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Previous research has shown that spatial language is sensitive to the effects of delayed language exposure. Locative encodings of late-signing deaf adults varied from those of early-signing deaf adults in the preferred types of linguistic forms. In the current study, we investigated whether such differences would be found in spatial language use of deaf children with deaf parents who are either early or late signers of Turkish Sign Language (TİD). We analyzed locative encodings elicited from these two groups of deaf children for the use of different linguistic forms and the types of classifier handshapes. Our findings revealed differences between these two groups of deaf children in their preferred types of linguistic forms, which showed parallels to differences between late versus early deaf adult signers as reported by earlier studies. Deaf children in the current study, however, were similar to each other in the type of classifier handshapes that they used in their classifier constructions. Our findings have implications for expanding current knowledge on to what extent variation in language input (i.e., from early vs. late deaf signers) is reflected in children’s productions as well as the role of linguistic input on language development in general.
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INTRODUCTION
Unlike hearing children who most of the time have early input from their speaking parents, only a small proportion of deaf children (5–10%) receive language input in a sign language mainly from their deaf parents (thus becoming early signers of their language), while the rest does not receive linguistic input accessible to them mainly because they have non-signing hearing parents (Mitchell and Karchmer, 2004). Thus, they may start learning a sign language later in their lives (e.g., at 6 years of age or later, thus becoming late signers), usually after meeting other deaf people at school or in other social environments such as deaf clubs/cafes1. A crucial body of research has shown effects of delayed language exposure on language skills of these late signers compared to early signers (e.g., Newport, 1988; Newpot 1990; Karadöller et al., 2017; Mayberry and Kluender, 2018; Karadöller et al., 2021).
In our paper, we are interested in the fact that these late signers may become language models for deaf children. Research conducted with deaf signers usually make a distinction between those with deaf parents versus hearing parents. However, as mentioned above, deaf parents themselves might have received sign language input later in their lives. Thus, their language skills might vary from deaf parents with early sign language exposure. We do not know much about whether and how language use in deaf children with late-signing deaf parents and deaf children with early-signing deaf parents parallels to the patterns observed in deaf adults who are early-versus late-signers.
Previous work with a single deaf child acquiring American Sign Language (ASL) from his deaf parents who are late signers of ASL reported that his signing skills went beyond the language input despite the inconsistent forms (i.e., forms not observed in language productions of deaf signers who acquired ASL since birth) it contained (Ross and Newport, 1996; Singleton and Newport, 2004). However, this is based on a single case study. Furthermore, this finding seems to be in contrast with the research on spoken languages suggesting robust effects of input quality (e.g., syntactic complexity; diversity of vocabulary) on language development (e.g., Rowe, 2012; Hoff and Core, 2013; Jones and Rowland, 2017) as well as the evidence suggesting a facilitating role of language input from native speakers for language development compared to that of non-native speakers (i.e., speakers using their L2 with their children) (Hoff, 2006 for a comprehensive review). To examine these effects for sign language acquisition, we compared language productions of two groups of deaf children with early-signing (acquired sign language since birth) versus late-signing deaf parents (acquired sign language at around adolescence, Newport, 1988). To facilitate the flow of reading, we will refer to deaf children with early-signing deaf parents as DCES (Deaf Children of Early Signers) and deaf children with late-signing deaf parents as DCLS (Deaf Children of Late Signers). Studying language patterns in such a cohort of deaf signing children expands the previous research since it mainly drew its conclusions based on a single case study in ASL or from spoken language development only.
For spoken language development, the effects of non-native language input have been studied mainly in bilingual language development. Compared to native-speaking adults, non-native-speaking adults’ vocabulary and morpho-syntax are likely to be less diverse and less sophisticated, and they are not as phonologically accurate as native speakers (e.g., Core and Hoff, 2014). Thus, the quality of linguistic input that children receive varies greatly depending on the adult language models, which seems to have robust effects on language development. For example, vocabulary use differences and the variation in the phonological accuracy among mothers who are non-native speakers of English are strong predictors of their children’s vocabulary development (Core and Hoff, 2014). Furthermore, in a study with Spanish-English bilingual children, Place and Hoff (2011) found that the proportion of children’s English input from native speakers was a stronger predictor of their vocabulary and grammar development in English compared to the amount of English input (from both native and non-native speakers) that they receive. In another study with Spanish-English bilingual children, Hoff et al. (2014) reported that English use at home facilitated development of English for these children more when one of the parents was a native speaker of English compared to the cases in which both parents were non-native speakers of English, but still used English at home. In a recent study, Unsworth et al. (2019) found that the degree of non-nativeness in the input is a better predictor of bilingual children’s language skills compared to the proportion of native input that they receive or having a native speaker parent or not.
It is important to note however that the caregivers described in many of these previous studies have relatively low proficiency in their later-acquired language compared to their first-acquired language. However, this is not the case with late-signing deaf adults since they are highly proficient in the language that they learnt later in their lives. Furthermore, for these late-signing deaf parents, their sign language can be considered as their second language since they were already using an initial communication system before acquiring a sign language (Henner and Robinson, 2021; Koulidobrova and Pichler, 2021). Thus, it might be more meaningful to consider speakers who are highly proficient in their later-acquired language (i.e., reversed dominance bilinguals) for comparison. Although there is a growing body of research on their language use and processing (e.g., Declerck et al., 2020; Gollan et al., 2020), research examining the effects of their language input on their children’s language development is scarce. In one recent study, Stoehr et al. (2019) asked whether language development in Dutch-German bilingual pre-schoolers has been influenced by the language input from their sequential bilingual mothers, who acquired Dutch in their adulthood, and have been using it dominantly in their daily lives. In their study, they focused on the productions of voice onset time (VOT), for which mothers’ productions were still non-native in Dutch despite being highly proficient in this language and using it on a daily basis, and also became different than those in German, which is their first language. In this study, they found that their bilingual children differed from their monolingual peers in both languages in the timing of voice onsets. Thus, these findings suggest that bilingual children’s language productions were influenced by their mother’s highly proficient but still non-native speech patterns.
Non-native input, as defined in these studies, refers to the use of a second language (sometimes together with a native first language with code-switching/mixing) by parents. However, it is also possible that monolingual parents’ language productions might include errors while interacting with their children. Earlier work examining how monolingually developing children deal with errors in input has shown that they regularize them when these errors are at low levels of complexity, and according to the dominant pattern in language input in general (Kam and Newport, 2005; Kam and Chang, 2009). Thus, it seems that monolingual children can track structural relations in the language input that they receive despite a certain degree of variation that exists in the input that they receive (Gonzáles et al., 2015). Children’s age has also been shown to be significant in this process. In a recent study, Austin et al. (2021) found that the younger the (speaking) children are, the more regular their language productions are despite the inconsistent forms in their input. When children are at around 7–8 years of age, their ability to regularize language input starts to diminish. Moreover, children in their study could acquire low frequency forms as long as they are used in a consistent fashion, thus showing a stronger role of consistency than that of frequency of linguistic patterns in language input to children.
Considering the findings of the above-mentioned studies, there seems to be conflicting evidence on to what extent and how language patterns used by language models shape language patterns produced by children. Studies conducted with bilingual children who receive non-native input from their parents suggest language proficiency of the parents to be a strong predictor for children’s language abilities (e.g., Hoff et al., 2014; Stoehr et al., 2019; Unsworth et al., 2019). On the other hand, studies with monolingual children, who can be exposed to errors and variations in their parents’ speech, indicate that these children’s language productions do not reflect such forms, thus suggesting that these children can regularize them in their own language use (Kam and Newport, 2005; Kam and Chang, 2009; Gonzáles et al., 2015; Austin et al., 2021). However, it is not clear how frequent and persistent these forms are in parents’ input to their children. Thus, it is possible that they might happen at such a low frequency that children may be ignoring them. Furthermore, De Bree et al. (2015) showed that bilingual children, but not monolingual children, could learn novel language patterns when presented with input with variations, and concluded that bilingual children are better at detecting regularities in language input compared to monolingual children. Therefore, children’s ability to deal with variation in their language input might be related to bilingualism (De Bree et al., 2015) or complexity of linguistic forms (Kam and Newport, 2005; Kam and Chang, 2009) or frequency of such variations in the input (Gonzales et al., 2015; Austin et al., 2021).
Research on sign language acquisition presents us a possible avenue to approach these issues in a novel way because of the heterogenous profile of language acquirers, which is mainly the result of different ages of sign language acquisition by deaf signers. A crucial body of research has shown the effects of delayed language exposure on language skills of late signers compared to early signers (see Mayberry and Kluender, 2018 for a review). In a series of studies, Newport (1988, 1990) compared early-signing deaf adults to late-signing deaf adults on several syntactic and morphological language production tasks. She found performance differences between these groups in different aspects of morphologically complex constructions. To be specific, she concluded that early exposure to sign language is of utmost importance to master morphologically complex verbs of motion and location, and that late input has long-lasting effects on their mastery even in adulthood. In two recent studies, Karadöller et al. (2017; 2021) compared descriptions of spatial configurations of objects by late-signing deaf children (aged between 7; 3–10; 9) and late-signing deaf adults to the age-matched early-signing deaf users of Turkish Sign Language (TİD). Their results revealed that in describing locative relations between objects (e.g., pen left to paper), early signers mainly used morphologically complex classifier predicates, in which the location of the hands encodes the location of the referents, while the handshape encodes referent type by classifying it in terms of certain semantic features such as size and shape (Supalla, 1982; Emmorey, 2002; Zwitserlood et al., 2012; Sümer et al., 2014; Perniss et al., 2015; Sümer, 2015). In Figure 1A below, a TİD signer first introduces the lexical signs for Ground (paper) and Figure (pen) and uses a classifier construction in which the flat surface of her right hand is the classifier handshape for the paper and the index finger of her left hand is the classifier handshape for the pen. The position of her hands in signing space encodes the spatial relation as shown in the stimulus picture. Late signers used these forms less frequently than early signers. They rather preferred morphologically less complex linguistic forms such as pointing to space to indicate relative locations between objects as shown in Figure 1C, in which another TİD signer points to the location of the Figure (cat) with respect to the Ground (boat) encoded by a classifier handshape (her left hand). Please note that the signer first introduced the lexical signs for Ground and Figure objects in her spatial description.
[image: Figure 1]FIGURE 1 | Different locative forms used to describe object locations by TİD signers.
In TİD, it is also possible to use lexical signs (i.e., relational lexemes) that mean left or right to encode these spatial relations (Sümer et al., 2014; Sümer, 2015; Karadöller et al., 2017; Karadöller et al., 2021). Relational lexemes encode spatial relationships between entities but not the information about the shape of the specific entities themselves. Thus, they are semantically less specific and iconic to the size and shape of the referents than classifier predicates are since they only exhibit the relationship between any two objects regardless of their size and shape. Therefore, as relational lexemes do not require classifier handshapes and locations in space, they can be considered to be morphologically less complex. In these forms, TİD signers tap onto the upper part of their left or right arms or at the back of their left or right hands. In Figure 1B below, after introducing the lexical signs for Ground (paper) and Figure (pen), a TİD signer uses the relational lexeme in which she taps her left arm to encode left in her locative description. Please note that these forms can be used as the mere locative strategy in spatial descriptions or combined with classifier constructions or other locative strategies such as pointing (Sümer et al., 2014; Sümer, 2015). In their study, Karadöller et al. (2017; 2021) found similarities in how early and late signers of TİD use these forms.
As shown by above-mentioned studies, early (with deaf parents) and late signers (with hearing parents) differ in their locative encodings in terms of the language forms that they employ. We do not know much if and to what extent these differences will be observed in the locative encodings of deaf children with such early-versus late-signing deaf parents. In a previous study, Lu et al. (2016) compared early lexical sign productions of deaf children with deaf parents to deaf children with hearing parents with level one proficiency in British Sign Language (BSL). So, these hearing parents, for whom sign language was a second language, provided sign language input to their deaf children–albeit with forms that differed from deaf early signers of BSL. It is also important to note that these hearing parents reported using English with their deaf children, thus providing bimodal bilingual language input. The study found that deaf children with hearing parents knew fewer lexical signs and made more errors in using correct handshapes in these lexical signs that they produced than deaf children with deaf parents. However, it is not clear how their output compared to adult patterns in terms of accuracy and complexity. There is also one case study with an ASL-acquiring deaf boy (Simon) whose deaf parents were late ASL signers (Ross and Newport, 1996; Singleton and Newport, 2004). In this study, covering between 2; 6–9; 1 year of age, researchers looked into his motion event encodings, and compared them to those elicited from his late-signing deaf parents as well as his deaf peers with early-signing deaf parents. As a result, they found his classifier constructions in encoding motion events to be more regular than those of his parents since they were similar to those produced by early signers of ASL in terms of indicating movement of the referents and use of signing space in these forms.
However, certain aspects of Simon’s productions differed from those of early signers of ASL. For example, his choice of classifier handshapes in classifier predicates was not similar to that of early signers. Indeed, differences in classifier handshape choice were also observed between his parents and early-signing deaf adults. It seems that Simon’s output in using classifier handshapes parallels to these differences between his parents and early signers of ASL. It is also important to note that the difference in the use of classifier handshapes was observed for encoding the central objects (i.e., moving object), but not the secondary ones (i.e., relative to which central objects move) in his data. However, these findings come from only one case study, thus it is not clear if these findings can be generalized to other signing children who receive language input that is characterised by variations.
In the current study, we investigated how language productions of deaf children with late-signing deaf parents compared to those from deaf children with early-signing deaf parents by collecting data from a large cohort of sign language acquiring deaf children. Here, we focused on the domain of spatial language, more specifically locative encodings, for which recent studies have shown differences in the choice of linguistic forms between early and late signers of TİD (Karadöller et al., 2017; Karadöller et al., 2021). Considering the previous research, we entertained the following predictions: if DCLS are similar to DCES, it would suggest that differences reported in encoding locative relations between early and late adult signers are not reflected in the language productions of these children. Therefore, despite the possible variation that these children might receive in their language input, their developmental track in learning to encode spatial relations will be similar to each other (Ross and Newport, 1996; Singleton and Newport, 2004; Kam and Newport, 2005; Kam and Chang, 2009; Gonzales et al., 2015; Austin et al., 2021). It is also possible that DCLS will be using classifier predicates less often than DCES, thus being parallel to the differences observed in early versus late adult signers. Thus, the differences observed in the language productions of these children can be explained by and reflect the linguistic input that they receive from the language models (e.g., Hoff, 2006; Place and Hoff, 2011; Rowe, 2012; Hoff and Core, 2013; Core and Hoff, 2014; Jones and Rowland, 2017). Finally, it is also possible to see differences in deaf children’s outputs for different aspects of locative encodings such as differences for the use of classifier handshapes (Ross and Newport, 1996; Singleton and Newport, 2004), but not for the frequency of using different locative forms.
The findings of our study will contribute to current understanding on children’s ability to deal with variation in adults’ use of language by providing evidence from a unique population of deaf children with deaf parents with varying ages of sign language exposure, that has never been studied systematically before. In addition, the present study is about monolingual language development, thus controlling for a possible effect of bilingualism–unlike previous studies with speaking children2. Our study is also unique in examining the language input by parents who are highly proficient in a language that they have acquired later in their lives, which has been largely unexplored for spoken language development (but Stoehr et al., 2019). Furthermore, it presents a broader perspective by focusing on different aspects of locative encodings such as types of linguistic forms and classifier handshapes rather than by focusing on only classifier constructions or phonological handshapes. It also presents data from a larger group of deaf children with deaf parents, thus expanding the previous research by Ross and Newport (1996) and Singleton and Newport (2004) and providing more data on this topic. Finally, sign language studies so far grouped deaf signers with deaf parents as native signers without considering the differences in language performance of their deaf parents, which might be modulating sign language development in various ways. This study aims to shed light on whether and how such a differentiation among so-called native signers, considering differences in their input, can be meaningful in sign language acquisition research as well as contributing data on the role of language input on language development in children in general.
MATERIALS AND METHODS
Participants
As mentioned earlier, early signers consist of a very small proportion of a deaf population (Mitchell and Karchmer, 2004), which makes it a challenging task to find enough participants for this study. It was even a further challenge since the current study divided deaf children with deaf parents into two groups. For this reason, we analyzed data previously collected for two different projects, which entertained related research questions. Thus, the data used for this paper have been published before in papers with a different research focus, namely the comparison of spatial language development between early signing deaf children and speaking children (e.g., Sümer, 2015) and effects of delayed sign language exposure on learning to encode various spatial relations (Karadöller et al., 2017; 2021).
Deaf children in the current study were split into two groups: DCES (mean age = 8.27) and DCLS (mean age = 8.09) with eight children in each group. We also analyzed locative encodings elicited from a group of early-signing deaf adults (also with early-signing deaf parents) as well as a group of late adult signers of TİD, who acquired TİD after 7 years of age (n = 8 in each group) for the classifier handshape analysis (Table 1 for their demographic information) since we lack previous studies on the differences between early and late signers for the use of classifier handshapes in locative encodings in TİD.
TABLE 1 | The number (N) of participants as well as the mean (M) and the standard deviation (SD) of their ages.
[image: Table 1]All participants reside in Istanbul, Turkey. All deaf children in this study attend a school for the deaf. It is important to note that TİD was not systematically taught at the schools for the deaf, and thus was not part of the curriculum at the time of data collection. Furthermore, deaf children and adults learned very little Turkish at school. Adult participants reported themselves to be profoundly deaf and unable to understand spoken Turkish as well as not being proficient in reading and writing in Turkish.
Stimuli
To collect language production data, we used a picture description task, which showed slight variations in format between the two projects (Figure 2 above). Please note that the differences in stimuli did not meaningfully contribute to our findings as revealed by the statistical models used for the data analysis.
[image: Figure 2]FIGURE 2 | Example of the displays used in the current study. Differences in their format (e.g., background, indication of the target pictures to be described) are because they were used in two different, but related, projects. The stimuli on the left were originally developed by Dr Jennie Pyers (Wellesley College, The United States).
In this task, participants were asked to describe a target picture (indicated with a red frame or a black arrow) displayed together with three other pictures (non-targets) in a picture set. In all of these pictures, one object (Figure) was situated in relation to another object (Ground). All the target pictures analyzed for the current study showed objects located on the lateral axis (e.g., pen left to a paper). In the non-target pictures, the location of the objects varies such as sagittal axis (pen in front of paper), containment (lemon in jar), or support (pen on paper). In total, there were 118 picture sets, out of which 34 picture sets were analyzed, and the rest functioned as fillers. We chose left and right as the focus of the current study because we previously found systematic differences between early- and late signing deaf adults in encoding them, but not for in and on type of spatial encodings (Karadöller et al., 2017; 2021). Furthermore, it is not yet known whether and how early and late signing deaf adults differ in encoding front/behind in TİD, and therefore there is no baseline for comparing our findings with.
Procedure
In data collection sessions, signers were asked to sit opposite the addressee, who was a deaf confederate. There was a laptop located on a table between them, and the table was below the waist of the participants so that their hands could easily be seen (Figure 3). To collect data, the participants were shown sets of four pictures and asked to describe the target picture with the red frame/arrow to the addressee who had the same picture set (but without any red frames/arrows and pictures in a scrambled order) in a booklet in front of them. The task of the addressee was to choose the picture described by the signer. The participants were asked to describe the target picture. They were never asked questions such as “Where is X?” before they began their descriptions since such questions might have invoked a description of the location of that object without a full locative description. Addressee did not give any feedback on whether the descriptions were correct or not. In cases where the participants did not express the spatial relations, addressee only asked for the location of the Figure item using the lexical sign of WHERE in TİD and the lexical sign of the Figure item in the target picture. Thus, addressee feedback did not provide any linguistic strategies to locate the Figure item in relation to the Ground item. All participants’ descriptions were recorded by two cameras from different angles so that both a front and a top view were available, providing as much information as possible on locations, movement directions and sign forms, which facilitated the coding of the data considerably. However, since data collection sessions took place in different home and classroom environments, recording set-ups and camera angles showed some variation in different data collection sessions.
[image: Figure 3]FIGURE 3 | Data collection set-up.
Data Coding and Analysis
The picture descriptions were annotated, coded, and checked by a deaf signer of TİD and two hearing researchers with knowledge of TİD. The annotations were done in ELAN, a free annotation tool (http://tla.mpi.nl/tools/tla-tools/elan/) for multimedia resources, developed by the Language Archive Group at the Max Planck Institute for Psycholinguistics in Nijmegen, Netherlands (Wittenburg et al., 2006).
Picture descriptions in which children encoded a correct spatial relation (i.e., left, right) between Figure and Ground were coded for 1) the type of linguistic forms used to indicate the spatial relation and 2) classifier handshapes used to encode the location of the Figure object with respect to the Ground object. For the first point, we compared two groups of deaf children with each other only since we already knew preferred patterns from both early and late adult signers of TİD from previous work (Karadöller et al., 2017; Karadöller et al., 2021). Thus, we wanted to see if similar patterns reported in this previous work were also observed in DCES versus DCLS in the current study. Please note that we could not compare these deaf children with their deaf parents in interaction because we lack data. However, we also think that, in such a comparison, it would be difficult to understand the possible effects of child-directed signing, in which parents tend to simplify linguistic forms for their deaf children even when these children would be around 8 years of age (Perniss et al., 2017; Ortega et al., 2017). It would then be difficult to understand the differences between two groups of deaf parents if they modify and/or simplify input in describing locative relations. For the second point, we coded data from a group of early-signing adults (with early-signing deaf parents) as well as a group of adult late signers (with non-signing hearing parents, thus exposed to sign language, for example, at around 6 years of age or later) for their preferences in the use of classifier handshapes in their locative constructions since we did not have previous knowledge on these patterns from these groups in TİD. In this analysis, we also focused on the classifier handshapes for Figure only following Ross and Newport (1996) and Singleton and Newport (2004), who reported errors in classifier handshapes for the location of Figure (primary) objects, but not for the Ground (secondary) objects.
The coding and analysis of our data for the linguistic strategies used in the correct spatial encodings in which the location of the Figure item was mentioned in relation to the Ground item revealed three main categories: 1) classifier constructions, 2) relational lexemes, and 3) other forms such as pointing. In Figure 4, a deaf child (with early-signing deaf parents) is describing the location of the soap with respect to the jar. After introducing the lexical signs for the jar and the soap, he uses a classifier construction in which his left handshape represents the round shape of the jar, and the shape of his right hand refers to the flat surface of the soap. The location of his hands in signing space reflects how the soap is located in relation with the jar in the picture. In Figure 5, another deaf child (with early-signing deaf parents) is describing a picture that displays an apple to the right of a box. After mentioning the lexical signs for the entities in the picture, he uses a lexical sign that means right in TİD. In Figure 6, a deaf child (with late-signing deaf parents) is encoding the location of the wristwatch with respect to the cup. In her description, lexical signs for the entities are followed by the use of an index finger pointing directed towards the left side of the signing space.
[image: Figure 4]FIGURE 4 | Encoding the spatial relation between Figure and Ground in classifier predicates in TİD.
[image: Figure 5]FIGURE 5 | Encoding the spatial relation between Figure and Ground by using a relational lexeme in TİD.
[image: Figure 6]FIGURE 6 | Encoding the spatial relation between Figure and Ground by using an index finger pointing in TİD.
Next, we focused on the descriptions in which signers used a classifier predicate to encode the spatial relation between the Figure and the Ground. Here we focused on only the use of the classifier handshape to encode the location of the Figure since earlier studies (Ross and Newport, 1996; Singleton and Newport, 2004) reported a difference between Simon and his deaf peers of early-signing deaf parents in the use of classifier handshapes for the primary objects (i.e., Figure), but not for the secondary ones (i.e., Ground). Please note that in this analysis, we compared not only two groups of deaf children with each other, but also compared them to a group of adult early and late signers of TİD, as opposed to two previous analyses, since we lack data on the adult-like patterns of using classifier handshapes in locative constructions in TİD. Here we used the classifier handshape inventory for TİD (Kubus, 2012). For each spatial display, we listed the classifier handshapes for Figure objects as preferred by adult early signers. As shown in Figure 7 below, in our data, for example, it emerged that early signers of TİD used 8-handshape (or V-hooked) to localize the Figure (horse) in signing space (third still, left hand). Thus, other handshapes used for the same Figure by deaf adult late signers as well as deaf children were considered to differ than the patterns observed for the early signers (Figure 8).
[image: Figure 7]FIGURE 7 | Use of a classifier predicate with a classifier handshape as preferred by an early signer of TİD.
[image: Figure 8]FIGURE 8 | Use of a classifier predicate with a classifier handshape which is not observed in the patterns found for early signers of TİD.
RESULTS
Data presented in this section were analyzed using generalized binominal linear-mixed effects modelling (glmer) with random intercepts for Participants. All models were fit with the lme4 package (version 1.1.21; Bates et al., 2015) in R (R Core Team, 2019).
As the first step, we checked if two groups of deaf children differed in how frequently they encoded a correct spatial relation (i.e., left, right) out of all picture descriptions in which they expressed Figure, Ground, and a locative form (n = 205). Please note that we included all the descriptions with a left or right encoding, thus did not consider possible viewpoint differences (i.e., encoding right for a picture that displays objects in a left configuration). It is also important to note that we took out non-responses or responses that were missing Figure, Ground, and/or spatial encoding (n = 13) since they could have happened as a result of the factors not related to the lack of ability to encode spatial relations (e.g., not seeing the objects or spatial relation clearly). For example, In Figure 9 below, a deaf child (with early signing deaf parents) is producing the lexical signs for the cup and the banana without further encoding the spatial relation between them. Also, in Figure 10, another deaf child (with early signing deaf parents), encodes the lexical sign for the apple, and then shows its location without mentioning the box, which makes the description too vague to understand the location of the apple. Thus, descriptions like these were not considered to encode a (correct) spatial relation between the objects. We also checked this decision with our deaf research assistants and informants, who advised similarly, and indicated that the descriptions were not correct/informative enough in TİD.
[image: Figure 9]FIGURE 9 | Picture description that does not include any encoding of a spatial relation between objects.
[image: Figure 10]FIGURE 10 | Picture description that does not include the mention of the Ground object (box).
The comparison of the picture descriptions with a correct spatial encoding (M = 0.98, SE = 0.01 for DCES, and M = 0.94, SE = 0.02 for DCLS) to those with incorrect ones (e.g., front, on) showed no differences between two groups of deaf children (β = 1.28, SE = 0.83, z = 1.55, p > 0.5).
Types of Linguistic Forms in Spatial Encodings
In order to understand whether DCES and DCLS differ in their preferred linguistic forms to encode spatial relations, we focused on the picture descriptions with correct spatial encoding (left, right). To this end, we used separate glmer models to test the fixed effect of Group (DCES, DCLS), coded with numeric contrasts, on the use of each linguistic form (Classifier Constructions, Relational Lexemes, Other), which was coded as the binary dependent variable (0 = No, 1 = Yes). It is also important to note that in some of the descriptions, participants used more than one linguistic strategy to describe the spatial relation in the target picture. For example, one description could include both a classifier construction followed or preceded by a relational lexeme. These cases were counted for the presence of both categories. Consequently, the results presented in this part include all the strategies for a single description and thus allow us to investigate each linguistic strategy with separate models, which is also similar to the statistical models used in the study by Karadöller et al. (2021).
As a result of these analyses, we found main effects of Group (DCLS, DCES) on the use of Classifier Constructions (p < 0.05) and Other forms (p < 0.001): DCES preferred classifier constructions more frequently than DCLS (Figure 11; Table 2). For the use of linguistic forms from the Other category, we saw a reverse pattern, in which DCLS used them more often than DCES (Figure 12; Table 3). We did not observe any effects of Group for the use of relational lexemes (β = -0.27, SE = 1.21, z = −0.23, p > 0.5).
[image: Figure 11]FIGURE 11 | Mean proportions and SEs of the use of classifier constructions by deaf children with early-signing deaf parents (DCES) and deaf children with late-signing deaf parents (DCLS).
TABLE 2 | Fixed effect estimates from the glmer model for frequency of classifier constructions use.
[image: Table 2][image: Figure 12]FIGURE 12 | Mean proportions and SEs of the use of language forms Other than classifier constructions and relational lexemes (e.g., pointing signs) by deaf children with early-signing deaf parents (DCES) and deaf children with late-signing deaf parents (DCLS).
TABLE 3 | Fixed effect estimates from the glmer model for frequency of use of other forms.
[image: Table 3]Types of Classifier Handshapes in Classifier Constructions
We further investigated the use of different classifier handshapes in picture descriptions where signers used a classifier construction. Please note that in the following analyses, we only focused on the classifier handshapes used to represent the location of the Figure object, as in line with earlier studies by Ross and Newport (1996), and Singleton and Newport (2004). Here we were interested in understanding whether the preferences for different classifier handshapes differed between: 1) two groups of children (DCES vs. DCLS); 2) two groups of adults (early vs. late), 3) DCES and early-signing adults, and 4) DCLS and late-signing adults.
To understand if the two groups of deaf children differed in their use of classifier handshapes in their locative expressions, we tested the fixed effect of Group (DCLS, DCES), coded with numeric contrasts, on the binary dependent variable of classifier handshape choices (0 = Classifier handshapes different than those of early-signing adults, 1 = Classifier handshapes as also used by early-signing adults). This analysis did not reveal a difference between the two groups (Figure 13; Table 4).
[image: Figure 13]FIGURE 13 | Mean proportions and SEs of the choice of classifier handshapes for Figure object by two groups of deaf children (those with late-signing deaf parents, DCLS, and those with early-signing deaf parents, DCES) as well as two groups of deaf adults (early versus late signers).
TABLE 4 | Fixed effect estimates from the glmer model for frequency of using classifier handshapes by deaf children in each group.
[image: Table 4]We further examined if late-signing adults were similar to early-signing adults in their choice of classifier handshapes. Thus, we tested the fixed effect of Language Status (Early-signing, Late-signing), coded with numeric contrasts, on the binary dependent variable of classifier handshape choices (0 = Classifier handshapes different than those of early-signing adults, 1 = Classifier handshapes as used by early-signing adults). We did not find any statistical differences in their choice of classifier handshapes (Figure 13; Table 5).
TABLE 5 | Fixed effect estimates from the glmer model for frequency of using classifier handshapes by deaf adults.
[image: Table 5]In order to check to what extent deaf children were similar to deaf adults in their classifier handshape preferences, we compared DCES to early-signing adults (Table 6) and DCLS to late-signing adults (Table 7). We did not observe any differences between these groups (Figure 13).
TABLE 6 | Fixed effect estimates from the glmer model for frequency of using classifier handshapes by DCES and early-signing deaf adults.
[image: Table 6]TABLE 7 | Fixed effect estimates from the glmer model for frequency of using classifier handshapes by DCLS and late-signing deaf adults.
[image: Table 7]DISCUSSION
In this study, we examined locative encodings of deaf children with early-signing versus late-signing deaf parents. Considering the previous research showing substantial differences in linguistic encoding of space (more specifically for left-right encodings) between early and late signers of TİD (Karadöller et al., 2017; 2021), it is possible that these two groups of deaf children could also differ in their spatial descriptions. We explored this possibility, previously tackled by Ross and Newport (1996) and Singleton and Newport (2004) for sign language acquisition, by focusing on a larger cohort of deaf children, who were divided into two groups depending on whether their deaf parents were early signers of TİD or not. We compared these two groups of deaf children in how frequently they used linguistic forms (classifier constructions, relational lexemes, other forms such as pointing) in locative constructions as well as how frequently they used a classifier handshape as preferred by early-signing adults. We found differences between two groups of children in their preferences of using different linguistic forms in their locative encodings in ways parallel to the differences in early and late signing adults as reported in previous research. Such a difference, on the other hand, was not observed for the use of classifier handshapes.
Types of Linguistic Forms Used in Locative Encodings
Previous studies showed different language production patterns between early and late adult signers both for the expression of motion events (Newport, 1988; Newport, 1990) and the locative expressions (Karadöller et al., 2017; Karadöller et al., 2021). In our study, DCLS differed from DCES in choosing classifier constructions less often. They, instead, preferred forms such as pointing to the location of the Figure object with respect to the Ground object. This pattern is quite similar to that of reported for late adult signers of TİD (Karadöller et al., 2017; Karadöller et al., 2021). Our study, thus, provides further evidence for such a variation in even deaf children with deaf parents. Thus, the effects of delayed sign language exposure may not be immediate to deaf signers with hearing parents, but to their deaf children, as well.
Although we did not compare these deaf children with their deaf parents due to the possible confounding effect of child-directed signing, the variation in using locative forms in these two groups of deaf children might still suggest corroborating support for the role of language input (e.g., Rowe, 2012; Hoff and Core, 2013; Jones and Rowland, 2017) on language development by showing that differences observed between early and late deaf adult signers were also found in deaf children with deaf parents who are either early or late signers. This finding seems to stand in contrast with the evidence suggested by the earlier studies for speaking children’s ability to regularize input when exposed to inconsistent patterns (Kam and Newport, 2005; Kam and Chang, 2009; De Bree et al., 2017; Austin et al., 2021). In our study, we also attested their finding with data from deaf children who kept the variation that they were exposed to in their language productions.
However, the characterization of input differs in our study compared to the studies with speaking children and parents. In our case, some of the language forms produced by late-signing adults and DCLS in encoding left and right type of spatial relations (e.g., pointing) can be considered to be well-formed and accepted despite being less preferred by early-signing adults and DCES. Therefore, one can think that DCLS might have been simply aligning with the patterns in their linguistic input rather than failing to regularize it since these forms are not inconsistent as defined by the research with speaking populations. The difference observed between two groups of deaf children makes it difficult to distinguish these two views. If DCLS would have been found to be similar to DCES in their preferences of locative forms, then linguistic alignment between these children and their language models would be a less likely interpretation. This would then suggest a weaker role of language input on shaping language development. However, the differences between early- and late-signing adults were also found between two groups of children, which suggests language learning processes in children could be influenced by language models and input in their environment, and one mechanism that allows this could be linguistic alignment in language productions of children and adults.
Finally, language productions of DCLS in our study diverged from those of ASL-acquiring deaf child (Simon) studied by Ross and Newport (1996) and Singleton and Newport (2004). However, in that study, Simon could surpass his language models for movement/location morpheme, but not for classifier handshape morpheme. In our study, we did not focus on individual morphemes, but first took a general perspective to see if there are differences in the types of locative forms preferred by them. We do not know if and what type of other language forms were used by Simon and his deaf parents in their motion event descriptions. One significant difference between Simon and DCLS in our study was that Simon did not attend a school for the deaf, thus his linguistic input was limited to his deaf parents. DCLS, on the other hand, were exposed to sign language input from various sources such as their deaf peers at school. In this case, one might assume less alignment between children’s output and their deaf parents’ input due to more variation that these children were exposed to. However, it is likely that these children were exposed to sign language input mostly form late-signing deaf peers (with hearing parents), which might have reinforced their patterns even further.
Regarding the use of relational lexemes to encode object locations, our results did not reveal a difference between these two groups of deaf children. This is also similar to the previous research showing no differences in using these forms by early and late adult signers of TİD (Karadöller et al., 2017; Karadöller et al., 2021). It seems that these deaf children have an understanding of left and right since they could use these terms correctly. However, when it comes to using morphologically complex constructions such as classifier constructions, DCLS used them less frequently than DCES. Relational lexemes can be considered to be morphologically less complex compared to classifier constructions since handshapes in these forms do not denote any size and/or shape information about the referents: they are frozen lexical items used for these spatial relations regardless of the type of the objects. Previous studies on the differences in language productions of early versus late signers consistently report more frequent use of frozen lexical verbs (rather than verbs of motion) in describing motion events (Newport, 1988; Newport, 1990). Thus, in our study, we also observed a similar pattern for the locative expressions in deaf children whose deaf parents differ in their age of TİD acquisition. It is also important to note that these relational lexemes in TİD can also be body-anchored in which signers tap their left arms or back of their left hands to encode left and their right arms or back of their right hands for right. Previously, Sümer (2015) and Sümer et al. (2014) found an early acquisition of these forms (around 4 years of age) by deaf children acquiring TİD from their deaf parents and suggested a facilitating role of body in their production. In the current study, simple morphological structure of the relational lexemes as well as involvement of body in their production might have helped DCLS become similar to DCES in the use of these locative forms.
Types of Classifier Handshapes in Classifier Constructions
Our final analysis, which was on the use of classifier handshapes, did not reveal any differences between two groups of deaf children. Moreover, they were also similar to early-signing adults in their choice of classifier handshapes in their locative descriptions. Considering the fact that there was no difference between early- and late-signing adults as revealed by the current study, it is not surprising to see that two groups of deaf children were similar to each other in this respect. It seems that although DCLS differed from DCES in their choice of locative forms in describing spatial relations (classifier predicates versus other forms such as pointing), when they used classifier constructions, their classifier handshapes used to refer to entities (Figure object more specifically) were similar.
Lack of difference between two groups of deaf children in their use of classifier handshapes in locative expressions seems to be in contrast with what was found for Simon by Ross and Newport (1996) and Singleton and Newport (2004). In their study, classifier handshape was the only parameter for which Simon could not surpass his language models, i.e., his deaf parents. Furthermore, previous studies report that late signers do not catch up with early signers in their choice of classifier handshapes, and handshape being the most susceptible to the effects of delayed language exposure (Newport, 1988; Newport, 1990; Singleton and Newport, 2004). In our study, handshape in classifier constructions seems to be resilient to the possible differences in language acquisition of these two groups of deaf children. This might be due to the nature of locative spatial relations as opposed to motion events, which include more components (Figure, Ground, Motion, Path, Manner) (Talmy, 1985; Engberg-Pedersen, 1993; Taub and Galvan, 2001; Cuxac and Sallandre, 2007). Thus, effects of late language exposure or exposure to variation in input might become evident when signers are engaged in producing syntactically and semantically more complex utterances. Syntactic complexity was also observed to be a factor contributing to the differences in language productions of early versus late signers. For example, Newport (1990) reports no differences among three groups of ASL signers (native, early, and late) in their acquisition of basic word order. Similarly, for adolescents acquiring a sign language as a first language, Ramirez et al. (2013) found the use of relatively short and non-complex utterances, and the acquisition of declaratives earlier than more syntactically complex utterances such as Wh-questions, although they might still differ in the strategies (e.g., event knowledge rather than basic word order) that they use to comprehend sentences (Cheng and Mayberry, 2021). Similarly, Cheng and Mayberry (2019) provide further evidence for the resilience of simple syntactic structures to the effects of delayed language exposure.
CONCLUSION
In our study, we have presented evidence for both similarities and differences in the language use of two groups of deaf children with deaf parents, who were first exposed to a sign language at different ages (since birth or at later ages). Differences previously reported for early-versus late-signing adults in their locative form preferences were observed between these two groups of deaf children as well. However, these children did not differ in the handshapes they used in classifier constructions to encode object locations. We would like to highlight that all the locative forms produced by the deaf children in our study were acceptable forms in TİD although some might be preferred less often than the others. Thus, our findings do not suggest any detrimental effects of language input by deaf parents who are late signers themselves. We rather show that language productions of children are influenced by the language patterns that they are exposed to in their immediate environment.
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FOOTNOTES
1Please note that we here refer to the timing of receiving sign language input (early vs. late). As suggested by Henner and Robinson (2021) as well as Koulidobrova and Pichler (2021, this special issue), these signers had initial communication systems before starting to acquire a sign language, thus their sign language can be considered as their second language.
2In our study, we consider deaf children to be monolingual signers of Turkish Sign Language (TİD) since their teachers and parents reported that they have low reading, writing and oral language proficiency in Turkish or any other spoken language.
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