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Phonetic Skills and Verbal Memory Capacity Predict Phonetic-based Word Learning: An Event-related Potential Study

■ The learning of new words is a challenge that accompanies human beings throughout the entire life span. Although the main electrophysiological markers of word learning have already been described, little is known about the performancedependent neural machinery underlying this exceptional human faculty. Furthermore, it is currently unknown how word learning abilities are related to verbal memory capacity, auditory attention functions, phonetic discrimination skills, and musicality. Accordingly, we used EEG and examined 40 individuals, who were assigned to two groups (low and high performers [HPs]) based on a median split of word learning performance, while they completed a phonetic-based word learning task. Furthermore, we collected behavioral data during an attentive listening and a phonetic discrimination task with the same stimuli to address relationships between auditory attention and phonetic discrimination skills, word learning performance, and musicality. The phonetic-based word learning task, which also included a nonlearning control condition, was sensitive enough to segregate learning-specific and unspecific N200/N400 manifestations along the anterior-posterior topographical axis. Notably, HPs exhibited enhanced verbal memory capacity and we also revealed a performance-dependent spatial N400 pattern, with maximal amplitudes at posterior electrodes in HPs and central maxima in low performers. Furthermore, phonetic-based word learning performance correlated with verbal memory capacity and phonetic discrimination skills, whereas the latter 1was related to musicality. This experimental approach clearly highlights the multifaceted dimensions of phonetic-based word learning and is helpful to disentangle learning-specific and unspecific ERPs.

INTRODUCTION

Learning the meaning of new words is an intriguing task that continues to attract interest from a broad spectrum of disciplines, including education, linguistics, psychology, and neuroscience [START_REF] Bahramlou | The effects of vocabulary enhancement exercises and group dynamic assessment on word learning through lexical inferencing[END_REF][START_REF] Eiteljoerge | Consistency of co-occurring actions influences young children's word learning[END_REF][START_REF] Rodriguez-Fornells | Neurophysiological mechanisms involved in language learning in adults[END_REF]. The reason for such widespread interest is possibly grounded in the multifaceted nature of the perceptual and cognitive functions involved. In fact, to rapidly acquire new words, learners need to engage several resources, including phonetic processing and discrimination, attention, as well as verbal and associative memory functions (de Diego-Balaguer, [START_REF] De Diego-Balaguer | Temporal attention as a scaffold for language development[END_REF][START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Takashima | Interaction between episodic and semantic memory networks in the acquisition and consolidation of novel spoken words[END_REF]. Notwithstanding the fast proliferation of research on word learning, we currently know relatively little about the contribution of these processing resources and the corresponding neural correlates to the word acquisition process [START_REF] Rodriguez-Fornells | Neurophysiological mechanisms involved in language learning in adults[END_REF]. Hence, one of the biggest challenges that face research on word learning is the identification of reliable neural markers as well as psychological, perceptual, and biographical key variables that modulate word learning.

The EEG technique is particularly suited to grasp the fast neural dynamics associated with learning in different domains [START_REF] Langer | The effects of working memory training on functional brain network efficiency[END_REF][START_REF] Nan | Piano training enhances the neural processing of pitch and improves speech perception in Mandarin-speaking children[END_REF][START_REF] Rueda-Delgado | Age-related differences in neural spectral power during motor learning[END_REF]. It is noteworthy to mention that most of the previous EEG studies on word learning focused on event-related brain potentials (ERPs) with the attempt to objectify the neural manifestations underlying the acquisition and consolidation process (Francois, Cunillera, Garcia, Laine, & Rodriguez-Fornells, 2017;[START_REF] Bakker | Tracking lexical consolidation with ERPs: Lexical and semantic-priming effects on N400 and LPC responses to newly-learned words[END_REF][START_REF] Borovsky | Learning to use words: Event-related potentials index single-shot contextual word learning[END_REF][START_REF] Dobel | Non-native phonemes in adult word learning: evidence from the N400m[END_REF]. In this context, the N200 and N400 ERP components have commonly been identified as suitable markers for capturing the reconfiguration of hierarchical neural networks involved in word-to-meaning mapping [START_REF] Rasamimanana | Semantic compensation and novel word learning in university students with dyslexia[END_REF][START_REF] Francois | Neurophysiological evidence for the interplay of speech segmentation and word-referent mapping during novel word learning[END_REF][START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Junge | Electrophysiological evidence of early word learning[END_REF]. Based on current knowledge, the auditory N200 component is thought to mirror phonetic encoding and categorization processes [START_REF] Friedrich | Neurophysiological correlates of online word learning in 14-month-old infants[END_REF][START_REF] Connolly | Event-related potential components reflect phonological and semantic processing of the terminal word of spoken sentences[END_REF], whereas the N400 response has primarily been associated with the building up of lexical-semantic representations [START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF][START_REF] Borovsky | Learning to use words: Event-related potentials index single-shot contextual word learning[END_REF]. However, the intrinsic meaning of these two ERPs in word learning tasks is still a matter of debate [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF]. In fact, although the N400 component has been shown to be sensitive to the word-meaning acquisition process, its exclusive sensitivity to lexical-semantic information is controversial [START_REF] Kim | Individual differences in verbal working memory underlie a tradeoff between semantic and structural processing difficulty during language comprehension: An ERP Investigation[END_REF][START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF][START_REF] Lau | A cortical network for semantics: (de)constructing the N400[END_REF]. In particular, the N400 waveform has previously been associated with short-term and working memory functions [START_REF] Hagoort | Nodes and networks in the neural architecture for language: Broca's region and beyond[END_REF][START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF], associative memory [START_REF] Hagoort | Nodes and networks in the neural architecture for language: Broca's region and beyond[END_REF], and the storage of word representations in episodic memory [START_REF] Rodriguez-Fornells | Neurophysiological mechanisms involved in language learning in adults[END_REF][START_REF] Wagner | Building memories: Remembering and forgetting of verbal experiences as predicted by brain activity[END_REF], and has also been shown to be modulated by attention [START_REF] Getzmann | Switching of auditory attention in "cocktail-party" listening: ERP evidence of cueing effects in younger and older adults[END_REF][START_REF] Wang | Influence of auditory spatial attention on cross-modal semantic priming effect: Evidence from N400 effect[END_REF][START_REF] Garagnani | A neuroanatomically grounded Hebbian-learning model of attention-language interactions in the human brain[END_REF]. The processes mirrored by the N200 component are also somehow elusive in that this waveform can, for example, be influenced by attention [START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF][START_REF] Schroger | Event-related potentials to auditory-stimuli following transient shifts of spatial attention in a go nogo task[END_REF] and conflict monitoring processes [START_REF] Enriquez-Geppert | Conflict and inhibition differentially affect the N200/P300 complex in a combined go/nogo and stop-signal task[END_REF][START_REF] Dimoska | The auditory-evoked N2 and P3 components in the stop-signal task: Indices of inhibition, response-conflict or errordetection[END_REF]. Furthermore, the N200 has been shown to reflect early lexical selection and initial word-form recognition (van den Brink, [START_REF] Van Den Brink | Electrophysiological evidence for early contextual influences during spoken-word recognition: N200 versus N400 effects[END_REF]. Consequently, the functional role of these two ERP components in word learning tasks can only be properly inferred from experimental designs that enable to discriminate between learning-specific and unspecific ERP modulations related to cognitive load, attention, short-term memory, or working memory load.

Up to now, associative [START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF][START_REF] Francois | Neurophysiological evidence for the interplay of speech segmentation and word-referent mapping during novel word learning[END_REF][START_REF] Dobel | Non-native phonemes in adult word learning: evidence from the N400m[END_REF][START_REF] Friedrich | Neurophysiological correlates of online word learning in 14-month-old infants[END_REF][START_REF] Von Koss Torkildsen | Productive vocabulary size predicts event-related potential correlates of fast mapping in 20-month-olds[END_REF] and contextual learning tasks [START_REF] Batterink | Implicit and explicit mechanisms of word learning in a narrative context: An eventrelated potential study[END_REF][START_REF] Borovsky | Learning to use words: Event-related potentials index single-shot contextual word learning[END_REF][START_REF] Frishkoff | Lexical quality in the brain: ERP evidence for robust word learning from context[END_REF][START_REF] Mestres-Misse | Watching the brain during meaning acquisition[END_REF] have most commonly been used to objectify N200 and N400 dynamics underlying the wordmeaning acquisition process. Associative learning refers to the ability to acquire the meaning of new items by coupling them with figural representations (word-to-figure mapping) or words (word-to-word mapping). In contrast, contextual learning implies that the linguistic context in which a new word appears can be used to infer its meaning. For example, Mestres-Missé et al. (Mestres-Misse et al., 2007) applied a word learning task where the participants were required to discover the meaning of novel words embedded in three consecutive hierarchically organized sentences.

Thereby, the authors compared neural activity between the newly learned words, words that could not be deduced from the context, and existing words. After only three exposures, N400 responses to novel words could no longer be distinguished from those induced by real words over central and posterior scalp sites, whereas such an effect was not apparent for words that could not be learned based on contextual information.

To date, several authors studied the neural bases of the word-meaning acquisition process using associative learning tasks [START_REF] Bakker-Marshall | Theta-band oscillations in the middle temporal gyrus reflect novel word consolidation[END_REF][START_REF] Friedrich | Neurophysiological correlates of online word learning in 14-month-old infants[END_REF][START_REF] Von Koss Torkildsen | Productive vocabulary size predicts event-related potential correlates of fast mapping in 20-month-olds[END_REF]. For example, in a series of experiments with children [START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF], young adults [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF], students suffering from dyslexia [START_REF] Rasamimanana | Semantic compensation and novel word learning in university students with dyslexia[END_REF], and older adults [START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF], Besson et al. presented picture-word associations (words = Thai monosyllabic words) to the participants and evaluated N200 and N400 reconfigurations during the wordmeaning acquisition process. Furthermore, in a subsequent "matching task," the authors tested learning performance and evaluated EEG traces while participants had to distinguish between match and mismatch trials based on the previously learned associations. Importantly, because several reports postulated a positive influence of music training on speech perception [START_REF] Zendel | Musical training improves the ability to understand speechin-noise in older adults[END_REF][START_REF] Elmer | Neurofunctional and behavioral correlates of phonetic and temporal categorization in musically trained and untrained subjects[END_REF][START_REF] Besson | Transfer of training between music and speech: common processing, attention, and memory[END_REF] and cognitive functions [START_REF] Strait | Music training relates to the development of neural mechanisms of selective auditory attention[END_REF][START_REF] Zuk | Behavioral and neural correlates of executive functioning in musicians and non-musicians[END_REF][START_REF] Moreno | Short-term music training enhances verbal intelligence and executive function[END_REF], the authors also evaluated behavioral and electrophysiological differences between musically trained and untrained individuals. In this context, it is important to emphasize that using Thai words as stimulus material for learning the meaning of new words also implies that the participants have to learn to distinguish the new phonetic contrasts. Accordingly, the ability to discriminate the new Thai phonemes constitutes a fundamental prerequisite for word learning.

In general, these experiments revealed highly consistent spatio-temporal N200 and N400 patterns across all examined cohorts. In fact, (1) in the learning phase, N200 and N400 responses were larger over frontal and central compared to posterior electrodes, and (2) both ERP components dynamically increased across the learning blocks. Furthermore, (3) in the "matching task," N200 and N400 responses spatially shifted from anterior-central to posterior electrodes. Taking into account the effect of music training, (4) musicians and musically trained children showed a larger increase in N400 amplitudes in the second compared to the first block of the learning phase. In the "matching task," only musically trained individuals exhibited central-posterior N200 and N400 effects manifested by larger amplitudes in response to mismatch compared to match trials. Finally, (5) adult musicians also performed better than untrained individuals and demonstrated increased N100 amplitudes in a phonetic categorization task that consisted of the same Thai monosyllabic words and was administered before the word learning phase.

These pivotal studies examining word learning through picture-word associations paved the way for a better understanding of the electrophysiological dynamics underlying word-meaning acquisition. Furthermore, these studies were innovative in that they described relationships between musical practice, word learning, and phonetic processing. However, some important research questions have not yet been systematically addressed or remain unresolved. In particular, (1) it is unclear whether the observed anterior-central N200 and N400 distributions in the learning phase specifically reflected the word-meaning acquisition process, or whether these two ERPs were possibly comodulated by the engagement of task-related cognitive functions like attention, short-term memory, and working memory demands. Furthermore, because Dittinger et al. [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF] did not test performance immediately after the learning phase, (2) it is obscure whether the observed shift of N200 and N400 components from anterior-central to posterior electrodes in the "matching task" mirrored incremental learning, more efficient integration of the learned words into lexical-semantic memory, or simply active retrieval processes. Moreover, although Dittinger and coworkers provided convergent evidence for an influence of music training on word learning [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF], (3) it is still unresolved whether these effects were driven by professional music training per se, musicality, or facilitated learning. Finally, (4) the question of whether there is a possible relationship between phoneticbased word learning performance, auditory attention, verbal memory functions, and phonetic discrimination ability has not yet been addressed.

In order to shed light on these open questions, we integrated the Thai words used by Dittinger et al. [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF] into a new experimental design composed of an attentive listening task, a phonetic discrimination task, and an optimized phonetic-based word learning paradigm. The attentive listening task consisted of detecting infrequent Thai word repetitions and had the purpose of testing auditory encoding, attention, and phonetic discrimination functions [START_REF] Fritz | Auditory attention-Focusing the searchlight on sound[END_REF][START_REF] Michie | The nature of selective attention effects on auditory event-related potentials[END_REF], whereas the phonetic discrimination task served to examine the ability of the participants to distinguish the words later used in the phonetic-based word learning task [START_REF] Elmer | Faster native vowel discrimination learning in musicians is mediated by an optimization of mnemonic functions[END_REF]. The behavioral data of the attentive listening and discrimination tasks were used to uncover relationships between auditory attention and phonetic discrimination skills, word learning performance, and musicality. Most importantly, the main innovation of the phonetic-based word learning task was that we also included a control condition consisting of words that were randomly associated with different pictures, so that participants could not learn their meaning (nonlearning condition). This allowed us to tease apart learning-specific (related to the word-meaning acquisition) and unspecific (reflecting task-related cognitive load) N200/N400 manifestations. Finally, performance was directly tested after the learning phase.

Drawing on this background, we treated musicality (tonal and rhythmic scores) as a continuous variable and recruited 40 participants who were assigned to two groups based on a median split of the word learning performance (high performers [HPs] and low performers [LPs]). Such an approach offers the advantage of distinguishing between the general neural principles underlying phonetic-based word learning and performance-dependent ERP manifestations. Furthermore, it enables to verify whether word learning performance is related to auditory attention and discrimination skills and whether musicality and verbal memory capacity possibly act as moderator variables.

METHODS

Participants

Forty participants in the age range of 20-40 years (mean age = 25.46 years, SD = 4.9) and without neurological or psychological deficits were recruited for the study. Because of extensive EEG artifacts, one participant had to be excluded from the analyses. All participants were consistently right-handed [START_REF] Annett | A classification of hand preference by association analysis[END_REF], native German speakers, and none of them were simultaneous or early bilingual. We deliberately did not exclude individuals with current or past musical practice and treated musicality as a continuous variable for correlation analyses. Furthermore, to examine performance-dependent behavioral and electrophysiological data, the participants were assigned to two groups based on a median split of word learning performance according to the percentage of correctly identified learned and nonlearned items. The participants were paid for participation and gave informed written consent in accordance with the procedures of the local ethics committee and the declaration of Helsinki.

Pure-Tone Audiometry, Musicality, and History of Musical Practice

Pure-tone audiometry (MAICO Diagnostic GmBh) was tested in the frequency range of 250-8000 Hz (MAICO Diagnostic GmBh). The participants demonstrated an unremarkable audiological status in that all tested frequencies could be heard below a threshold of 30 dB. Musicality was assessed by the "Advanced Measure of Music Audition" (AMMA) test [START_REF] Gordon | Manual for the advanced measures of music education[END_REF] consisting of comparing pairs of piano melodies and deciding whether the melodies were equivalent, rhythmically different, or tonally different. The total AMMA score (i.e., both rhythmic and tonal subtests) was used as a continuous variable for correlative analyses. Furthermore, biographical data on the history of musical practice were collected using an in-house questionnaire [START_REF] Elmer | Neurofunctional and behavioral correlates of phonetic and temporal categorization in musically trained and untrained subjects[END_REF].

Cognitive Capabilities

To rule out between-group differences in general intelligence, all participants completed a standardized form of the KAI test (Kurztest für Allgemeine Basisgrössen der Informationsverarbeitung; [START_REF] Lehrl | Kurztest fu rallgemeine intelligenz (KAI)[END_REF]. During the KAI test, the participants had to read aloud meaningless sequences of 20 letters as quickly as possible and to repeat auditory-presented letters and digits increasing in length (up to nine items). The KAI test has been shown to correlate about r = .7 with global IQ in healthy adults [START_REF] Lehrl | Kurztest fu rallgemeine intelligenz (KAI)[END_REF]. Moreover, to examine whether word-acquisition capacity was possibly related to verbal memory functions, each participant also completed the VLMT test (verbaler Lern-und und Merkfähigkeitstest; [START_REF] Helmstaedter | Verbaler Lern-und Merkfähigkeitstest ( VLMT)[END_REF]. This procedure is used as a reliable measure for assessing short-term verbal memory functions and consisted of remembering as many auditorypresented words as possible from a list of 15 items that was read out once by the investigator.

Auditory Stimuli

The Thai monosyllabic consonant-vowel words used in the phonetic-based word learning task were taken from a corpus of 12 units (/ba0/, / ba:0/, ba:1, / ba1/, /pa0/, /pa:0/, /pa:1/, /pa1/, /p h a0/, /p h a1/, /p h a:0/, and /p h a:1/) previously created by Dittinger et al. [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF]. In order to reproduce natural speech variability, four versions of each word were recorded by a native female Thai speaker. Sound pressure level was normalized across all items to a mean level of 70 dB (according to a 0-dB reference) using the Praat software (www.fon.hum.uva.nl /praat/).

The auditory stimuli consisted of natural Thai monosyllabic words with short (/ba1/, /pa1/, and /p h a1/; 261 msec on average) and long vowel duration (/ba:1/, /pa:1/, /p h a:1/, /ba:0/, /pa:0/, and /p h a:0/; 531 msec on average), with lowtone (/ba1/, /pa1/, /p h a1/, /ba:1/,/pa:1/, and /p h a:1/; F0 = 175 Hz on average) and mid-tone vowels (/ba:0/, /pa:0/, and /p h a:0/; F0 = 218 Hz on average) as well as with vowels varying in voicing (/ba1/, /ba:1/, and /ba:0/, VOT = -144 msec vs. /pa1/, /pa:1/ and /pa:0/, VOT = 3 msec) and in aspiration contrasts (/pa1/, /pa:1/, and /pa:0/, VOT = 3 msec vs. /p h a1/, /p h a:1/, and /p h a:0/, VOT = 77 msec).

Based on pilot experiments, this corpus of 12 words was reduced to 10 to optimize the word learning curve. Accordingly, because aspirated syllables exist in the German language, only two out of four of these stimuli were presented to each participant. However, to guarantee a certain degree of variability, we assigned the four aspirated words to two different pools of stimuli that consisted of the same eight words without aspiration but differed in two aspirated items, namely, /P h a1/ and /P h a0/ versus /P h a:1/ and /P h a:0/. These two pools of 10 stimuli were pseudorandomly counterbalanced across participants and used in the attentive listening, phonetic discrimination, and word learning tasks.

Visual Stimuli

For each of the 12 words used in the word learning experiment, we selected 10 similar variations of black and white pictures (e.g., 10 pictures of dogs). These pictures represented concrete living and nonliving objects with a high prototypicality for the following semantic categories: fruits (apple), animals (dog), weapons (pistol), office supplies (pencil), body parts (arm), clothes (trousers), vehicles (car), tools (hammer), buildings (house), kitchen equipment (fork), musical instruments (tambourine), and furniture (table). These different pictures were chosen from the Internet based on previous studies that evaluated objects' prototypicality of different semantic categories [START_REF] Barbarotto | Picture reality decision, semantic categories and gender. A new set of pictures, with norms and an experimental study[END_REF][START_REF] Maess | Semantic category interference in overt picture naming: Sharpening current density localization by PCA[END_REF]. All pictures were matched in size (width = 16 cm; height = 20 cm) and presented in the middle of a computer screen.

Experimental Procedure

During the experimental session, the participants were seated within a Faraday cage in a comfortable chair at about one meter from a computer screen. Auditory stimuli were presented through HiFi headphones (HD590, Sennheiser Electronic GmBH) at about 70-dB sound pressure level. Visual and auditory stimuli presentation, as well as the collection of behavioral responses, was controlled by the Presentation software ( Version 11.0, Neurobehavioral Systems).

Experimental Conditions

Attentive Listening Task

The two pools of 10 auditory stimuli were pseudorandomly presented across participants. For both pools, each of the 10 words was presented 13 times, resulting in a total of 130 stimuli. Furthermore, each of the 10 words was presented twice in a row and the participants had to identify word repetitions by pressing a response button (10 repetitions out of 130 trials). Because the different stimuli slightly differed in duration, SOA was not jittered but kept constant at 1500 msec. The entire task had a duration of 3.25 min and served to assess the behavioral correlates of auditory attention functions and word encoding [START_REF] Fritz | Auditory attention-Focusing the searchlight on sound[END_REF][START_REF] Michie | The nature of selective attention effects on auditory event-related potentials[END_REF].

Phonetic Discrimination Task

In the phonetic discrimination task, we used the same two pools of 10 words presented in the attentive listening task. In each trial, participants had to decide whether the word pairs were same or different by pressing one out of two response buttons. Each participant was exposed to 160 word pairs (80 same and 80 different) presented with an SOA of 2000 msec and a trial duration of 3500 msec. Each of the 10 words was presented 16 times, 8 in the same and 8 in the different condition. Furthermore, 25% of the different trials varied in duration, 25% in aspiration, 25% in pitch, and 25% in voicing. In particular, for trials containing changes in pitch, duration, or VOT, we used minimal pairs. Otherwise, because only the phoneme /Pha/ contained an aspiration cue, trials with changes in aspiration could also vary on another acoustic dimension. The total task duration was 9.2 min.

Phonetic-based Word Learning Task

The phonetic-based word learning task consisted of two successive blocks of 4.15 min each, and the participants were explicitly instructed to learn the meaning of the new words based on picture-word associations. In each block, half of the words of each pool (five) were consistently associated (learning condition) with variations of the same pictures (e.g., different pictures of a fork), whereas the other half was randomly coupled with different visual items (nonlearning condition). Participants were not aware of the nonlearning condition. Furthermore, to exclude the influence of stimulus material on word learning, the words used in the learning and nonlearning conditions were counterbalanced across participants. In particular, the words that in one version were consistently associated with the same pictures were presented with inconsistent ones across participants in the other version. Accordingly, for each of the two pools of stimuli, we created two different versions (Pool 1 Version 1: /ba1/, /ba:0/, /pa1/, /pa:0/, /p h a:1/; Pool 1 Version 2: /ba:1/, /ba0/, /pa:1/, /pa0/, /p h a:0/; Pool 2 Version 1: /ba1/, /ba:0/, /pa1/, /pa:0, /p h a0/; Pool 2 Version 2: /ba:1/, /ba0/, /pa:1/, /pa0/, /p h a1/).

In the phonetic-based word learning task, participants were exposed to 1 of the 10 pictures that were presented for 2000 msec and followed, 800 msec after picture presentation onset (SOA), by one of the words (trial duration = 2500 msec). Each of the two blocks consisted of 100 trials, and every single word of the learning (five words) and nonlearning (five words) condition was presented 10 times in association with 10 variations of the same pictures (learning condition) or two variations of each of the five inconsistent pictures (nonlearning condition).

Immediately after the learning phase, performance was tested using a forced-choice (FC) task. In the FC task, four pictures (two of the learning and two of the nonlearning condition) were simultaneously presented side by side on the screen for 6500 msec (trial duration). Words were presented 800 msec after the onset of the pictures, and the participants had to select the picture that matched the meaning of the learned word by pressing the corresponding response button. Furthermore, the participants were instructed to press an additional response button when they thought that they had not learned the meaning of the presented word. This additional response key served as correct response for the words of the nonlearning condition. The FC task consisted of 30 trials, each of the five words of the learning and nonlearning condition was presented 3 times, and each picture (including its variations) was presented 12 times. The test phase had a duration of 3.25 min.

EEG Data Acquisition and Preprocessing

The EEG was recorded at a sampling rate of 1000 Hz with a high-pass filter of 0.1 Hz using an EEG amplifier (Brainproducts). Thirty-two active Ag/Cl electrodes were located at standard positions according to the international 10-20 system, the reference electrode was placed on the tip of the nose, and electrode impedance was kept below 10 kΩ. The EEG data were preprocessed using the Brain Vision Analyzer software ( Version 2.1.0; Brain Products, GmbH). In particular, the data of the phonetic-based word learning task were rereferenced off-line to the averaged left and right mastoids and filtered with a bandpass filter of 0.1-30 Hz (slope of 48 dB/oct) and a Notch filter of 50 Hz. Furthermore, an independent component analysis was used to identify and correct vertical and horizontal ocular movements, and the remaining artifacts were automatically removed according to a maximum-minimum criterion of 100 μV. For each participant, single epochs time-locked to the onset of the words were extracted (from -200 to 600 msec), averaged and baselinecorrected (from -200 to 0 msec). Individual averages were then used to compute grand averages for the HP and LP groups as well as for the whole sample of participants.

EEG Analyses

In the phonetic-based word learning task, we evaluated mean amplitude of the N200 (250-350 msec) and N400 (350-550 msec) components in three ROIs located at anterior (F3, Fz, F4), central (C3, Cz, C4), and posterior (P3, Pz, P4) scalp sites. This procedure was chosen according to previous work showing a shift on N200 and N400 responses from anterior to posterior scalp sites as a function of word learning [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF]. Furthermore, to disentangle learning-specific and unspecific N200 and N400 effects, we computed difference values of the learning and nonlearning conditions in the time window of the N200 (250-350 msec) and N400 (350-550 msec) components.

Statistical Analyses

All analyses were performed using parametric statistics implemented in the IBM SPSS Statistics 22 software (SPSS, an IBM company). The evaluation of the biographical, psychometric, and behavioral data was carried out using t tests for independent samples (two-tailed) or ANOVAs (repeated measurements). Furthermore, for the attentive listening and phonetic discrimination tasks, we computed d 0 values that were used for correlation analyses [START_REF] Stanislaw | Calculation of signal detection theory measures[END_REF].

In the phonetic-based word learning task, mean N200/N400 amplitudes were examined using separate ANOVAs (repeated measurements) with the betweensubjects factor of group and the within-subject factors of block (first and second), condition (learning and nonlearning), and ROI (anterior, central, and posterior). Furthermore, ANOVAs (two groups, two blocks, and three ROI) were also used to evaluate the N200 and N400-related difference values generated by subtracting the nonlearning from the learning condition. The purpose of this additional analysis was to correct the data for learning-unspecific task-related effects. Significant main effects and interactions were further inspected using post hoc t tests or ANOVAs.

Correlative analyses in the whole sample of participants were used to carve out behavioral relationships between word learning performance and auditory attention functions (d 0 values), verbal memory capacity ( VLMT), and phonetic discrimination skills (d 0 values). Moreover, we correlated the musicality score (AMMA test) with auditory attention functions (d 0 values), phonetic discrimination skills (d 0 values), and word learning performance. Based on the fact that in this context the examination of negative correlations does not make sense, correlations were computed in a one-tailed manner using Pearson's r (corrected for multiple comparisons).

RESULTS

Biographical Data, Musical Aptitudes, and Cognitive Capabilities t Tests for independent samples revealed that the two groups (HP and LP) did not differ in age, t(37) = -0.144, p = .887; IQ (KAI, t(37) = 0.57, p = .572); musicality (total AMMA score, t(37) = 0.438, p = .664); or cumulative number of hours of music training, t(37) = -0.44, p = .663. However, as expected, statistical analysis of the VLMT test showed that HPs were characterized by a higher verbal memory capacity compared to LPs, t(37) = 2.063, p = .046, Cohen's d = 0.66.

Behavioral Data

Phonetic-based Word Learning: Forced Choice Task

The behavioral data of the FC task that followed the word learning task (percentage of correct responses and RT; Figure 1) were analyzed using 2 × 2 ANOVAs (two groups and two conditions). The evaluation of percentage of correct responses yielded main effects of condition, F(1, 37) = 29.42, p < .001; partial eta 2 = .443, and group, F(1, 37) = 95.185, p < .001; partial eta 2 = .72, whereas the analysis of RT showed a main effect of condition, F(1, 37) = 34.336, p < .001; partial eta 2 = .482. HPs were characterized by overall more correct responses compared to LPs. However, because the two groups were defined according to a median split of the word learning performance, this effect was expected. Furthermore, all participants demonstrated more correct responses and shorter RTs in the learning than in the nonlearning condition.

Behavior-Behavior Relationships

Within the whole sample of participants, we correlated phonetic-based word learning performance in the FC task (one-tailed, corrected p value for three correlations = .016) with verbal memory capacity ( VLMT), d 0 values of the attentive listening task, and d 0 values of the phonetic discrimination task. Results (Figure 2) revealed that phonetic-based word learning performance in the FC task was positively related to phonetic discrimination skills (r = .355, p = .013) and verbal memory capacity (r = .403, p = .006).

As an additional goal of the study, we tested possible relationships (one-tailed, corrected p value for three correlations = .016) between musicality (total AMMA score), d 0 values of the attentive listening task, d 0 values of the phonetic discrimination task, and phonetic-based word learning performance in the FC task. The correlative analyses (Figure 2) only revealed that musicality was positively correlated with phonetic discrimination abilities (r = .533, p < .001).

Electrophysiological Data

Phonetic-based Word Learning Task

In the phonetic-based word learning task, mean N200 and N400 amplitudes were examined with separate 2 × 2 × 2 × ). The ANOVA performed on N200 amplitudes revealed main effects of block, F(1, 37) = 9.874, p = .003; partial eta 2 = .211, and ROI, F(1, 37) = 4.194, p = .038; partial eta 2 = .102, as well as significant Condition × ROI, F(1, 37) = 4.134, p = .037; partial eta 2 = .101, and Block × ROI, F(1, 37) = 3.784, p = .05; partial eta 2 = .093, interaction effects. The main effect of block was because of increased N200 amplitudes in Block 2 compared to Block 1 (Figure 3), whereas t tests for dependent samples used to disentangle the main effect of ROI revealed larger N200 amplitudes at the central compared to the anterior ROI (anterior-central: t(38) = 3.783, p = .001; anterior-posterior: t(38) = 1.89, p = .066; central-posterior: t(38) = -0.014, p = .989, Figure 3). Furthermore, post hoc t tests targeting at comparing the two conditions at anterior, central, and posterior ROI (Condition × ROI interaction) reached significance at posterior electrodes only (anterior: t(38) = -0.345, p = .732; central: t(38) = -1.119, p = .062; posterior: t(38) = -2.252, p = .03). This effect was related to larger N200 amplitudes in the learning compared to the nonlearning condition (Figure 3). Finally, post hoc t tests used to disentangle the Block × ROI interaction revealed that, at anterior and central electrodes, the N200 amplitude was larger in Block 2 compared to Block 1 (anterior: t(38) = 3.102, p = .004; central: t(38) = 3.783, p = .001; posterior: t(38) = 1.839, p = .074; Figure 3).

Statistical analysis of N400 amplitudes yielded main effects of condition, F(1, 37) = 9.454, p = .004; partial eta 2 = .204) and block, F(1, 37) = 5.165, p = .029; partial eta 2 = .122), as well as Block × ROI, F(1, 37) = 4.051, p = .044; partial eta 2 = .099); Condition × Block × ROI, F(1, 37) = 3.746, p = .017; partial eta 2 = .127); and Group × Condition × Block × ROI interactions (quadratic interaction: F(1, 37) = 5.098, p = .03; partial eta 2 = .121). The main effect of condition originated from larger N400 amplitudes in the learning compared to the nonlearning condition (Figure 3), whereas the main effect of block was related to increased N400 responses in Block 2 compared to Block 1 (Figure 3). Post hoc t tests used to examine the origin of the Block × ROI interaction and showed that, in Block 2, N400 responses at anterior and central electrodes were increased compared to Block 1 (anterior: t(38) = 2.762, p = .009; central: t(38) = 2.523, p = .016; posterior: t(38) = 0.972, p = .337; Figure 3). Otherwise, the significant Condition × Block × ROI interaction was further inspected by separate ANOVAs for the two blocks. These analyses yielded a Condition × ROI interaction in Block 2 only, F(1, 37) = 5.852, p = .012, and further t tests indicated that N400 amplitudes were larger in the learning compared to the nonlearning condition at central and posterior electrodes (anterior: t(38) = -0.922, p = .363; central: t(38) = -2.52, p = .016; posterior: t(38) = -3.507, p = .001; Figure 3). Finally, the Group × Condition × Block × ROI interaction was further inspected by separate ANOVAs for the two groups. Because the Condition × Block × ROI interaction reached significance in the HP group only (HP: F(1, 18) = 6.047, p = .024; LP: F(1, 19) = 0.796, p = .383), we performed additional Block × ROI ANOVAs, separately for the two conditions. This statistical procedure reached a significant Block × ROI interaction in the nonlearning condition only (learning: F(1, 18) = .073, p = .791; nonlearning: F(1, 18) = 10.019, p = .005), and t tests within the HP group showed that, in Block 2 of the nonlearning condition, the N400 component was more negative than in Block 1 at anterior and central electrodes (anterior: t(18) = 3.109, p = .006; central: t(18) = 3.137, p = .006; posterior: t(18) = -0.193, p = .849; Figures 4 and5 and Table 1). Finally, in additional statistical analyses, we computed 2 × 2 × 3 ANOVAs (two groups, two blocks, and three ROIs) with the difference values obtained by subtracting the nonlearning from the learning condition in the time windows corresponding to the N200 and N400 components. This more conservative approach was used to correct for learning-unspecific task-related EEG manifestations. The evaluation of the N200 component yielded a main effect of ROI, F(2, 74) = 4.134, p = .037; partial eta 2 = .101, that was related to increased N200 negativity at central and posterior electrodes compared to anterior ones (anterior-central: t(38) = 2.662, p = .011; anteriorposterior: t(38) = 2.130, p = .04; central-posterior: t(38) = 0.79, p = .434; Figure 6). Otherwise, the N400 analysis revealed significant Block × ROI, F(2, 74) = 5.395, p = .017; partial eta 2 = .127, and Group × Block × ROI (quadratic, F(2, 74) = 5.098, p = .03; partial eta 2 = .121) interactions. The Block × ROI interaction was further inspected by separate t tests for the two blocks. These post hoc comparisons reached significance in Block 2 (anterior-central: t(38) = 2.149, p = .038; anterior-posterior: t(38) = 2.619, p = .013; central-posterior: t(38) = 2.103, p = .042) but not in Block 1 (anterior-central: t(38) = 0.42, p = .677; anterior-posterior: t(38) = -0.378, p = .708; central-posterior: t(38) = -1.319, p = .195), with increased N400 negativity at central and posterior electrodes compared to anterior ones and increased negativity at posterior compared to central electrodes (Figure 6). Finally, separate ANOVAs for the two blocks targeting at elucidating the Group × Block × ROI interaction showed a Group × ROI interaction only in Block 2 (Block 1: F(2, 74) = 0.188, p = .667; Block 2: F(2, 74) = 6.094, p = .018). Additional post hoc t tests for the two groups revealed that, in HPs, the N400 was more negative at the posterior compared to the central ROI (anterior-central: t(18) = 0.691, p = .498; anterior-posterior: t(18) = 1.814, p = .086; central-posterior: t(18) = 2.6, p = .018; Figure 6), whereas LPs demonstrated increased negativity at central compared to anterior electrodes (anterior-central: t(19) = 2.271, p = .035; anterior-posterior: t(19) = 1.848, p = .08; centralposterior: t(19) = 0.444, p = .662; Figure 6 and Table 2).

DISCUSSION General Discussion

In this EEG study, we recruited a sample of 40 participants varying in their degree of musicality and divided them into two groups, HP and LP, based on the median split of the word learning performance. During the EEG experiment, the participants performed a phonetic-based word learning task that also included a nonlearning control condition. Furthermore, we collected behavioral data (d 0 values) while the participants completed an attentive listening and a phonetic discrimination task. The purpose of the study was to examine the specific and unspecific electrophysiological correlates of phonetic-based word learning and to test relationships between word learning performance and auditory attention functions, verbal memory capacity, and phonetic discrimination skills. Furthermore, we correlated musicality with phoneticbased word learning performance, auditory attention, and phonetic discrimination skills.

The evaluation of the psychometric data showed that HPs demonstrated better verbal memory functions than LPs. Importantly, during the phonetic-based wordmeaning acquisition process, we revealed a topographical dissociation of N200/N400 manifestations between the learning and the nonlearning conditions. In particular, learning-specific N200/N400 responses emerged at central-posterior electrodes, whereas unspecific ones, possibly reflecting task-related cognitive engagement, were restricted to anterior scalp sites. Furthermore, in HPs, the N400 component was more negative in Block 2 than in Block 1 of the nonlearning condition at anterior and central electrodes. However, because it was unclear whether this effect was associated with the recruitment of additional cognitive resources or simply reflected the awareness of not having learned (mismatch effect), we conducted more conservative analyses with difference values obtained by subtracting the nonlearning from the learning condition. Notably, after having corrected the EEG traces for learning-unspecific effects, we noticed a performance-dependent N400 gradient along the anterior-posterior topographical axis, with maximal amplitudes at posterior electrodes in HPs, and more anterior maxima at central scalp sites in LPs. Finally, behavior- behavior correlations provided additional insights into the multifaceted dimensions of phonetic-based word learning. In particular, word learning performance was positively related to phonetic discrimination skills and verbal memory capacity, whereas musicality correlated with phonetic discrimination abilities.

Attentive Listening and Phonetic Discrimination Tasks

Tonic alertness is commonly assessed using tasks requiring the detection of rare occurrences of target stimuli [START_REF] Hamm | Stimulus train duration but not attention moderates gamma-band entrainment abnormalities in schizophrenia[END_REF][START_REF] Tan | MEG-measured auditory steady-state oscillations show high test-retest reliability: A sensor and source-space analysis[END_REF]. Accordingly, in the attentive listening task, the participants had to detect infrequent repetitions of the same Thai words that were also used in the phonetic discrimination and phonetic-based word learning tasks. A close correspondence between the stimulus materials in all three tasks bears the advantage of facilitating contingencies between auditory attention functions, phonetic discrimination skills, and phonetic-based word learning performance. Nevertheless, it is important to note that the attentive listening task also strongly relied on phonetic discrimination skills because the participants had to distinguish between same (repeated) and different stimuli. This perspective is further corroborated by the positive correlation between the behavioral data (d 0 values) of the attentive listening and phonetic discrimination tasks (two-tailed, r = .331, p = .040).

The attentive listening and phonetic discrimination tasks served primarily to test relationships between auditory attention and phonetic discrimination functions, word learning performance, and musicality. The correlation analyses yielded a positive association between musicality and phonetic discrimination skills. Furthermore, phonetic discrimination skills were predictive of word learning performance. The relationship between phonetic discrimination skills and musicality is compatible with previous studies showing relationships between musical practice and segmental speech processing [START_REF] Nan | Piano training enhances the neural processing of pitch and improves speech perception in Mandarin-speaking children[END_REF][START_REF] Elmer | Increased cortical surface area of the left planum temporale in musicians facilitates the categorization of phonetic and temporal speech sounds[END_REF][START_REF] Kuhnis | The encoding of vowels and temporal speech cues in the auditory cortex of professional musicians: An EEG study[END_REF], and might indicate that participants with a more sensitive "musical ear" are better able to discriminate Thai words than participants with a lower degree of musicality. Such a perspective would also be in agreement with previous studies that used the same Thai words as in the present work [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF] and demonstrated that French musicians detected the difference between native and nonnative phonemes better than French nonmusicians [START_REF] Dittinger | Enhanced neural and behavioural processing of a nonnative phonemic contrast in professional musicians[END_REF]. However, it is noteworthy to mention that, in a recent EEG study, Dittinger et al. [START_REF] Dittinger | Evidence for enhanced long-term memory in professional musicians and its contribution to novel word learning[END_REF] used different sets of words and picture-word associations to neutralize the perceptual and associative learning advantages previously observed in musicians during word learning tasks [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF]. In this context, the authors could show that, in the absence of between-group differences in auditory perception and discrimination, musicians are no longer advantaged in word learning. Hence, the positive correlation we revealed between musicality and phonetic discrimination skills might indicate that musical skills only facilitate word discrimination and word learning when the stimuli are difficult to differentiate. Finally, because the stimuli used in the phonetic-based word learning experiment were not familiar to the participants and were difficult to discriminate, we also expected a positive relationship between phonetic discrimination skills and word learning performance. This relationship testifies that the discrimination of the auditory stimuli constituted a "bottleneck" for word learning and that the distinction of the unfamiliar phonetic contrasts used in this study was a fundamental prerequisite for associating the new words with a meaning.

Phonetic-based Word Learning: Learning-specific and Unspecific EEG Effects

Based on the median split procedure applied, HPs not only outperformed LPs in the phonetic-based word learning task but were also more aware of the words they did not learn in the nonlearning condition. In this context, it is important to note that the participants were not informed about the inclusion of a nonlearning condition. The N200 component showed a maximum expression at central electrodes (main effect of ROI) and generally increased across the two blocks (main effect of block), especially at anterior and central electrodes (Block × ROI interaction). Furthermore, the examination of canonical N400 waveforms showed that this component was overall more pronounced in the learning compared to the nonlearning condition (main effect of condition), however, without exhibiting a topographical specificity along the anterior-posterior axis. Such a topographically diffuse main effect of condition confirmed the established sensitivity of the N400 component to lexicalsemantic information [START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF][START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF][START_REF] Brown | The processing nature of the N400: Evidence from masked priming[END_REF]. Notably, similar to the N200 ERP component, the N400 also increased in Block 2 compared to Block 1 (main effect of block), irrespective of condition, and this effect was particularly pronounced at anterior and central electrodes (Block × ROI interaction). The increased N200 and N400 amplitudes we noticed in the second compared to the first block at anterior and central electrodes are fully in line with the previous results of Dittinger et al. who used the same Thai words as in this study [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF][START_REF] Dittinger | Fast brain plasticity during word learning in musically-trained children[END_REF][START_REF] Dittinger | Testing the influence of musical expertise on novel word learning across the lifespan using a cross-sectional approach in children, young adults and older adults[END_REF]. However, because these anterior-central N200 and N400 distribution patterns were not differentially modulated by the two conditions, they are thought to reflect word learning-unspecific effects. This result is particularly interesting in that it enables a better understanding of the functional meaning of anteriorly distributed negativities in the context of word learning tasks. In particular, based on the assumption that in the nonlearning condition participants tried to associate pictures with words in a similar way as they did in the learning condition, anterior N200 and N400 effects were interpreted as reflecting increased allocation of processing resources to maintain novel information in working memory [START_REF] Hagoort | Nodes and networks in the neural architecture for language: Broca's region and beyond[END_REF][START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF] and to form episodic memory traces of picture-word associations [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF]. Furthermore, anterior N200 and N400 manifestations could also reflect domain-general cognitive control mechanisms involved in the early stages of learning even when learning is not possible [START_REF] Rodriguez-Fornells | Neurophysiological mechanisms involved in language learning in adults[END_REF][START_REF] Mestres-Misse | Watching the brain during meaning acquisition[END_REF].

In this study, we consistently revealed larger N200 and N400 amplitudes at posterior scalp sites in the learning compared to the nonlearning condition. These results suggest a sensitivity of posterior electrodes to the wordmeaning acquisition process and are thought to reflect a learning-specific engagement of neural resources. Furthermore, such a sensitivity of posterior electrodes to learning mechanisms was also confirmed by the evaluation of the difference values obtained by subtracting the nonlearning from the learning condition. In particular, the additional analyses that were corrected for learningunspecific effects (Figure 6) clearly demonstrated increased N200-related amplitudes at central-posterior electrodes compared to anterior ones. In addition, in the second block of the word learning task, we noticed an increased N400-related negativity at central and posterior compared to anterior electrodes, with a maximum expression at posterior scalp sites. Because the central-posterior N200-related negativity did not specifically increase across the two blocks of the phonetic-based word learning condition, we conclude that this electrophysiological pattern did not mirror incremental learning but rather the demands placed on early lexical selection and initial wordform recognition [START_REF] Van Den Brink | Electrophysiological evidence for early contextual influences during spoken-word recognition: N200 versus N400 effects[END_REF]. Otherwise, the N400-related results that were corrected for learningunspecific effects corroborate previous findings showing that especially a posterior distribution of this ERP component can be considered as a sensitive marker of information integration into lexical-semantic memory [START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF][START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF].

In conclusion, anterior N200/N400 manifestations indicate learning-unspecific effects that possibly mirror an increased allocation of processing resources or cognitive control mechanisms, which are needed to maintain novel information in working memory [START_REF] Hagoort | Nodes and networks in the neural architecture for language: Broca's region and beyond[END_REF][START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF] and to form episodic memory traces [START_REF] Dittinger | Professional music training and novel word learning: From faster semantic encoding to longer-lasting word representations[END_REF]. In contrast, posterior N200/N400 distributions can be used as reliable markers of word learning and reflect the integration of novel words into lexical-semantic memory.

Phonetic-based Word Learning: Performance-dependent EEG Effects

Canonical N400 analyses revealed a Group × Condition × Block × ROI interaction effect that was related to increased N400 amplitudes in HPs at anterior and central electrodes in the second compared to the first block of the nonlearning condition. Such a condition-specific effect could lead to the interpretations, among others, that HPs mobilized additional cognitive resources to try to acquire the meaning of the words of the nonlearning condition, or that they were aware that they did not learn them. However, the evaluation of N400-related amplitudes that were corrected for learning-unspecific effects yielded a Group × Block × ROI interaction that was driven by increased N400 amplitudes at posterior compared to central electrodes in HPs, whereas LPs were characterized by increased amplitudes at central compared to anterior electrodes. These results are in line with the existing N400 literature on word learning [START_REF] Borovsky | Once is enough: N400 indexes semantic integration of novel word meanings from a single exposure in context[END_REF][START_REF] Borovsky | Learning to use words: Event-related potentials index single-shot contextual word learning[END_REF][START_REF] Mestres-Misse | Watching the brain during meaning acquisition[END_REF], and support the view that the more posterior N400-related manifestations in HPs can be ascribed to a facilitated access to lexical-semantic memory [START_REF] Kutas | Thirty years and counting: Finding meaning in the N400 component of the event-related brain potential (ERP)[END_REF][START_REF] Patel | Characterization of N200 and P300: Selected studies of the event-related potential[END_REF]. Furthermore, it is noteworthy to mention that phonetic-based word learning performance was positively related to verbal memory and that HPs had a better verbal memory capacity than LPs. These results are interesting in that they further contribute to a better understanding of the multifaceted dimensions of phoneticbased word learning. In particular, our results suggest that learning the meaning of new words based on picture-word associations is dependent upon individual verbal memory span. Because both the VLMT test and the phonetic-based word learning task used in this study rely on verbal working memory functions, the relationship we found between the two variables could be expected. In fact, verbal working memory has traditionally been assigned to frontoparietal brain regions [START_REF] Emch | Neural correlates of verbal working memory: An fMRI meta-analysis[END_REF][START_REF] Koelsch | Functional architecture of verbal and tonal working memory: An fMRI study[END_REF][START_REF] Veltman | Maintenance versus manipulation in verbal working memory revisited: An fMRI study[END_REF] and is known to be related to several other cognitive functions and language abilities [START_REF] Linck | Working memory and second language comprehension and production: A meta-analysis[END_REF][START_REF] Montgomery | Working memory and comprehension in children with specific language impairment: What we know so far[END_REF][START_REF] Daneman | Working memory and language comprehension: A meta-analysis[END_REF]. Hence, it is not surprising that the ability to hold verbal information in a shortterm buffer is helpful for learning unfamiliar phonemes as well as their associations with conceptual objects [START_REF] Hartley | A linguistically constrained model of short-term memory for nonwords[END_REF].

Conclusions

In the present work, we proposed a methodological framework of phonetic-based word learning that is helpful to disentangle specific from unspecific word learning effects and to reduce the risk of misleading ERP interpretations. Furthermore, we provided additional insights into the performance-dependent electrophysiological correlates of phonetic-based word learning and scrutinized the possible role of verbal memory capacity, auditory attention functions, phonetic discrimination skills, and musicality in phonetic-based word learning.

Figure 2 .

 2 Figure 2. Behavior-behavior correlations between phoneticbased word learning performance (percentage of correct responses) and attentive listening (A, d 0 values), phonetic-based word learning performance (percentage of correct responses) and phonetic discrimination (B, d 0 values), and phonetic-based word learning performance (percentage of correct responses) and verbal memory (C). The right column depicts correlations between musicality and attentive listening (D, d 0 values), musicality and phonetic discrimination (E, d 0 values), and musicality and phonetic-based word learning (percentage of correct responses, F).

Figure 1 .

 1 Figure 1. Percentage of correct responses (A) and RTs (B) in the phonetic-based word learning task are shown separately for the HP and LP groups. The bars indicate the standard error of mean. ** p < .01, *** p < .001. L = learning condition; NL = nonlearning condition.

Figure 3 .

 3 Figure 3. The EEG traces in the whole sample of participants are shown separately for the learning (left side) and nonlearning (right side) conditions at anterior (first row), central (second row), and posterior (third row) electrodes. Dotted line = first block, solid line = second block. The topographical maps depict voltage differences between the two blocks in the N200 and N400 time windows.

Figure 4 .

 4 Figure 4. The EEG traces of the HP group are shown separately for the learning (left side) and nonlearning (right side) conditions at anterior (first row), central (second row), and posterior (third row) electrodes. Dotted line = first block, solid line = second block. The topographical maps depict voltage differences between the two blocks in the N200 and N400 time windows.

Figure 5 .

 5 Figure 5. The EEG traces of the LP group are shown separately for the learning (left side) and nonlearning (right side) conditions at anterior (first row), central (second row), and posterior (third row) electrodes. Dotted line = first block, solid line = second block. The topographical maps depict voltage differences between the two blocks in the N200 and N400 time windows.

Figure 6 .

 6 Figure 6. Difference waves of the phonetic-based word learning task are plotted separately for the two groups (HP = red line and LP = blue line), the two blocks (left and right columns), and the anterior (first row), central (second row), and posterior (third row) electrodes.

Table 1 .

 1 Summary of the Significant Results of the Phonetic-based Word Learning Task

	Component	ANOVA	Results	F Value	p Value	Origin of the Effects
	N200	2 × 2 × 2 × 3	Block	9.874	.003	Block 2 > Block 1
			ROI	4.194	.038	Central > Anterior
			Condition × ROI	4.134	.037	Posterior: Learning > Nonlearning
			Block × ROI	3.784	.05	Anterior/Central: Block 2 > Block 1
	N400	2 × 2 × 2 × 3	Condition	9.454	.004	Learning > Nonlearning
			Block	5.165	.029	Block 2 > Block 1
			Block × ROI	4.051	.044	Anterior/Central: Block 2 > Block 1
			Condition × Block × ROI	3.746	.017	Block 2, Central/Posterior:
						Learning > Nonlearning
			Group × Condition ×	5.098	.03	HP, Nonlearning, Anterior/Central:
			Block × ROI			Block 2 > Block 1

Table 2 .

 2 Summary of the Significant Results of the Phonetic-based Word Learning Task; Evaluation of Difference Values Obtained by Subtracting the Nonlearning from the Learning Condition

	Component	ANOVA	Results	F Value	p Value	Origin of the Effects
	N200	2 × 2 × 3	ROI	4.134	.037	Central/Posterior > Anterior
	N400	2 × 2 × 3	Block × ROI	5.395	.017	Block 2: Central/Posterior > Anterior;
						Posterior > Central
			Group × Block × ROI	5.098	.03	HP, Block 2: Posterior > Central
						LP, Block 2: Central > Anterior
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