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Abstract

:

The effect of cross-linguistic similarity on the development of target-like categories in a second or additional language is widely attested. Research also shows that second-language speakers may access both their native and the second-language lexicons when processing second-language speech. Forty-three Catalan learners of English performed a perceptual assimilation task evaluating the perceived similarity between English and Catalan vowels and also participated in a visual world eye-tracking experiment investigating between-language lexical competition. The focus of the study was the English vowel contrasts /iː/-/ɪ/ and /æ/-/ʌ/. The perceptual task confirmed that English /iː/ and /æ/were perceptually closer to native Catalan categories than English /ɪ/ and /ʌ/. The results of the spoken word recognition task indicated that learners experienced greater competition from native words when the target words contained English /iː/ and /æ/, illustrating a close link between the two types of tasks. However, differences in the magnitude of cross-language lexical competition were found to be only weakly related to learners’ degree of perceived similarity to native categories at an individual level. We conclude that online tasks provide a potentially effective method of assessing cross-linguistic similarity without the concerns inherent to more traditional offline approaches.
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1. Introduction


The study of the acquisition of second or foreign language (L2) speech has experienced great development in the last few decades. A subfield within the broad area of the speech sciences, research in L2 learning has generally drawn from speech analysis techniques used to analyze native speech. However, these methodologies may not always be well suited to the study of L2 learning given the latter’s distinct characteristics, such as the large amount of variability across and within speakers, the dynamic nature of the learning process, and the need to consider pedagogical applications for the teaching and learning of pronunciation.



One crucial aspect of non-native speech is the fact that the L2, by definition, develops alongside an already acquired language (or languages), which inevitably affects the development of the L2 under the assumption that the L1 and subsequently learned languages coexist in the same phonological space (Kuhl et al. 2008; Flege and Bohn 2021). One dimension in which this is evident is the way in which the sounds of the language being learned, the target language (TL), are perceived in terms of native sound categories, at least at the initial stages of L2 acquisition (Best 1995; Flege 1995). When processing L2 speech sounds, learners initially rely on the speech processing skills and the language-specific phonetic cue-weightings they automatized to process L1 speech in a maximally efficient, robust, effortless manner (Best and Tyler 2007; Flege and Bohn 2021).



A crucial component of L1-based processing that has been shown to be an essential determinant of L2 segmental learning is cross-language perceptual similarity. Differences in perceptual similarity between L2 and L1 sounds determine, to a large extent, the difficulty in the acquisition of L2 sound categories and have been shown to predict the perception and production accuracy of L2 sounds. For example, the English low vowels in cat /kæt/, cut /kʌt/, and cart /kɑːt/, all of which tend to be perceptually mapped onto the only Spanish low vowel category /a/ by Spanish learners of English, do not present the same degree of perceptual similarity with respect to Spanish /a/. English /æ/ is perceived to be much closer to Spanish /a/ than English /ɑː/, which is perceived to be a worse match to Spanish /a/ than English /ʌ/ (Cebrian 2019)1. The larger the perceived distance between an L2 sound and the L1 category it is mapped onto, the more likely it will be for the learner to identify the phonetic properties that distinguish it from the perceptually closest L1 sound. Consequently, the creation of a new category for the L2 sound distinct from the closest L1 category (e.g., English /ɑː/ with respect to Spanish /a/) will also be more likely. Conversely, the smaller the perceptual distance between an L2 sound and the perceptually closest L1 category, the less likely it will be that the learner distinguishes them and, consequently, the harder it will be to create a new category for the L2 sound (e.g., English /æ/ with respect to Spanish /a/), as the L1 sound will tend to be used for the L2 sound. Understanding the way non-native sounds are mapped onto existing L1 categories and how these mappings are modified (or not) with increasing experience with the TL is, thus, a crucial issue in L2 speech research. This paper explores two different methods of analyzing cross-linguistic perceived similarity: a more common perceptual approach involving the use of perceptual tasks where learners consciously classify L2 sounds in terms of L1 sound categories and an online approach based on the analysis of eye-gaze measures during real-time spoken word recognition. The objective of the current study is, thus, to explore the relationship between cross-linguistic perceived similarity and L2 speech processing and to investigate the potential of an online measure of spoken-word recognition as an alternative approach to measuring cross-linguistic similarity. The two methodological approaches, their motivation, and the findings from previous studies are reviewed next.




2. Background


2.1. Measuring Cross-Language Similarity


Assessing the perceived similarity between native and TL sounds is a crucial first step in all studies on L2 speech learning, as discussed above. Despite its importance, however, there is still no clear consensus as to what is the best method of measuring cross-linguistic similarity (Strange 2007). The most common methods include articulatory descriptions, acoustic analyses, and perceptual measures. L2 speech researchers generally advocate for the use of the latter or a combination of measures (Bohn 2002; Strange 2007). Two perceptual ways of evaluating cross-linguistic similarity are interlingual identification and paired comparisons (Bohn 2017). The former is the most common approach and is exemplified by perceptual tasks known as forced choice categorization tasks or perceptual assimilation tasks (PAT). In a PAT, listeners identify TL stimuli in terms of native categories by matching a given aural stimulus with one of several possible L1 alternatives and providing a goodness of fit rating (e.g., Best 1995; Strange et al. 2009; Faris et al. 2018; Cebrian 2021). A paired comparison technique, such as a rated dissimilarity task, involves using a Likert scale to indicate the degree of (dis)similarity between two stimuli presented aurally, typically a native and a non-native stimulus (e.g., Flege et al. 1994; see Cebrian 2022 for a comparison of both perceptual methods). Although these perceptual tasks provide valuable information about cross-linguistic perceived similarity, they have some methodological drawbacks. For example, perceptual tasks require a large number of stimuli, as multiple exemplars of each TL sound are necessary in order to obtain reliable results. In addition, these tasks are rather repetitive in nature precisely because of the large number of stimuli and trials that are needed. Finally, particularly in a PAT, the listeners perform the task by choosing among a number of typically orthographic representations of the L1 categories, resulting in a potential influence of the spelling on listeners’ judgments (Strange 2007; Cebrian 2022). A possible way of bypassing these shortcomings may be to use a task that explores the role of cross-linguistic perceived similarity during real-time spoken word recognition. Such a methodology is common in studies on online speech processing using a visual world paradigm (Tanenhaus et al. 1995). The relationship between perceived similarity and interlingual word processing is discussed in the next section.




2.2. Cross-Language Lexical Competition


Previous studies on L2 processing in bilinguals investigating the time course of lexical activation through word recognition in the visual world paradigm (e.g., Weber and Cutler 2004; Cutler et al. 2006; Escudero et al. 2008) make use of images representing target lexical items (targets) that overlap phonologically with other lexical items (competitors). Target and competitor images compete for visual attention when presented simultaneously, which is reflected in the proportion of eye gaze fixations occurring within the competing areas of interest (AOI) defined by the images presented on the computer screen. Proportions of looks to the image of a competitor lexical item while the image of a target lexical item is being visually fixated is meant to index the amount of competition for lexical activation between target and competitor, which also reflects the amount of phonological overlap between the lexical items that compete for activation (Spivey and Marian 1999; Marian and Spivey 2003; Chambers and Cooke 2009).



When L2 learners perform online word recognition tasks in L2, such as when identifying the word sheep /ʃiːp/ (target) through a mouse click on its image (a picture of one sheep), upon hearing the instruction “Click on the sheep”, the presence of an image with two ships /ʃɪps/ (competitor) is likely to capture the learners’ gaze due to its phonetic overlap with sheep. As a result, the image of ships receives a certain proportion of the eye gaze fixation time as the auditory presentation of the string of phonemes /ʃiːp/ unfolds in time until the absence of /s/ at the end of sheep /ʃiːp/ makes it clear to the learner which of the two pictures (sheep or ships) is to be clicked on. For L2 words that contain phonologically distinct sounds, such as panda and pencil in English, competition for lexical activation during word recognition may occur in L2 learners if the L2 words contain confusable sounds, such as /æ/-/e/ in the first syllable of panda and pencil (/pæn-/ and /pen-/, respectively) for Dutch learners of English (Weber and Cutler 2004). Crucially, the amount of competition for activation between two (near-)minimal-pair lexical items like sheep /ʃiːp/ and ships /ʃɪps/ in L2 learners was found to depend on the degree of overlap between their L2 vowel category /iː/ in sheep and their L2 vowel category /ɪ/ in ship. That is, less lexical competition between sheep and ships is expected in learners who developed separate L2 phonetic categories for /iː/ and /ɪ/ and for whom the /iː/-/ɪ/ contrast is lexically encoded in their L2 mental lexicon. However, for L2 learners for whom lexically contrastive word pairs like sheep and ship are phonetically confusable (e.g., Spanish or Catalan learners of English), lexical competition is expected to be maximal until the final disambiguating /s/ in ships is heard. Thus, the amount of lexical competition indexes the degree of phonetic confusability between contrastive L2 sounds and, at the same time, indicates the extent to which learners acquired an L2 phonological contrast.



Catalan learners of English generally find the English low vowels /æ/ and /ʌ/ confusable because these vowels tend to be assimilated perceptually to the Catalan low vowel category /a/ (Cebrian 2021). Similarly, they tend to find the English high front vowels /iː/ and /ɪ/ confusable because these two vowels are perceptually close to Catalan /i/ (although /ɪ/ is also perceived as Catalan /e/ (Cebrian 2021)). Confusable contrasts like English /æ/-/ʌ/ and /iː/-/ɪ/ that show a perceptual overlap in their assimilation to an L1 category pose a learning challenge for L2 learners. Just as two lexical items like panda and pencil (/æ/-/e/) for Dutch learners of English compete for lexical activation during online word recognition based on their phonetic overlap, L2 and L1 words that overlap phonetically can also compete for lexical activation. For example, English learners of French activate the English word pool /puːl/ upon hearing the French word “poule” /pul/ hen because they perceive French /u/ as being phonetically close to English /uː/ (Chambers and Cooke 2009). Similarly, Marian and Spivey (2003) found that in the course of hearing the English word marker, with the target word presented visually in a four-object visual display, Russian learners of English looked at a stamp (Russian “marku”) more often than to the other two objects, whose names were phonologically unrelated to either the target or the competitor objects (distractors).



Thus, for example, for Catalan learners of English, cross-language near minimal-pair words like English pillow /ˈpɪləʊ/ and Catalan “pila” /ˈpilə/, battery, (interlingual near homophones) are likely to compete for lexical activation as a function of the extent to which they perceptually overlap. The degree of cross-language lexical competition between words in the L2 and the L1 sharing similar sounds like English /ɪ/ and Catalan /i/ would, therefore, be larger for learners who perceive English /ɪ/ to be a good perceptual match to Catalan /i/ than for those who learned to discern the phonetic differences between English /ɪ/ and Catalan /i/ and do not perceive English /ɪ/ to be a good perceptual match to Catalan /i/. Measures of the amount of lexical competition during online word recognition can, therefore, be used to obtain within-language online estimates of L2 phonological competence based on the categorical perception of L2 segmental contrasts in a lexical context, as well as to obtain a cross-language online estimate of the degree of perceptual assimilation of L2 sounds to L1 sound categories.




2.3. Asymmetrical Lexical Access


A well-established finding from studies investigating visual word recognition involving confusable L2 sound categories through within- and cross-language lexical competition is the asymmetric nature of the competition. For example, in their study on Dutch speakers of L2 English, Weber and Cutler (2004) reported that the amount of lexical competition (% of looks to a non-target object) of /e/-word competitors (e.g., pencil) in the process of visually recognizing target /æ/-word objects (e.g., panda) was larger than the amount of lexical competition of /æ/-word competitors (e.g., panda) in the process of visually recognizing target /e/-word objects (e.g., pencil). This asymmetry can be explained by the fact that English /e/ is a perceptually better match to the closest L1-Dutch vowel category /ɛ/ (the dominant L2 category) than English /æ/. That is, although both the L2-English /æ/ and /e/ in the input activate the L1 category /ɛ/ in Dutch listeners, the dominant category is lexically coded as a better match than the non-dominant one. Cutler et al. (2006) replicated this asymmetric mapping of a phonological contrast to lexical representations with L1-Japanese listeners and the English /ɹ/-/l/ contrast. Because Japanese listeners map both English prevocalic /l/ and /ɹ/ to Japanese /ɾ/, but English /l/ is perceptually closer than English /ɹ/ to their native /ɾ/ (Iverson et al. 2003), /l/ acted as the dominant category. Consequently, /l/-initial words competed for activation with /ɹ/-initial targets but not the other way around. Although orthography (distinct orthographic representation of confusable L2 sounds) likely plays a role in determining dominance, such findings suggest that what mainly determines which of two confusable L2 sounds is dominant in a lexical context is how close it is phonetically (and perceptually) to the closest L1 category. However, how gradient such dominance effects are as a function of listeners’ perception of phonetic closeness of L2 sounds to L1 categories remains an empirical question both in within- and between-language competition.



In the case of the cross-language activation of lexical competitors (looking at a battery, “pila” /ˈpilə/ in Catalan, when listening to English target pillow /ˈpɪləʊ/ or looking at “thread”, fil /fil/ in Catalan, when listening to English target field /fiːld/), potential dominant category effects (i.e., asymmetries in cross-language lexical competition) may be determined by differences in the cross-language phonetic similarity between confusable L2 sounds (English /iː/ and /ɪ/) and a perceptually close native Catalan vowel category (/i/). Therefore, given the English /iː/-/ɪ/ pair, one would expect English /iː/ to be the dominant category, as English /iː/ is phonetically closer to Catalan /i/ than English /ɪ/ is. Consequently, L1 lexical competitors with Catalan /i/ (/fil/, /ˈpilə/) are predicted to attract a larger proportion of looks when the target English word contains the dominant /iː/ (field /fiːld/) than when the target English word contains the non-dominant /ɪ/ (pillow /ˈpɪləʊ/). However, the extent to which confusable L2 sounds are perceived to be good or poor exemplars of the L1 sound categories they are mapped onto is likely to change over time within learners as a function of increased experience with L2 and across learners as a function of their level of L2 phonological proficiency.



Online tasks within the visual world paradigm (Tanenhaus et al. 1995) offer the possibility of overcoming the limitations of perceptual assimilation tasks in assessing cross-linguistic similarity. No research, to date, specifically examined whether varying degrees of cross-language perceptual assimilation of confusable L2 sounds to L1 categories is related to varying degrees of cross-language lexical competition between L2 words containing confusable L2 sounds and L1 words containing the L1 categories onto which these L2 sounds are perceptually mapped.




2.4. The Current Study


The current study explores the relationship between asymmetrical lexical access and cross-linguistic similarity and evaluates its effectiveness in measuring cross-linguistic similarity and assessing accurate target-like categorization. We aimed to determine to what extent two pairs of English vowels (/iː/-/ɪ/ and /æ/-/ʌ/) that are confusable for Catalan learners of English display asymmetric mapping to their closest L1 vowel categories /i/ and /a/, respectively, and if so, whether asymmetries shown in differing strengths of online cross-linguistic lexical competition for the dominant and the non-dominant L2 sounds are related to the degree of cross-linguistic similarity as assessed offline through a cross-language perceptual assimilation task. More specifically, we asked the following research questions:


RQ1: Do Catalan learners of English exhibit asymmetric levels of cross-language lexical competition between the dominant and the non-dominant L2 vowel categories in the confusable English vowel pairs /iː/-/ɪ/ and /æ/-/ʌ/ and their corresponding L1 vowel categories /i/ and /a/?






RQ2: To what extent are asymmetries in the strength of cross-language lexical competition related to differences in cross-linguistic perceptual similarity?







Two experiments were carried out in the present study with the same participants. In Experiment 1, participants were asked to perform a cross-linguistic perceptual assimilation task targeting the confusable English vowel pairs /iː/-/ɪ/ and /æ/-/ʌ/. Experiment 2 was a visual world paradigm experiment in which the same participants performed a simple picture selection task within a four-picture display following auditory instructions while their eye movements were being recorded. From this experiment, we obtained measures of cross-language competition (proportions of eye-gaze fixation to competitors and eye-gaze fixation durations) between L2 dominant and non-dominant sounds and perceptually close L1 sounds.





3. Experiment 1: Perceived Similarity between English and Catalan Vowels


The goal of the first experiment was to assess the perceived similarity between English and Catalan vowels, particularly SSBE /i ɪ æ ʌ/, and their closest L1 vowels in order to contrast the similarity measure obtained in this experiment with the results of Experiment 2.



3.1. Methods and Materials


3.1.1. Participants


The participants were 43 Spanish/Catalan bilingual learners of English (36 females) who were second-year undergraduate students in an English Studies degree at a public university in Barcelona with an upper-intermediate-to-advanced level of proficiency in English according to self-reported proficiency and a 120-item yes/no vocabulary size test (X/Y Lex, Meara and Milton 2003). Their level of bilingualism ranged from equally dominant in both languages to Catalan-dominant (the majority), according to their responses to the Bilingual Language Profile (Birdsong et al. 2012). Participants were given course credit for their participation. These participants also completed experiment 2.




3.1.2. Target Sounds


The target contrasts were SSBE /i/-/ɪ/ and /æ/-/ʌ/, which were found to pose a problem to both Catalan and Spanish learners of English (Cebrian 2006; Mora and Mora-Plaza 2019). Previous studies showed that SSBE /æ/ and /ʌ/ are both consistently assimilated to Catalan and Spanish /a/, with English /æ/ obtaining higher goodness ratings as the L1 /a/ than English /ʌ/ (Cebrian 2019, 2021). Regarding the SSBE high front vowels, /iː/ is consistently assimilated to Spanish/Catalan /i/, whereas SSBE /ɪ/ is split between the L1 high and mid vowels (Catalan /i/, /e/ and /ɛ/, Spanish /i/ and /e/; Cebrian et al. 2011; Cebrian 2019, 2021). Thus, these target vowels were selected regardless of the level of Catalan/Spanish dominance of the learners, as the target SSBE /i/-/ɪ/ and /æ/-/ʌ/ pairs are similarly assimilated to the Spanish and Catalan L1 categories /i/ and /a/, respectively.




3.1.3. Stimuli


The stimuli included a subset of SSBE vowels, namely /iː ɪ e æ ʌ eɪ aɪ/, for the sake of brevity and simplicity (see Cebrian et al. 2011, Cebrian 2021 for a PAT involving a near-complete set of Catalan and English vowels and diphthongs). The vowels were elicited in /b/+vowel+/t/ sequences, embedded in a carrier phrase that included a rhyming word so as to ensure the correct pronunciation of each vowel: “It rhymes with hot. I say bot. I say bot again.” Three male native English speakers (mean age: 35, range 29–44), who spent most of their lives in the South of England, produced the stimuli. They were recorded in a soundproof booth at the research laboratory at a university in London, United Kingdom. The best two productions of each stimulus per speaker were selected on the basis of spectrographic analyses and auditory judgments. The stimuli were then edited to include anything from the release of the /b/ until the end of the vowel portion to the beginning of the /t/ closure in order to avoid any potential influence of the consonantal context on the listeners’ judgments (e.g., Levy 2009).




3.1.4. Procedure


In the PAT, the SSBE stimuli were presented to the listeners in a random order, and listeners had to identify each stimulus as one of six possible L1 categories (following the findings of previous studies) and subsequently provided a goodness of fit rating on a seven-point scale, where 1 meant a bad exemplar of the chosen vowel and 7 meant a good, i.e., native-like, exemplar. The L1 categories were represented by an example word containing the L1 vowel alongside the most common spelling for that vowel, namely “xai” (ai), “rei” (ei), “set” (è), “fet” (é), “dit” (i), and “gat” (a) (meaning sheep, king, seven, fact, finger, and cat, respectively) and representing Catalan /ai̯/, /ei̯/, /ɛ/, /e/, /i/, /a/, respectively. The total number of trials was 84 (7 vowels × 3 talkers × 2 tokens × 2 repetitions). The main task was preceded by a small practice session containing six trials to familiarize listeners with the task and adjust the volume. Participants completed the task in approximately 10 min (see Experiment 2 for more details about the general procedure).





3.2. Results


The percentage of times each non-native stimulus was identified in terms of one of the L1 response categories (i.e., percent assimilation as an L1 vowel) and the corresponding mean goodness of fit ratings (GR) were calculated for each listener. In addition, following Guion et al. (2000), a fit index score was calculated, that is, a composite measure calculated by multiplying the percent assimilation by the GR obtained for each L2 to L1 assimilation pattern. The results for the two vowel contrasts that are the focus of the study of this paper are presented in Table 12. The majority of SSBE vowels tested were assimilated to a single L1 vowel above 70% of the time (a suggested categorization threshold, Tyler et al. 2014). The only exception was English /ɪ/, whose assimilation was split between Catalan /e/ (47%) and /i/ (46%). By contrast, English /iː/ was consistently assimilated to Catalan /i/ (96%). With respect to the low vowel pair, /æ/ and /ʌ/ were very consistently assimilated to the same L1 vowel, /a/, above 95% of the time, but /æ/ obtained a higher mean GR than /ʌ/ (5.4 vs. 4.5 out of 7). In fact, this difference reached significance on a paired samples t-test (t(41) = 7.353, p < 0.001). Such a statistical outcome was suggested as evidence that one of the two L2 vowels (/æ/ in this case) is perceived to be significantly closer to the L1 vowel (Catalan /a/) than the other L2 vowel (/ʌ/) (Tyler et al. 2014; Tyler 2021).




3.3. Interim Discussion


Experiment 1 examined the perceived similarity between a subset of SSBE vowels and Catalan vowels by a group of Catalan learners of English. The results are in agreement with the outcomes of previous studies involving an analogous population (Rallo Fabra 2005; Cebrian et al. 2011; Cebrian 2021). This study focuses on the SSBE pairs /iː/ and /ɪ/ and /æ/-/ʌ/. In both cases, the results show that one L2 vowel has a clearer match in the L1 than the other, but the pairs differ with regard to the degree of that difference. For the low vowels, both SSBE /æ/-/ʌ/ are strongly assimilated to their L1 counterpart, /a/, but the significant difference in GRs reveals that SSBE /æ/ is perceptually closer to Catalan /a/ than SSBE /ʌ/. In other words, /æ/ and /ʌ/ constitute a category-goodness assimilation type in PAM’s terms (Best and Tyler 2007). By contrast, in the case of /iː/ and /ɪ/, the former is clearly categorized in terms of an L1 vowel (/i/) and the latter patterns as uncategorized, as it is perceived as more than one L1 vowel (/i/ and /e/). Experiment 2 will explore the effect of L1-L2 perceptual similarity on the degree of L1 activation during L2 speech processing. The results of the PAT indicate that one of the L2 vowels in each pair is more likely than the other to trigger the activation of interlingual homophones during online word recognition in the L2, and this difference between the two vowels is greatest in the case of the high front vowels, given the greater difference in their assimilation to the L1 category (/i/).





4. Experiment 2: Cross-Language Lexical Competition


In this experiment, we adopted a visual world paradigm (Tanenhaus et al. 1995) using an eye-tracking technique to measure interlingual competition during sentence comprehension. The goal of this experiment was to assess the amount of cross-language lexical competition Catalan learners of English would experience during online word recognition when following auditory instructions to click on target images representing English words containing the SSBE vowels /i ɪ æ ʌ/ in the presence (or absence) of a competitor image representing an L1 near-homophonous word containing the Catalan vowels /i a/.



4.1. Methods and Materials


4.1.1. Participants


The participants were the same 43 Spanish/Catalan bilingual learners of English who completed Experiment 1 and a group of eighteen native English speakers (10 males). The latter were university students and English teachers residing in Barcelona at the time of the experiment (mean age: 26, range: 20–44). Most were from England, one from Ireland, and one from Scotland. They had spent between one month and six years in Barcelona. Their knowledge of other languages varied, but only five participants indicated that they could speak Spanish fluently. Most of them reported a weekly use of English of about 75–100% of the time, with four of them reporting a 50–74% use and one under 50% (the other language used was typically Spanish, sometimes Catalan or other).




4.1.2. Cross-Language Lexical Competition Task


Participants’ eye movements were recorded using a Tobii T120 eye-tracker integrated into a 17” monitor with a resolution of 1024 × 768 pixels. The eye-tracker worked at a sampling rate of 120 Hz. Although this resolution was relatively low, it was deemed sufficiently accurate to register fixation counts and durations within the AOIs drawn around the picture stimuli (see Figure 1 and Figure 2 below). A 9-point calibration and validation procedure was performed individually before the task. Participants’ eye movements were recorded as they followed spoken instructions to click on one of four objects presented on the computer screen. Figure 1 and Figure 2 provide an illustration of the display of the objects on the computer screen for two actual trials. The target sounds were the English vowel pairs in Experiment 1, namely /iː/-/ɪ/ and /æ/-/ʌ/. On critical trials, the target image (for example, a word containing English /æ/ such as back, see Figure 1) was accompanied by an interlingual competitor, that is, an English word whose translation into Catalan contains a Catalan vowel that is perceptually close to the English target (e.g., the word cow, “vaca” in Catalan, containing Catalan /a/, /bakə/). Comparing the results for this type of trial with trials involving /ʌ/ as the target vowel (e.g., brush, in competition with arm, Catalan “braç” /bras/) provided an online measure of which of the two English vowels, /æ/ or /ʌ/, is perceptually closer to Catalan /a/. In the case of English /iː/-/ɪ/ (see Figure 2), the interlingual competitor was an English word whose Catalan translation contains the Catalan vowel /i/. For example, thread (“fil”, /fil/, in Catalan) was the competitor for the target word field, and battery (“pila”, /ˈpilə/, in Catalan) was the competitor for the target word pillow. Target words were embedded in the sentence “Click on the....”, which was followed by a filler sentence (“and now click on the....”) that prompted participants to click on a second picture, which was always a distractor. The filler sentence was included in order to divert participants’ attention from the focus of the experiment.




4.1.3. Stimuli and Task Design


The whole experiment consisted of 48 trials. Twelve trials involved target words that included the target English vowels (/iː ɪ æ ʌ/, three trials per vowel) alongside an interlingual competitor. Of the remaining 36 trials, 12 contained the target vowels without an interlingual competitor, and the remaining 24 involved English vowels other than /iː ɪ æ ʌ/ with an interlingual competitor (12) or without an interlingual competitor (12). The non-crucial trials were used as fillers and for control purposes.



Table 2 presents the L2 target–L1 competitor pairs used in the twelve critical trials. In all cases, the competitor and the target overlapped in the first two or three sounds, crucially including the stressed vowel, that is, the target vowel under study. This amount of overlap was demonstrated to trigger interlingual competition (e.g., Weber and Cutler 2004. All the words were nouns representing relatively common and similarly frequent words. The comparable word frequency of targets and competitors was confirmed by the results of two independent sample t-tests conducted on log-transformed frequency scores.3 The results revealed no significant difference in word frequency between the English target and the competitor words (t(22) = 0.488, p = 0.63), nor between the corresponding Catalan translations of the target and competitor words (t(22) = 0.451, p = 0.656). In addition, two paired-samples t-tests yielded no significant difference between the frequency index of the English competitor words and their corresponding Catalan translations (t(11) = 0.316, p = 0.758), nor between the English target words and the Catalan translations of the corresponding competitor words (t(11) = 0.494, p = 0.631). The lexical frequency of the distractors was not controlled as previous studies indicate that the probability of fixating distractors that do not match the acoustic information of the target word does not vary with lexical frequency (Dahan et al. 2001).



The sentences were recorded by a 29-year-old male native speaker of Standard Southern British English in a soundproof booth on a Marantz PMD-661 solid-state digital recorder with an external Shure SM58 voice microphone at a sampling frequency of 44.1 KHz. The visual stimuli were clip-art black and white pictures obtained from free Internet resources and standardized picture databases (Alario and Ferrand 1999; Bonin et al. 2003; Snodgrass and Vanderwart 1980). To ensure that pictures elicited the expected words, participants performed a picture familiarization task prior to the eye-tracking experiment (see the procedures section). The position of the four pictures on the display (target, competitor, and two distractors) was pseudo-randomized and counterbalanced across all trials so that the target and competitors appeared in all four positions (top right, top left, bottom right, bottom left) and all possible combinations, and no two trials in a row contained the same target vowel.




4.1.4. Procedures


Participants first completed a language background questionnaire, read an information sheet, and signed a consent form. The perceptual assimilation task was administered next (Experiment 1). Then, participants completed an inhibitory task and a vocabulary task (not reported in this paper), followed by a picture familiarization task and the cross-language lexical competition task. The familiarization task presented participants with the pictures of all target and competitor objects used in the cross-language lexical competition task to ensure that participants interpreted the pictures correctly (Ju and Luce 2004). On each trial, participants were asked to mentally name the object in the picture when appearing on the screen. The name of the object in English and in Catalan was then displayed 1500 ms after the picture appeared on the screen. Participants read the words displayed on the screen and activated their phonolexical representations via orthography. Participants took about ten minutes to complete the familiarization phase, after which the eye-tracking experiment was administered and completed in about eight minutes (see previous subsections).




4.1.5. Data Analysis


The eye-gaze data from this experiment was first analyzed descriptively in terms of the time course of lexical activation across the various conditions: proportion of fixations to target, competitor, and distractors for critical trials with target words containing dominant (/iː/, /æ/) and non-dominant (/ɪ/, /ʌ/) vowel categories (see Figure 3 and Figure 4 below). We then tested the extent to which the amount of cross-language competition from interlingual homophones (indexed through fixation duration measures) was differentially affected by the presence of a dominant versus a non-dominant vowel in the target word. In order to do so, we built two sets of linear mixed-effects models in R using the glmmTMB package (Brooks et al. 2017). The dependent measure was the duration of fixations occurring within each AOI within a 300–800 ms time window after the auditory onset of the target word, which was previously normalized using the function orderNorm in the bestNormalize Package in R (Peterson 2021; Peterson and Cavanough 2020). In the first set of models, we compared fixation durations in target and competitor AOIs as a function of the dominance of vowel categories in the target (Figure 5 and Figure 6). Previous studies on spoken word recognition showed that a measure that considers fixations to distractors relative to competitor captures information not provided in measures contrasting target and competitor fixations (e.g., Marian and Spivey 2003; Dahan and Tanenhaus 2005; Tsang and Chambers 2011). This is motivated by the fact that native speakers generally have longer fixation durations to targets, so the relevant comparison may, in fact, involve the items that are not the target, that is, competitor vs. distractor words. If there is no interlingual competition, the interlingual competitors should receive the same average fixation duration as the distractors. Thus, in the second set of models, we compared fixation durations in competitor and distractor AOIs also as a function of vowel dominance (Figure 7). Both sets of models included fixed and random-effect structures based on the best-fitting model by comparing estimators across converging models. The significance of tests of pairwise contrasts for planned comparisons were all Bonferroni-adjusted. The best-fitting models were those that included group, dominance, and AOI and their interactions as fixed effects factors with random intercepts for subject and item. Previous models, including contrast (high vowels /iː/ and /ɪ/; low vowels /æ/ and /ʌ/) and interactions involving contrast as fixed effects were discarded, as none of the effects involving contrast reached significance and its inclusion did not improve the model fit.





4.2. Results


Our first research question asked whether Catalan learners of English would exhibit asymmetric levels of cross-language lexical competition between the dominant (/iː/ and /æ/) and the non-dominant (/ɪ/ and /ʌ/) L2 vowel categories in the confusable English vowel pairs /iː/-/ɪ/ and /æ/-/ʌ/ and their corresponding L1 vowel categories /i/ and /a/. If cross-linguistic similarity affects L1-L2 lexical competition, we predict that learners will experience greater L1 competition from words with Catalan /i/ for target English words with /i:/ than for target English words with /ɪ/. Similarly, learners will experience greater L1 competition from words with Catalan /a/ for target English words with /æ/ than for target English words with /ʌ/. These predictions are derived from the closer perceptual similarity between Catalan /i/ and /a/ and English /i:/ and /æ/ (the dominant categories), respectively, than between Catalan /i/ and /a/ and English /ɪ/ and /ʌ/ (non-dominant categories), as well as from the assumption that asymmetries in cross-language competition are determined by degree of cross-language perceptual similarity between phonetically similar L2-L1 sound pairs. We are expecting such asymmetries to be reflected mainly in learners (but not in native controls) showing higher fixation durations to the L1 competitor with targets /i:/ and /æ/ than with targets /ɪ/ and /ʌ/ and consequently higher fixation durations to targets /ɪ/ and /ʌ/ than to targets /i:/ and /æ/ resulting from non-dominant categories generating fewer looks at L1 competitors.



In order to assess the prevalence of asymmetric lexical competition, we first explored the time course of lexical activation across the various conditions. More specifically, we examined whether the resolution of the competition between target and competitor occurred earlier in a 1000 ms time window after the auditory onset of the target word for target L2 words with an L1 interlingual competitor with a non-dominant vowel (/ɪ/, /ʌ/) than for L2 words with an L1 interlingual competitor with a dominant vowel (/i:/, /æ/). The latter is predicted to cause greater competition and result in a slower resolution phase. This is shown in Figure 3 and Figure 4, which present the proportion of fixations to target and competitor averaged over participants for trials with target words containing a dominant vowel (Figure 3) and with target words containing a non-dominant vowel (Figure 4). Approximately 300 ms after the auditory onset of the target, the processing of the acoustic signal results in an increase in fixations to the target object and a decrease in fixation to non-target objects (Allophena et al. 1998). A delay in the increase in target fixations indicates that another object in the display is exerting lexical competition. As shown in Figure 3 and Figure 4, this is what is found in trials with a dominant target vowel, in contrast with trials with a non-dominant target vowel. There was a larger proportion of earlier looks to targets when the interlingual homophone contained a non-dominant category (/ɪ/, /ʌ/) than when the interlingual homophone had a dominant category (/i:/, /æ/). This suggests that in the time course of lexical activation, the cross-language competition was resolved earlier (around 250 ms after auditory onset) when the target word contained a non-dominant L2 vowel (less similar to the vowel of the L1 competitor) than when the target word contained a dominant L2 vowel (around 450 ms after auditory onset). Unexpectedly, L2 learners and native English controls did not seem to differ with respect to when, after the auditory onset of the stimulus, the lexical competition between target and competitor was resolved in the case of both dominant and non-dominant vowels. This may indicate that dominance also affected native English speakers, possibly due to the fact that they were not unfamiliar with Spanish or Catalan, as discussed below. Still, both when the target contained a dominant and a non-dominant vowel, the proportion of looks to targets was always higher for native English controls than it was for L2 learners, whereas the proportion of looks to competitors was always higher for L2 learners than it was for native English controls. The extent to which this observed difference between the two groups was significant was explored by comparing the two groups on the duration of fixations on different areas of interest, as explained next.



In order to assess the extent to which the English dominant vowels (/i:/, /æ/) and the non-dominant vowels (/ɪ/, /ʌ/) differentially affected the degree of cross-language lexical competition exerted by competitor objects whose names contained the Catalan vowels /i/ and /a/, we carried out two kinds of analysis. In the first one we compared the fixation durations (in milliseconds) to targets and competitors as a function of whether the vowel in the target was dominant or non-dominant. As the outcome of the PAT suggested there might be differences between the high (/i:/, /ɪ/) and the low (/æ/, /ʌ/) vowel contrasts in the amount of cross-language competition learners would experience from L1 homophones (see Section 3.3 above), we initially included contrast (/i:/-/ɪ/, /æ/-/ʌ/) as a fixed effect in a linear mixed-effects model that also included group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/) and AOI (target, competitor), their interactions as fixed effects, and random intercepts for subject and item. As shown in Figure 5 below, such contrast effects were not clearly observable in the data, as there were no notable differences in the patterns of fixation durations for the two vowel contrasts for either dominant (/i:/: M = 104.7 vs. /æ/: M = 103.8) or non-dominant targets (/ɪ/: M = 140.7 vs. /ʌ/: M = 144.9), and consequently, differences between contrasts in fixation durations to competitors were also relatively small with dominant (/i:/: M = 89.9 vs. /æ/: M = 72.8) and non-dominant targets (/ɪ/: M = 56.4 vs. /ʌ/: M = 66.4). This was confirmed by the outcome of this model (see Appendix B Table A1 for the model’s parameter estimates), which yielded a significant main effect of AOI (χ2 = 104.098, p < 0.109) but no significant main effects of group (χ2 = 0.017, p = 0.898), dominance (χ2 = 0.279, p = 0.597), or contrast (χ2 = 0.110, p = 0.741). AOI significantly interacted with group (χ2 = 10.337, p = 0.001) because whereas fixation durations on competitors were significantly longer for L2 learners than for native controls (p = 0.019, d = 0.203), learners’ fixation durations on targets were significantly shorter (p = 0.027, d = 0.190). The AOI × dominance interaction was also significant (χ2 = 20.450, p < 0.001) because whereas fixation durations on targets were significantly shorter for dominant than for non-dominant vowels (p = 0.015, d = 0.276), fixation durations on competitors tended to be longer for dominant than non-dominant vowels (p = 0.071, d = 0.204). The interactions of contrast with group (χ2 = 2.576, p = 0.109), dominance (χ2 = 0.068, p = 0.794), and AOI (χ2 = 0.183, p = 0.669) did not reach significance. Therefore, at least in terms of the average duration fixations we obtained in the eye-tracking experiment, no contrast effects could be attested.



We next assessed the effects of dominance in a mixed-effects model that included group, dominance, and AOI and their interactions as fixed effects, and random intercepts for subject and item. Figure 6 shows the average fixation duration in milliseconds to target and competitor words for the dominant and non-dominant vowel conditions across vowel contrasts. For learners, the amount of cross-language competition was higher with dominant (M = 81.3) than with non-dominant vowels (M = 61.4), and overall, competition for activation from competitor objects was higher for learners (M = 61–81) than for native controls (M = 37–59) who, as expected, consequently fixated longer on targets (M = 132–161) than learners did (M = 104–143). The outcome of this model (see Appendix B Table A2 for the model’s parameter estimates) revealed no significant main effects of group (χ2 = 0.016, p = 0.898) and dominance (χ2 = 0.288, p = 0.591) and a significant main effect of AOI (χ2 = 103.624, p < 0.001). This model also revealed significant AOI interactions with group (χ2 = 10.246, p = 0.001) and dominance (χ2 = 20.434, p < 0.001). The AOI × group interaction arose because whereas fixation duration to targets was significantly longer for native controls (M = 146.7) than for L2 learners (M = 123.5; p = 0.029, d = 0.188), fixation durations to competitors were significantly longer for L2 learners (M = 71.3) than for native controls (M = 48.4; p = 0.019, d = 0.203). The AOI × dominance interaction indicated that fixation durations to targets were longer for non-dominant than for dominant vowels (p = 0.014, d = 0.278), whereas fixation durations to competitors were marginally longer for dominant than for non-dominant vowels (p = 0.072, d = 0.202). The group × dominance × AOI interaction did not reach significance (χ2 = 0.050, p = 0.823). Still, given the prediction that L2 learners’ fixations to competitors would be longer in the dominant vowel condition, it was important to examine the results of the relevant pairwise contrasts, which constituted planned comparisons in the current study. Learners obtained longer fixation durations to competitors with a dominant (M = 81.3) than a non-dominant vowel (M = 61.4), approaching significance (p = 0.098, d = 0.192) and significantly longer fixation durations to targets with a non-dominant vowel (M = 142.8) than with a dominant vowel (M = 104.3; p = 0.006, d = 0.316), but this was not the case for native speakers (p = 0.193, d = 0.213, and p = 0.144, d = 0.239, respectively). Nevertheless, the magnitude of these effects was relatively small, hence the lack of significant interaction (see Figure 6).



In a second analysis, we examined whether the expected longer fixation durations to competitors than to distractors differed as a function of dominance following previous studies (e.g., Marian and Spivey 2003; Dahan and Tanenhaus 2005; Tsang and Chambers 2011). In the context of our experiment, this analysis is also motivated by the fact that native speakers obtained longer durations to targets than learners. We expected longer fixation durations to competitors than to distractors, especially in the context of a dominant (/i:/, /æ/) than a non-dominant vowel (/ɪ/, /ʌ/) in the target word. Native controls were not expected to show such a difference because, for them, all competitor words should behave as distractors. As shown in Figure 7, this was indeed the case. For L2 learners, fixation durations were longer for competitors than for distractors in the context of both dominant (M = 81.3 vs. M = 61.4, respectively) and non-dominant vowels (M = 61.4 vs. M = 51.3, respectively), but the difference was larger when the target is a dominant vowel (approximately 20 vs. 10 milliseconds on average), as predicted. The native controls did not appear to show such a difference. Finally, average fixation durations to distractors were longer in baseline trials (which contain no interlingual competitors) than in critical trials (which contain interlingual competitors), especially for learners.



We submitted the fixation durations to competitors and distractors to a mixed-effects model that included group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/), AOI (competitor, distractor) and their interactions as fixed effects, and random intercepts for subject and item. This model (see the parameter estimates table in Appendix B Table A3) revealed significant main effects of group (χ2 = 7.592, p = 0.006), dominance (χ2 = 7.164, p = 0.007), and AOI (χ2 = 4.122, p = 0.042). None of the interactions reached significance. Fixation durations in AOIs (competitors and distractors) were overall longer in learners (M = 63.8) than in native controls (M = 50.5, p = 0.006, d = 0.168) and longer in the context of a dominant (M = 71.3,) than a non-dominant vowel (M = 56.3; p = 0.016, d = 0.184). Although the AOI × group interaction only approached significance (χ2 = 2.721, p = 0.099), we examined the effect of AOI further within each group to assess the outcome of planned comparisons following the study’s research questions and predictions. These analyses revealed that fixation durations to competitors were significantly longer for learners (M = 81.3) than for native controls (M = 59.7; p = 0.002, d = 0.268; but not fixation durations to distractors: M = 61.4 for learners vs. M = 52.5 for native controls; p = 0.428, d = 0.068), as predicted. In addition, it was only for learners (p = 0.009, d = 0.166) and not for native controls (p = 0.747, d = 0.033) that fixation durations were significantly longer for competitors than for distractor AOIs (M = 81.3 vs. M = 61.4, respectively). Hence, the main effect of AOI appears to be mainly driven by the cross-language competition that learners (but not native controls) experience through the activation of the L1 homophone competitor. Similarly, tests of pairwise contrasts revealed that the main effect of dominance (significantly longer fixation durations with dominant than non-dominant vowels (p = 0.016, d = 0.184) was mainly driven by the fact that learners (p = 0.012, d = 0.198) but not native controls (p = 0.135, d = 0.170) obtained longer fixation durations with dominant than non-dominant vowels. In line with this result, the planned comparisons investigating the effect of dominance for each AOI condition and group revealed that learners’ fixations on competitors were longer with dominant targets (M = 81.3) than with non-dominant targets (M = 61.4, p = 0.014, d = 0.250), a difference that was marginally significant for native speakers (p = 0.071, d = 0.278), showing a greater effect of vowel dominance on learners than on native controls.




4.3. Interim Discussion


Both the descriptive data and the outcome of the linear mixed-effects models presented above suggest that L2 learners (but not native controls) experienced asymmetric lexical competition and that this asymmetry could be attributed to the dominance of the target vowels /iː/ and /æ/ in the /iː/-/ɪ/ and /æ/-/ʌ/ contrasts, respectively, as determined by their closer perceptual similarity to the corresponding Catalan vowels /i/ and /a/ in the competitor interlingual homophones. The native speaker control data did not always show the expected control pattern, as their fixation durations and time course of lexical activation were not completely unaffected by the presence of an interlingual homophone competitor. This could be due to native speakers having been recruited in Barcelona, as their knowledge of Spanish (albeit limited) could have been activated during the experiment. Still, the outcome of Experiment 2 indicates that the presence of a competitor interlingual homophone triggered longer fixation durations to competitors (i.e., higher levels of lexical competition) in the presence of a dominant (/iː/, /æ/) than in the presence of a non-dominant (/ɪ/, /ʌ/) target (Figure 6), as well as longer fixation durations to competitors than to distractors with dominant than with non-dominant targets (Figure 7), thus suggesting an effect of dominance that we expected would be related to the patterns of perceptual assimilation obtained in Experiment 1. Therefore, we next examined to what extent asymmetries in cross-language lexical activation were associated with degrees of perceptual similarity between dominant and non-dominant L2 categories and the corresponding L1 categories /i/ and /a/.





5. Relationship between Perceptual Assimilation and Lexical Competition Measures


The results of Experiment 2 showed that the target vowels that triggered the strongest activation of L1 words were the vowels in each pair that were perceptually closest to the L1 categories, i.e., the dominant vowels. Therefore, the group results for Experiments 1 and 2 indicate that there is indeed a relationship between the degree of perceived similarity between the L1 and L2 sounds and the level of L1 activation during L2 speech processing. Given that individuals sometimes differ in their perception of cross-linguistic similarity, possibly due to differences in L1 development and, consequently, L1 category precision (Flege and Bohn 2021), the relationship between the two types of measures (perceptual and online processing) at an individual level was investigated next. In order to do so, a series of Spearman correlations were conducted relating the perceptual measures obtained in Experiment 1 (namely, percent assimilation, GR, and FI) and the results of the L2 speech-processing experiment (fixation durations to competitor and target). A set of analyses conducted separately on the results for each of the four target vowels yielded no significant correlations. A second examination including all four vowels in a single analysis revealed some significant, albeit weak, correlations between the two types of measures. Specifically, fixation durations to the interlingual competitor were found to be correlated with percent assimilation to an L1 vowel (rs = 0.152, p = 0.049, n = 168) and with fit index as the L1 vowel (rs = 0.163, p = 0.035, n = 168).



The results of the correlational analysis, thus, do not provide consistent support for the relationship between offline and online measures of perceived similarity at an individual level, as the correlations were weak. We expected that if the two measures were strongly related at an individual level, the more similar learners perceived the (dominant) L2 vowel and the L1 counterpart to be, the greater the competition from the interlingual competitor (i.e., the greater the proportion of fixations and fixation durations to the competitor in the word recognition task). No significant correlations emerged in the analysis for individual vowels, separating dominant and non-dominant vowels. Still, some correlations reached significance in the single analysis for all vowels. This shows that the degree of perceived similarity is related to the degree of interlingual competition. Participants who perceive the L2 vowels to be perceptually closest to the L1 category tend to show greater interference from the interlingual homophone in the course of processing the target L2 words. Although the correlations were not very strong, this result is in line with the overall group performance, which illustrates a clear effect of the dominant category on cross-language activation (longer fixation durations to the interlingual homophone). The possible reasons for the lack of stronger correlations at an individual level are elaborated further in the general discussion section in light of the main research questions of the current study.




6. General Discussion and Conclusions


It is well-known that the degree of perceived similarity between native and target language sounds plays a role in the process of learning L2 sounds (Best and Tyler 2007; Flege and Bohn 2021). However, there is still debate among L2 speech researchers regarding how to measure cross-linguistic perceived similarity appropriately. In addition, research has also shown that in the course of processing L2 speech, the L1 lexicon may be activated (Spivey and Marian 1999; Chambers and Cooke 2009). The degree of L1 activation may be related to the degree of similarity between the sounds that make up the L1 and L2 words (Weber and Cutler 2004). The objective of the current study was to contribute to our understanding of these issues by further investigating the relationship between cross-linguistic perceived similarity and cross-language lexical activation and exploring the efficacy of two different methods of measuring cross-linguistic similarity, a commonly used perceptual approach and an innovative eye-tracking approach based on the visual world paradigm. These two methods were contrasted in two experiments (1 and 2) involving the same group of Catalan learners of English.



The results of the first experiment confirmed that the English vowels /iː/ and /æ/ are perceived to be very close to the L1 categories /a/ and /i/, while English /ɪ/ and /ʌ/ obtained a lower degree of perceived similarity to these L1 categories, particularly in the case of /ɪ/, in line with previous studies (e.g., Cebrian 2021). We can conclude from Experiment 1 that the English vowels /iː/ and /æ/ constitute the dominant vowels in the English /iː/-/ɪ/ and /æ/-/ʌ/ contrasts, respectively, from the perspective of Catalan learners of English. Thus, we expected that in the cross-language lexical competition task (Experiment 2), Catalan learners of English would experience greater competition from an interlingual competitor when the English target word contained a dominant vowel than when the target word contained a non-dominant vowel. We also expected that this asymmetry would be found with the Catalan learners of English but not with the English native speakers, who acted as a control group.



The results of Experiment 2 indicated that the presence of an interlingual competitor affected the time course of the lexical activation of the target word in a spoken word recognition task in agreement with previous studies (Spivey and Marian 1999; Marian and Spivey 2003; Chambers and Cooke 2009). The first research question of the current study addressed the issue of whether Catalan learners of English exhibited asymmetric levels of cross-linguistic lexical competition as a result of differences in dominance between target vowels. An effect of vowel dominance was apparent in the fact that lexical competition was resolved earlier when the target word contained a dominant vowel than when it contained a non-dominant vowel (see Figure 3 and Figure 4 above). The fact that this outcome was observed for both the learners and the native controls indicates that native speakers also showed some effect of cross-language lexical competition, possibly linked to their knowledge of Spanish or Catalan, as discussed below. Still, the analysis of fixation durations to target objects and interlingual competitors revealed that L2 learners fixated on competitors for a longer time than native English speakers, who fixated on the targets longer than the L2 learners. This shows that learners’ processing of the target words was affected by the presence of the interlingual competitor in the display in a way that was not observed for native speakers. In addition, the results of planned comparisons indicated that learners, but not native speakers, tended to present longer fixation durations to competitors in the presence of a dominant target than in the presence of a non-dominant target (approaching significance) and had significantly longer fixations to targets under the non-dominant condition. Furthermore, the analysis of fixation durations to competitors relative to distractors revealed additional group differences. The planned comparisons exploring each group’s fixation durations on non-target objects illustrated that L2 learners fixated on competitors significantly longer than on distractors, particularly when the concomitant target English word contained a dominant vowel (/iː/, /æ/). No difference between fixation durations to competitor and distractor was revealed when the target word contained a non-dominant vowel (/ɪ/, /ʌ/). In other words, the competition from the (interlingual) competitor was greater when the target contained the L2 vowel that was found to be perceptually closest to an L1 category in Experiment 1. By contrast, native speakers fixated on competitors and distractors to a similar extent, showing that for native speakers, interlingual competitors did not exhibit the level of lexical competition observed in L2 speakers.



Nevertheless, as mentioned above, the controls appeared to be affected by the nature of the vowel in the target word, as the resolution of the lexical competition between target and competitor also tended to occur earlier when the target contained a non-dominant vowel than when it contained a dominant vowel. This outcome may be explained by the fact that the native English speakers resided in a Spanish/Catalan-speaking setting. Although only five of the eighteen English speakers reported being fluent in Spanish or Catalan, and most of them reported using English at least 75% of the time, it is likely that their knowledge of Spanish and their exposure to Spanish and Catalan, even if small, may have been enough to trigger the activation of their L2 Spanish or Catalan lexicon when processing the English sentences. In fact, some previous studies have shown evidence of L2 lexical competition during L1 processing (Spivey and Marian 1999; Marian and Spivey 2003). Note that the Catalan interlingual competitors were always words that had a phonologically similar cognate in Spanish (e.g., Catalan “cinc”, Spanish “cinco”, meaning five, or Catalan “braç”, Spanish “brazo”, meaning arm), and most lexical items were relatively common words. Thus, despite using mostly English, English speakers’ passive knowledge of Spanish (and Catalan) possibly resulted in a greater activation of the interlingual competitor than expected. This points to the need to test native English controls who are preferably monolingual and reside in an English-speaking setting, an issue that is left for future research.



The second research question of this study addressed the issue of whether asymmetries in the strength of cross-language competition were explained by differences in cross-linguistic perceptual similarity. Following the results of Experiment 1, the prediction was that the asymmetry would be more evident with the high vowels than with the low vowels, as the non-dominant high vowel (/ɪ/) is perceived to be less similar to its Catalan counterpart (/i/) than the non-dominant low vowel (/ʌ/) to Catalan /a/. In other words, there is a greater difference in perceived similarity to an L1 vowel in the case of the two high vowels than in the case of the two low vowels, suggesting a possible greater effect of vowel dominance with high vowels than with low vowels. This was not found to be the case, as statistical models evaluating the effect of contrast (/iː/-/ɪ/ vs. /æ/-/ʌ/) did not yield significant effects involving contrast. This can be explained by the fact that although the difference in perceived similarity to an L1 vowel was greater between the two high vowels than between the two low vowels, the dominant vowels in both cases obtained highly comparable results in Experiment 1 (English /iː/ was assimilated to L1 /i/ 96% of the time with a mean goodness rating of 5.5 out of 7 while English /æ/ was assimilated to L1 /a/ 100% of the time with a goodness rating of 5.4). Therefore, the lack of vowel contrast effect may follow from the comparable levels of cross-language assimilation of the two dominant target vowels.



On the whole, the results of the two experiments show a clear link between the two measures and highlight the appropriateness of the eye-gaze data as a measure of cross-linguistic similarity. As discussed in the introduction, perceptual approaches to cross-linguistic similarity, such as the perceptual assimilation task in Experiment 1, are commonly used in speech perception and L2 speech research. However, these offline tasks have a number of limitations, including the large number of stimuli and trials required, the consequently repetitive nature of the task, and the potential influence of the response labels used in the task, which typically represent L1 categories orthographically. An online task like a word recognition task implemented in a visual world paradigm can help to overcome these shortcomings. Nevertheless, the fact that the results of the two approaches examined in the current paper are closely related, as evidenced by the role of vowel dominance in Experiment 2, also indicates that despite its limitations, an offline perceptual approach does, in fact, yield valid results. In addition, a perceptual task is easier to design and implement than an eye-tracking online task, as the latter requires specialized equipment and a very careful selection of auditory and visual stimuli. From a methodological viewpoint, thus, both the offline perceptual approach and the online word processing alternative represent appropriate methods to assess cross-linguistic perceived similarity.



The relationship between the two measures at an individual level was also examined. The results of a correlational analysis exploring the relationship between perceptual and online measures at an individual level for each vowel separately yielded no significant correlations. A second analysis including all vowels in a single analysis revealed that the fixation durations to the interlingual competitor were correlated with two measures of perceived similarity (percent assimilation and fit index). Still, the correlations were weak. One possible explanation for the lack of stronger correlations may be the fact that for three of the four vowels, the results of the PAT were very consistent and showed very little variability. Still, even in the case of English /ɪ/, which displayed more variability in assimilation to an L1 category, no correlations were found in the analysis per vowel. It is possible that the measures under study are not fully comparable at the individual level and that the relationship between cross-linguistic perceived similarity and degree of L1 lexical activation during L2 spoken word recognition is better captured by contrasting and comparing patterns of group performance on both tasks.



The results of this study must be interpreted in light of several potential limitations. First, the results of Experiment 2 provided some evidence that the presence of an interlingual competitor affected the performance not only of the learners but also of the native controls, even if to a lesser extent. This shows that the vowel dominance effect was also present with native speakers, which was attributed to the English speakers’ knowledge and exposure to Catalan and Spanish. Therefore, native speakers’ baseline measures in Experiment 2 could have been more reliable and consistent with our predicted native baseline measures if native participants had been monolingual English speakers recruited in an English-speaking context. Secondly, the relatively small number of critical items in the cross-language lexical activation task (12, 3 for each of the 4 target vowels), although comparable to previous cross-language lexical activation studies (e.g., Spivey and Marian 1999; Marian and Spivey 2003; Chambers and Cooke 2009), probably affected the consistency of the fixation proportion measures at an individual participant level when comparing the degree of cross-language activation between dominant and non-dominant vowels. This limitation is inherent to the design of a cross-language lexical activation task, which is severely restricted by the possibilities the L2 and L1 lexicons offer to find adequate L1 interlingual homophone competitors for L2 words containing target confusable vowels. Finally, although target and competitor objects were carefully selected, taking into account their lexical frequency, related word familiarity, and graphic representability (most items were concrete nouns with comparable word frequency indices across AOI and language conditions), we cannot discard the potential influence of differences in the visual salience of images, which could also affect inter-subject differences in speed of lexical access. The inclusion of a familiarization task prior to the spoken word recognition task and the inclusion of random intercepts for both item and subject in the statistical analysis were expected to control for the potential effect of differences in visual representability. Still, future studies could consider incorporating a measure of visual salience of the object pictures to fully address this issue.



In conclusion, the results of the two experiments indicate that Catalan learners of English exhibit asymmetric levels of cross-language lexical competition between dominant and non-dominant L2 vowel categories. The amount of L1 activation during L2 speech processing is determined by the degree of similarity between the L1 and L2 vowels. This is reflected in the fact that the degree of competition from interlingual homophones is greater (as indicated by greater proportions of looks to the interlingual competitor) when the target word contains a dominant vowel, that is, the L2 vowel that is perceptually closest to an L1 category (SSBE /æ/ and /iː/ in the current study). This outcome is in line with the asymmetries in lexical access observed in previous studies examining the L1 interference during L1 processing (Weber and Cutler 2004; Cutler et al. 2006). From a methodological point of view, the comparison between the two tasks shows that the two methodological approaches effectively capture differences in the degree of cross-linguistic similarity between native- and second-language sounds. Online tasks, thus, provide a potentially effective method of assessing cross-linguistic similarity without the shortcomings inherent to more traditional offline perceptual approaches. Still, perceptual tasks remain a valid and more easily implemented method of assessing cross-linguistic perceived similarity.
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Appendix A


Code orderNorm in the package bestNormalize used to normalize the dependent variable used in the statistical analyses (fixation durations):



var_normalize = function(x, poly_n = 3, get_coefs = F) {



require(tidyverse)



x = x + abs(min(x, na.rm = T)) + 1



ordernorm = x %>% bestNormalize::orderNorm(warn = F) %>% pluck(“x.t”)



fit = lm(ordernorm ~ poly(log10(x), poly_n, raw = T), NULL)



poly = poly(log10(x), poly_n, raw = T) %>% as_tibble() %>% pluck(“1”)



normalized = predict(fit, as.data.frame(x))



if (get_coefs == T) {result = list(norm = normalized, coef = enframe(coef(fit), name = NULL) %>% rename(coef = value), poly = poly)} else {result = normalized}



return(result)



}.
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Table A1. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/), contrast (high vowels /i:/ and /ɪ/; low vowels /æ/ and /ʌ/) and AOI (target, competitor) and their interactions as fixed effects, and random intercepts for subject and item.






Table A1. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/), contrast (high vowels /i:/ and /ɪ/; low vowels /æ/ and /ʌ/) and AOI (target, competitor) and their interactions as fixed effects, and random intercepts for subject and item.





	
glmmTMB (fixdur_norm~group * dominance * contrast * aoi + (1|subject) + (1|item), data).




	
Predictors

	
β

	
SE

	
CI

	
t

	
p




	
Intercept

	
0.161

	
0.097

	
−0.029–0.350

	
1.664

	
0.096




	
group [NES]

	
−0.257

	
0.144

	
−0.540–0.025

	
−1.788

	
0.074




	
dominance [non-dominant]

	
−0.25

	
0.137

	
−0.518–0.018

	
−1.828

	
0.068




	
height [low]

	
−0.096

	
0.136

	
−0.363–0.172

	
−0.702

	
0.483




	
aoi [target]

	
0.134

	
0.107

	
−0.075–0.343

	
1.258

	
0.208




	
group [NES] × dominance [non-dominant]

	
0.132

	
0.202

	
−0.264–0.528

	
0.653

	
0.514




	
group [NES] × height [low]

	
0.197

	
0.205

	
−0.205–0.599

	
0.959

	
0.338




	
dominance [non-dominant] × height [low]

	
0.18

	
0.193

	
−0.199–0.558

	
0.93

	
0.352




	
group [NES] × aoi [target]

	
0.272

	
0.204

	
−0.127–0.671

	
1.334

	
0.182




	
dominance [non-dominant] × aoi [target]

	
0.502

	
0.151

	
0.207–0.797

	
3.333

	
0.001




	
height [low] × aoi [target]

	
0.052

	
0.15

	
−0.242–0.346

	
0.344

	
0.731




	
group [NES] × dominance [non-dominant]) × height [low]

	
−0.302

	
0.287

	
−0.864–0.260

	
−1.052

	
0.293




	
group [NES] × dominance [non-dominant]) × aoi [target]

	
−0.128

	
0.286

	
−0.688–0.432

	
−0.449

	
0.654




	
group [NES] × height [low]) × aoi [target]

	
0.159

	
0.29

	
−0.409–0.727

	
0.548

	
0.584




	
dominance [non-dominant] × height [low]) × aoi [target]

	
−0.158

	
0.213

	
−0.576–0.259

	
−0.744

	
0.457




	
group [NES] × dominance [non-dominant] × height [low]) × aoi [target]

	
0.161

	
0.406

	
−0.635–0.956

	
0.396

	
0.692




	
Random Effects

	

	

	

	

	




	
σ2

	
0.69

	

	

	

	




	
τ00 subject

	
0

	

	

	

	




	
τ00 item

	
0.01

	

	

	

	




	
N subject

	
61

	

	

	

	




	
N item

	
12

	

	

	

	




	
Observations

	
1350

	

	

	

	




	
Marginal R2/Conditional R2

	
0.096/NA

	

	

	

	











 





Table A2. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/) and AOI (target, competitor) and their interactions as fixed effects, and random intercepts for subject and item.






Table A2. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/) and AOI (target, competitor) and their interactions as fixed effects, and random intercepts for subject and item.





	
glmmTMB (fixdur_norm~group * dominance * aoi + (1|subject) + (1|item), data).




	
Predictors

	
β

	
SE

	
CI

	
t

	
p




	
Intercept

	
0.113

	
0.068

	
−0.021–0.246

	
1.651

	
0.099




	
group [NES]

	
−0.16

	
0.103

	
−0.361–0.042

	
−1.556

	
0.120




	
dominance [non-dominant]

	
−0.16

	
0.097

	
−0.349–0.030

	
−1.654

	
0.098




	
aoi [target]

	
0.16

	
0.075

	
0.013–0.307

	
2.129

	
0.033




	
group [NES] × dominance [non-dominant]

	
−0.018

	
0.144

	
−0.300–0.264

	
−0.126

	
0.900




	
group [NES] × aoi [target]

	
0.349

	
0.145

	
0.064–0.633

	
2.399

	
0.016




	
dominance [non-dominant] × aoi [target]

	
0.423

	
0.107

	
0.214–0.632

	
3.966

	
<0.001




	
group [NES] × dominance [non-dominant]) × aoi [target]

	
−0.046

	
0.203

	
−0.444–0.353

	
−0.224

	
0.823




	
Random Effects

	

	

	

	

	




	
σ2

	
0.7

	

	

	

	




	
τ00 subject

	
0

	

	

	

	




	
τ00 item

	
0.01

	

	

	

	




	
N subject

	
61

	

	

	

	




	
N item

	
12

	

	

	

	




	
Observations

	
1350

	

	

	

	




	
Marginal R2/Conditional R2

	
0.091/NA

	

	

	

	











 





Table A3. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/) and AOI (competitor, distractor) and their interactions as fixed effects, and random intercepts for subject and item.






Table A3. Parameter estimates of the linear mixed-effects model with group (L2 learners, native English speakers), dominance (dominant vowels /i:/ and /æ/; non-dominant vowels /ɪ/ and /ʌ/) and AOI (competitor, distractor) and their interactions as fixed effects, and random intercepts for subject and item.





	
glmmTMB (fixdur_norm~group * dominance * aoi + (1|subject) + (1|item), data).




	
Predictors

	
β

	
SE

	
CI

	
t

	
p




	
Intercept

	
0.112

	
0.045

	
0.023–0.200

	
2.472

	
0.013




	
group [NES]

	
−0.161

	
0.078

	
−0.313–−0.008

	
−2.065

	
0.039




	
dominance [non-dominant]

	
−0.158

	
0.064

	
−0.284–−0.033

	
−2.471

	
0.013




	
aoi [dist]

	
−0.138

	
0.057

	
−0.250–−0.026

	
−2.423

	
0.015




	
group [NES] × dominance [non-dominant]

	
−0.017

	
0.109

	
−0.231–0.196

	
−0.159

	
0.873




	
group [NES] × aoi [dist]

	
0.091

	
0.11

	
−0.125–0.307

	
0.824

	
0.410




	
dominance [non-dominant] × aoi [dist]

	
0.066

	
0.081

	
−0.093–0.224

	
0.816

	
0.415




	
group [NES] × dominance [non-dominant]) × aoi [dist]

	
0.071

	
0.154

	
−0.231–0.373

	
0.461

	
0.645




	
Random Effects

	

	

	

	

	




	
σ2

	
0.40

	

	

	

	




	
τ00 subject

	
0.00

	

	

	

	




	
τ00 item

	
0.00

	

	

	

	




	
N subject

	
61

	

	

	

	




	
N item

	
12

	

	

	

	




	
Observations

	
1350

	

	

	

	




	
Marginal R2/Conditional R2

	
0.021/NA

	

	

	

	












Notes


	
1

	

The same pattern of cross-linguistic perceived assimilation is observed for English /æ ʌ ɑː/ with respect to Catalan /a/ (Cebrian 2021).






	
2

	

The results for the remaining vowels were the following: SSBE /e/ 76% as Catalan /ɛ/ (GR: 5.6 out of 7) and 24% as /e/ (GR: 4.5); SSBE /eɪ/ 92% as Catalan /ei/ (GR: 4.8) and 7% as /ai/ (GR: 3.4); SSBE /aɪ/ 98% as Catalan /ai/ (GR: 4.5). These results are in line with previous findings (e.g., Cebrian 2021).






	
3

	

The lexical frequency indices were obtained from the SUBTLEXus resource for English (Brysbaert and New 2009) and the SUBTLEXcat resource for Catalan (NIM, Guasch et al. 2013), which indicate the relative frequency of a word per one million words.
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Figure 1. Example of visual display for a trial with English /æ/ (A) and English /ʌ/ (B) as the target vowels and an interlingual competitor with the Catalan vowel /a/. The target and competitor words are indicated with a solid and a dashed line, respectively. 






Figure 1. Example of visual display for a trial with English /æ/ (A) and English /ʌ/ (B) as the target vowels and an interlingual competitor with the Catalan vowel /a/. The target and competitor words are indicated with a solid and a dashed line, respectively.



[image: Languages 09 00152 g001]







[image: Languages 09 00152 g002] 





Figure 2. Example of visual display for a trial with English /iː/ (A) and English /ɪ/ (B) as the target vowels and an interlingual competitor with the Catalan vowel /i/. The target and competitor words are indicated with a solid line and a dashed line, respectively. 
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Figure 3. Proportion of looks to competitor and target by group with dominant target vowels (/i:/ and /æ/); L2S = L2 speakers, NES = native English speakers. 
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Figure 4. Proportion of looks to competitor and target by group with non-dominant target vowels (/ɪ/ and /ʌ/); L2S = L2 speakers, NES = native English speakers. 
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Figure 5. Mean fixation durations to target and competitor words by vowel and group. 
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Figure 6. Mean fixation durations to target and competitor words by vowel dominance and group. 
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Figure 7. Mean fixation durations to competitors and distractors in critical trials and to distractors in baseline trials by group and vowel dominance. 
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Table 1. Perceived similarity between SSBE /æ ʌ iː ɪ/ and L1 Catal