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Studies into phonetic adaptation rarely consider individual differences (IDs) on a cognitive and personality level between speakers as a direct source of adaptation variation. In order to investigate the degree to which the individual phonetic talent and further psycho-cognitive IDs of speakers affect phonetic convergence in a second language setting, 20 German native speakers were involved in two dialog tasks with two native speakers of English, a male speaker of American English and a female speaker of Standard Southern British English. The dialogs were quasi-spontaneous task-oriented interactions elicited with the Diapix picture-matching game. The English L2 learners were divided into a phonetically talented and less talented group based on their test results and evaluation in a preceding extensive language talent test battery. The acoustic analyses using amplitude envelopes revealed that talented speakers converged significantly more toward their English native speaking partners in the Diapix study. An additional analysis relates their degree of convergence to a range of personality and cognitive measures. The factors openness, neuroticism, Behavior Inhibition score and the switch costs in a Simon Test significantly impacted the degree of phonetic convergence in the dialog study.
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INTRODUCTION

Adult language learners vary greatly in the quality and speed of acquiring the sound system of a second language (i.e., all segmental and prosodic manifestations on both the phonetic and phonological level). There are numerous possible causes for these differences. The “classic” studies of Foreign Accent have focused on external circumstances of learning such as age of learning, age of arrival, length of residence or amount of L1 and L2 use, but of course other aspects that address learners' individual characteristics and abilities (e.g., intelligence, personality factors such as extraversion or empathy, attitude or motivation) are also well-researched. The clearest manifestation of such individual learner characteristics is of course the assumption of language or rather pronunciation learning abilities inherent to the speaker, i.e., phonetic talent or aptitude. The successful acquisition of an L2 pronunciation requires, on the one hand, the ability to correctly perceive the phonetic characteristics of that L2, and, on the other hand, the ability to faithfully reproduce these characteristics in her or his own speech. The described perception-production loop is also what characterizes the phenomenon of phonetic convergence, or phonetic adaptation, within a conversational situation—where two talkers become more alike in their pronunciation in the course of a dialog (Pardo, 2006). It may thus be the case that speakers being especially good at converging to their speaking partner during a conversation, also become very good at acquiring the pronunciation of a new dialect or language. Or, in other terms, speakers already displaying a near-native accent in a second language, might be very good phonetic convergers, when observed, for instance in a native-nonnative dialog situation.

Phonetic Convergence

Phonetic convergence describes a process in which the pronunciation of directly interacting partners becomes more similar to each other. Acoustic measurements have shown speakers to converge on a range of global prosodic and finer-grained segmental features, including utterance duration (Matarazzo et al., 1963; Cappella and Planalp, 1981), response latencies (Street, 1984), pause duration, speech amplitude and turn-taking (Natale, 1975a,b), articulation rate (Schweitzer and Lewandowski, 2013), long-term average spectra (LTAS; Gregory, 1983, 1986; Gregory and Webster, 1996), voice onset time (VOT) and the amount of voicing in vowels (Nielsen, 2011), vowel formant values (Delvaux and Soquet, 2007; Babel, 2012; Schweitzer and Lewandowski, 2014), vowel duration and MFCCs (Delvaux and Soquet, 2007) as well as more global measurements of spectral properties, as amplitude envelope signals (Lewandowski, 2012).

The first wave of studies on speaker adaptation in the 1970s arose from Speech Accommodation Theory (later on Communication Accommodation Theory, e.g., Giles and Powesland, 1975; Simard et al., 1976; Giles, 2001), where accommodation toward a speaking partner was seen as a way to create a socially comforting environment, i.e., boosting social attractiveness and reducing social distance (Giles, 2001). CAT distinguishes between positive accommodation (convergence) as a means of reducing social distance, divergence—a means increasing social distance, and maintenance—keeping one's own style (Giles and Ogay, 2006). Convergence also expresses the need for social approval, group membership and can enhance communicative effectiveness (e.g., by agreeing on joint vocabulary; Pitts and Giles, 2008). Although the tenets of CAT might imply a certain amount of control over the process, it has not yet been established how far this control extends and which types of linguistic changes might be more prone to the influence of social and psychological factors than others (Lewandowski, 2012).

Pickering and Garrod (e.g., 2004, p. 2, 2004, p. 20, 2005, 2006, 2013) see alignment as largely automatic and very straightforward, whereas other influences (i.e., social or personality-related) are not discussed. Their mechanistic model proposes that comprehension and production—or in later extensions also listener and speaker expectations and predictions (forward model; Pickering and Garrod, 2013)—become coupled or synchronized during a conversation, therefore a.o. facilitating mutual comprehension (Pickering and Garrod, 2004). This account is in line with studies on (social) coordination dynamics which also foresees biological hard-wiring of general coordinating behavior in humans (e.g., Kelso, 1997; Kelso and Engstrøm, 2006). Yet another strand of research into convergence—the hybrid accounts—do not deny a biological core mechanism but concurrently allow for social and psychological influences (e.g., Krauss and Pardo, 2004; Lewandowski, 2012; see also Figure 1).
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FIGURE 1. A comprehensive model proposal for phonetic convergence, modified from Lewandowski (2012).



The elicitation techniques, or scenarios, in which accommodation processes were measured, also varied over the last 50 years. As accommodation in the CAT terminology involved the presence of a social situation, the effects of adaptation in the early studies were also investigated almost exclusively within conversational interactions: within free or semi-free conversations (Cappella and Planalp, 1981; Gregory, 1983, 1986), with a hidden experimenter (Natale, 1975a), and interviews, in either a laboratory (e.g. Natale, 1975a,b; Street, 1984; Willemyns et al., 1997) or a quasi-natural setting, as e.g., Larry King's talk show guests (Gregory and Webster, 1996). In more recent times though, a considerable amount of studies on phonetic speaker adaptation was, for instance, based on shadowing paradigms (see Pardo et al., 2017 for a recent review of non-interactional designs). These experimental set-ups involve the repetition of words or longer stretches of speech (Namy et al., 2002; Delvaux and Soquet, 2007; Nielsen, 2007, 2008; Babel, 2009; Brouwer et al., 2010; Abrego-Collier et al., 2011), which are either based on modified versions of Goldinger's shadowing paradigm (Goldinger, 1998), or, for instance, on short question-answer sequences [word games, as e.g., the dominoes game in Bailly and Lelong (2010)]. Another type of set-ups renders dialogs of a still limited linguistic nature (both in terms of utterance length and complexity) and works with assigned talker roles: Map Tasks (Pardo, 2006; Smith, 2007; Pardo et al., 2012, 2013, 2018; Aguilar et al., 2016) and interactive search tasks and games (Dias and Rosenblum, 2011; Levitan et al., 2015). The last group of studies relies on quasi-spontaneous1 or fully spontaneous conversational data (De Looze et al., 2011; Kim et al., 2011; Schweitzer and Lewandowski, 2013, 2014; Schweitzer et al., 2015).

Pardo et al. (2018) provide an argument for indeed turning toward more natural data for research on pronunciation accommodation by concluding that imitation effects for shadowing2 vs. convergence effects in more interactive forms of communication (MapTasks in this case) might in fact not be directly comparable. Phonetic convergence arising in fully natural contexts—in interactive, dynamically evolving dialogs—could thus be even further away from the effects we find in imitation studies, e.g., in shadowing. Taking into account the greatly distinct demands these two scenarios pose for a listener-speakers' attentional system, which is crucial for the storage and retrieval of appropriate exemplars (be it words, sounds or phrases; see section Individual Cognitive Differences in an Exemplar-Theoretic Account of Language), we would similarly like to encourage a differentiation between the terms imitation, as the measurable adaptation arising in highly linguistically controlled and scripted environments, with limited speech material at hand, and phonetic convergence arising in natural interactions, while juggling the complexity of meaningful conversation with a dialog partner. We assume that an excellent performance in a shadowing experiment does not automatically indicate or predict an equally high degree of phonetic convergence in running unscripted speech, where attentional resources are necessarily divided upon considerably more parallel tasks, are largely directed at (or away from) pronunciation features naturally (i.e., implicitly), and a number of additional social and contextual factors might enter the equation (see also Lewandowski and Duran, 2018). Throughout this paper, convergence will thus be referred to meaning spontaneous, naturally emerging adaptation in complex conversational interaction.

Factors Influencing Phonetic Convergence

A considerable amount of factors has been studied in conjunction with phonetic adaptation, predominantly those of an interactive nature, i.e., where the dialog partner or the social context move into the foreground (see schematic model in Figure 1). Amongst such well-investigated social factors resulting in higher or lower degrees of convergence, are for instance dialog partner evaluations (e.g., friendliness, attractiveness; Pardo et al., 2012; Schweitzer and Lewandowski, 2013, 2014) or social preferences (e.g., racial or sexual bias; Babel, 2009, 2012; Abrego-Collier et al., 2011). In stark contrast to this lies the almost non-existent body of literature dealing with psychological and personality characteristics of the speaker, or his or her cognitive individual differences and their role in convergence, although they form an essential part of a full model of phonetic convergence. Lewandowski (2012) proposed a model of phonetic convergence including not only social and contextual factors but also linguistic skills, psychological features and a cognitive core mechanism, which might be related to attention and working memory (WM) skills (see Figure 1).

So far only one study (Yu et al., 2013) reports a correlation between the amount of imitation and the personality feature “openness,” and a further correlation to a test variable from the Autism Spectrum Quotient (AQ, Baron-Cohen et al., 2001) which can be related to attention-switching. Yu and colleagues' study, however, does not look into conversational interaction but is an exposure study. The measure associated with attention-switching is based on a subjective self-questionnaire and not an objective and test-based metric. Yet no study in phonetic convergence in conversational interaction to date has been devoted to the psychological and cognitive individual differences (IDs) of the speaking partners, which is the main focus of this paper.

Individual Cognitive Differences and Phonological/Phonetic Processing

Although not directly within speaker adaptation studies, the impact of varying attention skills has been investigated in a number of studies on speech perception and production, encompassing clinical and normal populations, and L1 as well as L2 speakers and in plurilingual contexts.

The relationship between bilingualism and attention, for instance, has been put forward in Green's model of Inhibitory Control (Green, 1998) where bilinguals are said to be permanently faced with the need to inhibit the currently not used language to be able to communicate in the other—a strategy subject to individual differences (Gollan et al., 2011; Lev-Ari and Peperkamp, 2013). Green's model also foresees asymmetric switch costs, an effect which can be modulated by the individual's better inhibition skill, too: speakers with higher inhibitory control scores obtain lower switch costs when shifting between languages (Linck et al., 2012). Looked at from another perspective, bilingual speakers do seem to profit from a cognitive processing benefit, evident from generally lower switch costs in a Simon Test and faster RTs in tasks with high working memory demands (Bialystok et al., 2004). The impact of differing attention skills in L2 and bilingual contexts was also studied for VOT productions (Lev-Ari and Peperkamp, 2013), the perception and production of vowels and consonants (Darcy et al., 2016; Safronova, 2016), and tone perception and production (Ou et al., 2015; Ou and Law, 2017). The effects of poorer attention (switching or inhibitory) control bearing on speech processing have been also previously documented in elderly listeners, leading to stronger perceptual learning effects Scharenborg et al., 2015). Speech development studies have furthermore found evidence for the essential role attention plays in the fine tuning of perceptual representations (Jusczyk, 2002; Conboy et al., 2008). Analyses of attentional influences in clinical populations, as in Specific Language Impairment (SLI) or developmental dyslexia, brought forward the Sluggish Attentional Shifting Hypothesis (Hari and Renvall, 2001; Lallier et al., 2010) which suggests that dyslectic patients suffer from a prolonged cognitive integration window that induces difficulties in decoding the correct temporal sequence of (speech) units and leads to disturbed rapid stimulus sequence processing (RSS).

Individual Cognitive Differences in an Exemplar-Theoretic Account of Language

Individual differences in cognition and personality leading to differential linguistic performance, including phonetic convergence, can be very straightforwardly modeled in an exemplar-theoretic account—falling within usage-based accounts of language. Exemplar Theory incorporates recency effects, which are so crucial within speaker adaptation, and can easily aid to explain the straightforward link between perceiving and reproducing someone else's utterance within a dialog (Goldinger, 1996, 1998; Johnson, 1997; Hawkins, 2003; Pierrehumbert, 2006). The stored exemplars of speech include rich indexing with, amongst others, labels for speaker identity, language, dialect, accent or situation. Within such a framework the dialog partner has access to an immense pool of exemplars to choose from—in order to adapt to their partner (by finding a closely matching exemplar) or not to adapt (by not finding or not choosing a closely matching exemplar). Furthermore, it is already at the acquisition stage of an exemplar, where many intermediate steps come into play, introducing much room for IDs between listeners and their prospective phonetic adaptation behavior (Pierrehumbert, 2006). Lastly, the adaptation process happening between two dialog partners form the microscale, or, the starting point of any further-reaching macroscale processes, as language change – which have been already modeled in usage-based accounts (e.g., Bybee, 2002, 2006).

Within such a usage-based account of language, Pierrehumbert (2006) draws our attention to a suitable solution for the “perfect imitation” problem (i.e., no two instances of the same utterance, word or sound are ever pronounced identically). Her proposal further divides the acquisition stage of exemplars into intermediate steps of noticing, recognition and coding, forming the basis for the multiple mechanisms standing in between the mere physical experience of a stimulus and its subsequent re-usage in production (Pierrehumbert, 2006). The incoming exemplars are first subject to the operation of noticing. It is the first and crucial processing step on which all subsequent steps rely. So it seems we have identified an especially powerful cognitive mechanism when it comes to explaining possible IDs in exemplar processing and phonetic convergence—namely attention. Hawkins (2003) argues that every person (listener, speaker) develops a distinct mental representation of language, simply because categories are self-organizing and emergent. It follows that every individual is faced with a varying linguistic (and also phonetic) input, and not every person seems to have equal control over the attentional and working memory mechanisms (Robinson, 2003; Cowan et al., 2005; Styles, 2006) which does inevitably surface in processing difficulties of fine acoustic detail necessary for acquiring a native-like pronunciation. Vais et al. (2015), for instance, found a link between speaker talent and accurate use of frequency information in the L2 in their variability study. This implies that talented L2 learners are better able to build categories from exemplars in the L2. Considering the output—or—retrieval stage of exemplars, Skehan (2003) emphasizes a further advantage of an exemplar-based route over a purely rule-based access system in natural conversations: although the exemplar route might be less flexible and rely on chunks and redundant storage, it is fast and provides convenient access, forming, in his opinion, the basis for both native-like selection and fluency (Skehan, 2003).

Summarizing the links between exemplar-theoretic models and convergence mechanisms, we propose that speakers might be differently endowed with certain cognitive skills (e.g., attention) enhancing or hampering the correct noticing of richly indexed exemplars, as well as their subsequent storage and retrieval in running conversation, leading (amongst other crucial factors, as the aforementioned psychological features) to differences in their degree of phonetic convergence. Lewandowski (2012) proposes that insufficient attention on fine phonetic detail and the focus shifted toward meaning recognition could interfere with the proper recognition and storage of new acoustic-phonetic exemplars, leading to incomplete or poorly indexed exemplars. As a consequence, no (sufficient) top-down modulation3 would be possible to help in identifying the currently best items (exemplars) for production at the output stage, since the acoustic-phonetic information (on speaker, accent, dialect etc.) would simply not be stored. This suggests another possible difference in the processing of acoustic-phonetic information by talented and less talented language users.

The Role of Phonetic Talent

The special status of phonetics in L2 acquisition has led to the assumption of a distinct talent component responsible for a person's success in the L2 phonetics. The same talent factor might also be involved in the mechanism controlling phonetic convergence in a speaker.

Within this concept of language talent L2 research widely accepts the special status of phonetic talent as opposed to other linguistic abilities. Typically a fundamental distinction is drawn between two main substrates of linguistic ability: talent for grammar vs. talent for accent (Schneiderman and Desmarais, 1988). The additional difficulty of pronunciation acquisition in contrast to other linguistic features is well-known as the so-called “Joseph Conrad Phenomenon” (e.g., Guiora, 1990; Bongaerts et al., 1995; Abu-Rabia and Kehat, 2004), which refers to the Polish-born novelist's native-like abilities in English grammar (syntax, morphology) and vocabulary apparently having being accompanied by a strongly accented pronunciation. This separation of pronunciation from other L2 skills has been confirmed in a number of experimental studies. Neufeld (1987), for example, showed that ratings of pronunciation skills did not correlate with the results of general language aptitude tests. The phonetic subsystem is generally thought to be more difficult to acquire, as it is assumed to rely more on hard-wired biological processes that cannot easily be influenced by conscious learning efforts. Also, in the acquisition of L2 pronunciation there is the additional challenge of having to bypass already established sensory and motor pathways in order to either correctly perceive speech sounds or control articulatory movements.

It is also generally agreed that a distinction has to be drawn between proficiency, i.e., the overtly observable performance of a particular skill, and innate talent or aptitude. Given the same learning circumstances and similar language experience backgrounds, some learners will inevitably be better than others. Talent or aptitude is thus defined as a stable, innate characteristic that is separate from external circumstances of learning such as experience, input, age of learning etc. as well as other attitudinal factors and personal abilities such as motivation or intelligence. While it is not an indispensable prerequisite for SLA, it does crucially enhance rate and ease of learning (Carroll, 1981). According to Dörnyei (2005) talent manifests itself via an ideal (or at least very effective) processing of learning conditions and novel information in terms of higher-order cognitive processes (like analysis and inference), lower-order cognitive processes (like pattern recognition) and specifically phonetic abilities like hearing, perception, articulatory flexibility and memory of sound features. As stated earlier, there is, however, no comprehensive model explaining phonological talent, as it is unclear how phonological skills interact and develop over time (Moyer, 1999). Proficiency, on the other hand, can be ascertained more directly as the sum of both inherent (such as, for example, talent), and external influence factors (e.g., amount of L1 and L2 use) in an overall performance test (which of course would not reveal the interactions between all these factors).

In order to control for the effect of experience-related factors, it would appear to be the best possible course of action to assemble a large group of test subjects that is homogenous at least with respect to age and “learning career”, i.e., identical time and circumstances of the acquisition of the L2 and then collect as much detailed information as possible on these and all other potentially influential factors such that any correspondences with performance would not remain undetected. This would also include tests for cognitive (e.g., working memory, intelligence etc.) and socio-psychological (e.g., personality traits) parameters (see the following section on assessment for details), and a measure for motivation.

There are, of course, also tests that are designed to measure general language ability directly or rather predict success at learning a second language, mainly on the basis of the L1 (as the Modern Language Aptitude Test, short MLAT, Carroll and Sapon, 1959). With regard to a direct assessment of phonetic talent, on the other hand, such tests or a combination of tests have yet to be established. In fact, one of the objectives the extensive investigation of the neural correlates of pronunciation talent (Dogil and Reiterer, 2009) referred to in later sections had, was to gain a better insight into specific abilities or tasks that would be particularly representative with respect to that purpose. It is also in this sense that the ability of some speakers to adapt to the phonetic characteristics of other speakers (as defined in Subjects) might be interpreted as an expression of talent, while it (i.e., phonetic convergence) might nevertheless in turn be connected to and/or influenced by yet other individual factors, as well as contextual and social factors (see section Factors Influencing Phonetic Convergence).

Motivation and Goals

As described in the introductory part, the impact of social factors on phonetic adaptation (including but not limited to social and professional status, mutual liking, and aspects of dominance) has so far received considerably more attention within studies on phonetic adaptation than personality features and cognitive factors—including pronunciation talent. The phonetic adaptation mechanism though, lying at the intersection of perception and production, is in our opinion susceptible not only to social and contextual influences (external factors) but also, and maybe foremost, to factors lying within the listeners-speakers themselves (internal factors). Analyzing the convergence mechanism from an exemplar-theoretic angle, all steps of the perception-production loop (noticing, recognition, (en)coding, retrieval and production) pose great demands on the language user's cognitive functions, which differ largely from one person to another. We assume that individual differences in executive attention, and possibly also working memory components, have a considerable impact on the degree of convergence. The skillful and fast directing of attention toward the relevant acoustic-phonetic features is crucial for success in both storage and retrieval of exemplars. Such a competent employment of attentional resources could allow for the storage of richer-indexed exemplars, retaining more relevant acoustic-phonetic features, which can later on be accessed for production (on top of facilitating the retrieval process itself). Precisely this skill—a better employment of executive attention—might also be the one setting apart the phonetically talented speakers in our study from the phonetically less talented ones, leading to potentially more phonetic convergence in the former group. A person striving for (be it consciously or subconsciously) for convergence, must first possess the necessary skill to do so—a certain aptitude for fast storage and re-usage of acoustic-phonetic material. Observed the other way round: a good converger, adapting to their speaking partner's pronunciation in an L2, has a high chance of being a talented and successful acquirer of this L2's proper pronunciation in general. In addition to that, we assume that some personality features can further facilitate this convergence process, by potentially mediating the top-down directed attention at the partner's language, and more specifically at her or his pronunciation. This, again, influences the amount of adaptation possible—or desired. We would, for example, expect personality features as openness (see also Yu et al., 2013) and extraversion to positively impact the degree of convergence, and measures as the Behavior Inhibition Scale (BIS) to stand in a negative relationship to the amount of convergence.

In what follows, we will first describe the procedures of the background study (also referred to as the language talent study from this point onwards) on Language Talent and the Brain (see Dogil and Reiterer, 2009). Our current study on phonetic convergence and the language talent study share participants. The subjects for the convergence study have been chosen amongst the large pool of participants of the talent study, guided by their performance therein. Apart from the linguistic tests allowing for a classification of the speakers into a talented and less talented group, the language talent study also contained a number of additional psychological and cognitive data on the participants, in parts selected for the analysis of convergence in the main study. The second part will be concerned with the methodology of our main study—the analysis of phonetic convergence in relation to the phonetic talent of our participants, as determined through the linguistic tests in the language talent study (Dogil and Reiterer, 2009; Jilka, 2009a), and to their personality and cognitive skills.

LANGUAGE TALENT STUDY: IDENTIFICATION AND CLASSIFICATION OF PRONUNCIATION TALENT IN LANGUAGE LEARNERS (Dogil and Reiterer, 2009)

As indicated in the preceding section, the selection of suitable participants for the phonetic convergence study (our main study, described in section Main Study: Testing Phonetic Convergence in a Conversational Setting) was based on an earlier project that had the objective of providing a comprehensive examination of talent in second language pronunciation—the language talent study (Dogil and Reiterer, 2009; see also Jilka et al., 2010). It investigated this ability with respect to its multiple phonetic/linguistic manifestations, attempting to take into account the large variety of influence factors. The main goal was to facilitate further investigations into finding neural correlates of pronunciation talent, i.e., differences in brain activity between talented and untalented speakers.

The Test Set-Up

This pronunciation talent investigation is described in detail in Jilka (2009a) and employed 102 native speakers of German as test subjects including a core group of 50 university students of English who shared a number of key variables such as age (range: 20–23 years), age of onset of L2 English learning (10 years) and type of experience/training in this L2 (English instruction in the formal setting of the German school system, relatively low amounts of experience in English-speaking environments). Further subjects from outside university were chosen based on their self-professed pronunciation talent or lack thereof. Fifteen native speakers of English also participated in order to provide data for comparisons. All subjects were adults and were informed in writing about their rights following the recommendations of ZENDAS (Zentrale Datenschutzstelle der baden-württembergischen Universitäten). All subjects then gave written and informed consent to participate in the study in accordance with the Declaration of Helsinki. The subjects received remuneration or course credit for their participation (in case of the student participants). No subjects took advantage of their right to have their measurements deleted. The study was additionally approved by the local ethics committee from the University of Tübingen, since parts of it involved neurolinguistics measurements (a comparable permission is not needed for psycholinguistic studies under German law).

The various speech tasks involved English, German, and Hindi. English was the main test language because the large number of learners increased the likelihood of finding individuals with native-like pronunciation skills. Furthermore, comparative (English vs. German) linguistic descriptions, both for the segmental and prosodic characteristics were easily available. The German and Hindi tasks were intended to restrict the influence of learning experience on performance. As native speakers of German the test subjects should have had very similar, if not equal amounts of experience with it, whereas Hindi was a language they were all completely unfamiliar with.

The complete test battery covered a wide range of conditions correlating with phonetic talent, such as the external circumstances of second language acquisition (e.g., age of learning, amount of language use, type of instruction), the learners' psychological characteristics, as well as general proficiency in the examined languages. Actual phonetic abilities were covered within the categories of production, perception and imitation (Jilka, 2009a,b).

Psychological and Cognitive Aspects

A considerable number of individual psychological characteristics have been shown to correlate with L2 performance, therefore a variety of established psychological tests was administered to the subjects in order to replicate these results and possibly relate them to each other. Two major types of tests were distinguished: those examining psychological aspects of the test subjects' personalities and those focusing on cognitive abilities. A subset of these tests was chosen for the current convergence study, since they might shed more light on personality-related and cognitive IDs influencing phonetic adaptation: the NEO-FFI, the BIS/BAS scale, the empathy questionnaire E-Skala, phonological WM, and a Simon Test (see also Table 1; for a description of the original test battery see Hu and Reiterer, 2009 and Rota and Reiterer, 2009).


Table 1. Overview of all tests contained in the convergence study (all measurements were supplied to the statistical models as continuous data).
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The Neuroticism Extraversion Openness Five Factor Inventory (NEO-FFI) assesses personality traits according to five major factors, namely neuroticism, openness, extraversion, agreeableness and conscientiousness (Costa and McCrae, 1992). In the current study the German (translated) version of the test was used (Borkenau and Ostendorf, 1993). The BIS/BAS questionnaire (Carver and White, 1994), on the other hand, investigates whether a person's actions are driven more by the positive motivation toward something desired (Behavioral Activation System–BAS) or the wish to avoid a negative experience (Behavioral Inhibition System–BIS, German adaptation by Strobel et al., 2001). A questionnaire assessing empathy, E-Skala (Leibetseder et al., 2001), was administered to examine if this characteristic is associated with a greater readiness to adapt to unfamiliar phonetic features, and to the conversational partner. E-Skala provides a general measure (E-Skala General) and two subscales: the E-Skala Social (reflecting “social concern”) and the E-Skala Empathy (reflecting “readiness for empathy”). As far as cognitive abilities are concerned, tests of phonological working memory (Gathercole et al., 1994) were also carried out, as it has repeatedly been argued that “phonological short term memory” can predict success in L2 as well as L1 learning and phonological processing (e.g., Baddeley, 2003; Ou et al., 2015; Ou and Law, 2017; Serafini, 2017). For the current study measures for subjects' digit span forward, digit span backward and non-word repetition span were gathered. The second cognitive component—attention (inhibition)—was measured with a Simon Test (Simon, 1990, test for mental flexibility) which is a nonverbal test for inhibition, a cognitive component much discussed for its influence on phonological processing skills (e.g., Lev-Ari and Peperkamp, 2013; Darcy et al., 2016).

Testing Phonetic Ability

The tasks intended to assess the test participants' phonetic abilities were carried out in 90 min sessions in the anechoic chamber of the Institute for Natural Language Processing at the University of Stuttgart (Jilka, 2009a). Various elicitation techniques were applied, following the example of studies like Oyama (1976), Bongaerts et al. (1995), Markham (1997) or Flege and Hillenbrand (1987), to elicit differing types of intonational configurations, speaking rates, and degrees of fluency. Especially imitation and reading tasks were employed to elicit tunes (i.e., combinations of pitch accents and boundary constellations) associated with particular discourse situations (e.g., declaratives, Yes/No-questions, continuation rises). Insights gained in previous work (e.g., Jilka, 2000) facilitated the identification of possible deviations due to foreign accent such as tonal category transfer or variation in the phonetic realization of equivalent categories.

Thus, the test battery (see also Table 2) included three major blocks, namely tasks for speech production, speech perception and imitation task (combining perception and production). Speech production tasks focused on the elicitation of (quasi-) spontaneous speech (reflecting natural fluency, speaking rate, segmental realizations and choice of prosodic patterns) as well as of read speech (in order to ensure a reasonable control of segmental production and basic pitch patterns associated with particular discourse situations). Perception tasks tested the comprehension and interpretation of suprasegmental features, while imitation tasks, which obviously require most directly the correct perception of a model and the ability to reproduce it, were carried out in native (German), well-known (English) or unknown (Hindi) language, covering both segmental and prosodic detail in direct and delayed set-ups.


Table 2. Tests of phonetic ability [(Jilka, 2009a,b), in (Dogil and Reiterer, 2009)].
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The results of the many different task types manifested themselves in multiple forms. For pure production tasks involving reading, narration and acted speech, only a subjective perceptual assessment by a large number of raters was considered appropriate. For those tasks with more narrowly defined objectives, such as accent imitation or interpretative reading, it was more suitable to perform an expert analysis by referring to expected prosodic models. This applied to an even larger degree to imitation tasks where instrumental analysis allowed for the comparison with the respective originals. In perception tasks, on the other hand, evaluation was simply achieved through an automatic scoring system, as these tasks were designed to contain a fixed number of answers.

Talent vs. Proficiency

The distinction of the concepts of talent and proficiency was of course a key challenge of the analysis. The results of both those tasks designed to focus on talent and those simply measuring general proficiency in a particular area had to be related to information about the speakers' experience and degree of motivation as determined in the questionnaires and the psychological tests. While the factor of experience could be controlled to a certain extent by tasks involving either the learners' native language German, where it should be equal, or Hindi, where it was zero for all test participants, this was not possible for motivational factors. For this reason, it was concluded that there may be no single clearly-defined experimental method that directly assesses exclusively phonetic talent, but that it can at best be approximated by the combination and weighting of many different tests. The variety of these tests in relation to information about the speakers' histories of language acquisition and language use as well as the aforementioned cognitive and psychological test allowed for such a weighting. It showed that tasks involving the perception of minute phonetic detail in (low-pass filtered) intonation were not helpful as they only correlated with the test subjects' ratings for the personality factor of conscientiousness. On the other hand, tasks involving general language (accent imitation and identification) and prosody (interpretation and imitation) awareness were generally good indicators of high scores in the other fields, i.e., showed the widest range of correlation.

Classification of Speakers According to Phonetic Talent

Based on the resulting perceptual assessments, instrumental analyses and automatic scoring systems (Jilka, 2009a), a ranking/classification of the speakers necessary for the subsequent neuroimaging studies of talent and proficiency was created, which eventually also facilitated the selection of speakers available for our current study. For the convergence study, 20 at this point available speakers were chosen on the basis of their phonetic talent ranking—which is composed of the summed z-scored values of the separate phonetic tests (z-scoring by test, to ensure comparability of the at times highly differing scaling systems). The participants chosen fall into two groups: phonetically gifted speakers (rated higher, mean total phonetic score of 14.257 (z-score across all phonetic tests, sd = 5.413) and phonetically less talented speakers (lower end of the rating, mean total phonetic score of−9.929 (z-score across all phonetic tests, sd = 12.856). At first glance, two speakers toward the middle part of the spectrum performed very similarly in their total phonetic scores. For one of the speakers though, this score was largely driven by his good performance in the German parts of the phonetic test battery. For this reason, we further compared the English free speech test scores (including the introduction and the cartoon retelling) of the two subjects, which differed considerably, and used those as a further indicator for final grouping (i.e., the subject with significantly higher scores was assigned to the talented group).

MAIN STUDY: TESTING PHONETIC CONVERGENCE IN A CONVERSATIONAL SETTING

The experimental procedure of the phonetic convergence study is based in parts on the dissertation of Lewandowski (2012). An exception is the statistical analysis, which has been re-calculated for the purpose of this study using linear mixed effects modeling (lmm).

The elicitation technique for the main task in the experiment needed to yield quasi-natural spontaneous speech, and still provide enough material for conducting detailed acoustic analyses at word-level. Since the conversations were between native and highly-proficient non-native speakers of English, and as this already prescribed a certain (intended) misalignment of status positions (linguistic expert vs. learner; Davies, 2003; Park, 2007), we decided for a technique which would not impose any further predefined roles. For this reason Map Tasks (Anderson et al., 2001), though previously used in convergence studies (e.g., Pardo, 2006; Smith, 2007; Pardo et al., 2012), were not considered, for they have a fixed talker role assignment of Instruction Giver and Instruction Follower, which brings about considerable disparities in the length and total amount of vocalizations. Furthermore, also the quality of the utterances, in terms of the variability of utterance types and their complexity (e.g., the frequently observed domination of one-word-answers), was judged to be unsatisfactory in Map Tasks. Therefore the Diapix method (Bradlow et al., 2007; Engen et al., 2010) was eventually chosen as the best alternative for the compromise between retaining naturalness and spontaneity of dialog and still being able to ensure the repeated usage of a large number of content words for acoustic analyses involving amplitude envelope signals (described in section Amplitude Envelope Measurements).

Materials

Diapix is a “spot-the-difference” game of the type often found in newspapers and magazines (Bradlow et al., 2007; Engen et al., 2010). Each colorful set consists of two pictures which differ from one another in ten details (items have different names, colors/shapes, are dislocated, or completely missing). For the current experiment two sets of Diapix were used—the shop scene and the farm scene. The usage of two sets was necessary because every nonnative speaker was engaged in two separate dialogs with two different native speakers of English. Although the two English native speakers took part in all 20 conversations with the German subjects and learned the location of all target items, they were instructed not to reveal this and continue acting as if they shared the same knowledge status as the nonnative speaker. Measurements for the non-native speakers, which are not part of this paper, can be found in Lewandowski (2012).

Procedure

The pictures were provided in DIN-A4 size and were laminated to reduce any interference from noise during the recordings. The subjects were instructed to solve the task of finding the target items in English and informed that there was no time limit. The Diapix task required an intensive interaction between the two conversational partners in which both speakers were free to describe what they saw and ask the other questions at any time. The words used for measuring phonetic convergence were mostly the target words appearing within the changed/missing item spots in the pictures, as e.g., bird, house, chicken, carpet, dog, but also other content words which came to be frequently used by the speakers, which ensured a sufficient number of repetitions by both speakers during the conversation, a prerequisite for carrying out the acoustic analyses.

The recordings took place in a sound attenuated chamber, with the participants separated by a padded wall. The interactants could not see each other, but heard each other clearly through headphones. Once the dialog started, there was no interference from the experimenter until the task was completed. The interactions were recorded with two head-mounted AKG C520 microphones to a 48 kHz stream with two separate channels and later on down sampled to 16 kHz for further signal processing. The recordings had an average length of ~15 min.

Subjects

Twenty-two speakers were recruited from the language talent study described above: twenty native speakers of German (10 female), rated either very high (10 talented speakers, 5 female) or very low on their phonetic talent (10 considerably less talented speakers, 5 female), age ranging from 20 to 42, and two further native speakers of English. The German native speakers all came from the greater region of Stuttgart in southern Germany, shared the same history of acquiring English (all started in fifth grade and no subject had stayed in an English-speaking country longer than 3 weeks), and were highly proficient in English. The grouping according to talent classes allowed us to test the influence of phonetic talent on the degree of phonetic convergence in spontaneous dialogs. The subjects were not informed about the research questions but simply asked to participate in a linguistic study involving reading and solving two spot-the-difference games with English dialog partners.

As per German law, psycholinguistic studies do not require consent by an ethics commission. All subjects were adults and were informed in detail in writing about their rights following the recommendations of ZENDAS (Zentrale Datenschutzstelle der baden-württembergischen Universitäten). All subjects then gave written and informed consent about their participation in the study in accordance with the Declaration of Helsinki, and have received financial remuneration. No subjects took advantage of their right to have their data deleted.

Additionally two native speakers of English (male 33y, and female 57y) were recruited to participate in the dialogs. The male English native speaker spoke a General American (GA) accent–abbreviated as AM—and the female speaker a Standard Southern British English (SSBE) accent—abbreviated as BR in the results section. Male and female speakers were included in both native speaker groups to shed light on the as of yet inconclusive results on gender effects in phonetic convergence.

Amplitude Envelope Measurements

All target words (content words only) uttered by both speakers were manually extracted and labeled with the time markers—early (first third of the respective dialog) or late (last third)—to allow for tracking the speakers' potential increase in pronunciation similarity from an early to a late stage in the conversation. These cut-off points at the one-third and two-third markers thus, were set individually for each dialog, depending on its length. One reason for this was the assumption that a pair taking longer to complete the task and consequently also to finish the dialog, might also have taken an increased time adapting to one another (e.g., considering the establishment of common ground, usage of same or similar lexical items). In such a case, the first third of the dialog (= the “early” stage) would span a longer stretch of time, allowing for phonetic convergence to arise. The second reason was of a practical nature, namely the sufficient availability of content words uttered by both speakers within the early and late stages. This too could be aided by setting dynamic cut-off points dependent on individual dialog length.

The acoustic analysis of the data was based on slowly varying amplitude envelopes, comprising a smoothed global picture of the energy present in the signal (Wade et al., 2010; Lewandowski, 2012). The amplitude envelope analysis relies on the assumption that the information stored and used by humans in speech perception and production might be in parts represented in the form of envelopes–stored as linear time sequences. The previously manually extracted target words were thus stored as separate wav files, not normalized for length. The envelopes were then calculated by applying a standard Hilbert transform (built-in Matlab function). Such envelopes have been proven to contain information present in the auditory system, which also suffices to build intelligible speech as long as enough (usually two to three) frequency bands are available to provide an at least nominal spectral resolution (Shannon et al., 1995; Loizou et al., 1999; Wade et al., 2010). Here, four logarithmically-spaced frequency bands have been used. As the next step, the envelopes of the two words to be compared (tokens always stemming from the same type, e.g., “bread” speaker 1 vs. “bread” speaker 2) are passed to a cross-correlation function, which established their level of similarity (taking all four frequency bands separately). Returned was a single number: a match value–ranging between 0 and 1. The more similar the two amplitude envelopes, and consequently the pronunciations of the two words, the closer to 1 the match value. The lower the match value (approaching zero), the lower the similarity of the two envelopes (full script for reimplementation purposes available in Lewandowski, 2012).

Amplitude envelopes can be viewed as “representations that more faithfully encode the speech signal as it unfolds over time without making specific assumptions about what types of cues might be extracted or which regions of the signal are the most important” (Wade et al., 2010, p. 231). As it might be a very individual matter where precisely in the signal convergence takes place in the utterances of a speaker, amplitude envelopes are able to capture changes across the whole spectrum as it unfolds in time and not only for one specific feature, as VOT or (a number of) vowel formants. The method does not call for any front-end analyses and comes with a great transparency and compact output form, which are further advantages for convergence measurements (Wade et al., 2010). Furthermore, it captures spectral information present all over the signal, and since no timing normalization is performed neither on the raw word signals nor the extracted envelopes, the subsequent comparison of envelopes also accounts for timing information in the signals (e.g., lengthened or shortened segments receive lower match values). Compared to previous studies on imitation and convergence, such a method avoids single-feature tracking (such as individual formants or VOT measurements), and at the same time allows an analysis at a relatively fine-grained (word) level, instead of resorting to longer chunks which might deliver less reliable similarity estimations.

ANALYSIS AND RESULTS

The analysis of the convergence effects of the German speakers in the current study does not follow Lewandowski (2012) but has been completely re-calculated employing linear mixed effects modeling. This allowed the inclusion of by-speaker and by-partner random intercepts and slopes, which are extremely useful for handling datasets heavily loaded with individual differences and, at the same time, rather small effect sizes to be expected, which are most often found in research into phonetic adaptation. All statistical analyses were conducted using R version 3.4.4. Data manipulation was performed with the tidyverse package (Wickham, 2017), the linear mixed effects modeling was conducted with lmerTest (Kuznetsova et al., 2017) and the leaps package (Lumley and Miller, 2017). Data visualizations were created using ggplot2 (Wickham, 2009) package. The lmerTest package automatically includes the significance values for the coefficients based on t-tests using the Satterthwaite's method. Since the variables stemming from the psychological and cognitive tests were based on very different scales, the variables were z-scored by test prior to analysis to ensure comparability of effects across the different scaling systems used for the psychological and cognitive measures.

Phonetic Convergence and Language Talent

The analysis presented in this section involves match values calculated for the following dialog times: early—items (words) from an early point in the dialog from both speaking partners and late—again, early items from the English native speaker but paired with late items from the German subject. The early set (Time 1) thus defines how similar the two interacting partners' pronunciations were in the beginning of the dialog, while the late set (Time 2) allows determining how similar the late pronunciation variants of the German participants were compared to the previously heard English items. An expected finding would be an effect for Time – indicating that the similarity of the dialog partners' envelopes changed during the conversation (taken the experimental group altogether). Should Time and Talent interact, this would point to differences in the envelope similarity changes between the talented and less talented speakers. Should Gender be included in the final model, it would speak for potential differences in convergence between male and female speakers in the study. The distribution of the predicted values (i.e., the match values) can be classified as unimodal (Hartigan's dip test, D = 0.05625, p > 0.05) and has also been verified with an additional visual inspection of the corresponding density plot.

First, several random structures for the mixed model have been tested, selecting backwards from a maximal model (i.e., a model containing all variables; Crawley, 2013). The inclusion of a random slope of Talent*Time by Subject was not possible due to model convergence limits (number of random effects too high for number of cases observed). The model with a random slope with Subject over NS (NS = indicating which native speaker they talked to) was identified as the best fit, compared to a model with a random intercept for Subject only (Chisq 29.892, Pr(>Chisq) = 3.229e-07***). The random and fixed effects of the final lmer model are given in Table 2. Following this, a linear mixed model was fitted with the match value as the dependent variable, and at first with an interaction of Time and Talent as the fixed factors only. Adding Gender as a further fixed factor in the next step proved to increase model fit significantly (match value ~ Time*Talent + Gender + (1+NS|Subject), AIC −363.7, BIC −342.2, logLik 190.8, deviance −381.7, df.resid 71). On the other hand, adding the Native Speaker (NS) condition to the fixed structure, did not improve model fit (Chisq 1.0243, Pr(>Chisq) = 0.3115).

The factor Time alone was not significant in the model, indicating that the group as a whole did not show significant adaptation toward their dialog partners. However, as expected, the interaction of Time and Talent proved significant, (Table 3) indicating that the talented group (coded with “1”) converged more to their English native speaking partners from an early (Time 1) to a late point (Time 2) in the dialog than the less talented speakers (coded with “0”). Figure 2 shows the changes in match values from early to late separately for these two groups. The statistical analysis and the visualization reveal that the changes in pronunciation toward the conversational partners are of a subtle nature, as often reported in the literature (e.g., Pardo et al., 2017, 2018). Gender improved the model fit only when added as a simple factor but not in interaction with Time (model parameters with Gender in interaction with Time: AIC−362.73, BIC−338.91, model comparison with ANOVA: Chisq 1.0708, Pr(>Chisq) 0.3008).


Table 3. Random and fixed effects for the linear mixed effects model: convergence in the dialogs and subjects' phonetic talent (significance values for the coefficients are based on t-tests using the Satterthwaite's method, provided within the lmerTest package).
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FIGURE 2. Convergence of nonnative speakers in the two dialog conditions (British and American) with talent color-coded. Displayed is the difference in match values (Y axis) between an early and a late point in the dialog (Time on X axis), with groups divided according to phonetic talent.



The fact that Gender appears only as a significant simple factor but not in interaction with Time indicates that although male subjects had on average higher match values than the female participants throughout the experiment (i.e., irrespective of the dialog time), they did not converge significantly more than female talkers. Thus, the degree of convergence displayed within the dialogs was not influenced by gender—both male and female speakers behaved similarly. As to the general effect for male speakers displaying higher match values than female ones (i.e., not tied to convergence over time in the dialog), we cannot totally rule out the possibility of it simply being an artifact which is, underlyingly, not tied to gender at all (i.e., possibly arisen due to another feature that the male subjects might have shared amongst each other or with the English native speaking partners).

Summarizing the main findings of the convergence study, we can confirm that talented L2 learners converged phonetically to their English native speaking partners in the course of the dialog; and, more interestingly, phonetically more gifted speakers did so to a significantly larger extent than the less talented subjects, proving that linguistic skill is a crucial factor for phonetic convergence to happen in an L2 environment. Gender, on the other hand, proved no significant factor for the degree of phonetic convergence in the current data set.

Phonetic Convergence and Psychological and Cognitive Factors

The second analysis involved the investigation of potential psychological and cognitive factors influencing the degree of phonetic convergence. Here, the group was treated irrespective of their phonetic talent since the constructs might operate partially interdependently (i.e., some cognitive subskills might feed into/surface as phonetic talent) and we are interested in obtaining a full picture of potential psychological and cognitive variables influencing each individual's phonetic adaptation (see also Lewandowski, 2013; Lewandowski et al., 2014).

Model Selection

In order to reduce the vast number of predictors, the subsequent analysis of the psychological variables was limited in the following cases. Instead of all subscales of the BAS test, only the mean BAS value was fed into the model (together with the BIS score). Instead of using all three scores from the E-Skala, only the two subscores (E-Skala Social and E-Skala Empathy) were considered since their sum forms the E-Skala General score, rendering it redundant. In contrast to this, all five factors from the NEO-FFI were considered, as they all represent very different personality aspects. For the Simon Test, the standard variable reflecting the switch-cost was included, being the difference between the reaction times for incongruent vs. congruent stimuli (SIMRTdiff). The measures for phonological working memory included in the models were digit span forward, digit span backward and non-word repetition span.

The predicted variable in the model was the amount of convergence between an early and a late point in the dialogs for every individual nonnative speaker (the difference between the match values at Time 2– late– and Time 1–early). Four subjects had to be excluded from the following analysis due to a lack of data points in one or more of the analyzed tests (Number of obs: 32, groups: Subject, 16). Model selection with the still considerably high number of model parameters was then aided with the regsubsets function from R's leaps package, a function assisting in regression subset selection in large datasets. Due to the high number of potential predictors and an exponentially higher number of possible combinations, a purely manual selection procedure was not possible at this stage. Since no other study to our knowledge included multiple personality and cognitive factors in a model of convergence, no clear hypotheses as to which factors will prove important for the prediction could be formulated a priori. Under these circumstances, neither a purely hypothesis-driven manual selection nor a fully manual testing procedure including all possible factor combinations was feasible. The chosen automatic selection aid was combined with a subsequent informed manual supervision and testing stage of the suggested variable subset. The original model specification fed into the regsubsets function included: Convergence ~ open + agreeable + extroverted + neurotic + conscientious + BAS + BIS + EskalaEmp + ESkalaSoc + WMnonword + WMfor + WMback + SIMRTdiff. Regsubsets also allows us to manually specify the selection algorithm used. In our case the exhaustive algorithm option, also called brute force algorithm, was chosen. It tests all possible combinations of variables and outputs the combination with the best fit for the dependent variable (maximizing Chi-square). The regsubsets function furthermore used the nbest setting of 1 (selecting one best model for each number of predictors) and the option nvmax of NULL (no limit on the number of variables that could form the best combination). Given these manual parameters the selection algorithm performed an exhaustive search and suggested a subset of 5 variables. These suggested variables were then manually fitted into the linear mixed model and their separate contributions to model fit were manually verified by performing anova model comparisons. As a consequence, one variable from the automatic preselection – agreeableness – was later on excluded after running an anova model comparison which proved it was not contributing to model fit (model incl. agreeableness: AIC 140.5, BIC−128.78, model ANOVA: Chisq 0.0015, Pr(>Chisq) 0.9694). The disparity between the subset selection and the final best model fit could arise due to missing data points for individual subjects' test scores within the data set. Not all subjects performed all psychological and cognitive tests, changing the number of available data points depending on the given model input.

The remaining four fixed factors for the model were neurotic, open, BIS and the switch cost in the Simon Test (SIMRTdiff). A linear mixed effects model specifying these fixed factors was then manually fitted using the lmerTest package. Collinearity was accounted for within the fixed factor correlation matrix and by additionally checking the variance inflation factors (vif). As no variable exceeded a vif score of 4, all four fixed factors were kept within the final model (AIC −142.5, BIC −132.2, logLik 78.3, deviance −156.5, df.resid 25; see Table 4 for the random and fixed effects model parameters). The best random structure was achieved with Subject as a random intercept (Subject: Variance (Intercept) 2.537e-06, Std.Dev. 0.001593, Residual: Variance 4.375e-04, Std. Dev. 0.020917). Adding Gender in interaction with the remaining variables did not improve model fit (AIC−131.29, BIC−110.77, model ANOVA Chisq 2.7876, df 6, Pr(>Chisq) 0.835). Visual inspection of residual plots did not reveal any obvious deviations from normality. The native speaker condition (American or British) did not have a significant influence on the model fit. Neuroticism and openness had a positive impact on the degree of convergence in the dialogs, whereas the Behavior Inhibition score (BIS) and the switch costs in the Simon Test had a negative impact on convergence (see Figures 3, 4). In case of the latter this means that the lower the switch costs (RTincongruent - RTcongruent), meaning the better/faster someone was able to inhibit the wrong reaction, the more convergence there could be observed in the dialog task. For the BIS score it suggests that the less behaviorally inhibited the subject, the more did she or he converge in the dialog. Openness has the strongest impact of all fixed factors on the convergence measure in the fitted mixed model.


Table 4. Random and fixed effects in the linear mixed model for convergence and the psychological and cognitive variables (significance values for the coefficients are based on t-tests using the Satterthwaite's method, provided within the lmerTest package).
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FIGURE 3. Openness and phonetic convergence with color-coded native speaker conditions.
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FIGURE 4. Switch costs in the Simon Test with color-coded native speaker conditions.



DISCUSSION

A spontaneous dialog is influenced by a myriad of factors, all interacting and rapidly changing in time, requiring on-the-spot reactions from both speaking partners. Following such a conversation as an active listener-talker poses great attentional and memory, as well as executive demands. This is at the same time the most natural and most complex situation for a speaker to be in, and still, it is a situation with substantial individual differences arising. Repetition or shadowing designs undeniably profit from a far better control over the data by the experimenter. It is certainly easier to make comparisons between specific phonetic features when the data is neat and simple, and not messy and complex as in natural conversations. However, the simpler and less complex the linguistic material, the less difficulty it poses for the subject and the better it can be controlled by her—as in perceiving isolated words or syllables. On the other hand, an interactive design featuring a conversation means more complexity to the signal and the necessity of arriving at sentence (or phrase) comprehension (including, a.o., lexical segmentation, an analysis of prosody and syntactic structure), which poses higher demands for long-term integration of information but also higher demands on attentional resources (Mattys, 1997; e.g., Davis and Johnsrude, 2007).

A listener-speaker has learned to draw from more than just the linguistic input to construct meaning and interpret it in a given situation and is used to having an overflow of information (Davis and Johnsrude, 2007; Hawkins, 2010). These same listener-speakers are not only perfectly equipped for perception, they are also extremely flexible and capable of applying different styles that fit the current context, with an emphasis on the role of pronunciation. Phonology is said to be especially “fluid and skillfully deployed by individual speakers” to this end (Pavlenko and Blackledge, 2004, p. 244). Hawkins' Polysp system assumes more specifically that experienced listeners use contextual information to identify the patterns of the current signal exactly according to the style and accent currently being used rather than just drawing from a “canonical” pool for pronunciation (Hawkins, 2003), which could lead to more accurate adaptation. We could show that it is not only experience but rather a certain talent for pronunciation that allows speakers to apply this flexibility for phonetic convergence in a dialog interaction.

Perceptual processes, forming the first step of adaptation, have been proposed to be interactive, incorporating top-down information, context and also expectations, instead of only the bottom-up signal (Grossberg, 2003; Davis and Johnsrude, 2007). Grossberg's Adaptive Resonance Theory (2003), for instance, anticipates that the end-percept a listener obtains is emerging through the dynamic interplay of top-down memory-based information together with context-specific expectations and bottom-up (signal-driven) information (Figures 5, 6). The talented speakers in our study were significantly better at maneuvering between these signal types, and converging to their native speaking partners, proving to be more flexible speakers, who possibly pay more attention to the phonetic detail present in the speech of their partners, while maintaining an active conversation at the same time. Our current findings also suggest that the comprehensive approach for measuring pronunciation talent described by Jilka (2009a,b) is an accurate method for identifying phonetically skilled speakers, and to tear this skill apart from mere performance.
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FIGURE 5. Match finding in the presence of top-down modulation and richly indexed exemplars. Modified from Lewandowski (2012), employing an ART framework (Grossberg, 2003).
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FIGURE 6. Match finding in the absence of top-down modulation as a consequence of poorly indexed exemplars. Modified from Lewandowski (2012), employing an ART framework (Grossberg, 2003).



Language Talent and Personality

The claim that listeners are not able to notice and retain more phonetic detail in running speech than necessary for meaning construction, as put forward by Goldinger (2013), does not seem to hold for all language users. As in the case of our test subjects, L2 speakers identified as phonetically talented were well able to grasp fine phonetic detail within a conversation and re-use it shortly after to adapt to their conversation partners. The ability to converge phonetically, and effectively divide attentional resources between several tasks and skillfully master memory access, thus seems to be subject to individual differences. While talent for pronunciation certainly is not the only influencing factor in the complicated convergence mechanism, it is decisive for the eventual success of convergence since it seems to be operating within the core mechanism for spontaneous adaptation. This study contributed first insights into the still underinvestigated role psychological and cognitive individual differences play for phonetic convergence in conversational interaction.

First intuitions on what personality features characterize a good language learner, and potentially also a good “phonetic converger” went into the direction of extraversion, risk taking, lack of inhibition and self-esteem (MacIntyre and Noels, 1994; Hu and Reiterer, 2009). As suggested by Hu and Reiterer (2009), speakers characterized by higher openness might also be more open to the foreign social and cultural behaviors or ways of being, which could in turn lead to increased motivation and more success in acquiring a second language. In fact, the interpretation of the “openness to experience” dimension from the NEO-FFI used here is quite broad, encompassing, e.g., intelligence, imagination, perceptiveness, creativity, differentiated emotions, aesthetic sensitivity, need for variety, and unconventional values (Hu and Reiterer, 2009). Verhoeven and Vermeer (2002) also found moderate to high correlations between the personality trait openness and three subcomponents of communicative competence (organizational, pragmatic, and strategic competence) in young second language learners. The data from our current study suggest, in line with Yu et al.'s (2013) findings in their exposure experiment, that openness to experience is also an important factor in phonetic adaptation, possibly because it comes hand in hand with a greater perceptiveness and a higher communicative competence in general. One might speculate that greater imagination, for instance, might also positively influence not only having a more accurate theory of mind of our partner in a specific conversational situation but possibly also a greater understanding for speaker differences, including style and pronunciation. The lack of effects for extraversion in combination with convergence might in turn arise from the fact that openness taps more into communicative and partner-oriented skills than extraversion does. In Hu and Reiterer's study there were no correlations between phonetic talent and openness nor extraversion. They argued that the nature of the phonetic tests (laboratory environment, closed task-sets, little free speech and no interaction with a partner) is in part responsible for these null findings since neither openness nor extraversion are strictly necessary skills to perform well in this kind of setting. This explanation is in line with our finding, since openness to experience proved to be a factor for phonetic adaptation once the setting changed to an interactive one, resembling natural conversation.

As the core concept of the Behavior Inhibition Scale or — punishment sensitivity scale — is anxiety (Gray, 1981, 1982), and the interpretation includes all items referencing reactions to the anticipation of punishment (Hu and Reiterer, 2009), we can claim that a reduced anxiety or fear in anticipation of punishment has a positive impact on phonetic convergence. Furthermore, according to Gray and Braver (2002) individual differences on the BIS/BAS scale reflect IDs in approach and withdrawal – the two systems for action control, which are supposedly intertwined with cognitive aspects of control. This also sets them apart from other scales, such as the neuroticism/extraversion dimension (Carver et al., 2000). Translating this in terms of the current study, the less the L2 learners were in general prone to withdrawal in negative situations, the more positively they might have approached their conversational partner and embraced the situation of conversing in their L2, and also tried to (phonetically) adapt4 as well as possible in the L2 setting with no or little consideration of the consequences in case of a failure to do so. Given favorable constellations of other factors boosting convergence, they might have had a higher chance of succeeding in adaptation.

Neuroticism is interpreted as the individual difference in the way we experience distress and its subsequent impact on our behavioral and cognitive style (Hu and Reiterer, 2009). In our current study neuroticism had a positive impact on the degree of convergence. High neuroticism scores are usually tied to poorer performance in SLA (Gardner, 1985; Dörnyei, 2005) but can also have positive impacts, for example when observed in combination with a second dimension, such as extraversion. Robinson et al. (1994), for instance, report that students with high neuroticism and high extraversion scores performed better specifically on oral tests compared to written tests. It might thus make sense to interpret the result on neuroticism in conjunction with other traits favoring convergence, such as openness in our case. While it seems at first hard to establish a direct link between high neuroticism increasing the tendency to converge, it might still be possible if we relate it to dimensions investigated already in the first strand of research on Communication Accommodation Theory – as the need for social approval. Decreasing social distance is said to be one of the main socio-contextual factors for convergence (e.g., Giles and Powesland, 1975; Coupland, 2001; Giles, 2001). If an individual high on the neuroticism scale is heavily impacted by distress but at the same time has a high need for social approval, and (implicitly) knows that a lack of convergence could be interpreted by the dialog partner as diverging on purpose and have a negative impact on his or her evaluation, he or she might be inclined to strive for more adaptation in order to avoid being negatively evaluated and not belonging to the current in-group. To further evaluate the relation of neuroticism and convergence, additional tests involving the speakers' self-monitoring behavior and their need for social approval might be needed (e.g., Schweitzer et al., 2015).

Cognitive Skills

In contrast to the somewhat counterintuitive non-contribution of the working memory measures in the model of phonetic convergence, our inhibition measure (Simon Test) proved to be related to the degree of phonetic convergence, as expected. In contrast to Yu et al. (2013), who assessed their participants' attention switching skills based on an Autism Spectrum Quotient self-questionnaire (AQ, Baron-Cohen et al., 2001), attention inhibition in the current study was measured in an objective way, using a Simon Test. The smaller switch costs in the Simon Test (less time loss when switching between the congruent to the incongruent trials, Craft and Simon, 1970; Rota and Reiterer, 2009) proved to be positively related to the degree of phonetic convergence. The lower switch costs reflect a higher inhibitory control in the subjects, or, a higher mental flexibility. The more mentally flexible a speaker, the more likely he or she thus was to converge within the L2 dialog setting. The Simon Test is, in contrast to the Stroop Test, a purely nonverbal test which is based on spatial aspects/interference (with colorful dots appearing either on the left or the right side of the screen). In congruent trials the hand/finger with which the subject needs to click/press a button appears on the same side as the stimulus, in incongruent trials on the opposite side of the screen. The interference caused by the incongruent spatial information must be resolved by applying inhibition to the unwanted reaction, which leads to prolonged reaction times (= the switch costs). The negative result for working memory with respect to phonetic convergence, although rather unexpected, is in line with Hu et al.'s (2013) behavioral and neuroimaging findings which identified phonetic coding ability but not phonological working memory (PWM) to be predictive of L2 pronunciation aptitude in advanced learners. They argue that different learning stages require a different combination of skills – with PWM not being a distinctive factor between high and low aptitude advanced learners of a language. This could mean that PWM also contributes comparatively little to the phonetic convergence mechanism in the case of advanced L2 learners in contrast to, for instance, their inhibition skills. On the other hand, viewing inhibition in the framework of an executive function (EF) model (next to further EFs: attention switching and WM updating, e.g., Miyake et al., 2000), one also has to consider that the functions, albeit diverse, are never entirely separable. Inhibition and WM (updating) are intertwined for many tasks, including our chosen measure – the Simon Task. We cannot totally rule out the possibility that a portion of (P)WM's contribution to the degree of convergence was also—somewhat redundantly—captured within our inhibition measure. However, since none of the directly WM-related measures proved to be predictive, we can assume a relatively small contribution of WM compared to attention (inhibition).

Lev-Ari and Peperkamp (2014) used a manual version of the Stroop Test and the Simon Test (Craft and Simon, 1970) and correlated them to a lexical decision test for VOT-manipulated words in French. They report a stronger priming effect for the VOT-manipulated words in perception for subjects with lower inhibition scores. Darcy et al. (2016) found significant correlations between a higher inhibition score in a retrieval-induced inhibition test (Lev-Ari and Peperkamp, 2013) and more accurate vowel perception as well as consonant production in their L2 learners, going into the direction of L1 performance. However, no relationship was found between vowel production and the inhibition score. Darcy et al. (2016) suggest that a more motor-based measure of inhibition, such as the Simon Test might have been better suited to capture production differences. As convergence inherently involves perception as well as production, this matches our finding of higher convergence paired with better inhibition skills measured with a Simon Test. Furthermore, our acoustic measure of amplitude envelope comparison is not limited to vowels nor consonant features but encompasses all acoustic features present in the signal at word level. Therefore, we might be able to more faithfully capture the influence of better inhibitory skills on L2 speech processing in our design, since it involves perception and production and a holistic acoustic measure.

A further interesting aspect emerges from Scharenborg et al.'s (2015) study on a perceptual learning effect and attention switch control. Subjects with worse attention-switching skills showed a stronger perceptual learning effect and were more prone to rely on lexical information in a word (= its orthography) than on the ambiguous sound of the target word. Listeners with higher attention-switching control attended more to the sound information and were not as easily inclined to adapt their phoneme categories to match the ambiguous sound. Listeners with a more efficient attention control are generally said to be better able to switch between bottom-up and top-down signals or weigh them more situation-appropriately (Mattys and Wiget, 2011; Mattys et al., 2013; Scharenborg et al., 2015). This could imply that subjects with a high inhibitory score (low switch costs) in our study might have paid more attention to the acoustic signal (bottom-up) and skillfully switched between lexical and acoustic properties, leaving enough room for handling the conversation and still picking up important and accurate acoustic-phonetic features of the dialog partner's speech to be re-used for their own productions – leading to significantly more phonetic convergence.

CONCLUSION

The current study provides evidence for the involvement of a specific phonetic talent component in successful phonetic convergence in an L2 dialog between German L2 learners of English and English native speakers, suggesting that in order for convergence to happen, the necessary phonetic skills are a prerequisite. Furthermore, several psychological and cognitive dimensions have been identified, which impact the degree to which nonnative speakers adapted their pronunciation in the dialogs. Amongst them, openness to experience seems to play an especially important role. This implies that further investigations into the reasons for phonetic convergence, especially in L2 contexts, should incorporate measures of phonetic skill as well as personality and cognitive abilities into their designs, to control for any effects stemming from these individual differences within the speaker rather than from pure socially and/or contextually arising factors.
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FOOTNOTES

1Kim et al. (2011) use Diapix tasks, which will be further described in the methodology section.

2The direct (or delayed) imitation of (usually) short phrases, words, syllables or sounds, in a task-based manner and not following from natural, unscripted conversation.

3Top-down modulation used in the meaning adopted by Adaptive Resonance Theory (ART, e.g., Grossberg, 2003, see Figures 5, 6).

4Obviously, convergence cannot be controlled and steered to one's liking, some aspects of it, however, remain under our control. See Lewandowski (2012) for a model proposal including aspects of control and consciousness.
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