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When a caregiver names objects dominating a child’s view, the association between object and name is unambiguous and children are more likely to learn the object’s name. Children also learn to name things other than solid objects, including nonsolid substances like applesauce. However, it is unknown how caregivers structure linguistic and exploratory experiences with nonsolids to support learning. In this exploratory study of caregivers and children (n = 14, 8 girls; M = 20.50 months) we compare caregiver-child free-play with novel solid objects and novel nonsolid substances to identify the linguistic and exploratory experiences associated with children’s word learning. We found systematic differences in interactions with novel objects, such that children performed more manual actions on solids than nonsolids and caregivers named solids more than nonsolids. Additionally, there was less synchrony between caregivers’ naming and children’s manual and visual exploration of nonsolids than solids. Consistent with prior work, we found that synchronous naming was associated with accurate recognition of solid object names. However, naming synchrony was not associated with recognition of nonsolid substance names or with generalization. Together these findings, though exploratory, suggest the coordination of caregiver-child play can shape what children remember about novel word-object associations for solid objects, but not nonsolid substances.

Keywords: caregiver-child interaction, word learning, manual-visual exploration, head cameras, exploration


INTRODUCTION

Caregivers play a critical role in children’s development by structuring their learning environments. From parental emotional modeling and responsiveness (Denham et al., 1997), to scaffolding problem solving and executive function (Hammond et al., 2012), caregivers provide structure supporting learning. Vygotsky went so far as to propose, “it is through others that we become ourselves,” (Vygotsky, 1987) introducing the idea that social interactions “scaffold” children’s development. No domain exemplifies this idea as well as language development. Although word learning was previously considered to be a problem so rife with ambiguities that it could only be solved via innate cognitive constraints (Quine, 1960; Markman, 1991), increasing evidence reveals that interactions with caregivers serve to disambiguate the word learning problem. As they play, children tend to hold objects close to their faces, dominating their view (Smith et al., 2011). When caregivers name objects dominating the child’s view, the association between object and label is unambiguous (Gillette et al., 1999), and children are more likely to learn the object’s name (Yu and Smith, 2012; Yurovsky et al., 2013), potentially because these views provide useful information about object shape—necessary for later recognition (Biederman, 1995) and generalization to other category members (Landau et al., 1988). Children also learn to name and recognize things other than solid objects, including nonsolid substances like applesauce (Rips and Hespos, 2015, 2019), but it is unknown how caregivers structure linguistic and exploratory experiences to support that learning. Here we use head-worn cameras to compare differences in caregiver-child free-play with novel solid objects and novel nonsolid substances to identify the linguistic, visual, and manual experiences associated with children’s recognition and generalization.


The Role of Word Learning in Object and Substance Recognition


Solid Objects and the Development of the Shape Bias

Children are skilled word learners—producing, on average, nearly 700 words by age 2.5 years (Dale and Fenson, 1996). In addition to mapping a word to a referent and remembering that mapping later, successful word learning requires being able to generalize words to new instances of a category. The word cup does not just refer to a child’s favorite sippy cup, but also refers to paper coffee cups and glass tumblers. Thus, to learn new words, children acquire word learning biases that help them determine the features that are relevant for category membership. For example, by about 2 years of age, children acquire a bias to generalize the names of novel objects to other objects similar in shape (i.e., the “shape bias;” Landau et al., 1988).

The shape bias emerges from regularities in children’s early noun vocabularies. The majority of early-learned words name solid objects in categories well-organized by similarity in shape (e.g., “ball,” “spoon”; Samuelson and Smith, 1999), making shape an important part of children’s object recognition. Indeed, shape is even integral to many accounts of adults’ object recognition (Biederman, 1995). Longitudinal training studies demonstrate that vocabulary plays a causal role in the development of the shape bias (Samuelson, 2002; Smith et al., 2002; Perry et al., 2010). Individual differences studies reveal that when children have vocabularies that differ from this typical structure, they do not show a shape bias and instead attend to objects’ materials or colors (Perry and Samuelson, 2011; Perry et al., 2016; Perry and Saffran, 2017; Slone and Sandhofer, 2017; Perry and Kucker, 2019). Together the training studies and individual differences work demonstrate that learning a lot of words naming individual categories organized by similarity in shape teaches children to attend to shape in general as they learn to recognize and generalize the names of solid objects. However, it is not clear how they initially learn that shape mattered for each of those individual categories in the first place. Furthermore, it is not clear how children begin to recognize and generalize the names of other types of categories for which shape is not relevant, such as nonsolid substances.



Nonsolid Substances and the Development of the Material Bias

Nonsolid substances, such as oatmeal and applesauce, belong to categories organized by similarity in material. Shape is irrelevant for these categories’ membership because nonsolids take on the shape of their containers. Children learn to generalize the names of nonsolid substances by similarity in material (i.e., show a “material bias”). However, that bias is later acquired (Samuelson and Smith, 1999; Subrahmanyam et al., 1999) and is less robust (Samuelson and Horst, 2007; Perry et al., 2014) than the shape bias. This fragility of the early material bias is underscored by the mixed results found across studies. For example, Soja et al. (1991) found that children showed a material bias when the named exemplar shared two properties with the material match test item (same material and color, different shape) and only one property with the shape match test item (same shape, different material and color). Subsequent work by Samuelson and Horst (2007), revealed that children did not show a material bias when the named exemplar only shared one property with the material match test item (same material, different color and shape). Further, they found that the likelihood of children’s showing a material bias for nonsolids is dependent on the specific familiar items used on warm-up trials, the configuration of nonsolid stimuli in pieces versus wholes, and the child’s choices on previous trials. In contrast, the shape bias for solid objects is so strong, in contrast, that experimenters can label solid stimuli with mass syntax (typically reserved for non-individuatable things without a coherent shape), and children will still show a shape bias (Soja, 1992). One salient reason for the differences in acquisition of the shape and material biases is the disproportionate number of words children learn naming solid objects relative to nonsolid substances. By the time children are 30 months old they will, on average, have learned to produce the names of 197 solid objects but only 14 nonsolid substances (Samuelson and Smith, 1999). Additionally, although the solid objects children learn to name come from a variety of superordinate categories (vehicles, small household objects, furniture), 12 of the 14 nonsolids children produce before 30 months are foods or drinks (Fenson et al., 1994) and 2 of the 14 name outside things (rain, water). Thus, although children may have many opportunities to experience additional nonsolid substances or things with ambiguous solidity, such as sand or snow or even their own drool, what they learn about nonsolids and naming appears to be relatively constrained in context early in development. An additional, non-mutually exclusive explanation for the difficulty children have in learning the names of nonsolids relative to solids is that nonsolid substances are difficult for the perceptual system to individuate, making it unclear what to associate with a new name. This idea was introduced by Samuelson and Smith (2000) as an extension of Gentner’s natural-partitions hypothesis (see, e.g., Gentner, 1982), that nouns are easier for children to learn than verbs, because they often name concrete objects that are more easily individuated than verbs.

Despite the apparent lack of robust knowledge of nonsolids and naming in toddlerhood, even very young infants are able to visually discriminate solids and nonsolids, suggesting they have formed perceptual predictions about how nonsolids behave (e.g., vanMarle and Scholl, 2003; Hespos et al., 2016; Anderson et al., 2018). For example, when habituated to a scene of a liquid being stirred in a cup, 5-month-old infants will continue to be habituated to a scene in which the liquid is poured out of the cup, but dishabituate to a scene in which the liquid remains in the cup as it is poured (Hespos et al., 2009), suggesting sensitivity to the differences in how solids and nonsolids move. Additionally, 8-month-old infants track how many solid objects are placed behind a screen, but do not track how many piles of sand are poured behind a screen (Huntley-Fenner et al., 2002), suggesting that they are sensitive to differences in the extent to which solids and nonsolids are individuatable and countable. This rich body of literature demonstrates that children have some understanding of the differences between solid objects and nonsolid substances and can visually discriminate them in a general way. However, recognizing that something is nonsolid and therefore behaves differently than something solid is not the same as recognizing it as a specific nonsolid with a specific material—a skill critical to learning to name it. This sort of recognition appears to be influenced by children’s visual and manual exploration.




The Role of Exploration in Object and Substance Recognition

Children’s early play and manual exploration with solid objects provides them with the multiple views necessary for later recognition (Smith et al., 2011). This exploration teaches them, for example, that objects are three-dimensional, and that objects have backs, even if they cannot be seen (Soska et al., 2010). As children gain more exploration experiences, they learn that some object views are more informative than others and begin to spend more time exploring objects stabilized on the planar view in which the major axis of the object is parallel or perpendicular to the line of sight (Pereira et al., 2010). These views may be particularly relevant for learning about an object’s shape—a necessary feature to recognizing most solid objects. When children’s exploration leads to bouts of sustained attention in which their body stabilizes as they hold an object dominating their view (Bambach et al., 2016), they are also more likely to learn the name of that object (Yu and Smith, 2012; Yu et al., 2019). Together, these data reveal that early manual-visual exploration can teach children how to recognize solid objects and learn their names.

Manual exploration may be especially useful for recognizing nonsolid substances, which do not have a coherent, consistent shape. In general, tactile information is especially necessary even for adults’ recognition of materials (Lederman and Klatzky, 1990). However, because children’s learning about nonsolid substances is constrained to mealtimes, they have limited opportunities to touch and explore most nonsolids. During the mealtime context, in which children typically sit in a highchair, children are able to form the manual actions needed to recognize nonsolids by their material, such as touching, grabbing, and breaking food into pieces before eating. Indeed, when children are placed in a highchair in the laboratory, they show increases in their messy manual exploration on nonsolids relative to when they sit at a typical laboratory table in a booster seat, and are more likely to correctly generalize the names of novel nonsolids to other substances of the same material (Perry et al., 2014). The highchair serves as an early context cue to the types of action patterns necessary for recognition of nonsolids. Eventually, though, kids leave their highchairs, and cannot touch and eat all new nonsolid substances they encounter to learn about their material. How do they learn to visually recognize nonsolid materials by name? How do they learn to associate a new name for a nonsolid substance with its material in order to generalize to new category members? Here we use caregiver-child play with both solids and nonsolids as a window into that initial learning experience.



The Role of Caregivers in Early Word Learning

Children’s early word learning experiences are shaped by interactions with their caregivers (Bruner, 1975; Carpenter et al., 1998). Many studies reveal that the way in which caregivers name objects matters more for children’s word learning than the number of times that they name them (e.g., Samuelson et al., 2011; Yu and Smith, 2012; Perry et al., 2021). Caregivers will often name and talk about objects that their children are attending to, temporally linking words and referents (Yu and Smith, 2012; Tamis-LeMonda et al., 2014; Golinkoff et al., 2015). Similarly, caregivers tend to spatially segregate referents during play (Samuelson et al., 2011), facilitating children’s linking of words and referents (Benitez and Smith, 2012; Axelsson et al., 2016). Additionally, caregivers use of gestures and attentional cues help guide children’s attention to specific referents (Custode and Tamis-LeMonda, 2020). Finally, caregiver language is highly associated with location and activity (Tamis-LeMonda et al., 2019; Custode and Tamis-LeMonda, 2020), possibly helping children to use context as a cue to meaning, and learn higher order semantic relationships between words as early as they do (Bergelson and Aslin, 2017). Despite the wealth of evidence showing that caregiver talk is structured systematically in ways that facilitate learning, it remains unclear how caregivers might structure learning experiences to facilitate the attention to shape and material needed to recognize and generalize solid objects and nonsolid substances, respectively.


Utilizing Head-Worn Cameras to Gain a First-Person Perspective of Exploration

The utilization of head cameras worn during caregiver-child free-play has allowed researchers to examine caregiver-child interactions from a first-person perspective and gain insight into the linguistic, visual, and manual experiences associated with children’s word learning (Smith et al., 2015, 2018; Clerkin et al., 2017; Suanda et al., 2019; McQuillan et al., 2020). This paradigm involves both a caregiver and a child wearing small cameras low on the forehead. Because young children tend to move their eyes and head in synchrony (Yoshida and Smith, 2008), head cameras allow research to capture experience from the child’s perspective. Although previously used to study social gaze and manual exploration as children play with familiar and novel solid objects (Yu and Smith, 2012, 2013; Yurovsky et al., 2013; Chen et al., 2020), head cameras can provide the first-person perspectives needed to gain insight into children’s learning about shape and material as they play with solids and nonsolids.




Current Study

Although young children visually discriminate solid and nonsolid substances, reflecting an understanding of how these broad classes of things behave, their early understanding of nonsolids and naming appears to be relatively fragile. Missing from prior work is an understanding of the types of experiences children need to learn about specific nonsolid substances and their names. Here we utilize head cameras during caregiver-child free-play to assess how caregivers name and children manually and visually explore novel solid objects and nonsolid substances by analyzing head camera video frame by frame. This approach yields a large number of data points per participant, which allows for meaningful analysis of behavior even from a small number of participants (here n = 14 dyads; cf. DeBolt et al., 2020) and is consistent with samples used in other head camera studies (e.g., Yu and Smith, 2012; Yurovsky et al., 2013; Suanda et al., 2019). We then explore which linguistic, visual, and manual experiences are associated with children’s subsequent recognition and generalization of novel names at test. In particular, we are interested in (1) how caregivers’ naming events and children’s manual and visual behaviors differ during exploration of solid objects versus nonsolid substances and (2) how caregivers’ naming events, particularly naming events that are synchronous with children’s manual and visual exploration relate to children’s subsequent recognition and generalization accuracy. We hypothesize higher levels of caregiver naming, child exploration, and coordination of these behaviors for solid objects than nonsolid substances because of the disproportionately large number of prior experiences dyads have had naming and exploring solids relative to nonsolids (cf. Samuelson, 2002; Perry et al., 2014). Alternatively, if naming and exploration behaviors are equivalent across solids and nonsolids, we nevertheless hypothesize that there will be more synchrony of these behaviors for solids than nonsolids. Finally, we hypothesize that regardless of solidity, increased naming synchrony will be associated with children’s successful recognition and generalization of novel names. To our knowledge, this exploratory study is the first to employ head cameras to examine differences in children’s exploration and learning of solid and nonsolid substances.




MATERIALS AND METHODS


Participants

Fourteen monolingual English learning 1–3-year-old children (M = 20.50 months; SD: 5.28 months; range: 14– 34 months; eight girls) and their caregivers participated. Five children were Latinx (3 White, 1 Black, and 1 multiracial) and nine children were non-Latinx (6 White and 3 multiracial). Caregivers reported their education level: 36% had some college or an Associate’s degree, 14% had a Bachelor’s degree, and 50% had a Master’s or Doctoral degree. An additional six children were excluded from data analysis due to fussiness (3) or equipment error (3), such as the camera being pushed up too far on the forehead to see the child’s perspective. Although high, the fussiness rate is not unexpected for a study in which children wear equipment on their head. The study was conducted in accordance with APA ethical standards and was approved by the University Institutional Review Board. Caregivers gave their informed consent and children received a small toy for their participation. Caregivers reported children’s productive vocabulary knowledge on the MacArthur-Bates Communicative Developmental Inventory Words and Sentences Form (MCDI; Fenson et al., 1994). Children’s mean vocabulary size was 139.93 words (SD = 132.38, range: 2–364 words).



Procedure Overview

Participants completed three tasks: (1) free-play, to examine the timing and frequency of children’s visual and manual exploration and caregivers’ naming; (2) recognition, to assess children’s recognition memory for novel object/substance names introduced during free-play; and (3) generalization, to assess children’s ability to extend the novel names to novel objects/substances of the same shape or material.


Stimuli

Six novel stimuli (three solids, three nonsolids) were used as exemplars in all tasks (see Figure 1). An additional twelve novel stimuli were designed to match one of the exemplars in shape or material and used in the generalization task. Stimuli were chosen to allow for a variety of colors and textures to be represented. Eight familiar stimuli were used on warm-up trials in the recognition and generalization tasks. These were common objects (e.g., cup, shoe) and substances (e.g., applesauce, oatmeal) that are typically learned before 2 years (Dale and Fenson, 1996). Novel object names (sebby, blicket, tulver, modi, bosa, and teema) were designed to be phonotactically permissible in English. All novel nonsolid substances were edible (e.g., dyed mayonnaise; icing) to allow children to explore freely.1

[image: Figure 1]

FIGURE 1. Novel solid object exemplars (top row) and nonsolid substance exemplars (bottom row) used in the free-play, recognition, and generalization tasks. Clockwise from top left, the objects’ names and materials are sebby (textured clay), tulver (clay), blicket (wood), bosa (icing), teema (seed style Dijon mustard), and modi (dyed mayonnaise).




Free-Play

During free-play the child was seated in a booster seat at a table across from their caregiver. Both children and caregivers wore a head camera, a tiny camera centered between the participant’s eyes secured with a headband (see Figure 2). Following procedures similar to those used by Yu and Smith (2012), caregivers were given two sets of three novel exemplars, one set at a time. One set was made up of the three nonsolid exemplars, the other of the three solid exemplars. Order of sets was counterbalanced across dyads. Laminated pictures of each of the objects and their names were velcroed to the caregiver’s side of the table. Caregivers were instructed to “play with your child as you normally would.” They were not told that they need to teach their child the names, but rather that if they choose to name the objects, they should use the names listed on the pictures.

[image: Figure 2]

FIGURE 2. Example first-person views from a caregiver’s (left) and child’s (right) perspectives of free-play with solid objects (top) and nonsolid substances (bottom).


Dyads engaged in free-play with each of the sets for approximately 2 min for a total 4–5 min in free-play. After the experimenter provided the caregiver with one set of stimuli, they left the room and set a timer for 2 min. Following the 2 min of play, the experimenter returned to the room, removed the first set of stimuli, and provided the caregiver with the other set of stimuli, again leaving the room and setting a timer for 2 min. Following those 2 min, the experimenter returned and collected the stimuli to begin the recognition and generalization tasks.

The session was also recorded with two wall-mounted cameras. Prior to free-play, the experimenter clapped to facilitate synchronization of video streams from head and wall-mounted cameras. Videos from each camera were synchronized and combined using Adobe Premiere Pro.



Recognition

Immediately following free-play, children completed the recognition task. Participants first completed two warm-up trials (one with solid objects, one with nonsolid substances) to familiarize them to the task. On each warm-up trial, they saw three familiar objects or substances placed on a tray (e.g., duck, car, shoe) and were asked for one (e.g., “Get the duck!”). During warm-up, children were praised for correct choices and re-prompted for incorrect choices. The test trials followed the same procedure with the novel exemplars and without any feedback. On each trial, children saw the three solid exemplars or the three nonsolid exemplars and were asked for one by name (e.g., “Get the bosa!”). This procedure was repeated six times such that each of the exemplars was asked for once, with order and location (left/right/center) counterbalanced. Children’s recognition accuracy (pointing to or picking up the correct object/substance) was coded offline from the wall camera video. One-third of videos were coded for reliability, with >90% agreement.



Generalization

Immediately following recognition, children completed the generalization task, used to measure children’s attention to shape/material. Participants first completed two warm-up trials (one with solid objects, one with nonsolid substances). On each warm-up trial, they saw two identical familiar objects or substances (e.g., two identical shoes; two plates of grape jelly arranged in an identical shape), and one distinct familiar object/substance (e.g., a cup; a plate of oatmeal arranged in a distinct shape). The experimenter encouraged the child to touch and explore the objects for approximately 1 min. Then the experimenter held up one of the identical items and set the other stimuli on a tray, saying, e.g., “This is my shoe! Can you get your shoe?” During warm-up, participants received praise for correct choices and were re-prompted for incorrect choices. The six test trials, one for each exemplar, followed the same procedure with novel stimuli and no feedback. On each trial, children saw one of the exemplars from free-play, a novel object/substance identical to the exemplar in shape, but different in material and color (i.e., shape match), and a novel object/substance identical to the exemplar in material, but different in shape and color (i.e., material match). During each trial of the test phase, following exploration, the experimenter held up an exemplar, saying, e.g., “This is my bosa! Can you get your bosa?” Children’s responses (pointing to or picking up the shape or the material match) were coded offline from the wall camera video. One-third of videos were coded for reliability, with >90% agreement.




Free-Play Coding Procedures

The timing of linguistic, manual, and visual behaviors were coded from synchronized videos using ELAN, a behavioral coding software that allows for accurate coding of event timing (ELAN, 2019). Six of the videos were re-coded for reliability purposes, with a weighted kappa of 0.76, indicating substantial inter-rater reliability.


Caregivers’ Linguistic Behaviors

Trained research assistants coded the onset and offset of all caregiver naming events using the audio from free-play session recordings. Naming events were defined as the caregiver’s production of one of the novel names. These events were coded solely on the basis of caregiver speech and separately from children’s manual or visual behaviors.



Children’s Manual Behaviors

Video from the child’s head-camera during free-play was used to code the onset and offset of children’s touching, holding, and pick up behaviors (see Figure 3). Touching included instances of the child being in contact with an object/substance while either the table, plate, or caregiver supported the object with fewer than 500 ms of no contact with the object/substance, meaning that instances of rapid poking or tapping were counted as one long instance of touching. Holding included instances of the child grasping or scooping (i.e., curling fingers around) the object/substance while their hand, wrist, and/or the object, still was in contact with the table or supported by the caregiver, such that the child was not fully lifting and supporting the object/substance, with no more than 500 ms of non-interaction/attention to the object/substance. Pick ups included instances of the child fully supporting the object/substance while their hand, wrist, and object/substance were not in contact with the table or any other surface. If the child brought a nonsolid substance to their mouth and ate it, the pickup ended when their hand was removed from their mouth and the substance was no longer visible/three-dimensional.

[image: Figure 3]

FIGURE 3. Examples of children’s touch, hold, and pick up behaviors (from left to right) coded for solid (top) and nonsolid (bottom) exemplars during free-play.


The three manual behaviors were coded as mutually exclusive, such that, e.g., a child had to touch an object for at least 500 ms before holding it for both actions to be coded, otherwise only the hold would be coded. In our analyses, we separately examine the total number of manual behaviors a child performed on each object, summing across all three of these behaviors, and the total number of whole-handed actions, summing across holds and pick ups, (cf. “messy actions” in Perry et al., 2014).



Children’s Visual Behaviors

Video from the child’s head-camera during free-play was used to code the onset and offset of each exemplar being in their child’s view. Codes of which exemplars were in the child’s view were used to assess the coordination, or “overlap,” of children’s manual and visual behaviors and of caregiver and child behaviors as described below. To be coded as in view, an exemplar had to be visible on the video for at least 1,000 ms. The whole exemplars did not have to be fully visible in the video frame to be included as in view as long as enough of the object/substance was visible to determine which exemplar it was. Thus, for nonsolids, a substance had to be three dimensional to be counted (i.e., more than just a smear of color on the child’s hand).



Overlapping Behaviors

Following coding, we used ELAN to identify instances of overlap in the timing of linguistic, visual, and manual behaviors. Specifically, we identified (1) the number and duration of instances in which children were looking at and holding or picking up the same object or substance (i.e., “coordinated exploration”); and (2) the number of instances in which caregivers named the object/substance that children were looking at and holding or picking up (i.e., “synchronous naming”).




Analytic Approach

All data and analysis code are available on the Open Science Framework at https://osf.io/46fv9/. Linear mixed effects regression analyses were conducted in R (R Core Team, 2015) using the lmer function, in the “lme4” package (Bates et al., 2014). Chi-square tests comparing models with and without the effect of interest were used to determine significance. All models include random intercepts of subject. Solidity was dummy coded with nonsolid as the reference category.

In our first series of analyses, we used linear mixed effects regression models to compare differences in the number of behaviors that caregivers and children did towards solid objects versus nonsolid substances. We compare the number of instances of caregiver naming, number of overall manual actions, number of whole-handed manual actions, number of instances of coordinated exploration, duration of instances of coordination exploration, rate of coordinated exploration instances out of number of whole-handed actions, number of synchronous naming instances, and rate of synchronous naming instances out of the number of coordinated exploration instances.

In our second series of analyses, we used linear mixed effects regression models to examine associations between free-play behaviors and recognition and generalization test performance. With respect to free-play behaviors, we focused our attention on those overlapping behaviors that have previously been shown to relate to children’s word learning: coordinated exploration (cf. “sustained attention” in Yu et al., 2019) and synchronous naming (e.g., Yu and Smith, 2012). In analyses of recognition, we used an approach similar to previous head camera work on novel name recognition (Yu and Smith, 2012), comparing the number of free-play behaviors occurring for recognized names (those that a child accurately selected during recognition) and not recognized names (those that a child did not accurately select during recognition). In generalization analyses we took a similar approach, comparing free-play behaviors for names generalized by shape and names generalized by material. We used separate models for solid and nonsolid stimuli to identify which factors were associated with recognition and generalization for each type of referent. We included child age and vocabulary size (measured by the MCDI) as covariates in these models as these factors are often related to children’s recognition and generalization accuracy (e.g., Kucker et al., 2018).




RESULTS


Differences in Free-Play With Solid Objects and Nonsolid Substances

As can be seen in Table 1, children and caregivers performed more of each of the coded behaviors when playing with solid objects than when playing with nonsolid substances. In particular, caregivers were significantly more likely to name the novel solid objects than the novel nonsolid substances, B = 1.36, se = 0.34, t = 3.99, 95% CI [0.69, 2.03]; X2(1) = 14.52, p < 0.001; d = 0.96. Children performed more manual actions on solids, B = 6.19, se = 1.46, t = 4.24, 95% CI [3.31, 9.07]; X2(1) = 16.44, p < 0.0001; d = 1.02, especially more whole-handed actions, B = 7.05, se = 1.21, t = 5.75, 95% CI [4.65, 9.45]; X2(1) = 28.48, p < 0.00001; d = 1.27.



TABLE 1. Descriptive statistics of free-play behaviors (based on each dyad’s average per object of each solidity type).
[image: Table1]

Additionally, children were more likely to coordinate visual and manual exploration (i.e., looking at an object/substance while performing whole-handed actions on it) for solid objects than they did for nonsolid substances, B = 5.19, se = 1.06, t = 4.92, 95% CI [3.12, 7.26]; X2(1) = 21.70, p < 0.00001; d = 1.09. However, this result is not independent from the finding that children performed more whole-hand actions to solids. Critically, when we examined the ratio of coordinated exploration instances to whole-handed actions (i.e., what proportion of whole-handed actions were done while the child was also looking at the object), we found that the ratio of coordinated exploration instances to whole-handed actions was only marginally higher when children were exploring solid objects than nonsolid substances, B = 0.15, se = 0.08, t = 1.96, 95% CI [−0.0003, 0.31]; X2(1) = 3.83, p = 0.050; d = 0.47. Notably, the average duration of coordinated exploration instances did not differ for solid objects than nonsolid substances, X2(1) = 0.06, p = 0.812. Together these results demonstrate that although children perform significantly more manual actions towards solid objects, and a slightly higher proportion of their whole-handed actions to solids are coordinated with their looking, the durations of those coordination explorations are similar regardless of the object’s solidity. That coordination exploration has similar durations for solids and nonsolids suggests that it may be more difficult or less motivating for children to coordinate their visual and manual behaviors on nonsolid substances, but once children begin a bout of coordinated exploration they persist for a similar amount of time regardless of what they are exploring.

Finally, we examined differences in caregiver’s synchronous naming. Caregivers were more likely to name the solid objects that children with which were engaged in coordinated exploration (i.e., looking at and performing whole-hand actions upon) than they were for nonsolid substances, B = 0.71, se = 0.20, t = 3.61, 95% CI [0.32, 1.10]; X2(1) = 12.13, p = 0.0005; d = 0.87. However, this difference appears to be partially driven by the higher base rate of children’s coordinated exploration of solid objects, as the ratio of synchronous naming instances to coordinated exploration instances was only marginally higher for solid objects than nonsolid substances, B = 0.09, se = 0.05, t = 1.94, 95% CI [−0.001, 0.18]; X2(1) = 3.73, p = 0.054; d = 0.47. Critically, there is fairly large variation in the number of free-play behaviors performed by different caregiver-child dyads—especially with respect to the number and rate of synchronous naming instances, with some dyads having 0% and others having as many as over 50% of coordinated explorations being named (see Table 1). We next explore children’s performance in the recognition and generalization tasks to assess how such variation in the free-play task might contribute to differences in children’s word learning.



Recognition Accuracy and Generalization Performance

As can be seen in Figure 4A, children’s recognition of novel words was poor, with mean recognition accuracy not differing from chance (0.33) for either solid objects, M = 0.38, t(13) = 0.60, p = 0.557; or nonsolid substances, M = 0.32, t(13) = −0.10, p = 0.919. However, as can also be seen in the figure, there was a considerable amount of variability in children’s performance with approximately equal numbers of children showing above chance performance, below chance, and chance performance. In other words, although as a group children showed poor recognition, a sizeable subset of children nevertheless had high levels of recognition accuracy.
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FIGURE 4. Average (A) proportion correct on recognition trials testing children’s associations between novel words and objects, and (B) proportion shape matches selected on generalization trials testing children’s attention to shape and material. Dashed lines represent chance (0.33 and 0.50 for the tests of recognition and generalization respectively).


As can be seen in Figure 4B, children were not significantly more likely than chance (0.50) to select shape matches when generalizing the names of novel solid objects M = 0.63, t(13) = 1.59, p = 0.136. However, half of the children actually did display a shape bias, while the other half were equally likely to select shape and material matches. For nonsolid substances, as a group children were no different from chance in their selection of shape and material matches, M = 0.44, t(13) = −0.84, p = 0.418. However, a sizable subset of children (n = 7) correctly showed a material bias, generalizing the names of novel substances by similarity in material on most trials.

Notably, the variability in children’s recognition accuracy and generalization performance was quite large. This variability allows us to examine whether individual differences in caregiver-child free-play might have contributed to differences in recognition and generalization. In the next series of analyses, we compare the frequency of each of coordinated exploration and synchronous naming free-play measures for (1) those objects/substances whose names were recognized versus those that were not, and (2) those objects/substances whose names were generalized by similarity in shape versus those generalized by material.



Associations Between Free-Play Behaviors and Word Learning


Recognition Accuracy

Using separate models, we compared differences in the number of instances of coordinated exploration and the rate of synchronous naming for solids and nonsolids for novel names that children recognized at test versus those that they did not. Model results are presented in Table 2. As can be seen in Figure 5, rates of synchronous naming during free-play were higher for the names of solid objects that children recognized at test than for those names they did not recognize. However, synchronous naming did not vary with recognition accuracy for the names of nonsolid substances. Additionally, instances of coordinated exploration during free-play were not associated with recognition accuracy for names of solids or nonsolids.



TABLE 2. Results from mixed effects regression analyses comparing differences in free-play behavior related to recognition accuracy.
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FIGURE 5. Comparison of synchronous naming during free-play for those novel names that children correctly recognized at test versus those that they did not. Error bars represent standard error of mean.




Generalization Performance

In separate models we compared differences in the number of instances of coordinated exploration and the rate of synchronous naming for solids and nonsolids for novel names that children generalized by similarity in shape versus those that they generalized by similarity in material. Neither rates of synchronous naming nor instances of coordinated exploration during free-play varied with generalization performance (see Table 3).



TABLE 3. Results from mixed effects regression analyses comparing differences in free-play behavior related to generalization (shape vs. material).
[image: Table3]





DISCUSSION

The goal of this study was to compare how caregivers and children manually and visually explore and talk about novel solid objects and nonsolid substances and how those exploratory behaviors relate to recognition and generalization of novel names. We found systematic differences in the frequency and coordination of naming and exploratory behaviors performed on solid objects and nonsolid substances. Children were less likely to manually explore nonsolid substances and caregivers were less likely to name them than they were for solid objects. After controlling for the decrease in manual exploration, we found that the difference in the rate of children’s coordinated of visual and manual exploration was still marginally significant. We also found that caregivers were less likely to synchronize their naming with this coordinated exploration for nonsolids than solids—a difference that was marginally significant even after controlling for differences in children’s base rate of coordinated exploration. Finally, we replicated previous findings that naming synchrony is associated with children’s recognition of the novel names of solid objects. However, we did not find any associations between naming synchrony and recognition of the names of novel nonsolids or with generalization of the names of either solids or nonsolids. Thus, while the results clearly demonstrates that caregivers and children interact with solid objects differently than nonsolid substances during free-play, and the experiences they have with solid objects are associated with recognition of their names, it remains unclear what sort of experiences children actually need to learn the names of nonsolid substances. In the following sections we examine possible explanations for the differences in naming and exploration and the lack of associations to nonsolid recognition and generalization.


Why Do Dyads “Do Less” With Nonsolid Substances?

During free-play, both caregivers (naming) and children (exploration) engaged less with nonsolid substances than they did with solid objects. One likely explanation is that dyads have less prior experience talking about and interacting with nonsolid substances. Indeed, we know by the time the average child is 2.5 years old, they have only learned the names of 14 nonsolid substances (Samuelson and Smith, 1999). The overwhelming majority of this very small list of words are foods and drinks, meaning that children’s opportunities to learn about the names of nonsolid substances may be limited to mealtime contexts. Even at mealtimes, it is possible that children do not have the same opportunities for learning about nonsolids that they do in other contexts for learning about solid objects. For example, consider the rich natural video data from child-worn head camera videos recorded at home recently published by Clerkin et al. (2017). Even though the authors constrained their analysis specifically to mealtimes, naïve coders annotating these videos for the items present in each frame only noted 22 instances of any of the 14 nonsolids listed on the MCDI out of the 24,685 instances of all annotated items,2 reflecting a potential overall dearth of experience children have with nonsolids. An additional, but not mutually exclusive, explanation is that the adults coding the videos in the Clerkin study did not perceive nonsolid substances as things to be named, leading to a systematic exclusion of visible substances from their annotations.

Similarly, in our study, it is possible that some caregivers do not perceive nonsolid substances as things to be named, suggesting a developmental history of not naming nonsolids for their child. In the context of our study, this would make the free-play with nonsolids a novel activity for both caregivers and could lead to a lower rate of naming of nonsolids for their child during this task. Alternatively, caregivers may have recognized the particular substances used in our task (e.g., the modi was mayonnaise that had been dyed purple), and this familiarity reduced the stimuli’s salience and contributed to the reduction in caregiver naming of nonsolids. That recognition of nonsolid materials like mayonnaise reduced naming but recognition of solid materials like wood did not, further suggests the possibility that adults have different expectations about naming solids and nonsolids. The idea that adults do not perceive nonsolids as something to be named aligns with Gentner’s natural-partitions hypothesis (see, e.g., Gentner, 1982), in which she proposed that nouns are easier for children to learn than verbs, because many early-learned nouns name concrete objects that are more easily individuated by the perceptual system compared to verbs, which are visually distributed through time as the action they name is performed. Samuelson and Smith (2000) extended this idea to children’s difficulty learning to generalize the names of nonsolid and deformable entities relative to individuatable solid objects. Nonsolids may be more difficult to learn to name because they take on multiple shapes depending on their container or arrangement, whereas solid objects have coherent individuatable shapes to remember. Perhaps this bias in the perceptual system persists throughout development, influencing caregivers and how they may eventually structure interactions with their own children. An interesting direction for future research will be to complement laboratory based tasks with in-home observation or assessments about caregivers’ beliefs about naming and solidity.

Relatedly, the synchrony between caregivers’ naming and children’s coordinated exploration was much lower for free-play with nonsolid substances than with solid objects. Such a low rate of synchronous naming may have prevented us from finding associations to recognition of the names of nonsolids. It may be more difficult for caregivers to coordinate their attention and naming with their child’s attention when playing with nonsolid substances than with solid objects due to both a lack of prior history of doing so and a potential perceptual bias not to think of nonsolids as things to be named.

Finally, an additional, non-mutually exclusive difference between solids and nonsolids is the messiness factor. Although tactile information can be quite informative for identifying the material of nonsolid substances (Lederman and Klatzky, 1990; Perry et al., 2014), obtaining that tactile information can be a messy endeavor, as substances may stick to the child’s hands in trace amounts or even big globs. During free-play, children may have engaged in fewer total instances of manual exploration because they did not want to become messy or they became more interested in wiping the mess off of their hands, preventing them from re-exploring the substances. Indeed, while we found that children engaged in fewer instances of both manual exploration and coordinated exploration for nonsolids, the duration of coordinated exploration events was similar for solids and nonsolids. This pattern potentially suggests that a given instance of engagement in manual-visual behaviors with a nonsolid substance is similar to instances of engagement with solid objects, but that following that engagement with a nonsolid, children might be less likely to re-engage, or perhaps that it was harder for them to initiate engagement with nonsolids in the first place because of their hesitancy to touch them. Notably, such a hesitation could be exacerbated if the child did not have many prior opportunities to engage in such messiness previously, for safety, time, cleanliness, or etiquette concerns the caregiver might have.



Associations Between Free-Play and Recognition vs. Generalization

Although we replicated prior work finding an association between synchronous naming of solid objects during free-play and recognition of those novel names, synchronous naming of substances was not associated with recognition, and synchronous naming was not associated with children’s generalization of either type of stimuli. In the case of solid objects, why should synchronous naming facilitate the recognition of novel names but not the generalization of those names to other objects of the same shape? Overall, half of the children showed a shape bias, generalizing the names of solid objects by similarity in shape. It is possible that many of the children in the study already had a strong enough bias to attend to shape that they did not require a prolonged free-play exploration with the objects during which the objects were named.

Indeed, the generalization task is set up to allow children to simultaneously compare the exemplar from free-play with the shape match and the material match as they make their decision. Many children in this age range already show a shape bias in such a task without the preceding free-play period. With respect to the nonsolid substances, overall as a group, children performed at chance levels, being equally likely to generalize by shape and material. Such a pattern is also common among children this age, and just as the preceding free-play was not necessary to support a shape bias for solids, it may not have been enough to help support a material bias for nonsolids. These biases instead are built up over developmental time and a prior history of learning individual names and categories (Samuelson, 2002; Smith et al., 2002). Recognition, on the other hand, although also a skill that improves with development and vocabulary acquisition (Bion et al., 2013; Kucker et al., 2018), requires a child to form a strong enough association between a name and referent over time and clearly benefits from extra scaffolding such as caregivers’ synchronous naming (at least for solid objects).



Limitations and Future Directions

One limitation of the current study was the small sample size. Although common for similar work that obtains relatively large amounts of data per participant (i.e., frame by frame coding of behavior during free-play, multiple recognition trials, and multiple generalization trials), replication with larger samples will be needed to assess generalizability of results and more deeply investigate individual differences in caregiver naming and child exploration. An additional potential limitation was that recognition accuracy was quite poor for many children, especially for the names of nonsolid substances. It is possible that such low accuracy prevented us from detecting meaningful associations between free-play behaviors and recognition. Perhaps more repetition is needed to form a strong enough word-referent association for nonsolids than solids. Another possibility is that perhaps children had formed fragile word-referent associations, but had difficulty with the recognition and generalization tasks, as each task only had one test per new name. Finally, it is also possible that the configuration of nonsolids into distinct shapes—a necessary part of our study design to allow us to probe children’s attention to shape versus material in generalization—made recognition of nonsolids difficult for some reason. Thus, additional directions for future investigation will therefore be to assess exploration and learning over longer periods of time, with repeated test trials, and across different types of stimuli.



Conclusion

Here we utilized first-person views of children’s and caregivers’ free-play to compare exploration and naming of novel solid objects and nonsolid substances and to examine associations between these behaviors and children’s recognition and generalization of those novel names. Overwhelmingly, both children and caregivers engage in a higher number of exploratory and naming behaviors when playing with solids than with nonsolids. However, although we replicated prior work illustrating the importance of synchronous naming of solid objects in supporting recognition of novel names, it remains unknown what experiences support recognition of the names of novel nonsolid substances. Nevertheless, this work reflects an important first step in identifying the way caregivers influence children’s learning of new words.
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FOOTNOTES

1The term “nonsolids” can be used to include a range of stimuli with varying amounts of rigidity, from liquids like water and milk, to substances like hair gel and pudding, to deformables like sponges and towels. Indeed the body of work utilizing looking paradigms often compares children’s expectations for liquids and solid objects (Hespos et al., 2009, 2016), while here, as in other studies utilizing reaching tasks (Soja et al., 1991; Samuelson and Horst, 2007), we use only nonsolid substances that can be arranged in a set shape, as allowing us to pit shape against material in the same way of the solid and nonsolid trials of our forced choice recognition and generalization tasks.

2Token counts were calculated from the authors’ shared data files on Databrary (Smith, 2016) using the “Focal” codes in which at least two of the four coders agreed on the presence of an item. The 22 instances were eight frames containing milk, three containing sauce, three containing soda, and eight containing water.
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