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Introduction: The present study aims to advance our understanding of bilingual children's L2 morpheme acquisition variability by examining the child-internal factor of L1 transfer, child-external factor of L2 exposure, as well as the linguistic factor of morphological salience.

Method: Drawing on naturalistic conversational data from a corpus of bilingual children's language samples, we analyzed the production accuracy of five English inflectional morphemes in 21 language samples from Spanish-English bilingual children and 25 language samples from Mandarin-English bilingual children. The two groups were age-matched and gender-balanced, with a mean age of 5 years and 1 month (range: 3; 8–7; 5). Binomial logistic mixed-effects models were employed to examine the accuracy of L2 morpheme production as influenced by L1 transfer, L2 input quantity (months of English exposure), input quality (morphological richness & lexical diversity), and the morphological salience of the target morphemes.

Results: The results revealed a significant effect of L1 transfer, with Spanish-English bilinguals demonstrating higher accuracy than Mandarin-English bilinguals, particularly for English plural -s and articles. Besides, months of English exposure emerged as a significant positive predictor of L2 morpheme production accuracy. As regards input quality, while lexical diversity positively contributed to morpheme accuracy in both groups, morphological richness negatively affected morpheme production accuracy among Mandarin-English bilinguals. In addition, our descriptive analyses of morphological salience factors indicate that, across both groups of children, perceptual salience, morphophonological regularity, syntactic category and semantic complexity influence morpheme production accuracy to different degrees.

Discussion: The study suggests that L1 transfer plays a critical role in L2 English morpheme production accuracy and underscores the importance of L2 input quantity and quality, such as lexical diversity, in explaining variability in bilingual children's morpheme acquisition. Additionally, difficulties in producing English morphemes may be associated with factors related to morphological salience. Overall, the findings underlie the importance of L1 transfer, L2 exposure, morphological salience in bilingual children's L2 morpheme acquisition.
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Introduction

The acquisition of morphemes in a second language (L2) by bilingual children has been intensively studied over the past few decades. Unlike monolingual children, bilingual children often demonstrate variability in L2 morpheme acquisition, which could be attributed to child-internal factors such as cross-linguistic transfer, cognitive abilities, aptitude as well as child-external factors such as language exposure (Bedore et al., 2018; Blom et al., 2010; Green, 1998; Michael and Gollan, 2005; Nicoladis, 2012; Paradis, 2010, 2011; among others). For instance, as a child-internal factor, cross-linguistic transfer from the first language (L1) is particularly important for L2 morpheme acquisition by bilingual children. Existing studies have revealed a positive transfer if both languages are typologically similar or a negative transfer if the L1 and L2 do not instantiate the same morphemes (e.g., Jia, 2003; Nicoladis et al., 2012, 2020; Paradis, 2011; Yip and Matthews, 2000). Besides, as a child-external factor, L2 exposure such as the cumulative input (e.g., the cumulative length of language exposure) and input quality (e.g., sources and linguistic richness of the input) has been attested to affect the acquisition of L2 morphemes by bilingual children (e.g., Bedore et al., 2012; Paradis, 2011; Unsworth, 2013).

In addition to child internal and external factors, linguistic factors are important for bilingual children's language acquisition (for an example in semantics, see McMillen et al., 2022). Morphological salience is a factor that is relevant for L2 morpheme acquisition, and in this study, it refers to the prominence and transparency of the form-meaning relationship of a given morpheme in the L2 (DeKeyser et al., 2018; Ellis, 2018; Goldschneider and DeKeyser, 2001). In the meta-analysis by Goldschneider and DeKeyser (2001), a set of morphological salience factors were shown to largely account for the morpheme acquisition order by adult and child L2 learners. These factors constitute salience at the phonological, morphological, syntactic, semantic, and frequency levels. However, no studies thus far have systematically examined morphological salience with bilingual children. Studying morphological salience is essential for understanding variability in bilingual children's L2 morpheme acquisition, as it is potentially interacting cross-linguistic transfer and language exposure. Salience of an L2 morpheme can facilitate positive transfer but lead to negative transfer when it lacks salience. To illustrate, plural morphemes are salient for Spanish-speaking learners of English, so they often have no difficulty using plural morphemes in English. In contrast, Mandarin-speaking learners, whose L1 lacks inflectional morphology, may struggle to notice or use plural morphemes in English. Salience is also related to language exposure, as bilingual children's exposure is distributed across two languages, resulting in potentially reduced frequency and variability for each language compared to monolingual learners. This unique input condition in bilingual children may amplify the role of morphological salience in morpheme acquisition more than for monolingual children.

The present study aims to advance the understanding of bilingual children's L2 morpheme acquisition variability by examining the child-internal factor of L1 transfer, child-external factor of L2 exposure, as well as the linguistic factor of morphological salience. Our analysis focuses on the production of five English morphemes in Spanish-English (SE) and Mandarin-English (ME) bilingual children, utilizing naturalistic conversation data drawn from the Child Language Data Exchange System (CHILDES; MacWhinney, 2000).


L1 transfer in bilingual children's L2 English morpheme acquisition

Bilingual children are known to develop distinct yet interacting language systems, as per the interdependence hypothesis (Paradis and Genesee, 1996). The interdependence of the two languages explains how bilingual children's language systems influence one another through cross-linguistic interactions. Such interactions, often described as transfer, may result in bilingual children developing certain skills at a similar or different rate compared to monolingual peers (e.g., Jarvis and Pavlenko, 2008; Odlin, 1989).

In L2 morpheme acquisition, cross-linguistic transfer is often related to L1 morphological typology (e.g., Nicoladis, 2012; Nicoladis et al., 2012, 2020; Paradis, 2011; Yip and Matthews, 2000). Studies have shown that, bilingual children whose L1 is morphologically rich such as Spanish are likely to have a higher accuracy in morpheme production than bilingual children whose L1 is a morphologically isolating language such as Mandarin. For example, Paradis (2011) explored the acquisition of verbal morphology and vocabulary in L2 English by early sequential bilingual children aged 4; 10–7; 0 living in Canada whose family primarily used their L1 (e.g., Mandarin, Cantonese, Arabic, Hindi, Urdu, Punjabi, Spanish). In their results, L1 morphological system was one significant factor contributing to children's acquisition of L2 verbal morphology and vocabulary. Additionally, when dividing the children based on L1 typology, Paradis (2011) found that children whose L1 marks tense and agreement (Arabic, Hindi, Urdu, Punjabi, Spanish) have higher accuracy in English tense morphology than those whose L1 does not (Mandarin, Cantonese), suggesting that the L1 morphological typology plays an important role in L2 English morpheme acquisition by bilingual children.

In addition to morphological typology, cross-linguistic transfer can be triggered by specific L1 morphophonological properties. For instance, Nicoladis et al. (2012) examined tense-related morpheme production in sequential bilingual children (aged 5–12 yrs): French-English (L1 with tense marking) and Mandarin-English (L1 without tense marking). They analyzed accuracy and errors in regular and irregular verbs. For example, they coded using bare verbs as stem errors (e.g., He bring the cake), irregular verbs with regular morphemes as overregularization errors (e.g., He bringed the cake), and irregular verbs with incorrect irregular forms as irregularization errors (e.g., He brang the cake). Nicoladis et al observed an L1 transfer effect: Mandarin-English bilinguals performed better on irregular verbs due to their L1 preference for monosyllabic words and internal tense marking, while French-English bilinguals showed higher accuracy for regular verbs, reflecting similar tense morphology in French and English. Additionally, Mandarin-English children frequently used bare verb stems instead of overregularization, which could be explained by the fact that Mandarin does not mark tense overtly. Instead, Mandarin includes bare verbs with temporal phrases to express tense and aspects, thus leading to omission errors in their L2 English morpheme production.

Building on Nicoladis et al. (2012) and Nicoladis et al. (2020) extended the investigation to younger bilingual children to explore the source of transfer in tense morpheme acquisition. They tested 27 Mandarin-English bilinguals aged 4; 0–6; 7, who were sequential bilinguals exposed to Mandarin from birth and began learning English between ages 2 and 5. Participants' morpheme production accuracy was assessed with a language sample retell task. Consistent with previous findings, their study identified a higher accuracy for irregular forms than regular forms. Nicoladis et al. attributed this finding to morphophonological transfer because these children attempted to avoid complex codas such as adding -ed to verbs (e.g., hop vs. hopped), as complex codas are not allowed in Mandarin (Duanmu, 2007).

In summary, studies have shown that L1 morphological typology (e.g., fusional or isolating) as well as the feature of morphophonology of the L1 (e.g., Mandarin preferring internal changes instead of adding a coda) influence the L2 morpheme production accuracy of bilingual children, highlighting the important role of cross-linguistic L1 transfer in L2 morpheme production.



L2 exposure in bilingual children's L2 English morpheme acquisition

Extensive research has examined the relationship between language exposure and language outcomes in bilingual children. Findings consistently indicate that more advanced language outcomes are often associated with greater input of a given language (e.g., Bedore et al., 2012; Bohman et al., 2010; Jia and Fuse, 2007; Paradis, 2023, among others). For example, Jia and Fuse (2007) examined the acquisition of English grammatical morphemes in a study involving 10 Mandarin-speaking children learning English in the U.S. Their findings revealed a general positive correlation between the length of English immersion and the children's production of target structures in English. Bedore et al. (2012) investigated how first and current language exposure impacts morphosyntactic and semantic development in Spanish-English bilingual children, and they found that the current exposure to English and Spanish significantly predicts the language task outcomes more than the age of first exposure, highlighting the important role of input quantity in bilingual children's language acquisition.

In addition to quantity, high quality adult-children interactions are associated with children's language development such as vocabulary learning, literacy, and academic achievement (e.g., Paradis, 2011). Input quality can be assessed across various dimensions, such as the richness of L2 exposure at home, the sources of interaction, engagement in language activities, linguistic complexity, etc. (see Rowe and Snow, 2020 for a review). For example, Paradis (2011) evaluated input quality by examining the frequency of children's participation in activities such as reading, TV watching, storytelling, and singing. Alongside other child-internal and external factors, Paradis (2011) found that both input quality and quantity significantly explained variance in L2 vocabulary and verbal morphology, with input quality accounting for a larger proportion of the variance than input quantity. Similarly, Place and Hoff (2011) conducted a diary study with Spanish-English bilingual children to assess the impact of language input quantity and quality on their vocabulary and grammatical development, as measured by the MacArthur-Bates Inventories (Fenson et al., 2003; Jackson-Maldonado et al., 2003). They found that input quality—specifically, the number of different English speakers in the input source and the proportion of native English input—had a more significant effect on English vocabulary and grammar learning than input quantity. This finding is consistent with evidence suggesting that phonological, lexical, and syntactic variability and diversity facilitate language development (Fisher et al., 2004; Richtsmeier et al., 2009).

However, most existing studies focused on the input from caregivers. Of course, this is not the only language input source of children. Children also interact with other interlocutors such as the siblings, teachers, and sometimes experimenters, etc. There are few studies exploring how input quality of interlocutors such as teachers or experimenters influences bilingual children's language development. Bowers and Vasilyeva (2011) is one study that examined child L2 learners' vocabulary learning in relation to the teachers' input quality measured by mean lengths of utterance (MLU) and lexical diversity. While no significant effect was revealed for lexical diversity of teachers' input, MLU was found to negatively affect children's vocabulary growth. The authors attributed this inverse relationship to children's difficulty in deconstructing morphemes from teachers' input for word learning at early stage of learning. Another study by Sun et al. (2018) investigated the vocabulary and receptive grammar learning of Chinese-English bilinguals, considering both child-internal and child-external factors, such as language exposure, school English input, and home English media input. Sun et al. found that the amount of school input was the strongest predictor of receptive grammar, while home media input significantly influenced both productive and receptive vocabulary. These findings highlight the importance of teachers' input in bilingual children's L2 acquisition.

Taken together, language exposure plays a crucial role in bilingual children's L2 development. Studies have identified significant positive relationships between both input quantity and input quality, and bilingual children's L2 acquisition. However, different measures of input quality (e.g., MLU vs. lexical diversity) may influence language development in different ways (Bowers and Vasilyeva, 2011). Moreover, most research on input quality has focused on its effects on vocabulary learning; while some studies have explored grammar learning, they typically address grammar in a general sense rather than specifically targeting morphological learning. Consequently, the impact of input quality on bilingual children's L2 morpheme acquisition remains unclear. Additionally, few studies have examined the effects of interactive input quality from non-caregivers on L2 morpheme acquisition in bilingual children. Investigating the effects of input quality, such as lexical diversity and MLU, is essential to further our understanding of how interactive input influences bilingual children's L2 morpheme development.



Morphological salience in bilingual children's L2 English morpheme acquisition

In the study of salience, some researchers (e.g., DeKeyser et al., 2018; Ellis, 2018; Goldschneider and DeKeyser, 2001) used a “narrow” view and defined salience in perceptual and linguistic aspects, whereas others (e.g., Leow and Martin, 2017) focused a “wide” view and defined salience from a discourse context perspective. The current study adopted the “narrow” view, defining morphological salience as being perceptually sonorous with a transparent linguistic form-meaning relationship (Goldschneider and DeKeyser, 2001). Specifically, morphological salience is operationalized as five factors: perceptual salience, semantic complexity, morphophonological regularity, syntactic category, and frequency.

Perceptual salience refers to how easily one can perceive a morpheme based on acoustic features. A morpheme with higher perceptual salience will be acquired earlier than those with relatively lower perceptual salience. For example, the free morpheme at contains the open low front vowel/æ/which is sonorous and salient (Laver, 1994), resulting in relatively early acquisition of this morpheme. Semantic complexity indicates how many meanings a given form can convey. A morpheme that has fewer meanings will be easier to acquire due to transparency between the form and meaning compared to morphemes with more meanings. For example, an article conveys one meaning—the definiteness (e.g., an apple indicates one general apple)—while third-person singular -s conveys three meanings: the present tense, the person, and the number (e.g., He eats an apple indicates that the “eating apple” action is performed in present moment by one person in a third-person view). Morphophonological regularity refers to the extent that a morpheme is influenced by the phonological context. The more phonologically regular a morpheme is, the earlier it will be acquired. For instance, third-person singular -s has three phonological allophones (/s/, /z/, /z/) and with homophony to the plural -s, so it may be relatively more difficult to acquire. Syntactic category is related to the Functional Category theory by Zobl and Liceras (1994) where a lexical morpheme is easier to acquire than a functional morpheme, and a free morpheme is easier to acquire than a bound morpheme. Frequency is the last factor in the morphological salience construct and comprises the number of times a morpheme was presented to the listener. The more frequently one hears a target morpheme, the easier or earlier it will be acquired.

Salience is important for bilingual children who are susceptible to L1 transfer and whose language input is inherently divided between their two languages. Research suggests that differences in exposure can influence the acquisition of linguistic properties depending on their opacity or complexity (Blom et al., 2012; Gathercole, 2002; Paradis, 2010), but due to bilingual children having to split their time between two languages, the impact of these factors may be stronger for bilingual children than monolingual children (Unsworth, 2016). In this sense, morphological salience contributes to bilingual children's detection of target forms within the input. For example, in a meta-analysis study, Goldschneider and DeKeyser (2001) investigated how these salience factors affect the acquisition order of six English morphemes (plural -s, possessive -'s, third-person singular -s, articles, past tense -ed, and progressive -ing). Their analysis, covering 12 studies (published from 1973 to 1996) with child and adult L2 English learners, revealed that these salience factors explained significant variance in morpheme production accuracy. In empirical studies, salience has been identified as a critical factor in second language acquisition (Gass et al., 2017). For instance, Whittle and Lyster (2016) investigated the acquisition of Italian subject-verb agreement by Chinese-speaking children. Given the absence of agreement marking in Chinese, subject-verb agreement was argued to lack salience for these learners. Nevertheless, targeted interventions emphasizing the forms led to improved accuracy, highlighting the role of salient input. Similarly, Schwartz et al. (2016) examined morphological awareness in Arabic-Hebrew and Hebrew-Arabic bilingual children, and identified evidence of cross-linguistic transfer, particularly with the Arabic bound possessives and dual number, which resulted in high accuracy on Hebrew morphological tests. They attributed these findings to the salience of these two morphemes in Arabic.

Despite its importance, research on the role of salience in bilingual children's L2 morpheme acquisition remains scarce. Most existing studies primarily focused on one or two aspects of salience, rather than systematically examining a range of salience factors. Even though Goldschneider and DeKeyser (2001) conducted a meta-analysis with a large number of studies, both children and adults were included in their analysis, and so, the specific impact of salience on young bilingual children's English acquisition could not be isolated. Moreover, their statistical methods have been criticized for inaccuracies in estimating predictive power (see Murakami, 2014 for further discussion). Furthermore, some studies, such as O'Grady et al. (2017), offer an alternative perspective on L2 morpheme acquisition. They challenge the salience-based explanation, arguing that the difficulty in acquiring inflectional morphemes such as -s in the L2 is not due to their acoustic salience, but rather because L2 learners face heavy cognitive loads and processing inefficiencies in acquiring L2 morphemes. It is important to note that O'Grady et al. (2017) primarily focused on adult L2 learners, and in their study, salience was operationalized as perceptual acoustic salience, without considering other salience factors. Therefore, to better understand the role of morphological salience, a comprehensive investigation of various salience factors is needed to provide valuable insights into the sources of variability in bilingual children's L2 morpheme acquisition.



The current study

The current study examines bilingual children's L2 English morpheme production, focusing on L1 typology, L2 exposure, and morphological salience. We investigate the production of five English morphemes1 (i.e., plural -s, third-person singular -s, articles, regular past tense -ed, present progressive -ing) by Spanish-English (SE) bilinguals and Mandarin-English (ME) bilinguals. The typological differences between Spanish and Mandarin allow us to evaluate the effects of L1 transfer on L2 morpheme acquisition. We also aim to address how L2 exposure, especially different measures of input quality (e.g., lexical diversity and morphological richness) affect L2 morpheme acquisition by bilingual children. Furthermore, the current study aims to conduct an exploratory analysis on the extent morphological salience factors influence bilingual children's L2 English morpheme production. While previous studies have offered valuable insights into the role of salience in L2 acquisition, they have not systematically examined a range of salience factors with bilingual children. There is also a debate regarding the extent to which variability in L2 morpheme acquisition can be explained by morphological salience. Our study addresses this gap by investigating a comprehensive set of salience factors. Addressing this inquiry will help understand how morphological salience factors interact with child internal (i.e., L1 typology) and external factors (i.e., L2 exposure) in bilingual children's L2 morpheme production. Specifically, we seek to address the following research questions.


RQ1: is there evidence of cross-linguistic influence where the L1 (Spanish vs. Mandarin) impacts bilingual children's L2 English morpheme production accuracy?
 
Predictions

In line with previous studies (e.g., Paradis, 2011; Nicoladis et al., 2012, 2020), SE bilinguals are predicted to have an overall higher accuracy for morpheme production compared to ME bilingual children due to the different L1 morphological typologies. Besides, studies revealed positive L1 transfer effect when there is a corresponding morpheme between L1 and L2, so we expect to see cross-linguistic facilitation effects for bilingual children with corresponding morphemes but not with non-corresponding morphemes. Mandarin Chinese does not encode articles, third-person singular -s, and past tense -ed, plural -s in the linguistic system. Thus, we predict that SE bilinguals have higher accuracy compared to ME bilinguals for these morphemes. Note that we do not predict a group difference in the present progressive -ing, as although Chinese does not have the corresponding -ing morpheme, it has aspect markers such as the pre-verbal zai or post-verbal zhe, which may facilitate their acquisition of present progressive -ing. Also note Chinese uses the lexical item “-men” to pluralize some nouns, but “-men” is argued to be different from English plural -s because it is limited in use in Mandarin (Li, 1999; Corbett, 2000; Zhang, 2008). Thus, we expect no facilitation effect from lexical item “-men” on plural -s acquisition for ME bilingual children.




RQ2: to what extent does L2 exposure (cumulative input quantity and input quality) affect the accuracy of L2 English morpheme production by bilingual children?
 
Predictions

Consistent with prior research (e.g., Bedore et al., 2012; Unsworth, 2013), we predict that children with higher cumulative input quantity will demonstrate greater accuracy in producing English morphemes. Building on Paradis (2011), we anticipate that input quality of lexical diversity and morphological richness would serve as a predictor of morpheme production accuracy. However, the effects of lexical diversity and morphological richness on vocabulary growth have been mixed in prior research (e.g., Bowers and Vasilyeva, 2011), leaving predictions for L2 morpheme production accuracy open to interpretation. It is possible that lexical diversity will exhibit significant or non-significant effects, while morphological richness may potentially exert a negative effect on morpheme production accuracy.




RQ3: how do morphological salience factors influence the accuracy of L2 English morpheme production by bilingual children?
 
Predictions

Morphological salience is predicted to affect L2 morpheme acquisition (e.g., Goldschneider and DeKeyser, 2001). For both groups of bilingual children, we predict that a high degree of perceptual salience would lead to high accuracy, which is in line with studies by Whittle and Lyster (2016) and Schwartz et al. (2016). However, it is also possible that perceptual salience may not play a significant role, as argued by O'Grady et al. (2017). In addition, semantic complexity and morphophonological irregularity may result in low accuracy, due to the opaque form-meaning relationship. As for syntactic category, a morpheme with low values (bound and functional) would have lower accuracy than a morpheme with high values (free and lexical), as studies have shown that children tend to have more difficulties with inflectional morphemes than lexical morphemes (e.g., Zobl and Liceras, 1994).






Method


Corpus and participants

The present study retrieved language samples from Paradis's (2005) corpus in the bilingual collection of the CHILDES database (MacWhinney, 2000). Paradis's (2005) corpus consists of longitudinal and naturalistic conversation data between sequential bilingual children (mean age = 5; 6) and the experimenters. The language samples were from 25 children of various L1s who were learning English as their second language after immigrating to Canada with their families. Data were collected in five time points over a two-year span, with ~6 months between each point in time. During the conversation, children were asked a series of questions by the experimenters to elicit target English morphemes, such as “Did you/Are you going to have a birthday party?”, “What happens at a birthday party?”, etc. (Paradis, 2005).

Among the child participants in the corpus, children whose L1 was Mandarin or Spanish were selected as two groups of interest in our study because of the differences in L1 morphological typology. To make sure the two groups of children were homogeneous with matched age and similar English proficiency, three children were removed in our analyses, resulting in 25 transcripts from five Mandarin-English (ME) bilingual children and 21 from six Spanish-English (SE) bilingual children. The demographic information is provided in Table 1 and Appendix A. Age of English acquisition (AOE), the Age at testing (AAT), and mean length of utterances in morphemes (MLUm)2 are comparable between the two groups of bilingual children.


TABLE 1 Participant information.
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The independent measures

In this study, we included language group, L2 exposure, and morphological salience as independent factors. Language group is a two-level categorical factor (Spanish = −0.5, Mandarin = 0.5). L2 exposure was operationalized using Months of English Exposure (MOE) as a measure of input quantity, and MLUm and lexical diversity D (Malvern et al., 2004) as measures of input quality. MLUm is as a measure of morphological richness of the input, which is determined by the number of morphemes over a sample of utterances (Brown, 1973). The D measure is defined as “the range and variety of vocabulary” (McCarthy and Jarvis, 2007, p. 459) and is used as an index of lexical diversity. All continuous factors were centered from their means. In addition, we also controlled for morpheme types which were sum-coded in five levels corresponding to the five target morphemes. Morphological salience values for each morpheme were coded following the protocols outlined by Goldschneider and DeKeyser (2001). A detailed description of the coding for each factor is provided below and in Appendix B. Note that, unlike Goldschneider and DeKeyser (2001), we excluded the frequency factor from our analyses, as their frequency data were based on monolingual English parental input reported in Brown (1973), which does not accurately reflect the input frequency for bilingual children who are learning English as an L2.


Perceptual salience

For perceptual salience, three subfactors (number of phones, syllabicity, sonority) were coded and added together to comprise one combined factor for each morpheme. We calculated the number of phones in all allomorphs of a given morpheme. For instance, the third-person singular -s has three allomorphs ([s], [z], [z]) and four distinct phones in total. This results in an average of 1.33 phones per allomorph (4 total phones/3 allomorphs = 1.33). Syllabicity and sonority are two additional perceptual salience factors, measuring whether a morpheme contains a vowel and how sonorous each phone is within the morpheme, based on the sonority hierarchy by Laver (1994). To illustrate, a low vowel has the largest sonorous value (9 being the maximum) and a stop consonant has the smallest sonorous value (1 being the minimum). Thus, the morpheme “at” [æt] is assigned the value 11 because it receives one point for containing one vowel, nine points for a low vowel [æ], and one point for the stop consonant [t] (1 + 9 + 1 = 11).



Morphophonological regularity

Morphophonological regularity is comprised of two subfactors: phonological alternations and morphological homophony. First, we coded the number of phonological alternations for each morpheme. For instance, regular past tense -ed contains three alternations (i.e., [t, d, d]), so regular past tense -ed will be assigned a value of 3. Additionally, we calculated whether a given morpheme has homophony (no homophony = 1, homophony = 2). For example, plural -s has three phonological alternations and it is homophonous with possessive -'s and third-person singular -s; thus, plural -s is assigned 4 for its morphophonological regularity.



Semantic complexity

Semantic complexity is coded based on how many meanings can be expressed by a specific morpheme. For instance, the article is assigned one point because it is used for definiteness, while third-person singular -s is assigned three points because it can be used to indicate present tense, person, and number.



Syntactic category

Regarding the syntactic category, our coding is based on the Functional Category Theory by Zobl and Liceras (1994; see also Goldschneider and DeKeyser, 2001 for additional details). According to the Functional Category Theory, a lexical morpheme is typically acquired earlier than a functional morpheme, and a free morpheme is typically acquired before a bound morpheme. For example, a free lexical morpheme, such as the preposition “on,” receives the highest possible point value (4 points) while a bound functional morpheme, such as present progressive -ing, receives the lowest point value (1 point).




The dependent measure

Previous research on language sample analysis recommends using at least 50–100 utterances or a 7–10-min language sample to obtain a representative and reliable measure of a child's language use (e.g., Guo and Eisenberg, 2015). Following this recommendation, we analyzed the first 200 intelligible utterances for each child to ensure a representative language sample at each time point. The inclusion of 200 intelligible utterance exceeds the minimum requirement suggested by Guo and Eisenberg (2015), further enhancing the representativeness of the language samples. Within these 200 utterances, we evaluated five target English morphemes that were tested for salience effects in Goldschneider and DeKeyser (2001). Initially, we included the possessive -'s in our analysis; however, due to the limited number of obligatory contexts of this morpheme, we excluded it from our analyses. For the remaining five morphemes, coding included: (a) the number of correct child production of the target morpheme, (b) the number of obligatory contexts in the child's utterances, and (c) the number of child production in non-obligatory contexts. We assigned no scores to a morpheme if it appeared in fewer than four obligatory contexts, as such cases do not provide reliable information about the child's use of that morpheme.

Target-Like Use (TLU) is adopted as a measure of accuracy, as it accounts for the developmental errors, overgeneralization, and overuse of correct morphemes in children's production. TLU is obtained by dividing the number of correct suppliance in obligatory contexts over the number of obligatory contexts plus the number of suppliance in non-obligatory contexts. This formula from Goldschneider and DeKeyser (2001, p. 25) is reproduced below.

[image: image]

The data coding was first completed independently by the first and third authors of this study, and the preliminary coding results were compared and discussed to ensure consistency. Then, a trained student research assistant coded three transcripts from SE and three from ME bilingual children. The inter-rater reliability for the coding of these six transcripts was calculated, yielding an average Cronbach's alpha value of 0.973, indicating high consistency between coders.



Data analysis

Data were analyzed using the lme4 package (Bates et al., 2014) for binomial logistic mixed-effects models with the lmerTest package for p-values (Kuznetsova et al., 2016). In our models, we transformed the TLU percentage scores as TLU_Correct and TLU_Incorrect to account for the bounded nature of the TLU, ensuring that predictions remain within the valid range and appropriately handling the proportional nature of TLU scores.

For the first two research questions which examine the effects of L1 transfer and L2 exposure, the fixed effects included Language Group (SE vs. ME), Months of English Exposure (MOE), the MLU by the experimenter (EXP_MLU), Lexical D, and their interactions, controlled by Age and Morpheme types. A by-subject random intercept was incorporated to account for individual variability. The model fit was assessed with the DHARMa package (Hartig, 2024), which showed no issues with dispersion or outliers. Besides, multicollinearity was assessed by calculating the Generalized Variance Inflation Factor (GVIF) using the car package in R (Fox and Weisberg, 2018), and the values are well within the acceptable limits.

For the third research question concerning morphological salience, we employed a descriptive rather than an inferential analysis for the following reason. To illustrate, the salience predictors exhibit only five unique combinations of values corresponding to the five target morphemes. Thus, the values of these predictors are invariant for each morpheme, resulting in a model that is conceptually similar to a saturated design with four predictors for five observations. This issue was pointed out by Murakami (2014) for the approach used by Goldschneider and DeKeyser;s (2001), where the limited variability across predictors at the morpheme level leads to overfitting and unreliable results. Given the fundamental limitation, conducting inferential analyses is inappropriate. Instead, using a descriptive approach enables us to explore the potential relationship between the morphological salience and morpheme-level performance without overfitting the data.




Results


The role of L1 transfer in L2 morpheme acquisition

The descriptive TLU scores of the five target morphemes are presented in Table 2. As we can see, SE bilinguals scored higher than ME bilinguals on articles (91% vs. 83%) and plural -s (92% vs. 84%). In contrast, ME bilingual children outperformed SE bilingual children in producing past tense -ed (85% vs. 78%). Both groups performed similarly for present progressive -ing. Notably, both groups showed the lowest accuracy scores in producing the third-person singular -s morpheme, with 63% for SE bilingual children and 50% for ME bilingual children.


TABLE 2 Descriptive TLU scores for each morpheme between language groups.

[image: Table 2]

Focusing on the effect of L1 transfer, Model 1 (presented in Table 3) revealed a significant main effect for Group (Est. = 0.46, SE = 0.20, t = 2.26, p = 0.023), indicating a significant difference in production accuracy between ME and SE bilingual children. Moreover, the significant positive effects of morpheme level 1 (Plural-s; Est. = 0.538, p < 0.001) and morpheme level 4 (Articles; Est. = 0.61, p < 0.001) suggest that both groups of children produced these two morphemes with higher accuracy than other morphemes. The third-person singular -s shows the largest negative deviation from the mean (−0.53 – 0.11 + 0.10 – 0.61 = −1.15), indicating that children had difficulty producing it. In addition, separate binominal logistic mixed-effects models were performed, which revealed a significant group difference in plural -s and articles but not on other morphemes. For plural -s, SE bilinguals were significantly more accurate than ME bilinguals [SE: 92% vs. ME: 84%, F(1,44) = 6.19, p = 0.01, η2G = 0.12]. Similarly, SE bilinguals produced articles with higher accuracy than ME bilinguals [SE: 91% vs. ME: 83%, F(1,44) = 5.62, p = 0.02, η2G = 0.11]. No significant group differences were found for the other morphemes.


TABLE 3 Model 1: TLU as a function of language group, input quantity and quality.
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In sum, we observed a significant group difference in the production of the English morphemes (esp. plural -s and articles), with SE bilinguals achieving higher TLU scores than the ME bilinguals, which indicates the presence of an L1 transfer effect.



The role of L2 exposure in L2 morpheme acquisition

We analyzed the factors of L2 exposure including input quantity (MOE), and the interactive input quality of the experimenter (D and EXP_MLU). As seen in Table 3, a significant main effect of MOE (Est. = 0.57, SE = 0.12, t = 4.69, p < 0.001) suggests that the quantity of English exposure plays a significant role in bilingual children's morpheme production accuracy. No significant interaction between Group and MOE (p = 0.16) was found, suggesting that for both bilingual groups, children with greater English exposure produced the target English morpheme more accurately than those with less English exposure.

Regarding the effect of input quality, an emerging trend was observed for EXP_MLU (Est. = −0.43, SE = 0.24, t = −1.806, p = 0.07), suggesting a potential negative influence of the experimenter's MLU on children's morpheme production accuracy. In contrast, the lexical D was a significant predictor of morpheme production accuracy (Est. = 0.08, SE = 0.02, t = 3.59, p < 0.001). These findings indicate that input quality of the experimenter, particularly lexical diversity plays a crucial role, whereas morphological richness may have a negative impact.

It is important to note that in Model 1 we observed a significant 4-way interaction between Group, MOE, EXP_MLU and D, which motivates us to conduct separate group analyses to understand the nature of this interaction. As seen in Table 4, Model 2 (SE bilingual children) indicated a marginally significant effect of MOE on morpheme production accuracy (p = 0.051). Although the experimenters' MLU was not a significant predictor, the lexical diversity of input emerged as a significant predictor of morpheme production accuracy for SE bilingual children. In comparison, Model 3 (ME bilingual children) revealed a significant positive effect of MOE, with more English exposure associated with higher accuracy. Besides, the experimenters' MLU was shown to have a negative effect on the accuracy (Est. = −0.74, SE = 0.30, t = −2.469, p = 0.013), whereas the lexical diversity is associated with higher production accuracy (Est. = 0.06, SE = 0.02, t = 2.38, p = 0.017).


Table 4. (A) Model 2: TLU as a function of input quantity and quality for SE bilinguals. (B) Model 3: TLU as a function of input quantity and quality for ME bilinguals.
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Together, these findings underscore the critical role of L2 exposure, with increased English input facilitating more accurate morpheme production in both groups of bilingual children. Regarding input quality, lexical diversity in the input was associated with greater production accuracy for both groups. Notably, experimenters' input morphological richness had a negative effect on production accuracy for ME bilingual children, but it has no significant main effect for SE bilingual children.



The role of morphological salience in L2 morpheme acquisition

We adopted an exploratory approach to investigate the role of morphological salience in bilingual children's acquisition of L2 English morphemes. To this end, we plotted morpheme production accuracy across four morphological salience factors in Figures 1, 2.


[image: Figure 1]
FIGURE 1
 Morphological salience and morpheme production accuracy (Spanish–English bilinguals).



[image: Figure 2]
FIGURE 2
 Morphological salience and morpheme production accuracy (Mandarin–English bilinguals).


SE bilingual children's results were presented in Figure 1. In terms of perceptual salience, the third-person singular -s (3sig) with low perceptual salience showed lower accuracy whereas articles and the present progressive -ing with high perceptual salience showed higher accuracy. However, despite their low perceptual salience scores, the production of plural -s and past tense -ed was highly accurate. As regards morphophonological regularity, although accuracy seems to decrease with increased irregularity, exceptions were observed, such as the present progressive -ing, articles, and plural -s, which demonstrated high accuracy regardless of their morphophonological regularity. In terms of syntactic category, a general gradient effect was observed, with plural -s and articles showing higher accuracy than the third-person singular -s. Semantic complexity, on the other hand, exhibited an inverse relationship with morpheme production accuracy, such that accuracy declined as complexity increased.

As shown in Figure 2 for ME bilingual children, the present progressive -ing and articles, with high perceptual salience, exhibited high production accuracy, whereas the third-person singular -s, which has low perceptual salience, demonstrated low accuracy. However, the past tense -ed and plural -s also demonstrated high accuracy despite their low perceptual salience. Regarding morphophonological regularity, each morpheme's production accuracy appeared to be distributed across different levels of regularity. For instance, the third-person singular -s which has greater irregularity showed lowest accuracy, however, other morphemes exhibited high accuracy regardless of their regularity levels. With respect to syntactic category, the present progressive -ing, plural -s had higher accuracy than the third-person singular -s. The past tense -ed demonstrated high accuracy despite its low syntactic category score. Lastly, when it comes to semantic complexity, we could see semantically complex morphemes have lower accuracy than semantically simple morphemes. For instance, the third-person singular -s is semantically complex and it displayed the lowest production accuracy.




Discussion

In this study, we examined the roles of L1 transfer, L2 exposure, and morphological salience in bilingual children's L2 English morpheme acquisition. Using language samples of naturalistic conversations from Paradis's (2005) corpus in CHILDES (MacWhinney, 2000), we analyzed the production of five English morphemes by Spanish-English bilingual children and Mandarin-English bilingual children learning English as an L2. Results revealed a significant effect of L1 transfer on the L2 morpheme accuracy such that SE bilinguals showed higher accuracy than ME bilinguals, especially for English plural -s and articles. In terms of L2 input quantity and quality, months of English exposure were shown to be a significant positive predictor for L2 morpheme production accuracy. While lexical diversity also contributes to morpheme accuracy for both groups of children, MLU seems to negatively affect ME bilingual children's production accuracy. In addition, our descriptive analyses of morphological salience factors indicate that, across both groups of children, perceptual salience, morphophonological regularity, syntactic category and semantic complexity may influence morpheme production accuracy to different degrees. Overall, the findings underlie the importance of L1 transfer, L2 exposure, morphological salience in bilingual children's L2 morpheme acquisition.


The role of L1 transfer

The significant main effect of Group (SE vs. ME) demonstrates that the SE group on average had higher accuracy of English morpheme production compared to the ME group. This can be explained by different L1 morphological systems of the two bilingual groups. Spanish and Mandarin are two typologically different languages, where Spanish is morphologically rich/fusional while Chinese is morphologically isolating (Li and Thompson, 1981). Our results show that the richness of the L1 morphological system of early sequential bilingual children influences L2 morpheme production accuracy. This is in line with findings from previous studies such as Paradis (2011) which found that Mandarin- and Cantonese-speaking children had lower accuracy in L2 verbal morphology as compared to children whose L1s (e.g., Spanish) have tense and agreement marking.

In previous studies, a positive transfer has been often observed when a morpheme is shared in both L1 and L2 of the bilinguals. Thus, we predicted that ME bilinguals would produce the present progressive -ing with similar accuracy as the SE bilinguals, and that ME bilinguals would have lower accuracy in producing plural -s, the third-person singular -s, articles, and past tense -ed. Our results showed that the accuracy for progressive -ing were not significantly different between SE and ME bilinguals, as we predicted. In addition, we observed a significant group difference for English articles and plural -s, which could be attributed to the overlapping of these two morphemes between Spanish and English but not between Mandarin and English. Different from the prediction, the other two morphemes (i.e., past tense -ed; third-person singular -s) which overlap between Spanish and English did not reveal an advantage for SE bilinguals; ME bilinguals even showed descriptively higher TLU scores for past tense -ed than SE bilinguals. That is to say, the presence or absence of a morpheme in L1 is not sufficient to determine the morpheme production accuracy in the L2.

With respect to past tense -ed, during our analyses, we observed that SE bilingual children made more commission errors than ME bilingual children. For instance, SE bilingual children often oversupplied the past tense -ed in the production, producing the verb “break” as “breaked.” In contrast, ME bilinguals hardly made such commission errors but more omission errors. In other words, even though we did not observe a significant group difference in the past tense -ed production, the additional error analyses indeed support potential influence from L1 typology. In Spanish, past tense verbs are inflected for person, number, and formality, with distinct forms for each (e.g., tú, usted, nosotros, ellos). This added complexity might explain why SE bilinguals did not outperform ME bilinguals in past tense -ed production accuracy, as there is less overlap between Spanish and English in past tense morphology. However, we also believe that, in this case, SE bilingual children should find English past tense relatively easier, given that its rules are simpler than those of Spanish. Regarding the third-person singular -s, both groups demonstrated the lowest production accuracy among all five morphemes. This suggests that these bilingual children were still in the process of acquiring this morpheme, potentially leading to the limited variability in production accuracy and the lack of a significant group difference.

These findings revealed the interactive features of the two languages such that the morphophonological knowledge from the L1 can transfer to the process of L2 morpheme acquisition. Importantly, from a developmental acquisition perspective, our study suggests that learning L2 English morphemes may not be fully determined by whether there is an equivalent or overlapping morpheme in the L1 or not. The production accuracy is likely influenced by additional factors, such as L2 exposure and morphological salience, which will be discussed in the following sections.



The role of L2 exposure

In this study, we examined input quantity and input quality to understand the effect of L2 exposure on bilingual children's L2 morpheme production accuracy. We observed that the months of English exposure (MOE) is a significant factor, indicating that more English exposure leads to higher accuracy for both groups of bilingual children. This finding aligns with the existing literature (e.g., Bedore et al., 2012; Hoff et al., 2012) which found that greater exposure to L2 English significantly enhanced young bilingual children's acquisition of vocabulary, grammatical complexity, and MLU33 in English. As our study relied on existing corpus data, we were unable to analyze the effect of current language exposure but focused on cumulative language exposure. Despite this limitation, our findings align with previous research, supporting the facilitative role of language exposure in bilingual language development.

With regard to L2 input quality, our study examined the lexical diversity and morphological richness of the input. When both language groups were included in the model, we identified a significant main effect of lexical diversity in L2 morpheme production accuracy, namely, the more diverse vocabulary the input has, the more facilitative it will be for children's morpheme production accuracy. Prior studies have found that the lexical diversity of the teachers facilitated bilingual children's L2 vocabulary growth. Our study extends this line of research by demonstrating that exposure to more diverse vocabulary in the input was associated with higher accuracy in bilingual children's production of L2 morphemes. The effect of lexical diversity on morpheme production accuracy could be explained in several ways. When children are exposed to more diverse words in the input, they may encounter the use of the morphemes in different words and contexts, which helps decompose and process the morphemes. This diverse input provides them with opportunities to internalize the regularities of morpheme usages than hearing it with limited set of words. When they understand more vocabulary items, they can better notice and process the morphemes, rather than trying to understand the basic meaning of words.

In this study, we observed a negative effect of input's morphological richness, as measured by MLU. The negative effect of MLU on bilingual language development has been observed in some previous studies. For example, Bowers and Vasilyeva (2011) found that the MLU of teachers' input is negatively associated with bilingual children's vocabulary growth. Studies also have indicated that children would benefit from exposure to short and simple utterances at the early stage of learning (e.g., Berko-Gleason, 1977; Furrow et al., 1979). As Hoff (2006) suggested, higher morphological complexity may increase the cognitive processing load. It can be challenging for young children to process long and complex utterances, as a result of the developing working memory capacity. When children are not overwhelmed by multiple morphemes in the utterances, they might better decompose and process individual morphemes. The effect is only significant for ME bilingual children, rather than SE bilingual children, which could be explained by the L1 morphological typology. To illustrate, SE bilingual children's L1 is morphologically rich, so they are exposed to morphologically rich utterance more than ME bilinguals, which likely facilitates their processing of morphologically complex utterances in English. In contrast, ME bilingual children's L1 is less morphological complex, which may have put them at a disadvantage in processing morphological complex utterances. Note that while many existing research has focused on caregiver input, our results suggest that even brief, structured interactions during testing sessions can influence children's morpheme production accuracy. The effect of input quality indicates that bilingual children are sensitive to the linguistic environment and underscores the impact of diverse linguistic interactions on bilingual children's language development.



The role of morphological salience

The current study exploratorily examined the influence of morphological salience on L2 English morpheme acquisition by bilingual children. Across both groups, semantic complexity of a morpheme seems to play a role, namely, morphemes that encode multiple meanings are generally more difficult to acquire than those with fewer meanings. A transparent relationship between form and meaning facilitates acquisition. Our findings (see Figures 1, 2) support this pattern. For instance, the third-person singular -s, which conveys meanings of person, number, and present tense, showed the lowest accuracy score, reflecting its semantic complexity.

Additionally, the syntactic category of a morpheme appears to be associated with its production accuracy. Zobl and Liceras (1994) suggest that the acquisition order of functors/morphemes can be explained by grouping morphemes into categories based on their syntactic roles. According to their theory, free lexical morphemes are acquired before bound functional ones. Note that our study focuses on bound functional morphemes and articles (i.e., free functional morphemes), which differ in syntactic categories based on the Functional Category Theory (Zobl and Liceras, 1994). In the coding (see Appendix B), the present progressive -ing and plural -s have the highest value, which are followed by articles, and then past tense -ed and third-person singular -s. In line with this, the results show that the present progressive -ing and plural -s exhibited higher accuracy, articles showed moderate accuracy, and the third-person singular -s demonstrated lower accuracy. However, for ME bilingual children, the past tense -ed, which is expected to show lower accuracy, instead demonstrated relatively high accuracy. This may be due to factors such as its frequency and its semantic transparency.

Regarding morphophonological regularity, no clear pattern was observed for either group. Only some morphemes seemed to be influenced by this factor. For instance, the third-person singular -s has three phonological alternations (/s/, /z/, /z/) and shares homophony with plural -s, resulting in relatively high morphophonological irregularity. These characteristics may make it more challenging to acquire compared to other morphemes. In contrast, morphemes such as the present progressive -ing and past tense -ed, which exhibit greater regularity, were produced more accurately by the children. Notably, while plural -s and articles are morphophonologically irregular, they had high accuracy scores, possibly because these morphemes had already been acquired by the bilingual children.

Our findings also revealed that perceptual salience may be associated with production accuracy for some but not all morphemes. For example, the accuracy of plural -s and past tense -ed do not seem to be affected by perceptual salience. This, however, aligns with arguments by O'Grady et al. (2017), who questioned the salience-based explanation for variability in inflectional morphemes. For example, O'Grady et al. argued that it is unlikely that learners struggle to perceive word-final -s, as studies show that typically developing children can distinguish no vs. nose and that young infants and children are sensitive to subject-verb agreement errors in preferential looking paradigms (e.g., Soderstrom et al., 2002).

Overall, among the salience factors, semantic complexity may play a role in L2 morpheme production accuracy, with more complex morphemes potentially being more challenging to acquire. Furthermore, the results regarding the syntactic category seem to in line with the prediction by the Functional Category Theory (Zobl and Liceras, 1994). Although this study takes a descriptive approach, the findings provide insights into how morphological salience factors could influence bilingual children's morpheme production.




Conclusion

This study contributes to our understanding regarding the effects of L1 transfer, L2 exposure, and morphological salience on bilingual children's acquisition of L2 English morphemes. By examining two groups of bilingual children, we found that L1 transfer plays a critical role in shaping L2 English morpheme production. Our findings further highlight the importance of L2 exposure in explaining variability in bilinguals' L2 morpheme acquisition, particularly the amount of L2 exposure and the quality of interactive input, such as lexical diversity. Besides, our results suggest that difficulties in producing English morphemes may be associated with some morphological salience factors.

The current study is based on naturalistic conversational data from Paradis (2005) in CHILDES (MacWhinney, 2000). As the language samples are naturalistic and spontaneous, the number and types of verbs included in the transcripts could not be controlled. Some children may have produced certain morphemes (e.g., -ing) more accurately with familiar verbs (e.g., eating, sleeping), potentially leading to higher accuracy scores. Future research could address this limitation by employing experimental tasks (e.g., story retell) to elicit a broader range of morphemes with a variety of verbs. Moreover, the small sample size of bilingual children included in this study may limit the generalizability of the findings, and increasing the sample size would enhance the robustness of future analyses. While the descriptive approach used in this study provides some insights into how morphological salience factors might influence bilingual children's L2 English morpheme acquisition, our findings remain exploratory. Future research should build on these insights by employing experimental designs and inferential statistical analyses to rigorously test the role of morphological salience in L2 morpheme acquisition.
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Footnotes

1These five morphemes were selected based on Goldschneider and DeKeyser (2001), which were commonly examined in the studies they meta-analyzed.

2We calculated MLUm from the first 200 intelligible utterances using MOR and MLU functions in CLAN (MacWhinney, 2000).

3MLU3 refers to the mean length of the three longest sentences.
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