4.31 (SD = 1.12, Mdn = 4.5). By contrast, the BIL and ML listener groups 
rated the monolingual control speakers with 1.64 (SD = 0.87, Mdn = 1.0) and 1.78 (SD 
= 0.82, Mdn = 2.0), respectively. 

The second model which addressed RQ 3.2. included FAR as the dependent var-
iable and Group (two levels: BIL and ML) and Speaker (four levels: AS_early, AS_late, 
Stro and ML_AG) as well as an interaction between the two as fixed effects. As in the 
first model, a by-Listener random intercept was entered (FAR~Group + Speaker + 
Group:Speaker + (1|Listener)). Main effects for Group (χ2[1] = 12.55, p < .001) and 
Speaker (χ2[1] = 86.45, p < .001), as already identified in the first model, as well as a 
significant interaction between Group and Speaker (χ2[1] = 14.72, p < .001) were 
found. Pairwise comparisons using post hoc Tukey tests showed that the group rat-
ing differences were significant for both AS_late (β = -2.03, SE = 0.36, z = -5.62, p < 
.001) and Stro (β = -1.59, SE = 0.36, z = -4.45, p < .001), which indicates that BIL lis-
teners were less likely to perceive the bilinguals as sounding nonnative in their L1 
compared to the ML listeners. No significant differences were observed between 
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the two listener groups in terms of the ratings assigned to AS_early (p = .15) and 
those assigned to the monolingual control speakers (p = .05), i.e., both monolingual 
and bilingual listeners perceived AS_early and the monolingual speakers to sound 
equally native in their German pronunciation. 

 
 

 

Figure 4.4: Distribution of nativeness ratings for AS_early and AS_late according to lis-
tener group. 
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Figure 4.5: Distribution of nativeness ratings for Stronach according to listener group. 
 

(II) Comprehensibility and intelligibility ratings (COMP, INTEL) 
The results for the COMP and INTEL ratings will be first reported individually. In a 
next step, the results will be related to the findings of the nativeness ratings previ-
ously described in order to determine if there are any significant correlations be-
tween the degree of perceived nativeness and the degree of comprehensibility and 
intelligibility of L1 pronunciation (RQ 3.3). Inter-rater reliability for both INTEL and 
COMP was high, with a Cronbach alpha coefficient of 0.84 and 0.86, respectively. 

COMP was rated on a six-point scale, ranging from 1 = very easy to understand to 
6 = very difficult to understand and, as can be seen in Figure 4.6, all bilingual speakers 
(AS_early, AS_late, Stro) and the monolingual control group were assigned similar 
ratings in terms of their comprehensibility. All groups, bilinguals as well as con-
trols, received a median rating of 2.0, i.e., all speakers were rated as being easy to 
understand. One monolingual speaker (ML1), however, received slightly higher 
COMP scores (Mdn = 3.0, maximum score = 5.0) compared to the remaining speak-
ers, suggesting that this speaker was less comprehensible compared to the other 
speakers. 
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The INTEL scores (see Figure 4.7) were calculated for each speaker as the per-
centage of words transcribed correctly per utterance. The scores ranged from 
93.1% to 99.0% (Mdn = 100), with only minor differences between the scores as-
signed to the individual speakers. In order to determine if and to what extent AS’s 
perceived nativeness is related to the intelligibility and comprehensibility of his L1 
speech, a third ordinal regression model was specified. This model included FAR 
as the dependent variable and INTEL scores as well as a three-way interaction be-
tween COMP, Group and Speaker as fixed effects. As in the previous models, a by-
Listener random intercept was included (FAR~INTEL + COMP*Group*Speaker + 
(1|Listener)). As an inspection of Figures 4.6 and 4.7 already suggested, no main 
effects were found for INTEL (p = .29) and COMP (p = .23). This suggests that the 
degree of perceived nativeness was not associated with how intelligible and com-
prehensible the speakers were perceived to be. 

 

Figure 4.6: Distribution of comprehensibility ratings according to speaker. 
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Figure 4.7: Distribution of intelligibility (100% being completely intelligible) and com-
prehensibility (1 being very easy to understand) scores. 

4.2.4 Discussion of Study III 
The aim of Study III was to determine if AS’s is perceived to sound less native in his 
late L1 German speech than in his early L1 speech compared to monolingual Aus-
trian German control speakers. Furthermore, the present study set out to assess if 
and to what extent the listeners’ linguistic background (monolingual vs. bilingual) 
affects their perception of nativeness in AS’s early and late German pronunciation. 
A third objective was to find out to what extent perceived nativeness is related to 
the intelligibility and comprehensibility of L1 speech in bilingual speakers. In this 
context, intelligibility was defined as the extent to which a speaker’s utterance is 
understood, while comprehensibility was specified as the ease of understanding a 
speaker’s utterance (Derwing and Munro 1997; Munro and Derwing 1995a). 
 
Perceived nativeness of L1 speech  
While there is abundant evidence which shows that the majority of late L2 learners 
maintain a detectable nonnative accent in their L2 speech (e.g., Elliott 1995; Flege 
1984; Moyer 1999; Munro and Derwing 1995a; Munro, Derwing, and Morton 2006; 
Saito, Trofimovich, and Isaacs 2016), only little research so far has focused on the 
question of whether L2-immersed bilinguals may be perceived as having a 
nonnative accent in their first language (Bergmann et al. 2016; de Leeuw, Schmid, 
and Mennen 2010; Hopp and Schmid 2013). In fact, research shows that L2-im-
mersed bilinguals are often perceived to sound less native in their L1 compared to 
monolingual speakers of the same language as a result of long-term exposure to the 
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L2 (Bergmann et al. 2016) and reduced contact with and exposure to the L1 (de 
Leeuw, Schmid, and Mennen 2010). 

The results of the present investigation provide further evidence for the mallea-
bility of native speech in adult L2 learners as a consequence of long-term immer-
sion in an L2 environment. AS’s late speech was perceived to sound less native com-
pared to non-immersed monolingual Austrian German speakers, who were consist-
ently rated within the native German range. AS’s early German pronunciation, by 
contrast, was perceived to sound more native compared to his late L1 pronunciation 
but, at the same time, his early speech still received higher FARs compared to the 
monolingual controls. This might be due to the fact that the early samples included 
in the present study were recorded approximately ten years after AS had moved to 
the United States, i.e., he had already gained a considerable amount of L2 experi-
ence, which is likely to have influenced his L1 pronunciation at an earlier stage of 
L2 development. 

Interesting observations were made in terms of the rating differences between 
Austrian German monolingual listeners and German-English bilingual listeners: 
The monolingual listeners were more likely to perceive AS’s late pronunciation as 
sounding nonnative compared to the bilingual listeners; by contrast, no significant 
differences were found between the two groups concerning the FARs assigned to 
AS’s early German pronunciation. Similarly, the control bilingual, Frank Stronach, 
was rated to sound overall less native by the monolingual listeners compared to the 
bilingual listener group who were more likely to rate him as sounding (near-)native. 
These findings support Long’s (1990) proposition that linguistically experienced lis-
teners are likely to be more lenient towards accented or nonnative speech while 
listeners who lack linguistic experience with a second language and who are pre-
dominantly exposed to their first language can be assumed to be less tolerant when 
it comes to nonnative speech. 

Except for the present investigation, there are no empirical studies to date which 
specifically test the effect of linguistic experience on nativeness ratings in a 
speaker’s first language. Research so far has focused on examining effects of lis-
tener experience on perceived accentedness and comprehensibility in the 
nonnative speech of L2 learners. Kennedy and Trofimovich (2008), for instance, ex-
plored how native English listeners’ experience with a particular nonnative L2 ac-
cent, in this case Mandarin-accented English, influences their perception of accent-
edness, intelligibility, and comprehensibility. In this context, listener experience 
was defined as the “extent of previous exposure to nonnative speech” (Kennedy and 
Trofimovich 2008, 459). Their findings showed a positive correlation between lis-
tener experience and intelligibility scores, i.e., listeners who were more experi-
enced with nonnative L2 speech were more accurate in their intelligibility tran-
scriptions compared to less experienced listeners. However, no significant 
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differences between experienced and inexperienced listeners were found in terms 
of comprehensibility and accentedness ratings, that is, linguistic experience did not 
affect listeners’ comprehensibility and accent judgments. Flege and Fletcher (1992) 
also compared the accent ratings obtained from inexperienced and experienced lis-
teners, experienced being defined as the listeners’ familiarity with nonnative speech. 
Similar to Kennedy and Trofimovich (2008), their findings did not show a significant 
effect of listener experience on accent ratings. Thompson (1991), by contrast, found 
a clear effect of linguistic experience, which reflects the findings of the present 
study: Experienced raters, i.e., listeners who were fluent in an L2 and had frequent 
contact with nonnative speakers, judged the English speech samples produced by 
L1 Russian speakers of L2 English as being less accentedness compared to the inex-
perienced raters, who generally perceived the samples to sound more foreign-ac-
cented. The differences in the findings outlined above might be related to differ-
ences in defining and selecting experienced vs. inexperienced listeners. Kennedy 
and Trofimovich (2008) and Flege and Fletcher (1992) included native English sub-
jects as experienced listeners who had been previously exposed to nonnative English 
speech but did not actively use a second language. By contrast, the experienced sub-
jects in Thompson (1991) – similar to the subjects in the present study – were fluent 
speakers of an L2, as opposed to inexperienced listeners who neither spoke a sec-
ond language nor had contact with nonnative speakers. Hence, it can be argued that 
mere exposure to nonnative speech as such does not necessarily increase a lis-
tener’s tolerance for accented or nonnative speech while the active and frequent 
use of a second language in different communicative contexts is likely to make lis-
teners more hesitant when it comes to judging a speaker as nonnative. 

The present findings suggest that the extent to which a speaker is perceived to 
sound nonnative is likely to be not only affected by features of the speech itself, that 
is, by linguistic deviations from expected speech patterns, but also by characteris-
tics on the part of the listener, including, for instance, their language background 
and linguistic experience.101 As Reinisch (2005, 82) succinctly summarizes, “[f]or-
eign accent is not only the way the learners produce the L2, but also what the native 
speakers of the target language perceive as such” (my italics), which also holds true 
for L1 pronunciation as the findings of the present study suggest. Taken together, 
these findings add a new dimension to the question of who is to be considered a 
native speaker. From a linguistic point of view, as discussed by Davies (2003, 2004), 

 
101 Alongside differences in linguistic experience, there are additional listener-specific factors which 

have been shown to influence the perception and judgment of nativeness. Munro, Derwing, and 
Morton (2006), for example, point out that listeners may be prejudiced against specific nonnative 
accents, which might make them rate a speaker as sounding less native compared to listeners who 
have positive attitudes towards a particular accent (e.g., Beinhoff 2013; Brennan and Brennan 1981; 
Kraut 2014; Kraut and Wulff 2013). 
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a native speaker is often regarded as being a “standard setter” and a “repository and 
guardian of the true language” (2004, 447). The subject of the present investigation, 
however, seems to have ‘lost’ some of what marks him as being clearly identifiable 
as a native speaker of his first language. Furthermore, the degree to which this ‘loss’ 
of native pronunciation abilities is perceived and rated as nonnative also depends 
on listener-specific characteristics as previously outlined. Hence, the question 
arises if AS is still considered to be a native speaker in the sense of being a ‘standard 
setter’ and a model for a ‘true’ language, bearing in mind that ‘true’ in this context 
is of course a rather abstract term to use, reflecting a somewhat idealized view of 
language. The implications which the findings of the present study and the results 
obtained in Studies I and II have on the notion of the native speaker will be further 
addressed in Chapter 5. 

 
Perceived comprehensibility and intelligibility of L1 speech  
Alongside examining perceived nativeness, Study III set out to investigate perceived 
comprehensibility and intelligibility of AS’s German speech compared to the speech 
produced by monolingual German controls. The findings of the COMP and INTEL 
ratings show that the speech of all subjects, including both monolinguals and bilin-
guals, was consistently perceived to be clearly comprehensible and intelligible. As 
mentioned in Section 4.1.2, to date no research has been conducted with the aim to 
examine perceived comprehensibility and intelligibility in the L1 speech of L2-im-
mersed late consecutive bilinguals. Munro (2008, 203) states that while accented L2 
speech is a frequently observed phenomenon – particularly in late L2 learners – 
completely unintelligible L2 speech is rarely observed. The findings of the present 
study suggest that being unintelligible or incomprehensible in one’s first language 
is perhaps even less common. Hence, similar to having a nonnative accent in the 
L2, being perceived as less native in the L1 does by no means impede communica-
tion which is determined by both intelligibility and comprehensibility. Given the 
clear results obtained in the COMP and INTEL ratings, one might ask whether it is 
possible at all that a healthy speaker, who does not suffer from any kind of speech 
impairments, is unintelligible and/or incomprehensible in their L1 speech. Inter-
estingly, however, one monolingual Austrian German speaker was perceived to be 
slightly less comprehensible in his German speech compared to the other monolin-
gual speakers while, at the same time, being consistently rated as sounding clearly 
native in the FAR. A possible explanation for this observation comes from some of 
the listeners’ comments made in the nativeness rating task.102 Three monolingual 
listeners and two bilingual listeners perceived this speaker as having a “heavy 

 
102 As described in Section 4.2.2, listeners were invited to write down comments whenever they noticed 

something about a speaker, particularly about his pronunciation. 
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Styrian dialect” and sounding “as if he lives in the countryside”.103 As mentioned in 
Section 4.2.2, all listeners described themselves as dialect speakers and reported 
that they were familiar with the Styrian dialect, being able to distinguish it from 
other varieties spoken in Austria. However, with a mean age of approximately 26 
years, the listeners in both groups were considerably younger than the monolingual 
control speakers (> 70 years). Elderly speakers are generally more likely to rely on 
dialectal, non-standard pronunciation features compared to younger speakers, es-
pecially if they live in rural areas of Austria and have less frequent contact with 
standard speakers living in urban centers (e.g., Kleber 2018, 469). Consequently, it 
might have been the case that the speaker’s strong dialect made him slightly less 
comprehensible for the listeners in this study – an assumption which, of course, 
requires further investigation.

 
103 In the original comments, the listeners wrote “der Sprecher hat einen ziemlich starken Dialekt“ (‘the 

speaker has a very strong dialect’) and “er klingt, als käme er irgendwo vom Land“ (‘he sounds as if 
the comes somewhere from the countryside’). One listener commented that he sounded ‘typically 
Styrian’ (“der Sprecher klingt typisch steirisch”). 



 

 

5 Limitations and overall discussion  

5.1. Limitations 
As outlined in Chapter 2, one of the risks of using pre-recorded materials for pho-
netic-acoustic analyses is that certain aspects are difficult to control for, such as the 
number of tokens extracted from the individual recordings. This resulted in a con-
siderably lower number of plosive and vowel tokens which could be analyzed to 
represent AS’s early and late German pronunciation compared to the number of 
tokens used to represent his L2 English pronunciation across three stages. One rea-
son for this was the poor quality of some of the recordings, which made it impossi-
ble to obtain an equal or at least balanced number of observations to represent his 
English and German pronunciation. In addition, there are only few interviews avail-
able in which AS’s actually speaks German because, as discussed in Section 2.3.2.1, 
he prefers giving interviews in his second language English. However, as AS has not 
yet retired and is still present in the media, there might be more material available 
in the future which can be used to examine further segmental as well as prosodic 
features of his first and second language pronunciation. 

A further limitation of the acoustic studies is the lack of reference data to com-
pare AS’s L1 vowel and plosive productions with. Using a single control speaker, in 
this case a male speaker from Thal, can, of course, not be considered sufficient to 
establish something like a norm – if this is possible at all, as will be discussed in the 
subsequent section. Consequently, follow-up studies examining AS’s first language 
speech production will need to compare his pronunciation to a larger corpus of ref-
erence data collected from male Thal-speakers. 

Moreover, no reference data could be included to compare AS’s early German 
speech production with. Ideally, these reference data would have been taken from 
recordings made in the 1970 and early 1980s including age-matched speakers from 
Thal. Such recordings were, however, not available and it might even be the case 
that they do not exist at all given that 40 years ago people usually did not have the 
technical prerequisites to produce audio and video recordings and make these re-
cordings accessible via the internet as it is the case nowadays. 

Similarly, the reference data used to compare AS’s English pronunciation with 
are perhaps not ideal. As stated in Section 2.2, English is among the most frequently 
examined languages and numerous acoustic studies have been conducted to obtain 
data about phonetic characteristics of English. However, it is debatable if the native 
American English VOT and vowel data used in Studies I and II are appropriate for a 
comparison given that the speakers were not age-matched and that the data were 
obtained from both male and female speakers. Hence, in further investigations, 
more appropriate reference data will have to be collected, including speech 
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recordings from male speakers of Californian English who are approximately the 
same age as AS. 

With regard to Study III, potential range effects need to be taken into consider-
ation when interpreting the results of the nativeness ratings: As observed by Flege 
and Fletcher (1992, 370) and as mentioned in Section 4.1.3, the ratio of native and 
nonnative speech samples can have an effect on listener responses. That is, the 
larger the number of (monolingual) native speakers included, the more likely are 
listeners to rate speech samples produced by nonnative speakers as foreign ac-
cented (see also Schmid and Hopp 2014). Although the actual number of samples 
included to represent potentially attrited speech (n = 12) and monolingual speech 
(n = 17) was relatively balanced in the present study, the number of monolingual 
speakers (n = 7) still prevailed. Therefore, it cannot be ruled out that range effects 
influenced listener responses to some extent, i.e., listeners might have been more 
likely to rate the bilingual speakers as sounding nonnative because of the relative 
lower number of bilingual samples included. In order to control for potential range 
effects, a replication of Study III would ideally include more samples of bilingual 
L1 speech from different speakers. 

One question which is often raised when conducting studies examining a single 
subject is the extent to which the findings of such investigations are representative 
of a larger population of speakers. Tracing the trajectory of first and second lan-
guage speech development in an individual speaker does certainly not allow for 
generalizable findings; it does, however, offer a valuable starting point for further 
research to explore if and to what extent similar observations can be made in terms 
of other speakers with the same language learning history and language back-
ground. It should be noted, however, that also the generalizability of findings ob-
tained in studies examining larger populations of speakers is debatable given that 
even in seemingly homogenous groups of subjects, intra- and inter-speaker varia-
bility is one of the main characteristics (e.g., Ellis 1991, 10). Hence, the possibility 
that speakers behave in exactly the same way is rather low, which perhaps even 
implies a necessity to focus on individual language development first before trying 
to make general statements about bilingual speech development. This is in line with 
Flege and Bohn’s (2021, 58) call to focus more closely on individual learners when it 
comes to examining developmental processes of speech production, based on the 
observation that it might be difficult – or perhaps even impossible – to find learner 
groups which effectively differ in a single variable. It is due to this potential inter-
learner variability that group data do not necessarily allow for meaningful conclu-
sions to be drawn. 
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5.2. Overall discussion 
The overall objective of the three studies presented in this work was to provide an 
in-depth longitudinal investigation of first and second language speech develop-
ment in the late consecutive bilingual Arnold Schwarzenegger, who has been long-
term immersed in an L2-speaking environment. To this end, his L1 German and L2 
English segmental speech productions were examined in acoustic analyses focus-
ing on the realization of VOT contrast in word-initial plosives (Study I) and on the 
first and second formant in his productions of monophthongs (Study II). Further-
more, it was explored if and to what extent his early and late L1 pronunciation is 
perceived to sound less native compared to monolingual Austrian German speakers 
(Study III). The three studies were based on broadcast recordings covering a period 
of approximately 40 years. The recordings were divided into individual stages to 
represent AS’s early (1970s/1980s) and late (2010s) L1 and L2 pronunciation. For his 
L2 English, an additional set of samples was included to represent his pronuncia-
tion in the 1990s and early 2000s (mid stage). 

The findings of Study I revealed a change in AS’s productions of L1 German /t/ 
in the direction of the L2 counterpart in the late stage, which manifested itself in 
longer – and thus more English-like – VOT values measured in his late German /t/. 
At the same time, changes were observed in terms of his realization of L2 English 
/p/ and /t/, which were significantly less aspirated in the late stage compared to the 
early stage. Taken together, these findings provide evidence for bidirectional inter-
actions operating between the speaker’s L1 and L2 system, which resulted in an as-
similation of L1 and L2 categories in the late stage, i.e., the first and second lan-
guage targets came to resemble each other. In addition to a partial L1–L2 category 
assimilation of VOT, the findings of the study indicated that AS’s productions are 
characterized by a considerable amount of variability, which became particularly 
evident in his L2 English. This shows that he has partly acquired and implemented 
an L2 contrast which does not exist in his L1 Austrian German – at least in sponta-
neously produced speech (Hödl 2019; Moosmüller, Schmid, and Brandstätter 2015; 
Wiesinger 2008). At the same time, he does not manage to produce this contrast 
consistently, that is, he neutralizes contrast in some plosive tokens, as typical of his 
L1 German. 

The findings of Study II are more ambiguous when it comes to the identification 
of potential patterns in the changes observed. While some of AS’s L1 German vow-
els seem to have moved closer to L2 English targets, most of his L2 vowels were 
observed to have moved further away from L2 production norms in the late stage. 
Similar to the findings of Study I, no overall improvement of L2 production abilities 
was shown in the late stage, but the findings point to a development which goes in 
the opposite direction, that is, AS seems to be less native in his late L2 English 
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productions, at least in terms of the sounds examined in the present investigation. 
Furthermore, the decrease in F1 in both his L1 and L2 vowels cannot be exclusively 
explained against the background of system-internal processes, but might also be 
the result of biological ageing mechanisms, which have been shown to predomi-
nantly affect F1 (Reubold and Harrington 2015, 2017; Reubold, Harrington, and 
Kleber 2010). 

Study III showed that on the level of global accent, AS was perceived to sound 
less native in his late L1 German pronunciation compared to monolingual control 
speakers, which provides further evidence for the malleability of the native lan-
guage system, in line with previous findings (see Bergmann et al. 2016; de Leeuw, 
Schmid, and Mennen 2010; Hopp and Schmid 2013). It remains unclear, however, 
which specific segmental and/or prosodic features of AS’s pronunciation have con-
tributed to being perceived as less native. That is, the divergences from native 
norms identified in the acoustic studies do not necessarily also make him being per-
ceived as less native, but there might be additional pronunciation-related charac-
teristics which, in combination, have influenced the listeners’ judgments. This is-
sue was, for instance, addressed by Bergmann et al. (2016) who predicted that those 
German-English bilinguals who were judged as sounding less native in their L1 Ger-
man would also show deviances on the segmental level in their productions of spe-
cific German vowels (/a:, ɛ, ɔ/) and the lateral approximant /l/. Contradictory to this 
prediction, their findings did not reveal significant correlations between perceived 
(non-)nativeness on the one hand, and deviations on the segmental level on the 
other hand. It should be noted, however, that Bergmann et al. (2016) examined 
three vowels and one consonant only, which is of course not representative of a 
speaker’s entire inventory. Similarly, the segmental features explored in the pre-
sent investigation do not allow for predictions to be made about AS’s overall pro-
nunciation performance in both of his languages. In addition, the extent to which 
listeners perceive and assess system-internal divergences from an expected pattern 
is determined by their personal linguistic background and experience, as has been 
shown in Study III. The observation that accent is not only a phenomenon which is 
quantifiable by means of acoustic analyses, but is also determined by listener-spe-
cific factors does, without doubt, further contribute to the complexity and multidi-
mensionality of accented speech. 

 
A dynamic-systems oriented perspective 
The observations that, first of all, AS’s L1 segmental speech productions have to 
some extent moved away from native German production norms and, second, that 
his L1 pronunciation is perceived as sounding less native when being compared to 
monolingual German speakers, contradict the notion that the L1 system, once fully 
developed, is static and not prone to be affected by changes, as proposed in the 
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context of early theories on maturational constraints and their impact on language 
acquisition (e.g., Lenneberg 1967; Scovel 1969, 1988). In the same vein, the findings 
showed that also a bilingual’s L2 system is not stable but likely to undergo modifi-
cations – manifested in “periods of regression and progression” (Van Dijk, 
Verspoor, and Lowie 2011, 58) – in the course of the acquisition process. Hence, 
they support a dynamic view of language learning and development as represented 
by the DST approach outlined in Section 1.5 (de Bot and Larsen-Freeman 2011; de 
Bot, Lowie, and Verspoor 2007; Larsen-Freeman 1997, 2000; van Geert 2009). This 
approach acknowledges the occurrence of variability and inconsistent production 
patterns, which could be observed in AS’s segmental speech productions, as inher-
ent characteristics of language acquisition, resulting from continuous changes in 
the developing language system (e.g., de Bot, Lowie, and Verspoor 2007). A further 
dimension of DST which is reflected by the current findings is that not all changes 
observed in a speaker’s language systems can be traced back to system-internal bi-
directional influences, but some changes might also be explained against the back-
ground of developmental processes, such as biological ageing mechanisms. This 
supports one of the main tenets proposed by DST, namely that there is no single 
factor but rather a combination of multiple internal and external factors which in-
fluence speech development. Although the three studies, particularly Study I and 
II, did not focus on examining additional speaker-related factors, such as level of 
motivation or frequency of L1 and L2 use – simply because it was not possible to 
collect reliable data to address these factors – they should not be completely disre-
garded when discussing AS’s speech development from a dynamic systems point of 
view. Referring to anecdotal evidence, it is possible to identify a change in AS’s at-
titude towards having a nonnative accent in his L2. While his strongly foreign-ac-
cented English pronunciation was an obstacle in the early stages of his career in the 
United States (Miller 2012), he soon acknowledged and appreciated his nonnative 
accent as part of his identity and, not least, part of his success. At the same time, his 
L2 became his preferred means of communication in professional contexts while 
the use of his L1 was and, presumably, still is restricted to the private domain 
(Gersemann 2009; von Uslar 2012). Alongside being immersed in an L2-speaking 
environment, the reduced use might be one factor which has, among others, led to 
the changes observed in AS’s L1 plosive productions in the direction of L2 norms 
and, at the same time, to being perceived as less native on a global level. The obser-
vation that particularly AS’s productions of voiceless plosives in his L2 has become 
less native-like in the late stage compared to earlier productions, as indicated by an 
overall decrease of aspiration, is more difficult to explain based on his language use 
and based on motivational factors. As discussed in Section 2.3.5, AS was highly mo-
tivated to lose or at least reduce his foreign accent in the first couple of years after 
migrating to the United States, since this was an essential part of starting his career 
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in the film business (Miller 2012; Schwarzenegger 2012). Consequently, his endeav-
ors to work on his accent might have indeed led to an improvement of L2 pronun-
ciation abilities in the early stage, as was observed in Study I. In the further course 
of L2 acquisition, it seems that AS did not invest as much time and effort into work-
ing on his pronunciation, perhaps – as mentioned above – as a consequence of start-
ing to become recognized as a successful actor with a very unique and memorable 
accent (Daily Mail UK 2015). However, the extent to which external factors, such as 
L1 and L2 use, changing attitudes, and the motivation to be able to speak the L2 in 
a native manner, have influenced AS’s speech development cannot be reliably de-
termined at this point. 

What further accounts for a combination of various factors and, thus, a multidi-
mensional view on language development in the context of the present work is the 
finding that not only language- and speaker-specific features play a role when it 
comes to investigating the phenomenon of foreign accent, but that also character-
istics on the part of the listener are crucial for an evaluation of potentially accented 
speech. In addition, this observation challenges a traditional understanding of the 
native speaker as will be discussed in the following section. 

Although a dynamic systems-oriented perspective is proposed in the context of 
this work, it must be noted that examining a few specific features of language pro-
duction only, as has been done in the present investigation, does not comply with 
the demand of DST that the full complexity of developmental processes can only be 
accounted for by including and examining all factors which potentially influence 
these processes. However, it is not only due to the limited scope of the present in-
vestigation, but also due to methodological issues that this requirement cannot be 
fulfilled, and it is questionable whether it is possible to meet it at all (see de Bot, 
Lowie, and Verspoor 2007). Hence, it is acknowledged that the findings of the pre-
sent investigation can only partly contribute to understanding the full complexity 
of bilingual language development. 

 
To be or not to be a native speaker? 
As mentioned in Section 4.2.4, the findings of the three studies conducted in the 
context of the present longitudinal investigation lead to the need to reassess the 
concept of the native speaker. If the only requirement a native speaker has to fulfil 
in order to be defined as such is to have acquired a specific language from birth 
(e.g. , Mack 1990, 115), then the subject of the present investigation would certainly 
qualify as a native speaker in his first language. If, however, a native speaker is de-
fined against a monolingual norm or a monolingual standard and is described as 
having complete and perfect linguistic knowledge, AS would disqualify as a native 
speaker not only in his first but also in his second language. He has not maintained 
a distinctly native accent in his first language and, at the same time, has not 
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achieved native pronunciation abilities in his second language; hence, he does not 
fulfil native-speaker requirements in the strictest sense. The observation that the 
perception of nativeness also depends on listener-related factors, such as their per-
sonal linguistic background, does not only further stress the ambiguity of the native 
speaker concept, but also raises the question of whether it is possible or useful at 
all to provide a one-fits-all definition of the native speaker. Any attempt to provide 
such a definition would have to take the perspective of the listener/interlocutor into 
consideration as well as the possibility that different listeners have different per-
ceptions of who is a native speaker. Furthermore, the question arises of how a def-
inition of nativeness can account for potential discrepancies between the findings 
of acoustic analyses on the one hand, and listener perceptions on the other hand. 
As mention above, these two dimensions do not necessarily correlate (see Berg-
mann et al. 2016), that is, a speaker’s segmental productions might be identified as 
‘perfectly’ native – in these sense of corresponding to the respective native target – 
in an acoustic analysis, but he or she might be still perceived as sounding nonnative. 
What or who determines nativeness in this case? From a standpoint which stresses 
the relevance of spoken language as the predominant means of verbal communica-
tion in real-life contexts, it is certainly the interlocutors’ perceptions which deter-
mine if and to what extent a speaker is a native speaker – but yet again, not all lis-
teners inevitably share the same perception. 

While an attempt to define a native speaker seems more straight-forward when 
dealing with monolingual speakers, the fragility of the native speaker concept be-
comes more apparent when contextualizing it within bilingual acquisition and de-
velopment, as the findings of the present investigations revealed. This aspect has 
been previously addressed by Cook (1991, 2003) and his notion of multicompetence, 
which he defines as “the knowledge of two or more languages in one mind” (Cook 
2003, 2). The observation that a bilingual speaker’s two (or more) languages do not 
exist in isolation but are inherently connected challenges the notion that a ‘true’ 
bilingual is the equivalent of two monolingual native speakers, as proposed in the 
context of the monolingual view of bilingualism (e.g., Bloomfield 1933; see 
Grosjean 1989, for a discussion). 

One problematic aspect which goes along with investigating bilingual speech 
development is that the majority of empirical studies – the present study being no 
exception – take the monolingual norm as a “benchmark of true nativeness” (Roth-
man and Treffers-Daller 2014, 93). That is, bilingual speakers are compared with 
and evaluated in relation to monolingual speakers of the respective languages, who 
represent the ‘native standard’ and are thus assumed to offer reliable reference 
data. However, if bilingual speakers are described as having a “unique and specific 
linguistic configuration” (Grosjean 1989, 3), why should their language perfor-
mance then be compared to the performance of monolingual speakers who have a 
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different linguistic configuration and are, therefore, also likely to show a different 
linguistic behavior? 

Another dimension which should not be ignored in a discussion of the concept 
of the native speaker relates to social and personal consequences it might have for 
speakers if they are perceived as diverging from the idealized image of the native 
speaker. As illustrated in Section 1.8, a nonnative accent can lead to discrimination 
and negative evaluations (Lippi-Green 2003), which might even go as far as being 
excluded from the job market (Munro 2003) as well as losing a sense of belonging 
to both one’s L1 and L2 speech communities. Therefore, it should be taken into con-
sideration that each description of and attempt to explain the phenomenon of for-
eign accent and each re-evaluation of the native speaker concept should go beyond 
theoretical discussions in that it needs to be acknowledged that the extent to which 
individuals are judged to conform to an expected standard of nativeness entails 
real-life consequences for speakers engaging in real communicative situations. 

Based on the previous discussion, one question remains yet to be answered: Is 
AS (still) a native speaker in his first language? The answer proposed in the present 
investigation is that he is not a nonnative speaker, which is in line with Davies’ (2004, 
434) definition ex-negativo “[t]o be a native speaker means not being a nonnative 
speaker”, presumably resulting from a failure – or perhaps an inappropriateness – 
to provide a straight-forward definition of the native speaker, which, as the previ-
ous discussion suggests, might not even exist. An alternative answer to the afore-
mentioned question is that AS is a native speaker to some extent, in the same vein 
as he is a bilingual to some extent, keeping in mind that any definition of who is 
(not) to be considered a bilingual inevitably also entails the question of how to de-
fine a native speaker. Perhaps, the fact that we live in a world where it is more com-
mon to speak more than one language (e.g., Aitchison 1994) implies that the native 
speaker as such does not exist, neither is there something as ‘true’ or ‘perfect’ na-
tiveness as expressed in completely accent-free speech. What this illustrates is a 
need to move away from a static image of nativeness towards acknowledging the 
multidimensionality and dynamics of not only pronunciation-related features but 
also of language development in general. 

5.3. Final remarks and outlook 
As pointed out by Ellis (1994, 316), “[t]he existence of ‘foreign accents’ in L2 learning 
is so well attested that it hardly requires documenting.” Undoubtedly, foreign-ac-
cented L2 speech is a phenomenon which can be frequently observed among late 
second language learners and has been extensively investigated in L2 studies (see 
Sections 2.2.2 and 3.1.3). In this respect, AS’s language background and the fact that 
he acquired an additional language relatively late in life upon migrating to another 
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country, does certainly not represent a unique or unusual case of language devel-
opment given that migration, bilingualism and language contact are nowadays the 
norm rather than being an exception. However, in order to understand and explain 
language development as a highly dynamic process – as proposed in the context of 
the present work – it is not only necessary to document and examine foreign-ac-
cented second language speech, but also to explore potential influences L2 learning 
experience can have on first language pronunciation abilities. The present investi-
gation has shown that the causes and effects of accented L1 and L2 speech are so 
complex that they – contradictory to Ellis’ statement – require both thorough docu-
mentation and investigation. Furthermore, regarding language acquisition as a de-
velopmental process per se entails the demand for longitudinal investigations of bi-
lingual speech, which are still relatively rare. In this respect, the present investiga-
tion might offer an incentive for future studies to overcome the challenges which 
are usually linked to collecting longitudinal data and make use of what is already 
available in the form of, for example, broadcast recordings. 

Lastly, despite the fact that foreign-accented speech is by no means an unusual 
phenomenon, it still entails a range of questions which have not been sufficiently 
answered yet and hence require further investigation: Which specific segmental 
and prosodic features contribute to a bilingual speaker being perceived as (non-
)native in one or both of their languages? Why are some segmental and prosodic 
features more likely to be affected by attrition processes than others – and why are 
certain L2 pronunciation features easier to acquire than others? Why are some 
speakers more successful in maintaining native L1 production abilities while others 
are less successful in doing so? To what extent do extra-linguistic factors contribute 
to these individual differences? Which effects does it have on an individual’s per-
sonal experience of being bilingual in everyday life if they are not perceived as na-
tive speakers in both of their languages? 

Future studies might address and, eventually, answer these questions by more 
closely focusing on speakers’ instances of language production in real-world con-
texts. Laboratory phonetic experiments have, without doubt, many advantages in 
terms of producing ‘clean’ data; the speech elicited in an experimental context is, 
however, not entirely representative of authentic speech. Hence, if we are inter-
ested in an individual’s linguistic behavior in real communicative contexts, it seems 
plausible to also make use of speech data which are taken from real-world commu-
nicative situations. 
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7 Appendices 

Appendix A 
(I) English 

Stage Year Video name Link Total 
duratio
n 

File 
designation 

Early 1979 Johnny Carson’s Tonight 
Show (Part I-III) 

https://www.youtube.com/watch?v=Y4
OXujrjcRk (I) 
https://www.youtube.com/watch?v=5C
UG06OOE0A (II) 
https://www.youtube.com/watch?v=A2
AiLbpkngA (III) 

05:57 
(I); 
04:32 
(II); 
06:41 
(III) 

AS_E_1979_1  
AS_E_1979_2  
AS_E_1979_3 

 1979 Brian Linehan, City Lights https://www.y-
outube.com/watch?v=1_Jl-k0x-lA 

21:16 AS_E_1979_4 

 1984 Late Night, David Letter-
man 

https://www.y-
outube.com/watch?v=9H_2rs-1KZY  

10:38 AS_E_1984_1 

 1985 Late Night, David Letter-
man 

https://www.y-
outube.com/watch?v=_ZCSiU37OOc  

12:35 AS_E_1985_1 

 1986 Terry Wogan, BBC1 https://www.y-
outube.com/watch?v=jGJqvW3mj5A 

04:58 AS_E_1986_1 

 1987 Good Morning America https://www.youtube.com/watch?v=J-
Qhvk4Gi5Y  

04:29 AS_E_1987_1 

 1988 **‘Twins‘-interview https://www.y-
outube.com/watch?v=IYe60yfHYvw 

06:14 AS_E_1988_1 

 1988 Predator-interview https://www.y-
outube.com/watch?v=BkX2CMCXhM8  

12:17 AS_E_1988_2 

https://www.youtube.com/watch?v=Y4OXujrjcRk
https://www.youtube.com/watch?v=Y4OXujrjcRk
https://www.youtube.com/watch?v=5CUG06OOE0A
https://www.youtube.com/watch?v=5CUG06OOE0A
https://www.youtube.com/watch?v=A2AiLbpkngA
https://www.youtube.com/watch?v=A2AiLbpkngA
https://www.youtube.com/watch?v=1_Jl-k0x-lA
https://www.youtube.com/watch?v=1_Jl-k0x-lA
https://www.youtube.com/watch?v=9H_2rs-1KZY
https://www.youtube.com/watch?v=9H_2rs-1KZY
https://www.youtube.com/watch?v=_ZCSiU37OOc
https://www.youtube.com/watch?v=_ZCSiU37OOc
https://www.youtube.com/watch?v=jGJqvW3mj5A
https://www.youtube.com/watch?v=jGJqvW3mj5A
https://www.youtube.com/watch?v=J-Qhvk4Gi5Y
https://www.youtube.com/watch?v=J-Qhvk4Gi5Y
https://www.youtube.com/watch?v=IYe60yfHYvw
https://www.youtube.com/watch?v=IYe60yfHYvw
https://www.youtube.com/watch?v=BkX2CMCXhM8
https://www.youtube.com/watch?v=BkX2CMCXhM8


 

 

Mid 1994 Interview on ‘True Lies‘ https://www.y-
outube.com/watch?v=fcfpP1fVkOw  

05:23 AS_E_1994_2 

 1994 Jimmy Carter, ‘Junior’ in-
terview 

https://www.y-
outube.com/watch?v=jau2rOxYNoo  

02:20 AS_E_1994_1 

 1999 Johnny Vaughan, Part I https://www.y-
outube.com/watch?v=jhSBPC0qEfs  

12:51 AS_E_1999_1 

 1999 Johnny Vaughan, Part II https://www.y-
outube.com/watch?v=41xHp4BIvB0 

10:19 AS_E_1999_2 

 1999 Johnny Vaughan, Part III https://www.y-
outube.com/watch?v=JGodwIV4wq8  

13:16 AS_E_1999_3 

 1999 Johnny Vaughan, Part IV https://www.y-
outube.com/watch?v=vBXLgjtM098  

12:19 AS_E_1999_4 

 2002 Exclusive interview (Raw 
Iron Documentary) 

https://www.y-
outube.com/watch?v=wiXxifU5ilQ  

74:00 AS_E_2002_1 

 2003 **ITV F1 studio interview https://www.y-
outube.com/watch?v=_kIHhXe_l1g 

07:12 AS_E_2003_1 

 2003 Richard & July Show  https://www.y-
outube.com/watch?v=bdqVizucLHQ  

13:04 AS_E_2003_2 

Late 2012 ABC News https://www.y-
outube.com/watch?v=KIQfBhDhsPg 

07:08 AS_E_2012_1 

 2012 Google Play Presents https://www.y-
outube.com/watch?v=FSPTkjtIHsI  

29:01 AS_E_2012_6 

 2012 ABC News https://www.y-
outube.com/watch?v=KIQfBhDhsPg  

03:28 AS_E_2012_3 

 2012 NDTV Interview, India 
questions Arnold Schwar-
zenegger 

https://www.y-
outube.com/watch?v=33KeqIgmxB0  

23:34 AS_E_2012_7 

 2012 Graham Norton Show Se-
ries 12 (I) 

https://www.youtube.com/watch?v=W
BWb2pCJ4mE  

06:04 AS_E_2012_4 

 2012 Graham Norton Show Se-
ries 12 (II) 

https://www.youtube.com/watch?v=W
BWb2pCJ4mE  

03:08 AS_E_2012_5 

https://www.youtube.com/watch?v=fcfpP1fVkOw
https://www.youtube.com/watch?v=fcfpP1fVkOw
https://www.youtube.com/watch?v=jau2rOxYNoo
https://www.youtube.com/watch?v=jau2rOxYNoo
https://www.youtube.com/watch?v=jhSBPC0qEfs
https://www.youtube.com/watch?v=jhSBPC0qEfs
https://www.youtube.com/watch?v=41xHp4BIvB0
https://www.youtube.com/watch?v=41xHp4BIvB0
https://www.youtube.com/watch?v=JGodwIV4wq8
https://www.youtube.com/watch?v=JGodwIV4wq8
https://www.youtube.com/watch?v=vBXLgjtM098
https://www.youtube.com/watch?v=vBXLgjtM098
https://www.youtube.com/watch?v=wiXxifU5ilQ
https://www.youtube.com/watch?v=wiXxifU5ilQ
https://www.youtube.com/watch?v=_kIHhXe_l1g
https://www.youtube.com/watch?v=_kIHhXe_l1g
https://www.youtube.com/watch?v=bdqVizucLHQ
https://www.youtube.com/watch?v=bdqVizucLHQ
https://www.youtube.com/watch?v=KIQfBhDhsPg
https://www.youtube.com/watch?v=KIQfBhDhsPg
https://www.youtube.com/watch?v=FSPTkjtIHsI
https://www.youtube.com/watch?v=FSPTkjtIHsI
https://www.youtube.com/watch?v=KIQfBhDhsPg
https://www.youtube.com/watch?v=KIQfBhDhsPg
https://www.youtube.com/watch?v=33KeqIgmxB0
https://www.youtube.com/watch?v=33KeqIgmxB0
https://www.youtube.com/watch?v=WBWb2pCJ4mE
https://www.youtube.com/watch?v=WBWb2pCJ4mE
https://www.youtube.com/watch?v=WBWb2pCJ4mE
https://www.youtube.com/watch?v=WBWb2pCJ4mE


 

 

 2013 Interview with Swedish TV  https://www.y-
outube.com/watch?v=gZO_eP402h4  

30:33 AS_E_2013_3 

 2013 Pressekonferenz The Last 
Stand 

https://www.y-
outube.com/watch?v=NZkFPsR8gFs  

04:56 AS_E_2013_1 

 2013 10 Questions for A., Time https://www.y-
outube.com/watch?v=ArV6f5kbmfE  

04:39 AS_E_2013_2 

 2013 JT Fox interview https://www.y-
outube.com/watch?v=6WhVfdtiiEg  

42:46 AS_E_2013_4 

 2014 Absolute Radio https://www.y-
outube.com/watch?v=yBpPtglHk94  

08:35 AS_E_2014_1 

 2014 Hindustan Times, Work-
out Regimen 

https://www.y-
outube.com/watch?v=QQGPWoUBzII  

09:54 AS_E_2014_2 

 2014 Kiss FM UK, Money Mak-
ing Secrets 

https://www.youtube.com/watch?v=Z7
NqhRqLm8U  

04:42 AS_E_2014_3 

 2014 The Making of The Termi-
nator 

https://www.youtube.com/watch?v=KB
F4Rxm_dlc  

20:30 AS_E_2014_5 

 2014 NDTV Interview, Want to 
do a Shankar movie 

https://www.youtube.com/watch?v=itp
0ppfE8o0  

02:49 AS_E_2014_4 

 2015 Arnold Schwarzenegger 
im OE3-Interview 

https://www.y-
outube.com/watch?v=mKiYtzWztLM  

02:40 AS_E_2015_1 

 2015 James Corden, On 30 years 
of The Terminator 

https://www.youtube.com/watch?v=od
r2LDlixFI 

03:54 AS_E_2015_3 

 2015 Good Morning Britain https://www.y-
outube.com/watch?v=gulu4QjRiMI  

05:26 AS_E_2015_2 

 2016 Graham Bensinger, Had to 
get out of Austria 

https://www.youtube.com/watch?v=wF
iNHn8sZ-A  

05:32 AS_E_2016_1 

 2016 Graham Bensinger, heart 
surgery 

https://www.y-
outube.com/watch?v=iOOoyDXgHPs  

04:47 AS_E_2016_2 

 2016 Graham Bensinger, Karl 
Rove’s bad advice 

https://www.y-
outube.com/watch?v=NY8ijBhmUyE   

07:18 AS_E_2016_3 

https://www.youtube.com/watch?v=gZO_eP402h4
https://www.youtube.com/watch?v=gZO_eP402h4
https://www.youtube.com/watch?v=NZkFPsR8gFs
https://www.youtube.com/watch?v=NZkFPsR8gFs
https://www.youtube.com/watch?v=ArV6f5kbmfE
https://www.youtube.com/watch?v=ArV6f5kbmfE
https://www.youtube.com/watch?v=6WhVfdtiiEg
https://www.youtube.com/watch?v=6WhVfdtiiEg
https://www.youtube.com/watch?v=yBpPtglHk94
https://www.youtube.com/watch?v=yBpPtglHk94
https://www.youtube.com/watch?v=QQGPWoUBzII
https://www.youtube.com/watch?v=QQGPWoUBzII
https://www.youtube.com/watch?v=Z7NqhRqLm8U
https://www.youtube.com/watch?v=Z7NqhRqLm8U
https://www.youtube.com/watch?v=KBF4Rxm_dlc
https://www.youtube.com/watch?v=KBF4Rxm_dlc
https://www.youtube.com/watch?v=itp0ppfE8o0
https://www.youtube.com/watch?v=itp0ppfE8o0
https://www.youtube.com/watch?v=mKiYtzWztLM
https://www.youtube.com/watch?v=mKiYtzWztLM
https://www.youtube.com/watch?v=odr2LDlixFI
https://www.youtube.com/watch?v=odr2LDlixFI
https://www.youtube.com/watch?v=gulu4QjRiMI
https://www.youtube.com/watch?v=gulu4QjRiMI
https://www.youtube.com/watch?v=wFiNHn8sZ-A
https://www.youtube.com/watch?v=wFiNHn8sZ-A
https://www.youtube.com/watch?v=iOOoyDXgHPs
https://www.youtube.com/watch?v=iOOoyDXgHPs
https://deref-gmx.net/mail/client/AFRayIKsgvI/dereferrer/?redirectUrl=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DNY8ijBhmUyE
https://deref-gmx.net/mail/client/AFRayIKsgvI/dereferrer/?redirectUrl=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DNY8ijBhmUyE


 

 

 2016 NBC News, Politics https://www.y-
outube.com/watch?v=CMbx9tW1b7I  

07:50 AS_E_2016_4 

 2016 Graham Bensinger, 
Father’s negativity 

https://www.y-
outube.com/watch?v=DJQOgp9a66I  

04:57 AS_E_2016_5 

 2016 Graham Bensinger, My 
army tank mistake 

https://www.youtube.com/watch?v=Ly
w6mJhb090  

04:47 AS_E_2016_6 

 2016 Graham Bensinger, Steal-
ing Terminator 

https://www.y-
outube.com/watch?v=rf6gO6jxcXA  

06:46 AS_E_2016_7 

 2016 Graham Bensinger, Best 
decision  

https://www.y-
outube.com/watch?v=ZHL_UXfWT44  

04:39 AS_E_2016_8 

 2016 Graham Bensinger, Lucille 
Ball saved me 

https://www.you-
tube.com/watch?v=n403JSJxNuE  

05:51 AS_E_2016_9 

 2016 Graham Bensinger, Real 
estate mogul 

https://www.y-
outube.com/watch?v=15kLC-T-8Ew  

04:20 AS_E_2016_10 

 2016 Graham Bensinger, Party-
ing with President Bush 

https://www.youtube.com/watch?v=Jm
87olgC_14  

03:47 AS_E_2016_11 

 2016 Graham Bensinger , Gov-
ernor was role of life time 

https://www.youtube.com/watch?v=NI
UvNbSVTaE  

04:04 AS_E_2016_12 

 2016 Graham Bensinger, Maria 
Shriver didn’t want me to 
run 

https://www.youtube.com/watch?v=XF
r722eNHMA  

05:29 AS_E_2016_13 

 2016 **Vision, goals & success https://www.y-
outube.com/watch?v=K79pNxaliwk 

09:59 AS_E_2016_14 

 2017 Glenn Twiddle, Arnold 
Schwarzenegger Interview 

https://www.y-
outube.com/watch?v=40xM0oZB_Po 

24:22 AS_E_2017_6 

 2017 USC, Democracy isn’t a 
spectator sport 

https://www.youtube.com/watch?v=nP
DZfN4iXF8  

02:12 AS_E_2017_1 

 2017 CNN, Why Schwarzeneg-
ger didn’t vote for Trump 

https://www.youtube.com/watch?v=94t
mN4UtLr0  

01:31 AS_E_2017_2 

 2017  **About Terminator 2 https://www.y-
outube.com/watch?v=T7r1lMT8Zpo 

04:12 AS_E_2017_3 

https://www.youtube.com/watch?v=CMbx9tW1b7I
https://www.youtube.com/watch?v=CMbx9tW1b7I
https://www.youtube.com/watch?v=DJQOgp9a66I
https://www.youtube.com/watch?v=DJQOgp9a66I
https://www.youtube.com/watch?v=Lyw6mJhb090
https://www.youtube.com/watch?v=Lyw6mJhb090
https://www.youtube.com/watch?v=rf6gO6jxcXA
https://www.youtube.com/watch?v=rf6gO6jxcXA
https://www.youtube.com/watch?v=ZHL_UXfWT44
https://www.youtube.com/watch?v=ZHL_UXfWT44
https://www.youtube.com/watch?v=n403JSJxNuE
https://www.youtube.com/watch?v=n403JSJxNuE
https://www.youtube.com/watch?v=15kLC-T-8Ew
https://www.youtube.com/watch?v=15kLC-T-8Ew
https://www.youtube.com/watch?v=Jm87olgC_14
https://www.youtube.com/watch?v=Jm87olgC_14
https://www.youtube.com/watch?v=NIUvNbSVTaE
https://www.youtube.com/watch?v=NIUvNbSVTaE
https://www.youtube.com/watch?v=XFr722eNHMA
https://www.youtube.com/watch?v=XFr722eNHMA
https://www.youtube.com/watch?v=40xM0oZB_Po
https://www.youtube.com/watch?v=40xM0oZB_Po
https://www.youtube.com/watch?v=nPDZfN4iXF8
https://www.youtube.com/watch?v=nPDZfN4iXF8
https://www.youtube.com/watch?v=94tmN4UtLr0
https://www.youtube.com/watch?v=94tmN4UtLr0
https://www.youtube.com/watch?v=T7r1lMT8Zpo
https://www.youtube.com/watch?v=T7r1lMT8Zpo


 

 

 2017 Arnold Schwarzenegger 
speaks with Guenther Zie-
sel 

https://www.youtube.com/watch?v=ni-
QbE1XrhAg 

47:43 AS_E_2017_4 

 2017 R20 Austrian World Sum-
mit 2017 in Vienna 

https://www.youtube.com/watch?v=dH
2B-5ZiFPc  

19:22 AS_E_2017_5 

 2018 Opie Radio, Arnold 
Schwarzenegger on all 
those crappy impressions 
on him 

https://www.youtube.com/watch?v=j4L
Tcxjd9pA  

01:36 AS_E_2018_1 

 2018 CNN, Arnold Schwar-
zenegger: Politics ‘sucks‘ 

https://www.y-
outube.com/watch?v=OX5qbuAGOM4  

07:32 AS_E_2018_2 

(II) German 
 

 

Stage Year Video name Link Total 
dura-
tion 

File designa-
tion 

Early 1977 Arnold Schwarzenegger 
speaking German 

https://www.y-
outube.com/watch?v=bkWCfuCmWRI 

01:00 AS_G_1977_1 

  Auf los geht’s los, ARD 
1982 
Mensch Maier, ARD, 1986 

https://www.y-
outube.com/watch?v=z_OaPkR-rVs 

03:58 AS_G_1982_86
_1 

 1985 Na sowas! Arnold Schwar-
zenegger Interview 

https://www.y-
outube.com/watch?v=4uFlF0ZoRIE  

05:59 AS_G_1985_1 

 1986 ZiB2 Interview mit Robert 
Hochner 

https://www.y-
outube.com/watch?v=SDZIn9z_sak  

07:42 AS_G_1986_1 

 2012 **Kleine Zeitung, Inter-
view “War echt abnormal“ 

https://www.y-
outube.com/watch?v=SfZID-D5O48 

02:47 AS_G_2012_1 

 2012 **Kleine Zeitung, Hautnah 
bei den Fans 

https://www.y-
outube.com/watch?v=RQU3VUKeCro 

02:07 AS_G_2012_2 

 2013 Pressekonferenz, The Last 
Stand 

https://www.y-
outube.com/watch?v=NZkFPsR8gFs  

04:56 AS_G_2013_1 

https://www.youtube.com/watch?v=niQbE1XrhAg
https://www.youtube.com/watch?v=niQbE1XrhAg
https://www.youtube.com/watch?v=dH2B-5ZiFPc
https://www.youtube.com/watch?v=dH2B-5ZiFPc
https://www.youtube.com/watch?v=j4LTcxjd9pA
https://www.youtube.com/watch?v=j4LTcxjd9pA
https://www.youtube.com/watch?v=OX5qbuAGOM4
https://www.youtube.com/watch?v=OX5qbuAGOM4
https://www.youtube.com/watch?v=bkWCfuCmWRI
https://www.youtube.com/watch?v=bkWCfuCmWRI
https://www.youtube.com/watch?v=z_OaPkR-rVs
https://www.youtube.com/watch?v=z_OaPkR-rVs
https://www.youtube.com/watch?v=4uFlF0ZoRIE
https://www.youtube.com/watch?v=4uFlF0ZoRIE
https://www.youtube.com/watch?v=SDZIn9z_sak
https://www.youtube.com/watch?v=SDZIn9z_sak
https://www.youtube.com/watch?v=SfZID-D5O48
https://www.youtube.com/watch?v=SfZID-D5O48
https://www.youtube.com/watch?v=NZkFPsR8gFs
https://www.youtube.com/watch?v=NZkFPsR8gFs


 

 

 2013 ORF1, Ski Opening Schlad-
ming 

https://www.y-
outube.com/watch?v=NlQhLtmHU1A  

03:38 AS_G_2013_2 

 2013 Goldenes Ehrenzeichen 
des Landes STMK  

https://www.youtube.com/watch?v=ex-
fUZKdNhIM 

01:35 AS_G_2013_3 

 2017 Arnold Schwarzenegger 
speaks with Guenther Zie-
sel 

https://www.youtube.com/watch?v=ni-
QbE1XrhAg 

03:10 AS_G_2017_4 

 2017 R20 Austrian World Sum-
mit in Vienna 

https://www.youtube.com/watch?v=dH
2B-5ZiFPc  

03:27 AS_G_2017_5 

 2017 Auszeichnung durch Lan-
deshauptmann 

https://www.y-
outube.com/watch?v=bvDuXxrmZqo 

03:26 AS_G_2017_6 

 2017 OE24, Schwarzenegger 
trifft Van der Bellen 

https://www.y-
outube.com/watch?v=8jpXjUrSeTY 

04:34 AS_G_2017_7 

 2018 **R20 Austrian World 
Summit 

https://www.y-
outube.com/watch?v=tpqQjpCopBE 

02:33 AS_G_2018_1 

Table A: Sound files used for the analysis of AS’s (I) English and (II) German pronunciation. Note: The videos marked with ** are 
no longer available on YouTube (date of last access: June 28th, 2020).

https://www.youtube.com/watch?v=NlQhLtmHU1A
https://www.youtube.com/watch?v=NlQhLtmHU1A
https://www.youtube.com/watch?v=exfUZKdNhIM
https://www.youtube.com/watch?v=exfUZKdNhIM
https://www.youtube.com/watch?v=niQbE1XrhAg
https://www.youtube.com/watch?v=niQbE1XrhAg
https://www.youtube.com/watch?v=dH2B-5ZiFPc
https://www.youtube.com/watch?v=dH2B-5ZiFPc
https://www.youtube.com/watch?v=bvDuXxrmZqo
https://www.youtube.com/watch?v=bvDuXxrmZqo
https://www.youtube.com/watch?v=8jpXjUrSeTY
https://www.youtube.com/watch?v=8jpXjUrSeTY
https://www.youtube.com/watch?v=tpqQjpCopBE
https://www.youtube.com/watch?v=tpqQjpCopBE
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Appendix B 

 

Figure B.1: VOT durations of AS’s L2 English voiced and voiceless plosives according to 
place of articulation (bilabial, alveolar, velar) and syllable number in the test words 

(monosyllabic, bisyllabic). 
 

 

 

Figure B.2: VOT durations of AS’s L1 German voiced and voiceless plosives according 
to place of articulation (bilabial, alveolar, velar) and syllable number in the test words 

(monosyllabic, bisyllabic). 
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Figure B.3: VOT durations of AS’s L2 English voiced and voiceless plosives according to 
place of articulation (bilabial, alveolar, velar) and quality of the vowel following the 

plosive (low, mid, high). 
 

 

 

Figure B.4: VOT durations of AS’s L1 German voiced and voiceless plosives according 
to place of articulation (bilabial, alveolar, velar) and quality of the vowel following the 

plosive (low, mid, high). 
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Appendix C 
Target word English 

translation 
IPA 
transcription 

Phoneme(s) 
tested 

Baum tree /baʊm/ /b/ 
Sonne sun /ˈzɔnə/ - /sɔnə/ /ɔ/ 
Bank bank /baŋk/ /b/, /a/ 
Park park /paːk/ /p/, /a/ 
Katze cat /ˈkatsə/ /k/, /a/ 
Dach roof /dax/ /d/, /a/ 
Bus bus /bʊs/ /b/, /ʊ/ 
Buch book /buːx/ /b/, /u/ 
Tisch table /tɪʃ/ /t/, /ɪ/ 
Packerl package /ˈpakəl/ /p/, /a/ 
Wiese meadow /ˈviːzə/ /i/ 
Picknick picnic /ˈpɪkˌnɪk/ /p/, /ɪ/ 
Gans goose /gans/ /g/, /a/ 
Tonne barrel /ˈtɔnə/ /t/, /ɔ/ 
Teich pond /taɪç/ /t/ 
Mutter mother /mʊtɐ/ /ʊ/ 
Ball ball /bal/ /b/, /a/ 
Hund dog /hʊnt/ /ʊ/ 
Decke blanket /ˈdɛkə/ /d/, /ɛ/ 
Sieb sieve /ziːp/ /i/ 
Topf pot /tɔpf/ /t/, /ɔ/ 
Hund dog /hʊnt/ /ʊ/ 
Butter butter /ˈbʊtɐ/ /b/, /ʊ/ 
Käse cheese /ˈkɛːzə/ /k/, /ɛ/ 
Geld money /gɛlt/ /g/ 
Mus puree /muːs/ /u/ 
Kuh cow /kuː/ /k/, /u/ 
Tisch table /tɪʃ/ /t/, /ɪ/ 
Dieb thief /diːp/ /d/, /i/ 
Koffer suitcase /ˈkɔfɐ/ /k/, /ɔ/ 
Decke blanket /ˈdɛkə/ /d/, /ɛ/ 
Giebel gable /ˈgiːbl/ /g/, /i/ 
Gipfel peak /ˈgɪpfl/ /g/, /ɪ/ 
Wiese meadow /ˈviːzə/ /i/ 
Gans goose /gans/ /g/, /a/ 
Peter Peter /ˈpeːtə/ /p/ 
Bett bed /bɛt/ /b/, /ɛ/ 
Kissen pillow /ˈkɪsn/ /k/, /ɪ/ 
Topf pot /tɔpf/ /t/, /ɔ/ 
Puppe doll /ˈpʊpə/ /p/, /ʊ/ 
Dusche shower /ˈduːʃə/ /d/, /u/ 
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Decke blanket /ˈdɛkə/ /d/, /ɛ/ 
Buch book /buːx/ /b/, /u/ 

Table C: Tokens collected for Austrian German reference data.
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Appendix D 
 ENG early    

 F1  F2  
Vowel Mean (SD) Median Mean (SD) Median 
/i/ 323.6 (60.24) 305.1 2028.1 (135.9) 2018.0 
/ɪ/ 420.2 (69.66) 410.3 1743.2 (118.3) 1752.6 
/ɛ/ 500.6 (77.41) 485.4 1665.2 (188.0) 1667.9 
/u/ 334.9 (45.38) 328.5 1003.6 (267.0) 950.8 
/ʊ/ 400.9 (68.98) 403.5 1172.9 (211.76) 1181.7 
/ɔ/ 661.5 (69.7) 651.1 1042.2 (209.91) 975.1 
/ɑ/ 697.2 (83.84) 707.0 1197.5 (109.31) 1182.6 
/æ/ 639.9 (99.28) 650.9 1559.4 (207.47) 1545.2 
/ʌ/ 593.1 (106.16) 601.7 1277.9 (104.57) 1265.8 
/ɝ/ 474.7 (43.34) 462.7 1302.5 (76.26) 1300.9 
 ENG mid 

 
   

 F1  F2  
Vowel Mean (SD) Median Mean (SD) Median 
/i/ 326.3 (43.04) 320.0 2035.5 (252.94) 2041.8 
/ɪ/ 436.4 (77.18) 429.1 1771.1 (100.58) 1779.0 
/ɛ/ 502.7 (51.58) 503.3 1595.3 (142.56) 1599.6 
/u/ 338.5 (43.05) 340.3 867.8 (246.98) 778.9 
/ʊ/ 418.0 (50.3) 412.6 1231.2 (209.24) 1236.7 
/ɔ/ 615.4 (71.73) 594.9 915.4 (78.48) 936.1 
/ɑ/ 690.0 (55.31) 696.6 1190.3 (129.17) 1191.7 
/æ/ 630.6 (91.12) 659.9 1589.1 (194.24) 1534.0 
/ʌ/ 607.8 (52.27) 610.3 1218.2 (82.09) 1228.8 
/ɝ/ 477.1 (42.31) 476.3 1317.4 (74.51) 1323.9 
 ENG late 

 
   

 F1  F2  
Vowel Mean (SD) Median Mean (SD) Median 
/i/ 306.0 (41.32) 301.9 2054.8 (117.79) 2040.1 
/ɪ/ 400.3 (60.58) 390.5 1727.2 (125.9) 1737.4 
/ɛ/ 489.8 (52.2) 485.9 1607.9 (115.03) 1598.78 
/u/ 330.0 (75.71) 317.9 940.6 (438.66) 799.6 
/ʊ/ 384.6 (39.41) 381.5 1217.6 (257.99) 1272.8 
/ɔ/ 614.1 (78.2) 602.3 876.5 (73.74) 882.4 
/ɑ/ 677.8 (73.99) 681.2 1208.2 (140.06) 1193.6 
/æ/ 624.5 (99.86) 648.2 1580.6 (169.3) 1535.2 
/ʌ/ 611.1 (57.01) 609.0 1231.2 (88.65) 1229.4 
/ɝ/ 454.0 (36.82) 448.1 1298.6 (85.71) 1292.07 
 GER early    
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 F1  F2  
Vowel Mean (SD) Median Mean (SD) Median 
/i/ 360.8 (34.69) 352.7 303.8 (16.14) 302.1 
/ɪ/ 388.7 (59.77) 404.0 381.4 (35.03) 387.0 
/ɛ/ 476.8 (66.88) 437.4 460.7 (30.86) 469.3 
/u/ 391.3 (27.85) 381.4 308.7 (27.44) 311.9 
/ʊ/ 484.5 (181.51) 461.2 465.2 (91.02) 483.1 
/ɔ/ 500.6 (55.08) 490.4 526.1 (52.32) 534.8 
/ɑ/ 701.6 (76.09) 679.7 617.1 (76.84) 598.5 
/e/ 516.6 (14.59) 518.4 384.3 (18.81) 390.9 

Table D: Means, standard deviations (SD), and medians of F1 and F2 (in Hz) of AS’s 
English (ENG) and German (GER) monophthongs according to stage (early, mid, late).
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Appendix E 
File name Orthographic transcript Duration 

(in sec.) 

AS_1977_1_1 zwanzig Wiederholungen mit ungefähr dreihundert 
Pfund und das ungefähr a halbe Stund täglich 

5.85 

AS_1977_1_3 i[ch] hab ungefähr zweihundert Kilo hinten oben auf 
der Maschin[e] und i[ch] moch[mach] ungefähr zehn 
bis zwölf Wiederholungen 

6.86 

AS_1986_1_1 und i[ch] wollte irgendwie an an Mittel finden dass 
i[ch] das erreich früher oder später 

6.74 

AS_1986_1_2 und i[ch] hab dann natürlich ganz wie a Wahnsinniger 
angefangen mit dem Training vier fünf Stunden täglich 

5.33 

AS_2017_4_2 i hab heute schon i i geh jeden Tag in der Früh um 
sechs Uhr [] zum Radfahren ich fahr ungefähr a Stunde 
mit dem Rad 

5.84 

AS_2017_4_3 wenn ich an unsere Radtour denke ja dann denk i[ich] 
net[nicht] so viel an deine Leistung  

7.75  

AS_2017_5_1 die erste Klasse besucht haben wie wir olle[alle] Angst 
gehabt haben vom der Schul[e] und wie wir noch 
Schlitten fahrn gangen[gegangen] san[sein]  

6.28 

AS_2017_5_2 Eisschießen, Schifahrn und so weiter Fußball gespielt 
haben wir zusammen also mir ham so viel Gaude ge-
habt  

5.8 

Stro_2018_1_1_
1 

ich hab sehr viele Erfahrungen gesammelt über die 
Jahre nicht ich war in Aufsichtsräten von Spitälern  

6.42 

Stro_2018_2_1_
1 

die richtigen Eigenschaften hat dann kann sehr viel 
passieren 

3.68 

Stro_2018_2_2_
1 

aber ich sag auch immer noch ganz gleich wie 
g[e]scheit du bist es gehört auch a[ein] bissl ein Glück 
dazu ja  

6.51 

Sro_2018_2_4_1 man soll irgendetwas tun was man gerne macht 3.21 
Kainr_2018_1_1 ich darf leider ka[keine] Torte ess[e]n weil sonst verlier 

ich meine acht Prozent Körperfett  
5.41 

Kainr_2016_1_1 unter andern auch seinen neunundsechzigsten Ge-
burtstag 

4.26  

Kainr_2017_1 und bin deswegen brav im Studio und tu brav trainie-
ren 

4.49 

Kainr_2017_2 jetzt mach ma an old school Training wie vor fuff-
zig[fünfzig] Joa[Jahr] und zwar unsere Lieblingsübung 
warn immer Klimmzüge 

5.9 

Urdl_2018_1_10 sei[n] bester Freund der is der is eigentlich aufgewach-
sen im Gitterbett z[us]ammen  

5.47  

Urdl_2017_1 du so schnell wie die Zeit vergeht jetzt wer[d] ma sieb-
zig Joa[Jahr] 

5.02 
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Urdl_2017_2 wir erinnern uns noch olle[alle] an diese Zeit wo 
ma[wir] eigentlich in die Volksschul[e] gangen[gegan-
gen] san[sind]  

5.7 

Marnul_2017_1
_5 

und dort hab ich begonnen neunzehnhundertzweiund-
fünfzig mit Gewichtheben  

4.03 

Marnul_2017_1
_9 

aber zu diesem Zeitpunkt hots[hat’s] bei uns in Öster-
reich ja kein Eiweiß noch gegeben  

5.72 

Marnul_2017_2 und dann musst ungefähr a[ein] Gewicht verwenden 
acht bis neun Wiederholungen und bei der neunten 
zehnten hast du nicht mehr die Kraft des richtig auszu-
führen 

8.17 

Schick_2013_1_
1 

hätt net sein müssen nicht i[ch] mein andererseits ist 
es wirklich a[ein] jeder sagt des[das] is[t] seine Privat-
geschichte 

5.66 

Gerstl_2011_2_1 studieren weiterarbeiten und nach oben geh[e]n 5.17 
Gerstl_2011_2_2 es is[t] wunderbar deshalb weil es ist die Motivation 

für die Jugend  
6.34 

FAR_Spea-
kerA_1 

Naja i hätt einmal gsogt[gesagt] im Durchschnitt so mit 
der richtigen Frequenz fürs Herz acht Minuten 

6.57 

FAR_Spea-
kerA_2 

das siecht[sieht] man so oft und i[ch] hob[hab] erst in 
sog i amol fünf Joa[Jahr] zwa[zwei] gesehen die an 
Fisch rausgeholt haben 

6.42 

FAR_Spea-
kerA_3 

es is[t] halt wie bei an Tier der an[einen] gewissen Jag-
dinstinkt hat und so is[t] halt beim Menschen auch 

5.28 

FAR_Spea-
kerB_1 

mir gefallt’s Fischerei Fischen tu ich schon lang und 
aufhörn mog[mag] i[ch] no[ch] net[nicht] 

6.74 

Table E: Orthographic transcripts of speech samples used for perceived nativeness, 
intelligibility and comprehensibility ratings.
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Appendix F 
Listener Age Sex Highest 

education 
Age at 
onset of 
L2 
learning 

Years of 
schooling 
in the L2 

Level of L2 
proficiency 

MT_ML 34 female Apprenticeship 
diploma 

10 9 B1 

PH_ML 34 male Matura 9 10 A2-B1 
TK_ML 33 female University degree 

(Bachelor) 
10 9 B1-B2 

BE_ML 38 female Matura 9 9 B1 
SR_ML 27 female Matura 10 8 B1 
ST_ML 32 male Matura 10 9 A2 
HP_ML 26 male University degree 

(FH) 
10 8 A2-B1 

AV_ML 31 female Matura 10 7 B1 
DL_ML 32 male Apprenticeship 

diploma 
10 9 B2 

MR_ML 34 male University degree 9 9 B1-B2 
UN_ML 25 female University degree 

(FH) 
10 8 B1 

RP_ML 32 male University degree 
(Bachelor) 

10 8 B1 

EB_ML 25 male Matura 9 9 A2-B1 
BS_ML 29 female Matura 10 8 A2 
VK_ML 39 female University degree 

(FH) 
10 7 B1 

JS_ML 35 female Apprenticeship 
diploma 

10 6 A2 

LD_ML 31 female University degree 
(PH) 

9 9 A2-B1 

EH_ML 33 male University degree 10 9 B2 
ON_ML 38 male Apprenticeship 

diploma 
10 8 A1 

FL_ML 28 male Matura 9 6 A2 

Table F.1: Listener details for group ML–GRA (n = 20).  
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Listener Age Sex Age at 
onset of 
L2 
learnin
g 

Years of 
schooling 
in the L2 

Years of L2 
experience 
at 
university 
level 

Level of L2 
proficiency 

Months 
spent in 
an L2 
country 

BD_BIL 25  male 10 11 2 C1-C2 12  
HT_BIL 21 fe-

male 
9 9 3 C1 - 

TS_BIL 19  fe-
male 

10 8 2 C1 - 

WS_BIL 20  fe-
male 

9 9 2 C1 2  

NL_BIL 19 fe-
male 

10 8 2 C1 - 

BN_BIL 20 fe-
male 

11 8 2 B2-C1 - 

WK_BIL 24 fe-
male 

10 8 3 C2 12 

LM_BIL 20 fe-
male 

9 10 2 C2 12.5 

LC_BIL 23 fe-
male 

10 9 3 C2 8 

BK_BIL 22 male 9 9 2.5 C1-C2 - 
NK_BIL 20 male 10 9 2.5 C2 6 
LB_BIL 23 male 11 8 3 C1-C2 - 
CH_BIL 21 male 11 8 2 C2 8 
SV_BIL 24 fe-

male 
9 9 3.5 C2 12 

VK_BIL 25 male 10 9 2.5 C1-C2  
LT_BIL 20 male 10 8 2 C1 - 
ML_BIL 21 male 9 9 2.5 C1 6 
PM_BIL 22 male 9 9 3 B2-C1 - 
JT_BIL 20 fe-

male 
10 8 2 C1-C2 3 

SM_BIL 24 fe-
male 

10 8 3 C2 - 

Table F.2: Listener details for group BIL–GRA (n = 20).



 

 

Appendix G 
Frage 1 Alter in Jahren:  
Frage 2 Geburtsjahr:  
Frage 3 Geschlecht:  
Frage 4 Geburtsort, Geburtsland:  
Frage 5 Nationalität:  
Frage 6 Derzeitiger Wohnort:  
 
Frage 7 Haben Sie in der Vergangenheit für 

eine längere Zeit (länger als 4 Wo-
chen) an einem anderen Ort (Stadt, 
Land) als dem oben genannten ge-
lebt? 

□ Ja Wo? __________________ Wie lange? ___________________ 
□ Nein 

Frage 8 Höchste abgeschlossene Ausbildung? □ Pflichtschule 
□ Höherbildende Schule mit Matura 
□ Lehrabschluss 
□ Hochschulabschluss (Universität, FH) 

Frage 9 Falls Hochschulabschluss: Welche 
Studienrichtung? 

 

Frage 10 Was ist Ihr Beruf bzw. Ihre derzeitige 
Tätigkeit (darunter fällt z.B. Karenz, 
Kinderbetreuung, Hausfrau, Studen-
tIn, in Ausbildung, etc.)? 

 

Frage 11 Falls StudentIn, welche Studienrich-
tung? 
In welchem Semester? 

Studienrichtung (falls Lehramt, bitte Fächer angeben): 
______________________________ 
Semester: ______ 

Frage 12 Haben Sie eine diagnostizierte 
Sprach- oder Hörbeeinträchtigung?  

□ Ja 
□ Nein 

Frage 13 Was ist Ihre Muttersprache (Erst-
sprache)? 

 



 

 

Frage 14 Sind Sie zweisprachig aufgewach-
sen? 

□ Ja 
□ Nein 

Frage 15 Sprechen Sie noch andere Sprachen 
außer Ihrer Muttersprache(n)? 

□ Ja Welche? _____________________________________ 
□ Nein 

Frage 16 Wenn Sie noch andere Sprachen au-
ßer Ihrer Muttersprache sprechen, 
wie schätzen Sie Ihr Sprachniveau 
(sprachliche Kompetenz) in diesen 
Sprachen ein? 
*** Bitte geben Sie hier eines der sechs 
Sprachniveaus (A1, A2, B1, B2, C1, C2) 
an, die am ENDE dieses Fragebogens auf-
gelistet und erläutert sind – bitte nach 
unten scrollen) *** 

Sprache: Sprachniveau:             Kommentar (optional): 
Sprache: Sprachniveau:             Kommentar (optional): 
Sprache: Sprachniveau:             Kommentar (optional): 

Frage 17 Sind Ihre Eltern oder ist ein Eltern-
teil zweisprachig aufgewachsen? 

□ Ja 
□ Nein 

Frage 18 Würden Sie sagen, dass Sie Dialekt-
sprecher oder eher Standardspre-
cher sind? 

□ Dialektsprecher 
□ Standardsprecher 

Frage 19 Welchen Dialekt sprechen Sie (stei-
risch oder eher einen anderen öster-
reichischen Dialekt)? 

□ Steirisch 
□ Anderer Dialekt 

Frage 20 Welchen Dialekt sprechen Ihre El-
tern (steirisch oder eher einen ande-
ren österreichischen Dialekt)? 

□ Steirisch 
□ Anderer Dialekt 

Frage 21 Würden Sie sagen, dass Sie den steiri-
schen Dialekt gut von anderen öster-
reichischen Dialekten unterscheiden 
können? 

□ Ja 
□ Nein 
□ Weiß nicht  

Frage 22 Wie häufig haben Sie Kontakt zu 
Sprechern, die einen anderen öster-
reichischen Dialekt sprechen?  

□ Sehr häufig 
□ Eher häufig 
□ Eher selten 



 

 

□ Sehr selten 
Frage 23 Haben Sie Englisch in der Schule 

und/oder im Studium gelernt? 
□ Ja 
□ Nein 

 Wenn Sie Englisch in der Schule ge-
lernt haben, wie lange (in Jahren)?  

Jahre: ______________ 

Mit welchem Alter haben Sie begon-
nen, Englisch in der Schule zu ler-
nen? 

Alter: ______________ 

Frage 24 Sprechen Sie im beruflichen Umfeld 
häufig Englisch? 

□ Ja 
□ Nein 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 25 Sprechen Sie im privaten Umfeld 
häufig Englisch und wenn ja, mit 
wem (Freunde, Familie, Studienkolle-
gInnen)? 

□ Ja                 Mit wem? _____________________________________ 
□ Nein 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 26 Schauen Sie TV-Serien und/oder 
Filme in Englisch? 

□ Ja 
□ Nein 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 27 Lesen Sie Bücher und/oder Zeitun-
gen/Magazine (online oder Print) in 
Englisch? 

□ Ja 
□ Nein 



 

 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 28 Hören Sie Radio, online Broadcasts 
oder Hörbücher in Englisch? 

□ Ja 
□ Nein 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 29 Schreiben Sie häufig Texte (E-Mails, 
Briefe, Kurzgeschichten, Gedichte, 
online Kommentare/Postings, etc.) in 
Englisch (unabhängig von den 
Schreibaufgaben, die Sie im Rahmen 
Ihres Studiums bekommen)? 

□ Ja Welche Art von Texten? _____________________________ 
□ Nein 

Wenn ja, wie häufig? □ Sehr selten (weniger als 1x pro Monat) 
□ Eher selten (1-2x pro Monat) 
□ Eher häufig (mehrmals pro Monat) 
□ Sehr häufig (mehrmals pro Woche) 

Frage 30 Basierend auf Ihren vorherigen Ant-
worten, würden Sie sagen, dass für 
Sie Englisch neben Ihrer Mutterspra-
che/Erstsprache eine Sprache ist, die 
Sie auch außerhalb der Universität 
häufig verwenden und in der Sie sich 
gut und sicher in verschiedenen 
kommunikativen Kontexte ausdrü-
cken können? 

□ Ja              Kommentar (optional): ___________________________ 
□ Nein            Kommentar (optional): ___________________________ 



 

 

******************************************************************************************************************************* 
Erläuterungen der Sprachniveaus (siehe Frage 16)104: Bitte lesen Sie sich die folgenden Erläuterungen durch und beurteilen Sie 
Ihre Sprachkompetenz dementsprechend.  

Elementare Sprachverwendung (A1, A2) 
 
Spracheniveau A1: 
Ich kann vertraute, alltägliche Ausdrücke und ganz einfache Sätze verstehen und verwenden, die auf die Befriedigung konkreter 
Bedürfnisse zielen. Ich kann mich und andere vorstellen und anderen Leuten Fragen zu ihrer Person stellen - z. B. wo sie wohnen, 
was für Leute sie kennen oder was für Dinge sie haben - und kann auf Fragen dieser Art Antwort geben. Ich kann mich auf einfache 
Art verständigen, wenn die Gesprächspartnerinnen oder Gesprächspartner langsam und deutlich sprechen und bereit sind zu hel-
fen 
Sprachniveau A2: 
Ich kann Sätze und häufig gebrauchte Ausdrücke verstehen, die mit Bereichen von ganz unmittelbarer Bedeutung zusammenhängen 
(z.B. Informationen zur Person und zur Familie, Einkaufen, Arbeit, nähere Umgebung). Ich kann mich in einfachen, routinemäßigen 
Situationen verständigen, in denen es um einen einfachen und direkten Austausch von Informationen über vertraute und geläufige 
Dinge geht. Ich kann mit einfachen Mitteln die eigene Herkunft und Ausbildung, die direkte Umgebung und Dinge im Zusammen-
hang mit unmittelbaren Bedürfnissen beschreiben.  
 
Selbstständige Sprachverwendung (B1, B2) 
 
Sprachniveau B1: 
Ich kann die Hauptpunkte verstehen, wenn klare Standardsprache verwendet wird und wenn es um vertraute Dinge aus Arbeit, 
Schule, Freizeit usw. geht. Ich kann die meisten Situationen bewältigen, denen man auf Reisen im Sprachgebiet begegnet. Ich kann 
mich einfach und zusammenhängend über vertraute Themen und persönliche Interessengebiete äußern. Ich kann über Erfahrungen 
und Ereignisse berichten, Träume, Hoffnungen und Ziele beschreiben und zu Plänen und Ansichten kurze Begründungen oder Er-
klärungen geben. 
 
Sprachniveau B2: 

 
104 The definition of the six competence levels provided here are based on the Common European Framework of Reference for Languages (CEFR; Council 

of Europe 2001). 



 

 

Ich kann die Hauptinhalte komplexer Texte zu konkreten und abstrakten Themen verstehen; ich verstehe im eigenen Spezialgebiet 
auch Fachdiskussionen. Ich kann mich so spontan und fließend verständigen, dass ein normales Gespräch mit Muttersprachlern 
ohne größere Anstrengung auf beiden Seiten gut möglich ist. Ich kann mich zu einem breiten Themenspektrum klar und detailliert 
ausdrücken, einen Standpunkt zu einer aktuellen Frage erläutern und die Vor- und Nachteile verschiedener Möglichkeiten angeben. 
 
Kompetente Sprachverwendung (C1, C2) 
 
Sprachniveau C1: 
Ich kann ein breites Spektrum anspruchsvoller, längerer Texte verstehen und auch implizite Bedeutungen erfassen. Ich kann mich 
spontan und fließend ausdrücken, ohne öfter deutlich erkennbar nach Worten suchen zu müssen. Ich kann die Sprache im gesell-
schaftlichen und beruflichen Leben oder in Ausbildung und Studium wirksam und flexibel gebrauchen. Ich kann mich klar, struktu-
riert und ausführlich zu komplexen Sachverhalten äußern und dabei verschiedene Mittel zur Textverknüpfung angemessen verwen-
den. 
 
Sprachniveau C2 (nahezu muttersprachliche Sprachverwendung): 
Ich kann praktisch alles, was ich lese oder höre, mühelos verstehen. Ich kann Informationen aus verschiedenen schriftlichen und 
mündlichen Quellen zusammenfassen und dabei Begründungen und Erklärungen in einer zusammenhängenden Darstellung wie-
dergeben. Ich kann mich spontan, sehr flüssig und genau ausdrücken und auch bei komplexeren Sachverhalten feinere Bedeutungs-
nuancen deutlich machen. 
 

Table G: Listener questionnaire used in Study III. 
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Appendix H 

Description of rating procedure (Study III): E-mail sent to listeners 
 

Liebe Teilnehmerin, lieber Teilnehmer! 
Vielen Dank, dass Sie sich Zeit für meine Studie nehmen, die ich im Rahmen meiner 
Dissertation an der Karl-Franzens-Universität am Institut für Anglistik durchführe. 
Die Studie besteht insgesamt aus drei Teilen. Ihre Aufgabe wird es sein, sich unter-
schiedliche Tonaufnahmen anzuhören und anhand verschiedener Fragestellun-
gen zu bewerten. Um die Aufnahmen gut hören zu können, benutzen Sie bitte un-
bedingt Kopfhörer und befinden sich in einer ruhigen Umgebung (keine stören-
den Hintergrundgeräusche, wie beispielsweise Radio oder TV).  
Bitte bearbeiten Sie die Studie am PC oder Laptop (kein Tablet oder Handy!).  
Hier eine kurze Anleitung zur Vorgehensweise (alle weiteren Informationen finden 
Sie im Anhang dieser Mail): 
Öffnen Sie die zwei Dateien im Anhang dieser E-Mail (eine Excel-Datei ‚Antwort-

bögen‘ und eine Power Point Präsentation 
‚INPUT_online‘). Bitte öffnen Sie beide Da-
teien parallel auf Ihrem Computerbild-
schirm – das erleichtert das Arbeiten.  
Die Excel-Datei beinhaltet drei verschie-
dene Tabellenblätter: Antwortbogen_1, 
Antwortbogen_2 und Antwortbogen_3. 
Um zu dem jeweiligen Antwortbogen zu 
gelangen, klicken Sie auf die entspre-
chende Registerkarte, die Sie am linken 
unteren Rand (siehe Screenshot) finden.  
Die Anleitungen zu den unterschiedlichen 
Teilen der Studie, die Sie in der Power 
Point Präsentation finden, sagen Ihnen im-
mer ganz genau, in welchem Tabellen-
blatt Sie Ihre Antworten vermerken sol-
len.  
 
 

Um zu starten, klicken Sie auf die erste Folie der Power Point Präsentation und fol-
gen Sie der Anleitung. 
Bitte beachten Sie: Die erhobenen Daten werden streng vertraulich behandelt, 
nicht an Dritte weitergegeben und ausschließlich für Zwecke dieser 
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wissenschaftlichen Studie verwendet. In Übereinstimmung mit den Richtlinien 
zum Datenschutz, bitte ich Sie zudem, sich das angefügte Informationsblatt inkl. 
Datenschutzerklärung genau durchzulesen und mir unterschrieben zukommen zu 
lassen.  
 
Bitte vergessen Sie nicht, die ausgefüllten Fragebögen (d.h. die komplette Excel-
Datei) nach Bearbeitung der drei Teile an ich zu retournieren. 
 
Herzlichen Dank, dass Sie mich bei meiner Studie unterstützen! 
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Appendix I 

Sample of an Excel-rating sheet used in the nativeness rating task 
 

Task description: 
 

Sie werden nun nacheinander eine Reihe unterschiedlicher kurzer Tonaufnahmen 
hören. Es handelt sich hierbei um Aufnahmen von Sprechern, die kurze Sätze in 
österreichischem Deutsch sagen.  
Hören Sie sich die jeweilige Tonaufnahme zunächst an. Vermerken Sie dann auf 
Antwortbogen_1, ob Sie glauben, dass der Sprecher Deutsch als Muttersprache 
hat (JA oder NEIN). Vermerken Sie Ihre Antwort mit einem x in dem jeweiligen 
Kästchen.  
Vermerken Sie dann, wie sicher Sie sich sind, dass der Sprecher Deutsch als Mut-
tersprache hat bzw. dass er Deutsch nicht als Muttersprache hat (Sicher – Relativ 
Sicher – Unsicher). Vermerken Sie auch hier Ihre Antwort mit einem x in dem je-
weiligen Kästchen.   
Sie können zudem aufschreiben, wenn Ihnen bei dem jeweiligen Sprecher etwas 
Besonderes auffällt (z.B. wie er etwas ausspricht, die Verwendung eines bestimm-
ten Wortes, Betonungen, etc.). 
Ihre Antworten sollten Sie nach EINMALIGEM Anhören der Tonaufnahme vermer-
ken. Sie dürfen nach jeder Aufnahme eine kurze Pause einlegen, um Ihre Antwor-
ten auf dem Antwortbogen zu vermerken. Beachten Sie bitte, dass es kein Richtig 
oder Falsch gibt – verlassen Sie sich auf Ihre Ohren und Ihr Bauchgefühl. 
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Figure I: Screenshot ‘Antwortbogen_1’.  
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Appendix J 

Sample of an Excel-rating sheet used in the comprehensibility rating task 
 

Task description: 
 

Wie im vorherigen Teil werden Sie nun eine Reihe unterschiedlicher kurzer Ton-
aufnahmen hören. 
Hören Sie sich die jeweilige Tonaufnahme zunächst an. Vermerken Sie dann auf 
Antwortbogen_2, wie leicht oder schwer verständlich der jeweilige Sprecher ist. 
Hierfür benutzen Sie eine Skala von 1 (= Sehr leicht verständlich) bis 6 (= Sehr 
schwer verständlich). Vermerken Sie Ihre Antwort mit einem x in dem jeweiligen 
Kästchen.  
Ihre Antworten sollten Sie nach EINMALIGEM Anhören der Tonaufnahme vermer-
ken. Sie dürfen nach jeder Aufnahme eine kurze Pause einlegen, um Ihre Antwor-
ten auf dem Antwortbogen zu vermerken. 
Beachten Sie bitte, dass es auch hier kein Richtig oder Falsch gibt – verlassen Sie 
sich auf Ihre Ohren und Ihr Bauchgefühl. 
 
 

 

Figure J: Screenshot ‘Antwortbogen_2’. 
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Appendix K 

Sample of an Excel-rating sheet used in the intelligibility rating task 
 

Task description: 
 

Wie in den vorherigen Teilen werden Sie nun eine Reihe unterschiedlicher kurzer 
Tonaufnahmen hören. 
Hören Sie sich die jeweilige Tonaufnahme zunächst an. Schreiben Sie dann Wort 
für Wort auf, was der Sprecher sagt, d.h. fertigen Sie ein Transkript an. Hierbei ist 
es nicht wichtig, auf eine korrekte Interpunktion (Beistrichsetzung etc.) zu achten. 
Verwenden Sie Antwortbogen_3. Bitte schreiben Sie Ihr Transkript direkt hinter 
die jeweilige Sprecherbezeichnung in der linken Spalte.   
Wenn möglich, sollten Sie Ihre Antwort nach einmaligen Anhören vermerken. Sie 
dürfen die Tonaufnahme jedoch ein zweites Mal anhören, wenn Sie nach dem ers-
ten Anhören noch nicht alles notiert haben. 
Sie können nach jeder Aufnahme eine kurze Pause einlegen, um Ihre Antworten 
auf dem Antwortbogen zu vermerken. 
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Figure K: Screenshot ‘Antwortbogen_3’. 
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Arnold Schwarzenegger is perhaps the most 
famous Austrian-American celebrity who is not 
only well-known for his stunning career but who 
has also gained considerable attention for his 
supposedly unique accent in both his first (L1) 
and second (L2) language. This book presents an 
investigation of Schwarzenegger’s L1 German and 
L2 English pronunciation over a period of 40 years, 
using a speech corpus of broadcast interviews 
which illustrate his pronunciation at different 
stages in time. Study I and II present acoustic 
investigations of his segmental speech production 
(plosives and vowels). Study III examined if 
Schwarzenegger is perceived to sound native in 
his German pronunciation when being compared 
to monolingual German speakers and if listeners’ 
linguistic background influences their judgments 
of L1 nativeness. The findings of the acoustic 
analyses and the perception study show that a 
mature L1 system may be altered in response to 
a developing L2 system and that speakers might 
‘lose’ their status as native speakers in their first 
language, providing evidence for the inherently 
dynamic nature of speech development.




