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This paper offers an inductive, exploratory study on the role of input and individual differences in the early code-mixing of bilingual children. Drawing on data from two German-English bilingual children, aged 2–4, we use the traceback method to check whether their code-mixed utterances can be accounted for with the help of constructional patterns that can be found in their monolingual data and/or in their caregivers' input. In addition, we apply the traceback method to check whether the patterns used by one child can also be found in the input of the other child. Results show that patterns found in the code-mixed utterances could be traced back to the input the children receive, suggesting that children extract lexical knowledge from their environment. Additionally, tracing back patterns within each child was more successful than tracing back to the other child's corpus, indicating that each child has their own set of patterns which depends very much on their individual input. As such, these findings can shed new light on the interplay of the two developing grammars in bilingual children and their individual differences.
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INTRODUCTION

Usage-based accounts of linguistic phenomena have become increasingly important in the field of language acquisition. In this paper, we apply this account to bilingual language acquisition, and more specifically to utterance-internal child bilingual code-mixing, i.e., the simultaneous use of two languages within one utterance, e.g., aber bloß a little bit “but just a little bit” (Silvie, 3;07)1. Code-mixing, or code-switching2, has been a recurrent topic both in sociolinguistics and in psycholinguistics (see Bullock and Toribio, 2009; Gardner-Chloros, 2009 for an overview). Most research on code-mixing so far (e.g., Poplack, 1980; Myers-Scotton, 1997; MacSwan, 2000; Cantone, 2007) has adopted a structuralist/constraint-based framework. Both formalist and usage-based approaches are of course more heterogeneous in terms of theory and methodology than this simplified, coarse-grained division might suggest, and there is also a considerable degree of overlap between them (see e.g., Yang, 2016). As a general tendency, however, it seems fair to say that most formalist proposals focus more on structural constraints on code-mixing, while usage-based accounts are more interested in the cognitive mechanisms that underlie code-mixing. From a usage-based perspective, it can be assumed that the same mechanisms that have been shown to drive monolingual acquisition play a role in multilingual acquisition and code-mixing as well. These mechanisms include analogy and pattern finding (Tomasello, 2009) as well as chunking and frequency effects (see e.g., Diessel, 2019).

Recent studies have therefore started to investigate code-mixing from a usage-based perspective (e.g., Quick et al., 2018; Vihman, 2018). In this study, we follow up on this trend, focusing on the role of multi-word patterns as well as on individual differences between speakers. According to the usage-based approach to language acquisition, children acquire their linguistic knowledge based on their experience with the world and what they hear (e.g., Tomasello, 2003). Since no two children live the same life and each has different input situations, it stands to reason that variation in the output is the norm and each child has their own inventory of constructions. Monolingual children already exhibit an enormous range of variation. In multilingual speakers, variation is likely to be greater by virtue of being exposed to two languages and their respective interlocutors who speak different languages in different contexts. Multilingual speakers will frequently produce code-mixed utterances such as der moon kann fly “the moon can fly” (Fion, 3;2.12). In this paper, we discuss how bilingual code-mixing can be assessed in an exploratory, data-driven way, taking individual differences into account. To do so, we compare the code-mixing of two German-English bilingual children. First, we give a brief overview of the usage-based perspective on (monolingual as well as multilingual) language acquisition and code-mixing before we turn to our corpus-based case study, in which we inductively analyze the language use of two bilingual children on the basis of longitudinal corpus data.



THEORETICAL PRELIMINARIES AND MAIN HYPOTHESES

The usage-based approach to language acquisition assumes that children acquire language by finding patterns in the input they receive (for an overview see Ambridge and Lieven, 2011; Ibbotson, 2020). Given the assumption that children structure their first words and utterances around their immediate experiences, it follows that their inventory of linguistic knowledge does not solely consist of words and grammar. Rather, the inventory is a mixture of lexically specific units (single words like cat, dog, as well as multiword expressions like what's this?) and frame-and-slot patterns like [what's X?] (see e.g., Tomasello, 2003: pp. 105–108). Multi-word units (MWUs), i.e., sequences of frequently co-occurring words, play a particularly important role in language acquisition. They can be acquired in different ways: Either the MWU is always encountered as such by the child and therefore not segmented and acquired as a whole, or the MWU emerges gradually through the frequent co-occurrence of certain words. But no matter how a unit was formed, it does not always have to stay a unit: Over time, children tend to break up multi-word units, e.g., using them as the basis for frame-and-slot patterns by opening a variable slot, and thus arriving at a more productive use of their language (see e.g., Ambridge and Lieven, 2011: pp. 133–136). Consequently, the composition of inventories changes constantly and any description will always be a snapshot. Nevertheless, these snapshots are important because they tell us something about the ways children process and acquire language, as well as about the interplay of language and cognition.

Bilingual children are of particular interest because they can show patterns in their speech that are different from monolingual speech, such as code-mixing or other transfer phenomena (Koch and Günther, 2021). As mentioned in section Introduction, a large body of research has been accumulated (e.g., MacSwan, 2000; Bernardini and Schlyter, 2004; Cantone, 2007). While previous studies have acknowledged the existence of individual differences and distinguished different types of code-mixing, they mainly concentrated on the categorization of the various types of mixing and on describing constraints on code-mixing, linking them to potential underlying principles (e.g., Di Sciullo et al., 1986; Myers-Scotton and Jake, 2015). However, various studies have shown that these constraints are tendencies at best which very often cannot accommodate counterexamples, and have called for more flexible and dynamic models (e.g., Vihman, 2018; Backus, 2021).

Recently, a set of studies has taken code-mixing onto usage-based grounds suggesting that fixed chunks and frame-and-slot patterns that have been shown to play a major role in monolingual acquisition can also account for children's code-mixing. Lexically fixed patterns make execution faster and less effortful because they are uttered without close monitoring (e.g., Havron and Arnon, 2021). On this view, code-mixing is suggested to be constructed around frame-and-slot patterns with the frame activated in one language and the open slot being filled with elements from the other language, e.g., [that's my __] + Bademantel “bathing gown” → that's my Bademantel (Fion, 03;11.16). Quick et al. (2019) have shown that many of the patterns attested in one child's code-mixing could be traced back to the caregivers' input, suggesting that the child extracted patterns from the input to use it in his code-mixing. If we now compare the language of two children and their respective input, we should find individual differences in their use of patterns and their inventories. These differences can be expected to project into their code-mixing: Children make use of different patterns in their code-mixing. Code-mixing in bilingual children offers us a window into the complexities and interplay of the two developing grammars, which is why we will focus on code-mixed utterances in our corpus study to account for the individual inventories of the two children under scrutiny.

In order to do so, we need a reliable method to identify these inventories. In previous work, we have shown that the traceback method established by Lieven et al. (2003, 2009) and Dabrowska and Lieven (2005) for analyzing monolingual data is well-suited for identifying recurrent patterns in multilingual data as well (Quick et al., 2019, 2021). The basic idea of this method is to trace back all utterances in a test corpus to previous utterances based on a limited set of operations (see below for details). The traceback method was initially developed to substantiate the hypothesis that early child language is highly formulaic and organized around a very limited set of “pivot schemas.” Indeed, the proportion of successful tracebacks proved to be very high consistently across all traceback studies. This in turn lends support to the position that children learn language from the input they receive, without any need for an innate “language acquisition device.” These results could be obtained across different languages, including German (Koch, 2019) and Italian (Miorelli, 2017), although it should be stressed that the way in which the traceback method operationalizes the detection of constructions works best in languages with a relatively fixed word order (see Miorelli, 2017; Koch, 2019; also see section Conclusion below). The method has also been used as a starting point for a more in-depth analysis of the constructional patterns that it retrieves. When studying code-mixing, the method can give clues to what extent children draw on frame-and-slot patterns that can also be found in their monolingual data, as well as in the input they receive. Thus, the use of the traceback method serves multiple complementary goals: Firstly, it allows us to quantify the extent to which a child's early language use can be accounted for with a relatively simple set of fixed chunks and frame-and-slot patterns. Secondly, it allows us to identify those patterns, which also allows us to characterize each child's individual inventory of constructions. This in turn can give clues as to the individual differences between children. Thirdly, the traceback method allows us to check to what extent the patterns in a child's output overlap with patterns attested in the input they receive.

In this paper, we extend a previous study by Quick et al. (2019) by discussing what the traceback method can contribute to inductively identifying individual differences in children's code-mixing. Our aim is to check (a) whether the code-mixed utterances can be constructed from the monolingual ones and (b) how much each child's output correlates with the caregivers' input. In addition, (c) we cross-correlate each child's output with the input and the monolingual language use of the other child. Our main hypothesis is that there is a high degree of overlap between the patterns identified in the individual children's language use, including their code-mixing, and those identified in their caregivers' data. In addition, we expect that the proportion of successful tracebacks will be smaller for the cross-corpus than for the within-corpus studies due to the individual differences between the children and their input situation.



CORPUS STUDY


Participants

For the present study, we investigate two German-English bilingual children, Silvie and Fion. Both children grew up in one-parent-one-language (OPOL) households with one parent being a native speaker of English and the other being a native speaker of German. Both children lived in Germany, came from a middle-class household and are simultaneous German-English bilinguals. The two children were not acquainted with each other.

The first child, Silvie, had an English-speaking mother and a German-speaking father. The father's proficiency in English was very limited and the parents therefore spoke German to one another. The corpus covers recordings from 2;4 until 3;10 years of age, averaging to about 2.5 h of recordings per week. For our analyses we included a total of 37,995 child utterances and 193,993 caregiver utterances.

Fion is the second child to a German-speaking mother and an English-speaking father. Although the parents mostly adhered to the OPOL strategy when they talked to Fion, they did not settle on a family language and sometimes used both languages interchangeably when all family members were present. Fion's data covered a span from 2;3 to 3;11 and 47,812 child utterances as well as 180,293 input utterances entered the analyses. The input utterances include a small amount of data from Fion's older brother, who also grew up as a simultaneous bilingual and sometimes used code-mixing when talking to Fion or his parents. The data were transcribed and enriched with a small set of annotations by the first author. For non-standard word forms, normalized forms were annotated (e.g., gasbet > basket, de muffin > the muffin, etc.). These normalized forms were also used for the traceback analysis.



Corpus Analysis

To analyze the corpus data, we draw on the traceback method, which allows us to identify recurrent patterns in the data and which will be described in detail in the following section. In discussing the results, we additionally draw on an exploratory analysis of word pairs (bigrams) attested in the code-mixed data. Taken together, these approaches can help us detect the “building blocks” of code-mixed utterances in the early speech of bilinguals.


The Traceback Method

We follow Quick et al. (2019), who used a variant of the traceback method established in seminal works like Lieven et al. (2003) and Dabrowska and Lieven (2005). In the traditional application of the method, a longitudinal corpus documenting the language acquisition of one child is split into two parts: the test corpus, which usually contains the last two recording sessions, and the main corpus, which contains all previous recordings. The goal of the method is to show that the vast majority of the child's utterances in the test corpus have predecessors in the main corpus, i.e., they are either verbatim repetitions (called “fixed strings”), or they can be accounted for with the help of “templates” that are partially lexically specific and contain an open slot, such as [I want REFERENT]. In addition, the method can help us answer the question which patterns the child uses.

Quick et al. (2019) deviate from the traditional application in the way they carve up their dataset into main and test corpus: Investigating the code-mixing of Fion, they use the child's code-mixed data as test corpus and the child's own as well as his caregivers' monolingual utterances as main corpus. In this way, they show that even most of the child's code-mixing can be accounted for on the basis of partially filled constructions. This suggests that in essence, the same patterns that account for children's monolingual language use can also account for their code-mixing. In the present study, we extend this analysis, combining it with a cross-corpus traceback approach as proposed in Koch et al. (2020). While we only relied on utterance-initial n-grams in Quick et al. (2019), the computational implementation of the traceback algorithm in this paper is closer to the original traceback method, although it is still simplified in order to allow for a fully automatic analysis3. For the present study, we used an algorithm that works as follows (see data availability statement for more detailed information):

1. For each utterance in the test corpus, it checks whether there is a verbatim match in the main corpus. If there is a match, the derivation is considered successful.

2. If there is no match in the main corpus, it checks whether a frame-and-slot pattern can account for the utterance. To do so, up to two consecutive words are replaced by a wildcard in the search expression (equivalent to the SUBSTITUTE operation in the classic traceback procedure). For example, if our target utterance is das hat time out “this has time out” (Fion, 02;03.12), the algorithm will check if attestations of __ hat time out, das __ time out, das hat ___ out, das hat time __, das hat __, __ time out, das __ out are attested in the corpus at least twice (the threshold established by Dabrowska and Lieven, 2005). Then the algorithm checks if the omitted words (e.g., das in the case of __ hat time out) are attested in the main corpus. Only if this is the case, the pattern candidate is treated as valid. If there are multiple valid pattern candidates, the ones with the longest consecutive fixed string are preferred, e.g., das hat __ (two consecutive words in the fixed string) is preferred over das __ out (only one word before and after the open slot). Also, pattern candidates with utterance-initial fixed strings are preferred over candidates with an utterance-initial open slot: Given the tendency toward right-headedness in both English and German and given the results of earlier studies (see e.g., Cameron-Faulkner et al., 2003 on the relevance of utterance-initial elements in child-directed speech), this promises more plausible results. However, the rule of longest consecutive strings is prioritized over the rule to prefer utterance-initial patterns. If no pattern candidate fulfills the requirements (at least two occurrences in the main corpus, and the omitted words have to be attested in the main corpus as well), then the derivation is considered unsuccessful.

We used the code-mixed utterances (N = 3,501 for Fion and 4,279 for Silvie) as test corpus and (a) the child's own monolingual utterances and (b) the caregivers' data as main corpora. In a second step, we used (c) the other child's monolingual data and (d) the other child's input as the main corpus. We refer to (a) and (b) as within-corpus traceback and to (c) and (d) as cross-corpus traceback. Using the within-corpus approach, we check to what extent the children's code-mixed utterances can be accounted for with the help of fixed chunks and frame-and-slot patterns that they have either used themselves or that they have heard in their input. The cross-corpus approach can help us to get a clearer impression of the extent to which the linguistic repertoires of the two children differ. Compared to other implementations of the traceback method, our approach entails the disadvantage that the pattern detection process does not take semantic and/or syntactic information into account, which can lead to rather implausible patterns being postulated. However, there is no guarantee that the linguistically informed patterns identified in previous traceback studies are psychologically plausible (see e.g., Hartmann et al., 2021). The purely data-driven approach can also be seen as an advantage as it detects patterns purely on the surface level without making far-reaching a-priori assumptions.



Results

The traceback results are summarized in Figures 1, 2. Figure 1 shows the results of tracing the code-mixed data to the monolingual data, while Figure 2 shows the results that are obtained when using the caregivers' input as main corpus. Compared to other traceback studies, the success rate is comparatively low. However, we have to remember that the test corpora only include code-mixed utterances, while the main corpora almost exclusively consist of monolingual utterances (except for very few code-mixed utterances in the caregivers' input; the children's own monolingual data of course only contain monolingual data). Given that the traceback method can be considered a quite conservative approach (see e.g., Quick et al., 2021), it is actually quite remarkable that about 50% of all utterances can be successfully derived (in the case of Fion). As expected, the traceback success is much lower for the cross-corpus results, both when tracing the patterns detected in the code-mixed data to the input and when tracing them to the monolingual data. A mixed-effects logistic regression model using traceback success as the response variable, traceback type (within-corpus vs. cross-corpus) as the predictor variable, and the utterance as random effect shows that the difference is highly significant across both corpora, regardless of whether the child's own monolingual data or the caregivers' input is used as main corpus (Table 1).


[image: Figure 1]
FIGURE 1. Traceback results: Code-mixed data to monolingual data.



[image: Figure 2]
FIGURE 2. Traceback results–code-mixed data to input data.



Table 1. Coefficients of mixed-effects logistic regression models fit to the traceback data.

[image: Table 1]

Thus, our prediction that there are significant differences in traceback success between the within-corpus and the cross-corpus approach is confirmed. That being said, there is still much overlap between the results of both approaches, which indicates that a substantial number of patterns are shared between the two children. The individual differences between the two children rather become clear in another aspect of the results: Across the board, the traceback success for Silvie is much lower than for Fion. This also holds if we use each child's entire dataset as test corpus, as shown in Figure 3 (note that the overall traceback success is much higher if the monolingual utterances are taken into account). Again, the differences are highly significant according to a binomial mixed-effects regression model (Table 1).


[image: Figure 3]
FIGURE 3. Traceback results using all utterances of each child as test corpus and the caregivers' utterances (left) or the other child's caregivers' utterances (right) as main corpus.


The difference in traceback success between the two children is in line with the previous studies mentioned above, which have shown that Silvie's language development is, overall, more advanced than Fion's. As her utterances are longer and her grammar is more complex, the traceback method will inevitably produce more fails.

While the proportions of successful and failed tracebacks can be highly instructive, it can only be the first step of any traceback study. When investigating code-mixed utterances, it can be particularly revealing to take a closer look at the patterns detected by the traceback algorithm. Table 2 shows the most frequently attested patterns for each child. Again, it has to be emphasized that our exploratory use of the traceback method claims no cognitive plausibility of the detected patterns but only serves as a proof-of-concept that the code-mixed utterances can, in principle, be accounted for using frame-and-slot patterns. Both children tend to combine this with German material—in the case of Fion, this pattern even accounts for no <100 utterances. Apart from that, the patterns are relatively similar, and they substantiate the usage-based assumption that most instances of code-mixing can be accounted for with the help of simple frame-and-slot patterns. As a very rough tendency, the “frames” of wh-questions and simple assertive sentences (ich bin kein “I am no”) tend to come from German in both Fion's and Silvie's case, while frequently attested content words like fire, water, cheese come from English.


Table 2. Twenty most frequently attested patterns detected by the traceback method.

[image: Table 2]

Note that in all cases, not only are the fixed strings in the frame-and-slot pattern attested in the main corpus (here: the child's own monolingual data) but also the fillers that occur in the open slots in the individual utterances. The fact that a large proportion of code-mixed utterances can be derived successfully with the help of the traceback method lends further support to the usage-based assumption that children's early language use is strongly item-based, i.e., structured around concrete exemplars. This also becomes clear if we take a look at the data from a different but related perspective, by focusing on the word pairs (bigrams) attested in the code-mixed utterances as shown in Figure 4. This figure shows, for each word (type) in the corpus, the immediately succeeding words attested in each child's utterances. The transparency of the arrows indicates the transition probability between words: Highly frequent bigrams are indicated by a black arrow, while rare bigrams are indicated by a transparent (hence, gray-ish) arrow. For instance, in Fion's earliest data depicted in the upper-left panel of the plot, und “and” (highlighted with boldface) is strongly connected to this, as indicated by the thick black arrow. This means that the bigram und this occurs frequently in the data. The other word highlighted in boldface, ich “I,” is often followed by will “want.” It is also fairly often preceded by nein “no” or darf “may,” but these connections are not as strong as those between ich and will.


[image: Figure 4]
FIGURE 4. Bigram network based on all code-mixed utterances in the corpus, created using ggraph (Pedersen, 2021).


In line with the traceback results, we can see immediately that there are certain “hubs” that combine with many different words from both languages (blue indicating German, red English, and gray words that cannot be assigned unambiguously to one of the languages). Figure 3 also shows a developmental perspective. As can be expected, Silvie's network is initially more complex, which is in line with the finding that her language use is more complex and more creative than Fion's; over time, however, both children's networks grow smaller as their use of code-mixing decreases.





CONCLUSION

In this paper, we have taken a usage-based and data-driven approach to bilingual language acquisition. We have used the traceback method to investigate whether the patterns attested in two bilingual children's code-mixing can be traced to their monolingual data and to their caregivers' input, and we have used a cross-corpus traceback approach in order to check to what extent the linguistic repertoires that the two children use in their code-mixing overlap. Results showed that first, code-mixed utterances are often constructed around frame-and-slot patterns, which, second, can be traced back to the monolingual utterances as well as, third, to the input. This is in line with what we expect from a usage-based perspective: The more frequently children use a pattern, the more it becomes entrenched, and the easier it is to activate. Our findings also resonate with studies that show children's uptake from child-directed speech: Parents often use recurrent patterns which in turn are also often used in their children's early production (Cameron-Faulkner et al., 2003).

We also found that the traceback success is significantly lower in the case of the cross-corpus approach, i.e., when tracing utterances from one corpus to the other. This is not surprising as each child has a different input situation from which they extract their individual linguistic knowledge. It is also clear that differences cannot be too large and that speakers need to converge on an inventory that overlaps in order to understand each other. However, there are also considerable individual differences that become clear when we look at the overall traceback success, which is lower for Silvie's data. All in all, Silvie's language is more complex, which also becomes clear in the bigram network that we have used to take a bird's-eye perspective on the children's code-mixing. Both the traceback study and the inspection of the bigram network, however, substantiate our hypothesis that the usage-based theory of language acquisition, according to which children's early utterances are organized around a limited set of concrete items (e.g., Tomasello, 2003), can account not only for monolingual, but also for multilingual language acquisition, and even for code-mixing.

However, the limitations of the traceback method, as discussed in e.g., Hartmann et al. (2021), should be kept in mind. Perhaps most importantly, the traceback method is largely limited to the detection of distributional patterns. As such, it presupposes a construction-centered approach to language (acquisition). As e.g., Wasserscheidt (2020: p. 61) points out, there is a long-standing debate between lexically-oriented and construction-based approaches. From a language acquisition point of view, Behrens (2007: p. 261) presents substantial empirical evidence in favor of “the construction as the primary conveyor of meaning.” However, most usage-based theorists would readily acknowledge that lexical and constructional knowledge interact in language production and comprehension. As such, (syntactic) constructions alone are not enough to fully account for language acquisition. Drawing on an early precursor to the traceback method developed by Lieven et al. (1997), Vihman (1999) has argued that the role of semantic learning should not be underestimated: Her analysis of English-Estonian acquisition data suggest that predicate types and structures play a major role in the process of language learning. The traceback method, however, only identifies fixed strings and frame-and-slot patterns. It can at best provide indirect evidence regarding speakers' knowledge about the properties of individual lexical items. These caveats also apply to the exploratory study of bigrams. It would therefore be worthwhile to complement the inductive approach presented here with follow-up studies that take a different methodological perspective on the same data.

In addition, it should be kept in mind that our analysis was only exploratory, and follow-up studies should adopt a more fine-grained approach to the data. For one thing, adding a morphological annotation layer to the data could help to (semi-)automatically identify recurrent frame-and-slot patterns in a more reliable and psychologically plausible way. In addition, a systematic analysis of the failed tracebacks as conducted in previous traceback studies could add important insights (see e.g., Koch, 2019). Also, while we have only taken intra-utterance code-mixing into account, it would be interesting to investigate (emergent) individual differences in bilingual language acquisition against what is known from studies on individual differences between adult speakers. For example, Street and Dabrowska (2010) have shown that individual differences are more likely for infrequently used constructions, whereas high-frequency syntactic patterns show less variability. Multilingual acquisition data can help us understand how such individual differences in language attainment come about and what role the linguistic input plays in this respect. Another desideratum would be to account for individual differences in bilingual speakers' attainment of the different languages they acquire—after all, it is well-known that bilingual speakers differ in their personal fluencies along various dimensions (see e.g., Edwards, 2013: pp. 11–14). The corpora analyzed in the present paper provide a rich source of data for approaching these and related questions in subsequent studies. In the long run, it would be desirable to extend the approach to other language pairs, which could prove insightful not only from a theoretical but also from a methodological perspective, as it could help to explore whether the traceback method can be fruitfully applied to pairs of typologically very different languages: In the case of German and English, the method works well as the structure of both languages is fairly similar, even though German has a slightly freer word order (see Koch, 2019: p. 212). But for another language, Italian, Miorelli (2017) has shown that the method meets some challenges, which are of course amplified when two languages are involved. The exploratory results presented in this paper can therefore only be a starting point for a broader theoretical and methodological discussion of how code-mixing should be modeled from a usage-based point of view.
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FOOTNOTES

1Throughout the paper, German material is presented in boldface. All examples from the corpora described below.

2While these terms are often used interchangably, we follow Muysken (2000) in using the term “code-mixing” for utterance-internal code-switching.

3In future studies, we plan to enrich the corpus with part-of-speech tags to allow for a more fine-grained automatic analysis.
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