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Abstract: The purpose of this investigation was to trace first (L1) and second language (L2) segmental
speech development in the Austrian German–English late bilingual Arnold Schwarzenegger over
a period of 40 years, which makes it the first study to examine a bilingual’s speech development
over several decades in both their languages. To this end, acoustic measurements of voice onset
time (VOT) durations of word-initial plosives (Study 1) and formant frequencies of the first and
second formant of Austrian German and English monophthongs (Study 2) were conducted using
speech samples collected from broadcast interviews. The results of Study 1 showed a merging of
Schwarzenegger’s German and English voiceless plosives in his late productions as manifested in a
significant lengthening of VOT duration in his German plosives, and a shortening of VOT duration
in his English plosives, closer to L1 production norms. Similar findings were evidenced in Study 2,
revealing that some of Schwarzenegger’s L1 and L2 vowel categories had moved closer together in
the course of L2 immersion. These findings suggest that both a bilingual’s first and second language
accent is likely to develop and reorganize over time due to dynamic interactions between the first
and second language system.

Keywords: first language attrition; second language acquisition; sequential bilingualism; voice onset
time; vowel formants; speech development; English; (Austrian) German; phonetics

1. Introduction

Learning a second language (L2) late in life often entails that speakers retain a no-
ticeable foreign accent in their L2 resulting from first language (L1) influences on the
late-acquired L2 phonetic/phonological system (Flege 1980, 1981; Flege et al. 1996; MacKay
et al. 2001; Scovel 1969). Examining L1 influences on pronunciation abilities in the L2 has a
long tradition in second language and bilingualism research: Against the background of
theories evolving around maturational constraints, such as the critical period hypothesis
(Lenneberg 1967; Penfield and Roberts 1959), a prevailing view was that an individual’s
native language system—once fully mature—was not likely to be affected and modified
by a late-acquired L2 system (Bylund 2009; Flege et al. 2003; Scovel 1969). In the past
decades, however, research came to acknowledge the bi-directional nature of interactions
between a bilingual’s language systems (e.g., Flege 1987; Mennen 2004; Sancier and Fowler
1997). This change in orientation resulted from the observation that also a mature native
system might be affected by L2-induced changes (e.g., Flege 1987). L1 modifications and
the resulting decline of linguistic abilities in one’s native language observed in late L2
learners who are being long-term immersed in an L2 environment is commonly referred
to as L1 attrition (Köpke and Schmid 2004). Interest in gaining a better understanding of
whether it is possible for healthy individuals to “unlearn” their L1 as a result of L2-learning
experience developed in the early 1980s (see Köpke and Schmid 2004, for an overview).
Since then, a considerable amount of research has been conducted to explore attrition
effects on native pronunciation abilities, which provides evidence for the permeability of
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late bilinguals’ L1 pronunciation system with regard to segmental (Bergmann et al. 2016; de
Leeuw et al. 2017; de Leeuw 2019; Dmitrieva et al. 2010; Mayr et al. 2012; Stoehr et al. 2017;
Ulbrich and Ordin 2014) and prosodic (de Leeuw et al. 2012b; de Leeuw 2019; Mennen and
Chousi 2018) features.

The present study aims to further extend the growing body of research on L1 attrition
and L2 acquisition and to gain a more profound understanding of the relationship between
L2 acquisition and L1 attrition in an immersion context. To this end, long-term changes
in the L1 Austrian German and the L2 English of the late consecutive bilingual Arnold
Schwarzenegger were examined by conducting acoustic analyses of voice onset time (VOT)
and vowel formants based on spontaneous speech samples. To date, this case study is the
first which does not exclusively focus on identifying longitudinal pronunciation changes
in either the L1 (e.g., de Leeuw 2019) or the L2 (e.g., Saito et al. 2019), or examining L1–L2
interactions over a relatively short period of time (e.g., Chang 2012; Sancier and Fowler
1997) but which traces the trajectory of segmental speech development in both the L1 and a
late-acquired L2 over a period of 40 years.

1.1. Bi-Directional L1–L2 Influences: An Integrated View of Bilingual Speech Development

Early investigations into second language speech acquisition started from the premise
that the “steady state” of a biologically mature L1 pronunciation system is not likely to
be disrupted by a late-acquired L2 system (Lado 1957; Lenneberg 1967). This resulted
in a rather biased focus on identifying L1 influences on the L2 system and neglected
potential interactions between a speaker’s languages. Furthermore, a seemingly straight-
forward definition of the bilingual was proposed according to which a bilingual’s language
systems are representative of two monolingual systems, which resulted in the prevailing
view that only those individuals who showed native and balanced proficiency in both
languages were to be considered “real” bilinguals (Bloomfield 1933; Thiery 1978). Moving
away from this static point of view, Grosjean (1989, 1997) proposed a holistic approach
to bilingualism, which reflected bilingual reality more appropriately. He argued that
a bilingual’s linguistic configuration is per se different from that of a monolingual due
to a dynamic interaction between the language systems and, hence, defining bilingual
speakers against the background of monolingual competence is rather misleading. With
the development of this integrated view, bilingualism and L2 acquisition research shifted
perspectives and started to acknowledge bi-directional L1–L2 influences as an inherent
characteristic of speech development in second language and bilingual speakers (Flege
1987; Odlin 1989, 2006; Sharwood Smith and Kellerman 1986).

Support for this holistic view and the notion of bi-directionality comes from the Speech
Learning Model (SLM) proposed by Flege (1995; see Flege and Bohn 2020, for a revised
version of the SLM). According to the SLM, bilinguals’ sound systems are not isolated from
each other, but exist in a shared phonetic space, which accounts for a mutual interaction
between a speaker’s language systems (Flege 1995; Flege and Bohn 2020). In this shared
space, L1–L2 interactions are determined by different mechanisms which can not only lead
to non-native L2 productions, but might also result in a reorganization of L1 categories. A
substantial amount of empirical research on bilingual speech development has supported
one of the SLM’s main predictions that similar L1 and L2 sounds would be difficult to
produce authentically due to assimilatory effects (Baker and Trofimovich 2005; Flege 1991;
Flege et al. 1996; Flege and Hillenbrand 1984; Thornburgh and Ryalls 1998). That is, late
bilinguals may fail to identify fine phonetic differences between acoustically related L1
and L2 sounds and establish a merged L1–L2 category which differs from the respective
monolingual categories. Flege and Hillenbrand (1984), for example, found that both L1
French late learners of L2 English, and L1 English late learners of L2 French produced
French /t/with VOT values that considerably exceeded monolingual French short-lag
VOT values, but were still too short for long-lag English categories. That is, they had
established merged phonetic categories due to L1–L2 assimilation. Dissimilatory effects,
by contrast, have been mainly observed among early bilinguals who manage to establish
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distinct L1 and L2 categories for closely related sounds, but may overshoot the monolingual
targets in both languages in an attempt to maintain contrast (Flege et al. 2003; Flege and
Eefting 1988; Mack 1990). A recently revised version of the SLM (Flege and Bohn 2020)
stresses the need to focus on individual differences between L2 learners when it comes
to mastering an L2 sound system. In fact, inter- as well as intra-subject variability have
been widely documented even in rather homogenous speaker groups examined in cross-
sectional studies (e.g., Bongaerts et al. 2000; Major 1992; Mennen 2004; Moyer 1999). These
studies show that some speakers are well able to attain native proficiency in their L2 while
others clearly fall outside the native range, and thus challenge yet again a static view on
bilingual speech acquisition.

While research conducted within the framework of the SLM focuses on highly pro-
ficient bilinguals with long-term L2 experience (see Flege 1995), bi-directional influences
between speakers’ linguistic systems and L1 modifications resulting from this interaction
have also been observed to occur at a very early stage of L2 acquisition. Chang (2012, 2013),
for instance, identified a phonetic drift of L1 English plosive and vowel categories towards
L2 Korean categories in speakers learning Korean in an instructional setting. As none of the
speakers had prior experience with Korean, the L1 changes did not result from long-term L2
exposure and usage, but from recent L2 experience and the novelty of L2 input. Evidence
for a drift of L1 categories towards L2 norms in inexperienced individuals also comes from
Kartushina et al. (2016), who trained L1 French speakers on the production of Russian
and Danish vowels in 1-h training sessions. Similar to the subjects in Chang (2012, 2013),
the speakers in this study experienced modifications of their L1 vowel categories in the
direction of L2 norms despite lacking previous long-term L2 experience. Kartushina and
Martin (2019) showed that the vowel systems of Basque-Spanish bilinguals had moved
closer to English norms after completing a two-week study abroad English program. Four
months after the program, however, an acoustic re-analysis of the speakers’ L1 and L2
vowels revealed that the vowel categories had drifted back to native norms (see Chang
2019), which suggests that L1 modifications occurring in the initial stage of L2 learning are
only temporary and are likely to be reversed due to changes in language use and linguistic
environment.

Further evidence for the impact of recent L2 experience on L1 speech production and
for the reversibility of L1 changes as a function of linguistic environment is provided by
Sancier and Fowler (1997; see also Tobin et al. 2017). In an 11–months case study, they
examined VOT produced by an L1 Brazilian-Portuguese advanced speaker of L2 English,
who travelled between Brazil and the US at monthly intervals. Sancier and Fowler describe
a gestural drift of VOT in both languages towards the most recently experienced language,
i.e., VOT durations were longer and thus more English-like after returning from the US,
and shorter and more Portuguese-like after staying in Brazil.

While the studies outlined above explored L2-induced changes in the L1 pronunciation
of speakers who were at the onset of L2 learning (Chang 2012, 2013, 2019; Kartushina
et al. 2016) or experienced regular changes in their linguistic environment (Sancier and
Fowler 1997; Tobin et al. 2017), other studies examined L2-induced changes in the L1
pronunciation of experienced late bilinguals being permanently and long-term immersed
in an L2 environment. Research into phonetic and phonological attrition has documented
modifications in bilinguals’ L1 segmental (de Leeuw 2019; Dmitrieva et al. 2010; Mayr
et al. 2012; Stoehr et al. 2017) and prosodic (de Leeuw et al. 2012b; Mennen and Chousi
2018) productions in the direction of L2 norms. In addition, research provides evidence for
listeners’ perceptual sensitivity to divergences from L1 norms, that is, listeners have been
shown to judge bilingual attrited speech as sounding less native compared to monolingual
non-attrited speech (Bergmann et al. 2016; de Leeuw et al. 2010; Hopp and Schmid 2013;
Mayr et al. 2020; Schmid and Hopp 2014). Research examining potential changes in long-
term L2-immersed bilinguals’ realizations of plosives and vowels—the two sound classes
investigated in the present study—will be discussed in more detail in Section 1.2.
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Taken together, these studies show that speakers may experience a restructuring of
certain L1 features in the direction of the L2 as a consequence of long-term L2 learning
experience and L2 immersion. However, just as bilinguals master L2 pronunciation with
varying degrees of success (see Bongaerts et al. 2000; Major 1992; Mennen 2004; Moyer 1999),
the extent to which native abilities in L1 pronunciation decline might also differ among
individuals (see Bergmann et al. 2016; de Leeuw et al. 2017; Major 1992; Mayr et al. 2012).
Furthermore, previous research shows that not all features of L1 pronunciation—within
the same individual and the same sound category—undergo attrition (e.g., Bergmann et al.
2016; Mayr et al. 2012; Stoehr et al. 2017).

Notions of an end state of L2 learning (see Birdsong 2009, for a discussion) and
of a steady state of the L1 (Lado 1957; Lenneberg 1967) can hardly be reconciled with
the empirical findings outlined above, which document a reorganization of both the L1
and the L2 system as a result of bi-directional interaction processes, and show that L2
acquisition and L1 maintenance are determined by inter- and intra-speaker variability. Such
observations offer convincing evidence that bilingual speech development is highly dynamic
and characterized by a vivid interaction between a speaker’s linguistic systems. The notion
of dynamic development also lies at the core of dynamic systems theory (DST), a theoretical
approach to language development (de Bot and Larsen-Freeman 2011; Verspoor et al. 2008).
According to DST, which essentially supports an integrated view of bilingualism (Grosjean
1989), language development progresses in a non-linear, often unpredictable manner, and
is determined by an intricate interplay of system-internal and external factors (de Bot et al.
2007). Longitudinal research, following pronunciation changes in both L2 acquisition and
L1 attrition and identifying potential interactions between the two, allows us to gain a
better understanding of the dynamics of language development over time.

1.2. The Present Study

The present investigation aims to contribute to the expanding body of research on
bilingual L2 acquisition and L1 attrition of pronunciation by exploring the segmental speech
development of Arnold Schwarzenegger (AS), a late consecutive Austrian German–English
bilingual who has been immersed in an L2 English environment for the past 52 years.
His early (1979–1988) and late (2012–2018) L1 and L2 segmental speech development was
examined based on acoustic analyses of VOT of word-initial plosives (Study 1) and formant
frequency analyses of the first (F1) and second (F2) formant of stressed monophthongs
(Study 2).

The temporal dimension of VOT, which has previously been described as a reli-
able acoustic–phonetic correlate of the voiced–voiceless distinction in pre-vocalic plo-
sives (Abramson and Whalen 2017; Lisker and Abramson 1964), refers to the time lapse
between the plosive release and the onset of vocal fold vibration (Lisker and Abram-
son 1964). English and Austrian German, the two languages examined in the present
investigation, exhibit cross-linguistic differences with regard to their implementation of
VOT contrast in word-initial pre-vocalic plosives. English is an aspirating language and
distinguishes between long-lag VOT for voiceless aspirated plosives and short-lag VOT
for phonologically voiced plosives (Lisker and Abramson 1964), with approximately 35
milliseconds being the threshold value for the long-lag versus short-lag distinction (e.g.,
Keating 1984). Some studies report the occurrence of English pre-voiced targets, that is, vo-
cal fold vibration is maintained throughout the stop closure phase (Flege and Brown 1982;
Lisker and Abramson 1964). English pre-voiced plosives have been observed to occur pre-
dominantly in controlled speech production contexts (Roach 2009), particularly in voiced
environments (Docherty 1992), but overall do not appear to be produced systematically
across speakers and thus occur in free variation (e.g., Flege and Brown 1982).

Unlike Standard German, which—similar to English—distinguishes between long-lag
and short-lag plosives (e.g., Braunschweiler 1997; Jessen 1998), Austrian German does
typically not maintain this voiced–voiceless distinction in bilabial and alveolar contexts,
despite also being an aspirating language (Moosmüller et al. 2015). That is, speakers of
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Austrian German varieties show a tendency to produce both phonologically voiced and
voiceless bilabial and alveolar targets with short-lag VOT and, thus, neutralize the contrast
between /b/and /p/, and /d/and /t/, particularly in spontaneous conversational speech
(Hödl 2019; Moosmüller et al. 2015). By contrast, Austrian German velar plosives, similar
to English, are produced within two distinct VOT categories, that is, long-lag VOT for
voiceless and short-lag VOT for voiced velar plosives (e.g., Hödl 2019). Based on the
different VOT patterns observed in English and Austrian German, Study 1 set out to
explore if and to what extent AS’s realization of L1 and L2 plosives has changed in the past
40 years of L2 immersion, that is, (1) whether his L2 VOT categories have moved closer to
L2 norms and (2) whether his L1 categories have shifted away from L1 productions norms
and, thus, have become less native.

Previous research on L2 acquisition of VOT has examined L1 speakers of voicing
languages, such as French, Spanish or Dutch, acquiring an aspirating language, including
English or (Standard) German, as their L2 (e.g., Simon 2009; Stoehr et al. 2017; Thornburgh
and Ryalls 1998), or vice versa (e.g., Flege and Hillenbrand 1984). It has been observed
that late bilinguals often fail to acquire distinct VOT categories in their L2 resulting from
assimilation patterns (Flege 1991; Flege and Hillenbrand 1984) or transferring an L1 feature,
such as pre-voicing, to the L2 (Mayr et al. 2012; Simon 2009; Stoehr et al. 2017). Even
if bilinguals are able to produce distinct L1 and L2 VOT categories, these often do not
resemble those of monolingual speakers of the respective language. Mack (1990), for
instance, showed that her L1 French L2 English subject was able to maintain phonetic
contrast between English and French /p t k/, but realized the target plosives with VOT
values that overshot the monolingual targets in both languages.

While a considerable amount of research has explored the acquisition of late-acquired
L2 VOT categories (see above), comparatively few studies so far have investigated attrition
of VOT in the L1 of late L2 acquirers being long-term residents in an L2 country (Flege and
Hillenbrand 1984; Major 1992; Mayr et al. 2012; Stoehr et al. 2017; Sučková 2020). Overall,
findings reveal that VOT is indeed sensitive to be affected by modifications due to L2
learning experience; these modifications, however, have been shown to be more preva-
lent in voiceless plosives while voiced targets seem to be less likely to undergo attrition
(Mayr et al. 2012; Stoehr et al. 2017). The L1 French L2 English-immersed bilinguals in
Flege and Hillenbrand (1984), for example, experienced a lengthening of their L1 short-lag
VOT category for /t/in the direction of English long-lag /t/. Similarly, the L1 English L2
French-immersed subjects in Flege (1987) had assimilated their L1 long-lag categories for
/t/to French short-lag VOT (see also Major 1992). Mayr et al. (2012) examined VOT in the
productions of monozygotic twin sisters who were both L1 Dutch speakers of L2 English,
but one sister had moved to an L2-speaking country in adulthood while the other twin had
remained in the L1 environment. Results showed that the VOT categories for voiceless
plosives produced by the L2-immersed twin had moved closer to L2 norms, that is, she
experienced a lengthening of VOT in her Dutch voiceless plosives. At the same time, her L1
voiced categories remained unaffected by L2-induced changes, i.e., she produced Dutch /b
d g/with consistent pre-voicing, and also pre-voiced her English voiced tokens, indicating
an L1 influence on the L2.

Unlike previous investigations examining VOT, the present study does not juxtapose
a voicing and an aspirating language, but compares two aspirating languages, with Aus-
trian German featuring a neutralization of the voiced–voiceless distinction in bilabial and
alveolar plosive targets (Hödl 2019; Moosmüller et al. 2015). Thus, the bilingual subject in
the present study is confronted with the task of acquiring an L2 contrast which is essen-
tially absent in his L1, at least in a bilabial and alveolar place of articulation. Successfully
implementing this contrast in his L2 presupposes that he has established a distinct long-lag
VOT category for all English aspirated plosives. At the same time, the observation that AS
implements a VOT contrast in his late L1 bilabial and alveolar plosives would indicate that
his L1 plosive categories are affected by modifications in the direction of his L2.
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In order to further investigate AS’s segmental speech development, an additional
sound class was assessed, namely English and Austrian German stressed monophthongs.
In Study 2, AS’s monophthongal L1 and L2 vowel space was acoustically examined to
determine if and to what extent his productions of L1 and L2 vowels have changed in
the past 40 years of L2 immersion. The aim was to find out (1) whether his L2 vowel
categories have moved closer to L2 production norms, and (2) whether his L1 categories
have shifted away from L2 norms and, thus, have become less native. Austrian German
comprises eight front vowels, i.e., /i, y, I, Y, e, ø, ε, œ/, and five back vowels, i.e., /u, U,
o, O, A/. Unlike Standard German, Austrian German varieties lack the mid-central vowel
/@/, which “exists neither phonetically nor phonologically” (Moosmüller 2007, p. 52).
Californian English—the variety the subject of the present study is predominantly exposed
to1—includes five front vowels, i.e., /i, I, e, ε, æ/, four back vowels, i.e., /u, U, o, A/, and the
mid-central vowel /Ç/(Hagiwara 1997; Ladefoged 2005). One characteristic of Californian
English is the merging of /O/and /A/ in the direction of /A/ (e.g., Boberg 2005).

The extent to which late L2 learners are able to successfully acquire L2 vowel categories
has been investigated in a remarkable number of studies, of which just a few are listed here
(e.g., Baker and Trofimovich 2005; Flege et al. 1997, 2003; Levy and Law 2010; Oh et al.
2011; Piske et al. 2002). Although it has been shown that the amount of L2 experience is
positively correlated with L2 vowel production ability, even highly experienced bilinguals
may fail to produce L2 vowels in a native manner (Flege et al. 1997; Levy and Law 2010).
This failure to establish accurate L2 vowel categories often stems from assimilatory effects,
i.e., L2 vowels are assimilated to acoustically related L1 vowels (Baker and Trofimovich
2005; Flege et al. 2003). Flege et al. (2003) have documented such assimilatory effects
in a group of late Italian-English bilinguals whose productions of the L2 English vowel
/eI/ were characterized by significantly less formant movement compared to monolingual
English productions. Their inaccurate L2 productions resulted from assimilating the L2
vowel target to the acoustically related L1 Italian vowel /e/, which is typically produced
with less formant movement compared to English /eI/. Similar observations were made by
Baker and Trofimovich (2005). While their early Korean-English bilinguals had established
distinct L1 and L2 vowel categories, the late bilinguals’ L2 vowels were affected by acoustic
features of their L1, that is, they did not manage to produce closely related L1 and L2 vowel
targets within separate phonetic categories.

L2-induced articulatory changes in L1 vowel production have received little attention
so far (Bergmann et al. 2016; de Leeuw 2019; Mayr et al. 2012). Research shows that late
bilinguals’ L1 vowels might shift towards L2 norms due to L2 learning experience; however,
the extent to which a speaker’s native vowel categories are affected by such modifications
differs. For example, the L1 vowels produced by the Dutch-English bilingual in Mayr
et al. (2012) had shifted closer to L2 production norms, which had manifested itself in
an overall more open production of L1 target vowels, as typical of L2 English. Resulting
from L1–L2 assimilatory effects, the speaker did not manage to maintain contrast between
some of her Dutch and English vowels. These assimilatory processes were, however, not
observed to affect all L1–L2 vowels as she was able, for instance, to produce distinct vowel
targets for English /A/ and Dutch /a/. These and other findings (Bergmann et al. 2016;
de Leeuw 2019) suggest that attrition processes are selective and that not all sounds are
equally sensitive to undergo modifications in the direction of the L2 system. It remains
unclear, however, why some L1 features are more likely to change while others remain
largely stable (Mayr et al. 2012).

Against the background of previous research into L1 attrition and L2 acquisition of
plosives and vowels, the two studies conducted in the context of the present investigation
aim to reveal potential changes in a bilingual’s segmental productions over four decades

1 Note that Californian English is commonly used to refer to different regional/local varieties and sociolects spoken in California (Eckert and Mendoza-
Denton 2006). Although AS has been living in California for more than 50 years, it is likely that he was and still is exposed to multiple different
English varieties and accents, not only as a result of travelling within and outside the US, but also due to contact with different native and non-native
speakers of English.
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and thus shed light on some of the processes affecting a speaker’s accent in both his L1 and
a late-acquired L2.

2. Materials and Methods
2.1. The Subject: Arnold Schwarzenegger

The subject of this case study is Arnold Alois Schwarzenegger (AS), born on July 30,
1947 in Thal, a small rural municipality near the Styrian capital city Graz in Austria. He
grew up in a monolingual Austrian German2 environment and started acquiring English as
his L2 when he migrated to the US to seek a career in bodybuilding in 1968. Often described
as an “embodiment of the American dream” (Allen 2011), AS did not only gain fame as
a bodybuilder, but he is also well known for being an action movie actor, a successful
businessman, and a politician who held the office of Governor of California for two terms
(2003–2011) (Schwarzenegger 2012).

Although AS had received seven years of formal English instruction in school in
Austria, his knowledge of English was rather poor when he arrived in the US at the age of
21 (Outland Baker 2006). Before becoming a permanent resident of Los Angeles, California,
in the late 1960s, AS spent some time in London, where he lived with Wag and Dianne
Bennett, a British couple who supported AS in the initial stages of his bodybuilding career
and helped him work on his English skills (Preston 2015). At this point, however, he had not
acquired English as a “functional second language” (Flege and Hillenbrand 1984, p. 710).
When he arrived in the US, he struggled particularly with acquiring English pronunciation,
which he described as one of the most demanding tasks he was confronted with in the first
years after migration (Schwarzenegger 2012). Alongside attending English as a Foreign
Language classes at Santa Monica Community College in California, AS strived to improve
his English conversation skills by engaging with English-speaking friends on a regular
basis (Glaister 2006). Still, his heavily accented English turned out to be problematic when
he acted in his first movies in the 1970s and early 1980s, which is why he had to take
training sessions with professional dialogue coaches (Miller 2012).

Despite never really losing his distinctive foreign accent, AS has grown confident
speaking his L2 on a daily basis over the past 52 years living in an L2 immersion setting. In
fact, English has become his dominant means of communication which he makes use of
even in L1 settings. He prefers, for example, speaking English when being interviewed
by German or Austrian broadcast stations and newspapers (von Uslar 2012; Ziesel 2018).
In interviews, he repeatedly stated that it is much easier for him to speak English than
German and that the use of his L1 is restricted predominantly to private contexts (Gala
2015; Gersemann 2009; Naumburger Tageblatt 2015). In a 2017-interview, AS reported that
he rarely speaks German and, as a result, his L1 proficiency seems to have declined:

[Interviewer:] How often do you still speak german [sic]? After all the years in
the USA, do you feel more comfortable to speak English?

[Schwarzenegger:] Not much, I am definitely more comfortable in English. Which
should tell you how bad my German has gotten. (Muscle & Fitness 2017)

While some argue that AS, after living in the US for several decades, speaks English
“with only a slight accent” (Ramos and Krashen 2013, p. 220), others consider him a perfect
example of “embracing his Austrian English accent” (Wan 2017). In fact, his accented
English pronunciation is vividly debated in online forums (e.g., Quora 2020; Reddit 2021),
has led to many comic imitations (e.g., Collins 2019), and is now considered his personal
trademark (Daily Mail UK 2015; Gersemann 2009). However, not only his German-accented
English pronunciation attracts attention, but also the question of whether AS has “forgotten”
how to speak his L1 seems to be intriguing to the general public (Jackson 2020; Quora 2017).
This fascination with AS’s accent suggests that people are able to perceive changes in both

2 In this paper, Austrian German is used to refer to the Styrian variety of German spoken in Graz and surrounding rural regions (e.g., Wiesinger 2014).
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his L1 and L2 pronunciation. The present study examines whether and to what extent such
changes can be evidenced in his segmental speech development over four decades.

2.2. Speech Materials

The present investigation is based on spontaneous speech samples which were ex-
tracted from interviews with AS, collected from the online video platform YouTube. The
interviews were conducted in rather informal settings, primarily including TV and radio
talk shows. They covered various topics, such as AS’s former career as a bodybuilder,
his ongoing career in the film business, childhood memories, his political activities as
Governor of California, and his commitment to environmental issues. The earliest publicly
available interviews with AS were conducted in 1979, i.e., approximately ten years after
he had migrated to the US. The reason for this lack of early interviews presumably is
that he had not been widely recognized as a celebrity prior to the 1970s. In addition, the
recordings varied in quality, with the earliest recordings made in the 1970s and 80s partly
being of rather poor quality. For analysis, only those recordings were included which
allowed for an exact identification of acoustic landmarks for measuring AS’s plosive and
vowel productions.

After downloading the online video files, the sampling frequency was set to 44.1 kHz
for each file. Audio sequences which were disturbed by background noise, several speakers
speaking at the same time, hesitations or disfluencies were excluded. The resulting speech
corpus contained 656 audio files with a total duration of approximately 5 h. The individual
recordings were then categorized according to two stages after AS’s migration to the US,
representing his early (1979–1988) and late (2012–2018) L1 and L2 speech. For his L2
English, a mid-stage was additionally included, containing samples from 1994 to 2003.
Recordings representing his L1 German pronunciation for this stage were not available.

Each audio file was transcribed orthographically using the web-application OCTRA

(Pömp and Draxler 2017). The audio files in combination with the respective orthographic
transcripts were automatically segmented and labelled in WebMaus Basic, a web tool for
automatic phonetic and phonological transcription of non-prompted speech (Kisler et al.
2017; Schiel 1999). The resulting segmentations were hand-corrected in Praat (Boersma and
Weenink 2018).

3. Study 1: Schwarzenegger’s Plosives
3.1. Analysis

From the speech corpus described above, test tokens used to examine AS’s realization
of VOT contrast in his L1 and L2 were selected manually in Praat (Boersma and Weenink
2018). Tokens selected for analysis contained the pre-vocalic word-initial plosives /p t k b
d g/ in stressed position of monosyllabic and disyllabic content words. This resulted in a
total of 3459 plosive tokens which were included in the analysis, with N = 224 German and
N = 3235 English tokens. The number of tokens representing AS’s L2 pronunciation was
considerably higher compared to the number of test tokens obtained for his L1 German. The
reason for this was that fewer interviews were available in which AS used his L1 German;
as previously mentioned, AS shows a preference to speak his L2 also in L1-settings (e.g.,
von Uslar 2012).

VOT duration was measured between two manually defined boundaries, namely
the burst of the plosive, indicated by a sharp peak in the waveform and a corresponding
spectral change, and the start of waveform periodicity marking the onset of the following
vowel. In some tokens, the release of the plosive could not be reliably identified due to
noise or mumbled speech; these tokens (N = 42) were discarded from the analysis.

3.2. Results

Study 1 aimed to identify long-term changes in AS’s L1 and L2 realization of VOT
contrast in word-initial stressed plosives across different stages in time. To compare VOT
durations obtained for AS’s L1 and L2 plosives within and across languages, we ran a
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mixed Anova analysis in R (R Core Team 2020, version 3.6.6), using linear mixed-effects
models. A linear mixed-effects approach was considered most appropriate for the present
investigation because linear mixed models allow controlling for the potential influence
of random effects and manage unbalanced data more easily than, for example, repeated
measures Anovas (see, e.g., Barr et al. 2013).

The first model was built to examine changes in AS’s VOT in his L1 German plosives
across two stages, including VOT duration as the dependent variable and stage and phoneme
as independent variables. An interaction between stage and phoneme was included as an
additional fixed effect, and word was included as random intercept. The same specifications
were applied to the second model which aimed to examine changes in AS’s VOT in his L2
English over time, using English data only. The third model, which contained language as
an additional independent variable, was built to compare AS’s VOT in his two languages
over time.

The lmerTest package (Kuznetsova et al. 2017) was used in R (R Core Team 2020),
including the lmerTest function to obtain p-values for t-statistics. The mixed models
were REML-fitted using Satterthwaite’s approximations to estimate degrees of freedom.
Throughout analysis, anα-level of 0.05 was adopted. Pairwise comparisons were conducted
using Tukey’s HSD.

3.2.1. L1 German Plosives

Figure 1 depicts the VOT durations obtained for AS’s L1 German plosives in the early
and the late stage (an overview of the descriptive statistics for AS’s L1 and L2 plosives is
provided in Table A1, Appendix A). It can be seen that—as expected—AS realized a VOT
contrast in his early and late velar plosives by producing voiceless targets with considerably
longer VOT compared to the voiced counterparts. At the same time, both his voiced and
voiceless bilabial and alveolar plosives were produced within a short-lag VOT range in
the early stage, that is, AS neutralized contrast in his early productions of these targets. In
the late stage, however, a substantial lengthening of VOT was identified in his voiceless
alveolar productions while maintaining short-lag VOT in his voiced targets, which shows
that he produced a voiced–voiceless distinction in the late stage. Note, however, that for
his late German productions of /p/ only a small number of test tokens (N = 3) could be
identified in the speech samples.
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The results of the statistical analysis revealed a main effect for phoneme (F[5115.4] = 75.6,
p < 0.001) and a significant interaction between stage and phoneme (F[5194.6] = 2.4, p < 0.05).
Post hoc testing showed a significant difference in VOT duration obtained for AS’s voiceless
velar plosives in both the early (t(139) = −9.75, p < 0.0001) and the late (t(153) = −11.48, p
< 0.0001) stage. By contrast, no significant differences in VOT duration were observed for
his early bilabial and alveolar plosives, which suggests a neutralization of VOT contrast, as
depicted in Figure 1. In terms of his late alveolar productions, however, the analysis revealed
a significant difference in VOT duration between voiced and voiceless targets (t(144) = −4.51,
p < 0.001), which indicates a shift in AS’s alveolar plosives from neutralizing VOT contrast in
the early stage to realizing contrast in the late stage.

3.2.2. L2 English Plosives

As depicted in Figure 2, AS showed a tendency to produce a VOT contrast in his L2 for
all places of articulation and across all three stages. His voiced plosives covered a short-lag
VOT range while his voiceless targets were predominantly produced with long-lag VOT
values. However, the broad overlaps between VOT values obtained for his voiced and
voiceless plosives suggests that AS did not consistently produce a distinct VOT contrast
but was variable in his productions. Furthermore, Figure 2 suggests that his late voiceless
bilabial and alveolar plosives are characterized by a reduced amount of aspiration—and
thus a less native-like production—when comparing his mid and late voiceless bilabials,
and his early and late voiceless alveolars.
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The analysis of AS’s English VOT showed a main effect for phoneme (F[5,328] = 296,
p < 0.001) and stage (F[2,97] = 23.2, p < 0.001), as well as significant interaction between
stage and phoneme (F[10,97.3] = 8.6, p < 0.001). Post hoc Tukey tests revealed a significant
difference in VOT duration for his late and mid voiceless bilabial plosives (t(104.8) = −5.21,
p < 0.0001). Significant effects were also observed for his voiceless alveolar plosives in the
early and the late (t(63.5) = 9.14, p < 0.0001) stage, and in the early and mid (t(94.9) = 4.86,
p < 0.001) stage, which suggests that, as stated above, his voiceless bilabial and alveolar
targets were significantly less aspirated in the late stage.

3.2.3. Comparison across Languages

Figure 3 compares AS’s VOT in his L1 German and L2 English plosives in the early
and the late stage. Cross-linguistic differences are most obvious in his early productions
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of the bilabial and alveolar targets: While he produced early English /p/ and /t/ with
predominantly long-lag VOT, the same plosive targets were realized within a short-lag
VOT range in his L1, which resulted in a neutralization of VOT contrast. In the late stage, he
was observed to maintain a voiced–voiceless distinction for all L2 targets; at the same time,
a tendency to realize a VOT contrast was also identified in his late German productions of
the voiceless alveolar plosives, which were characterized by a lengthening of VOT duration
in the direction of his L2.
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The statistical analysis of AS’s L1 and L2 VOT durations showed significant inter-
actions between stage and language (F[1,328.9] = 4.34, p < 0.05), phoneme and language
(F[5,255.3] = 12.3, p < 0.001), as well as a three-way interaction between stage, phoneme
and language (F[5,330.6] = 4.6, p < 0.001). Post hoc results showed a significant difference
between AS’s English and German early productions of /p/ (t(195.1) = 5.96, p < 0.0001)
and /t/ (t(117.3) = 8.15, p < 0.0001), confirming that, as described above, he produced L1
and L2 voiceless bilabial and alveolar targets within different VOT ranges, respectively.
In terms of his late productions, no significant effects were found for /p/ (p = 1) and /t/
(p = 0.947), which indicates that he realized both English and German targets within a
long-lag VOT range.

3.3. Discussion

Study 1 aimed to determine if and to what extent AS’s productions of L1 Austrian
German and L2 English word-initial plosives have changed in the past 40 years of L2
immersion by comparing his L1 and L2 realization of VOT contrast across different stages
in time.

The investigation of AS’s early L1 German plosives showed a neutralization of VOT
contrast in his bilabial and alveolar targets by producing both voiceless and phonologically
voiced plosives with short-lag VOT, as commonly observed in Austrian German spon-
taneous speech (Hödl 2019; Moosmüller et al. 2015). At the same time, he maintained a
distinct and native-like VOT contrast in his velar productions, with significantly longer
VOT measures obtained for his voiceless velars. In his late German alveolar productions, a
significant lengthening of VOT was identified, which indicates a shift of his L1 short-lag
VOT categories towards English long-lag VOT. These results confirm the findings of pre-
vious studies showing that L2-immersed late bilinguals’ voiceless categories are likely to
be affected by attrition processes in the direction of L2 norms as a result of L2 learning
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experience (Flege and Hillenbrand 1984; Major 1992; Mayr et al. 2012; Stoehr et al. 2017;
Sučková 2020).

While neutralizing contrast in his early L1 productions, AS showed a tendency to
realize contrast in his L2 productions for all places of articulation and across all three
stages. This might have been rather unexpected given that particularly in an early stage
of L2 acquisition AS could have experienced L1 influences on the L2 resulting in an
inability to produce English voiceless bilabial and alveolar targets with long-lag VOT, as
typical of L1 Austrian German. It must be taken into consideration, however, that the
recordings representing AS’s early English productions were made approximately ten
years after migrating to the US, i.e., he had already gained a considerable amount of L2
experience at this point. Moreover, the present investigation showed that his English
voiceless plosives were characterized by considerable VOT variability, which suggests that
he did not consistently maintain a distinct and native-like contrast between voiced and
voiceless L2 targets. Variable L2 VOT productions are frequently observed among late
bilinguals (e.g., Flege 1991; Hazan and Boulakia 1993), and can be attributed to different
factors, such as diverse L2 input (de Leeuw et al. 2012a) or increased and recent L1 exposure
through travelling to an L1-speaking country (de Leeuw 2019; Sancier and Fowler 1997).
A further possible explanation for AS’s variable L2 productions are potential articulatory
constraints particularly affecting the acquisition of aspirated plosives which “require fine
temporal coordination to delay the onset of laryngeal vibration relative to oral closure
release” (Yu et al. 2015, p. 153). Given that also his late German productions of /t/ were
observed to be variable, with some plosives falling in the short-lag VOT range and others
in the long-lag range, articulatorily motivated difficulties might have impeded—at least to
some extent—the production of consistently aspirated plosives.

Interestingly, AS’s late English voiceless plosives were characterized by a significantly
reduced amount of aspiration compared to his early and/or mid productions, where no
overshooting of monolingual norms was evidenced, which suggests that his L2 productions
have moved closer to L1 production norms and have thus become less native in the late
stage. Although research shows that mean VOT durations for voiceless plosives typically
decrease in elderly speakers as a result of physiological modifications of the vocal tract
(e.g., Ryalls et al. 2004; Smith et al. 1987), such biological ageing mechanisms are not likely
to have affected AS’s late pronunciation of plosives given that biological effects would have
resulted in a decrease of VOT in both languages. This is, however, not the case since the
analysis of AS’s late German voiceless targets revealed changes in the opposite direction,
as manifested in an increase of VOT duration. Instead, the observed shortening of VOT in
his late English voiceless plosives and an overall lengthening of VOT in his late German
/t/ is indicative of a merging of L1 and L2 categories over time. This assimilation of L1
and L2 VOT categories, as identified in previous acoustic investigations of VOT (e.g., Flege
1987; Major 1992; Mayr et al. 2012), is therefore likely to be the result of cross-linguistic
influences affecting pronunciation in both the L1 and the L2.

4. Study 2: Schwarzenegger’s Vowels
4.1. Analysis

To examine AS’s vowel space in his L1 and L2, monophthongs occurring in stressed
position of monosyllabic and disyllabic content and function words were selected manually
from the speech corpus described in Section 2.2 in Praat (Boersma and Weenink 2018).
Table 1 depicts the English and German vowels included in the analysis (an overview of
the number of tokens included for each vowel target is provided in Table A2, Appendix A).
The German vowels /y/, /Y/, /ø/ and /œ/ were not included as not enough tokens could
be identified in the German audio recordings. In terms of English /O/ and /A/, previous
research suggests that speakers of Californian English—the variety AS is predominantly
exposed to—tend to neutralize the contrast between these two vowels in the direction
of /A/ (e.g., Hagiwara 1997). They were, however, included as separate vowel targets in
the present analysis to determine if AS produces distinct vowels. Due to the spontaneous
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nature of the speech analyzed in this study, vowel targets included in the analysis occurred
in different consonantal contexts. Tokens preceded or followed by the approximants /w/,
/l/, / ô/, or /j/ were excluded given that their acoustic properties are similar to those of
vowels, which may impede the identification of exact measurement points (see Di Paolo
et al. 2011).

Table 1. German and English vowels included in Study 2.

German English German English

Front Back
/i/ bieten “offer” bead /u/ Mus “pulp” booed
/I/ bitten “request” bid /U/ Bus “bus” book
/ε/ Bett “bed” bed /2/ – bud
/e/ Beet “flowerbed” – /O/ Motte “moth” bawd
/æ/ – bad /A/ satt “sated” bod

Central
/Ç/ – bird

The identification of vowel targets resulted in a total of N = 262 German and N = 2557
English vowels which were included in the analysis. In these test tokens, vowel onset and
offset were marked manually in Praat (Boersma and Weenink 2018). In plosive, fricative, or
affricate contexts, the first glottal striation was determined as the vowel onset, indicating
the point where the spectral shape of the formants became visible. Given that the frequency
of the first formant in nasal consonants is much lower compared to the F1 frequency of
vowels (Ladefoged 2005), the onset and offset of vowels occurring in nasal contexts were
marked at the points where the acoustic energy was rising and dropping, respectively.

After determining vowel onset and offset, the frequencies of the first and second
formant were measured at the temporal mid-point of the vowel using linear predictive
coding in Praat (Boersma and Weenink 2018) with a maximum formant frequency of 5000
Hertz (Hz), a window length of 0.025 s, and a pre-emphasis of 50 Hz. Burg’s algorithm (
Childers 1978) was used to extract formant frequencies. While some scholars suggest taking
vowel formant measurements at multiple points of the vowel (Di Paolo et al. 2011), the
vowel mid-point was chosen as the measurement point to reduce effects of co-articulation
(e.g., Reubold et al. 2010).

4.2. Results

Study 2 set out to identify modifications in AS’s L1 and L2 monophthongal vowel
space across different stages in time by examining changes in F1 and F2 frequencies over
time. Formant frequency measurements of F1 and F2 obtained for his German and English
vowels were extracted from Praat (Boersma and Weenink 2018). As in Study 1, linear
mixed-effects models were built in R (R Core Team 2020, version 3.6.6), for the same
reasons outlined in Section 3.2. The first two models aimed to examine changes in F1
and F2 of AS’s German and English monophthongs, including F1 and F2 as dependent
variables, respectively, and stage and phoneme as well as an interaction between the two as
fixed effects. Word was included as random intercept. The third model explored changes in
F1 and F2 comparing AS’s two languages over time and contained language as an additional
independent variable, otherwise applying the same model specifications outlined above.

In R (R Core Team 2020), the lmerTest package (Kuznetsova et al. 2017) was used,
including the lmerTest function to obtain p-values for t-statistics. The linear mixed models
were REML-fitted using Satterthwaite’s approximations to estimate degrees of freedom,
adopting an α-level of 0.05 throughout. Tukey’s HSD was used to conduct pairwise com-
parisons.
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4.2.1. L1 German Vowels

Figure 4 depicts AS’s L1 German vowel space in the early and the late stage (an
overview of the descriptive statistics for AS’s L1 and L2 vowels is provided in Table A2,
Appendix A). An inspection of the figure shows that his late German vowels /i/, /e/, /u/
and /A/ are characterized by a decrease in F1 compared to his early productions of the
same targets, which indicates that these vowel targets have moved to a higher position in
the late stage. The back vowel /U/, by contrast, has moved to a more front position in the
late stage, as manifested in considerably higher F2 values. A slight decrease in F1 and F2
can also be observed for AS’s production of /O/ in the late stage. Comparatively small
changes are evident in AS’s realizations of the front vowels /ε/ and /I/.
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The statistical analysis of AS’s German formant frequencies over time revealed significant
effects for stage (F[2,2380] = 8.5, p < 0.001), phoneme (F[9,523.5] = 250.74, p < 0.0001), and an
interaction between stage and phoneme (F[18,2399.2] = 1.76, p < 0.01). Post hoc results showed
a significant difference in F1 for /A/ (t(246) = 3.77, p < 0.001), /e/ (t(231) = 3.47, p < 0.001), and
/u/ (t(225) = 2.72, p < 0.007) in the early and the late stage, which confirms that AS’s late vowels
are produced more close compared to his early vowels. In terms of F2, significant differences
were observed for his early and late /U/ (t(245) = −8.03, p < 0.0001), with considerably higher
F2 values and, thus, a more front production in the late stage.

4.2.2. L2 English Vowels

Figure 5 displays AS’s vowel space in his L2 English across three stages. All of his
vowels, with the exception of /u/ and /2/, have moved to a higher position in the late
stage, as indicated by lower F1 values in the late compared to the early and/or mid stage.
Additionally, a shift in F2 is observable in his productions of /u/ and /O/, with overall
lower F2 frequencies and hence a more back production in the late stage. It can also be
seen that AS produces distinct vowels for English /A/ and /O/, that is, a merging of these
two categories—as typical of Californian English (e.g., Boberg 2005)—is not evident.
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Results of the statistical analysis showed significant effects for stage (F[2,2380] = 8.5,
p < 0.001), phoneme (F[9,523.5] = 250.74, p < 0.0001), and an interaction between stage and
phoneme (F[18,2399.2] = 1.76, p < 0.01). Post hoc Tukey tests revealed a significant difference
in F1 for AS’s mid and late productions of the vowel /I/ (t(2347) = 3.58, p = 0.001), and for
his early and late production of /O/ (t(2324) = 2.55, p = 0.03), with overall lower F1 values
in the late stage. A significant increase of F2 in the late stage was identified for his early
and late /i/ (t(102.8) = −2.78, p = 0.022), mid and late /i/ (t(102.8) = −3.0, p = 0.009), and
early and late /O/ (t(85.2) = 4.36, p < 0.001), indicating a shift towards a more front position.
Significant effects were also found for F2 in his early and late productions of /2/ (t(216.4)
= 2.51, p = 0.034), i.e., his late realizations of this target vowel were characterized by a more
back production as manifested in a decrease of F2.

4.2.3. Comparison across Languages

Figure 6 compares AS’s L1 and L2 vowel space in the early and the late stage. Most
notably, a shift of his German front vowel /i/ and German /O/ closer towards the English
targets can be identified in the late stage. Similarly, his German production of /A/ has
moved closer to his English production of /2/ in the late stage, as manifested in a lowering
of F1 for German /A/. By contrast, German and English /ε/ and /I/ have moved further
apart in the late stage; the same is true for German /u/ and English /U/, which are nearly
identical in the early stage. In the late stage, however, German /u/ is characterized by
considerably lower F1 values and has thus shifted away from the English target.

The statistical analysis conducted to compare F1 and F2 across languages and stages
revealed a significant effect for stage (F[1,277.05] = 20.33, p < 0.001) and phoneme (F[6,420.38]
= 260.04, p < 0.001), as well as an interaction between phoneme and language (F[6,422.54] =
7.49, p < 0.001), and a three-way interaction between stage, phoneme and language (F[6,260.26]
= 2.37, p = 0.03). In the post hoc analysis, significant F1 differences between German and
English were identified for AS’s late productions of /A/ (t(362.7) = 5.1, p < 0.001) and /O/
(t(339) = 3.92, p = 0.028), as well as for early /O/ (t(258.6) = 5.22, p < 0.001). Significant
differences in F2 were identified for AS’s late English and German realization of the target
vowels /ε/ (t(574.8) = −3.91, p = 0.027), /I/ (t(585.1) = −4.6, p = 0.0017), /u/ (t(574.9) =
−5.55, p < 0.001), and /U/ (t(686.7) = −6.99, p < 0.001), as manifested in overall lower F2
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values identified in his late English productions of these target vowels compared to his
German productions.
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4.3. Discussion

Study 2 set out to identify potential modifications in AS’s L1 Austrian German and L2
English vowel space across three stages in time. To this end, F1 and F2 of eight German
and ten English monophthongs were acoustically examined.

As the analysis revealed, two of AS’s L1 vowels, i.e., /i/ and /A/, were affected
by a shift in the direction of the L2, that is, they came to resemble related L2 targets in
the late stage, suggesting an influence of the L2 vowel system on the L1. In the case of
English /O/, considerable changes in both F1 and F2 were observed in the late stage, with
an approximation of the L2 English target closer to the L1 German counterpart. At the
same time, some of AS’s L1 vowels, i.e., /u/, /ε/, and/I/, showed changes in the opposite
direction, that is, they have moved further away from English targets in the late stage,
which might reflect an attempt to enhance contrast between closely related L1 and L2
vowel categories.

Overall, the investigation of AS’s vowels in both of his languages revealed rather
diverse modification patterns when comparing his early and late productions, showing that
some of his vowels have changed considerably while others exhibited subtle modifications
only. In addition, the direction of change was not uniform, with an approximation of L1 and
L2 vowel categories, a dispersion of related L1 and L2 categories, and a shift of L2 vowels
towards related L1 counterparts. These findings are in line with previous observations
concerning the selective nature of L2-induced changes (Bergmann et al. 2016; de Leeuw
2019; Mayr et al. 2012). That is, not all speakers experience modifications in their L1 system
to the same extent (Major 1992; Mennen 2004) and even within the same sound class,
such modifications are not all-encompassing, as demonstrated in the present investigation.
Similarly, in terms of the acquisition of L2 vowel categories, previous research suggests
that speakers acquire different L2 vowels with varying degrees of success, often depending
on whether an L2 vowel target has a perceptually similar counterpart in the L1 (e.g., Baker
and Trofimovich 2005).
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Again, one could argue that the changes observed in AS’s vowel productions are
related to natural ageing mechanisms, which have been shown to lead to a decrease in F1
frequency in elderly speakers (e.g., Reubold and Harrington 2015, 2017). In fact, an overall
decrease in F1 was also identified in some of AS’s German and English vowels in the late
stage. However, as addressed in Section 3.3, changes resulting from biological ageing
processes are not expected to be selective, that is, to have an effect on some vowels only.
Hence, the influence of biological mechanisms does not offer a convincing explanation
for the modifications observed in AS’s German and English vowels. Instead, the changes
in AS’s vowel productions over time seem to be indicative of complex system-internal
mechanisms, which result in various modification patterns. The specific reasons, however,
why some vowel categories are affected differently or to a greater extent than others are
still to be uncovered.

In order to gain further insight into the extent to which AS’s vowels have been affected
by bi-directional L1–L2 influences, it would be interesting for future research to also explore
the compactness of his vowels over time to identify if the acoustic stability of his vowel
targets has changed in the course of L2 immersion (see, e.g., Kartushina et al. 2016;
Kartushina and Martin 2019).

5. Overall Discussion

The aim of the present investigation was to trace developments in the L1 and L2
segmental speech production in the late consecutive bilingual Arnold Schwarzenegger
over a period of four decades. The findings of Study 1, focusing on AS’s realization of VOT
contrast in German and English plosives, revealed an assimilation of his late L1 and L2
categories for voiceless targets, which was particularly visible in his alveolar plosives. That
is, his short-lag L1 productions of /t/ were characterized by significantly longer and thus
more English-like VOT durations in the late stage. At the same time, his late L2 targets
were produced with considerably less aspiration, which suggests a drift away from native
English production norms closer to L1 short-lag norms. The findings of Study 2, exploring
AS’s L1 and L2 monophthongal vowel space, to some extent reflect the results of Study 1. In
both studies, the changes observed cannot be reliably explained against the background of
age-related biological mechanisms, and both investigations provide evidence for a merging
of L1 and L2 categories in AS’s late productions, which supports one of the main tenets of
the Speech Learning Model that closely related L1 and L2 categories may come to resemble
each other due to assimilatory effects (Flege 1995; Flege and Bohn 2020). Study 2 further
showed that a bilingual’s segmental productions are not necessarily equally affected by L2-
induced changes (Mayr et al. 2012) and that some changes are relatively subtle (Bergmann
et al. 2016; Chang 2012).

Taken together, the present findings confirm that “cross-linguistic transfer is not a
one-way street” (Schmid and Köpke 2017, p. 637) in that the use and development of a late-
acquired L2 system can indeed exert influence on a speaker’s L1 accent, in the same way as
the L1 system affects pronunciation abilities in the L2. In this respect, the findings contradict
the notion of an impermeable, invariable L1 system and thus challenge a static view on
bilingualism (Lado 1957; Lenneberg 1967). Instead, they support a dynamic systems-
oriented approach to language development, according to which mutual L1–L2 interactions,
sensitivity to system-internal and external influences, and sometimes even unpredictability
are inherent characteristics of bilingual development (e.g., de Bot and Larsen-Freeman
2011). This approach considers intra-individual variability in bilingual productions as
valuable evidence for the dynamic nature of linguistic development, arguing that “both
free and systematic variability will be relatively high when the system is reorganizing”
(Verspoor et al. 2008, p. 216). As outlined above, a restructuring and reorganization of a
speaker’s pronunciation system(s) might be internally motivated, that is, resulting from L1–
L2 interactions over time, but also external—social, environmental, and personal—factors
can trigger and shape such modification processes (de Bot et al. 2007; Verspoor et al. 2008).
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While our findings are indicative of L1–L2 changes that are most likely internally
driven, it might be argued that external factors may have also played a role. For instance,
AS’s pronunciation may have been affected by the interview situation leading to stress-
induced changes to his pronunciation and a possible adaption to the accent, speaking style
and other linguistic features of his interlocutors (e.g., Giles and Ogay 2007). However, we
expect this influence to be minimal given that over the years AS has had ample experience
conducting interviews and he had been exposed to the speech of many different inter-
viewers, which will have reduced the adaption to an individual’s pronunciation. Another
disadvantage of the use of spontaneous speech samples is that it is likely to entail variations
in speaking rate, which in turn can influence features of pronunciation, including VOT
duration and vowel production (Kessinger and Blumstein 1998). However, controlling for
speaking rate has also been found to be problematic in experimental settings given that
speakers often have different perceptions of what fast and slow speech is (Harrington
2010). Another possible external factor that might have influenced the results is AS’s recent
and enhanced L1 exposure through travelling to his home country Austria, which has
previously been shown to have an impact on a speaker’s accent (Sancier and Fowler 1997).
Furthermore, potential changes in his private and professional environment might have
contributed to the changes and variability observed in his L1 and L2 speech production
(see, e.g., Schoonmaker-Gates 2015).

Despite the limitations of using spontaneous speech data outlined above, the present
investigation offers a rare insight into the longitudinal development of a late bilingual’s
L1 and L2 speech production over a period of 40 years. The investigation thus offers
useful insights into the dynamic nature of bilingual speech development and sheds light
on the complexity of L1–L2 interaction processes affecting a speaker’s pronunciation. To
gradually comprehend this complexity and to fully understand how and to what extent
system-internal processes are intertwined with social and environmental factors, further
long-term investigations focusing on additional segmental and prosodic variables in both
individuals and groups of speakers will be necessary.
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Appendix A

Table A1. Means, standard deviations and medians for AS’s VOT durations (reported in milliseconds)
obtained for his English and German plosives across different stages in time, including the number
of tokens (N) measured for each plosive according to language and stage.

English early English mid

Plosive N Mean (SD) Median N Mean (SD) Median

p 69 54.05 (23.33) 52.47 76 61.36 (25.05) 55.34

b 90 15.98 (5.9) 16.4 123 13.81 (3.93) 13.46

t 117 67.58 (22.89) 66.33 103 56.4 (20.13) 53.42

d 97 24.01 (6.02) 23.72 118 22.17 (5.74) 22.67

k 89 69.8 (18.04) 68.96 103 72.75 (17.27) 71.64

g 118 29.35 (7.42) 28.49 100 29.75 (7.3) 28.87

English late German early

Plosive N Mean (SD) Median N Mean (SD) Median

p 313 48.22 (24.36) 45.46 4 17.62 (7.27) 18.21

b 403 13.32 (4.7) 12.49 16 16.49 (4.64) 16.07

t 373 50.07 (20.46) 47.42 8 27.46 (11.4) 24.96

d 266 20.83 (7.09) 20.06 15 26.13 (6.29) 25.54

k 287 68.33 (19.37) 64.53 24 70.78 (16.68) 67.97

g 390 31.13 (7.62) 30.85 27 27.70 (4.89) 27.3

German late

Plosive N Mean (SD) Median

p 3 16.81 (6.55) 13.6

b 25 11.16 (4.85) 11.27

t 12 44.67 (29.54) 34.08

d 45 22.71 (7.62) 22.76

k 22 73.06 (22.15) 72.56

g 25 29.84 (6.28) 28.22

Table A2. Means, standard deviations and medians of F1 and F2 (reported in Hertz) obtained for
AS’s English and German monophthongs across different stages in time, including the number of
tokens (N) measured for each monophthong according to language and stage.

English early

F1 F2

Vowel N Mean (SD) Median Mean (SD) Median

/i/ 98 323.6 (60.24) 305.1 2028.1 (135.9) 2018.0

/I/ 130 420.2 (69.66) 410.3 1743.2 (118.3) 1752.6

/ε/ 105 500.6 (77.41) 485.4 1665.2 (188.0) 1667.9

/u/ 35 334.9 (45.38) 328.5 1003.6 (267.0) 950.8

/U/ 35 400.9 (68.98) 403.5 1172.9 (211.76) 1181.7

/O/ 14 661.5 (69.7) 651.1 1042.2 (209.91) 975.1

/A/ 84 697.2 (83.84) 707.0 1197.5 (109.31) 1182.6
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Table A2. Cont.

/æ/ 98 639.9 (99.28) 650.9 1559.4 (207.47) 1545.2

/2/ 86 593.1 (106.16) 601.7 1277.9 (104.57) 1265.8

/Ç/ 37 474.7 (43.34) 462.7 1302.5 (76.26) 1300.9

English mid

F1 F2

Vowel N Mean (SD) Median Mean (SD) Median

/i/ 74 326.3 (43.04) 320.0 2035.5 (252.94) 2041.8

/I/ 120 436.4 (77.18) 429.1 1771.1 (100.58) 1779.0

/ε/ 61 502.7 (51.58) 503.3 1595.3 (142.56) 1599.6

/u/ 24 338.5 (43.05) 340.3 867.8 (246.98) 778.9

/U/ 21 418.0 (50.3) 412.6 1231.2 (209.24) 1236.7

/O/ 7 615.4 (71.73) 594.9 915.4 (78.48) 936.1

/A/ 69 690.0 (55.31) 696.6 1190.3 (129.17) 1191.7

/æ/ 101 630.6 (91.12) 659.9 1589.1 (194.24) 1534.0

/2/ 92 607.8 (52.27) 610.3 1218.2 (82.09) 1228.8

/Ç/ 39 477.1 (42.31) 476.3 1317.4 (74.51) 1323.9

English late

F1 F2

Vowel N Mean (SD) Median Mean (SD) Median

/i/ 111 306.0 (41.32) 301.9 2054.8 (117.79) 2040.1

/I/ 217 400.3 (60.58) 390.5 1727.2 (125.9) 1737.4

/ε/ 192 489.8 (52.2) 485.9 1607.9 (115.03) 1598.78

/u/ 39 330.0 (75.71) 317.9 940.6 (438.66) 799.6

/U/ 32 384.6 (39.41) 381.5 1217.6 (257.99) 1272.8

/O/ 32 614.1 (78.2) 602.3 876.5 (73.74) 882.4

/A/ 108 677.8 (73.99) 681.2 1208.2 (140.06) 1193.6

/æ/ 219 624.5 (99.86) 648.2 1580.6 (169.3) 1535.2

/2/ 203 611.1 (57.01) 609.0 1231.2 (88.65) 1229.4

/Ç/ 74 454.0 (36.82) 448.1 1298.6 (85.71) 1292.07

German early

F1 F2

Vowel N Mean (SD) Median Mean (SD) Median

/i/ 7 360.8 (34.69) 352.7 2203.3 (44.15) 2198.1

/I/ 23 388.7 (59.77) 404.0 1875.7 (145.09) 1879.3

/ε/ 15 476.8 (66.88) 437.4 1739.8 (107.46) 1722.6

/u/ 8 391.3 (27.85) 381.4 1242.7 (366.13) 1122.3

/U/ 7 484.5 (181.51) 461.2 1048.4 (514.96) 880.4

/O/ 32 500.6 (55.08) 490.4 837.6 (52.06) 823.8

/A/ 20 701.6 (76.09) 679.7 1218.8 (135.32) 1192.5

/e/ 6 516.6 (14.59) 518.4 1863.5 (115.1) 1852.4
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Table A2. Cont.

German late

F1 F2

Vowel N Mean (SD) Median Mean (SD) Median

/i/ 9 303.8 (16.14) 302.1 2182.1 (58.89) 2199.8

/I/ 31 381.4 (35.03) 387.0 1935.5 (110.93) 1964.2

/ε/ 23 460.7 (30.86) 469.3 1791.9 (122.85) 1799.1

/u/ 10 308.7 (27.44) 311.9 1326.7 (227.47) 1398.7

/U/ 6 465.2 (91.02) 483.1 1684.3 (129.35) 1645.0

/O/ 21 526.1 (52.32) 534.8 906.5 (118.46) 865.2

/A/ 39 617.1 (76.84) 598.5 1201.0 (99.85) 1209.4

/e/ 5 384.3 (18.81) 390.9 1904.1 (43.14) 1908.8
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