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Abstract

:

This study evaluated two explanations for how learning of novel adjectives is facilitated when all the objects are from the same category (e.g., exemplar and testing objects are all CUPS) and the object category is a known to the children. One explanation (the category knowledge account) focuses on early knowledge of syntax–meaning correspondence, and another (the attentional account) focuses on the role of repeated perceptual properties. The first account presumes implicit understanding that all the objects belong to the same category, and the second account presumes only that redundant perceptual experiences minimize distraction from irrelevant features and thus guide children’s attention directly to the correct item. The present study tests the two accounts by documenting moment-to-moment attention allocation (e.g., looking at experimenter’s face, exemplar object, target object) during a novel adjective learning task with 50 3-year-olds. The results suggest that children’s attention was guided directly to the correct item during the adjective mapping and that such direct attention allocation to the correct item predicted children’s adjective mapping performance. Results are discussed in relation to their implication for children’s active looking as the determinant of process for mapping new words to their meanings.
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1. Introduction


Relative to their acquisition of common nouns, children learn adjectives slowly (Gasser and Smith 1998; Gentner 1982; Imai and Gentner 1997; Mintz and Gleitman 2002). This difficulty has prompted a number of studies that investigate supporting factors and the contexts in which adjectives can be successfully mapped to object properties. In these studies, experimenters present children with a novel object property attached to an exemplar item (e.g., small bumps made out of glue bits covering a bottle), label the property (“this is a stoof one”), and then ask the children to extend that label to other instances (Figure 1). Many of those studies documented the benefit of learning adjective-to-property mappings when the mappings are first made within the same basic-level category. For example, children were able to successfully learn when pairing a novel adjective with a novel property of a bottle and testing the child with other bottles having the target property and other novel properties (Klibanoff and Waxman 2000; Waxman and Klibanoff 2000).



One potential process for using same-category objects in adjective learning capitalizes on early knowledge of syntax–meaning correspondence in adjective mapping (Waxman and Kosowski 1990; Hall et al. 1993; Mintz 2005). We call this “the category knowledge account”. Within this framework, the novel label “stoof” is interpreted as an adjective after recognition that all the objects are from the same basic category. An alternative account, “the attentional account”, focuses on the role of perceptual similarities in directing attention right to the most similar object (Colunga and Smith 2005; Regier 2005; Smith et al. 1997), which is typically the correct choice for novel adjective learning (Figure 1). According to this account, the same-category advantage occurs at the initial response stage. Though these accounts both reflect the important contribution of early language knowledge and attentional processing in word learning, they propose a difference in mechanism that has not been demonstrated empirically.



Given that objects in the same category tend to have similar perceptual properties and are potentially learned through similar learning processes, testing these explanatory accounts directly can be challenging (for a review, Twomey et al. 2013). To address the issue, the present study documents moment-to-moment visual attention allocation (e.g., looking at experimenter’s face, exemplar object, target object) by fitting a head-mounted eye-tracker to each child during the typical novel adjective learning task. The study aims to determine whether knowing that all the objects are from the same category is important, i.e., whether the child tends to look at the presented objects equally, starting with any of the objects; or if perceptual overlap directs attention preferentially to the target object, i.e., if similarity of object shape cues attention directly to the target object during adjective mapping. Investigating different gaze behaviors that underlie task performance may reveal processes in lexical learning that may be hidden from traditional measures of task performance (i.e., accuracy, speed) and vocabulary. We first briefly review the literature on the role of nouns and category in children’s adjective learning and then consider the possible processes in this learning.



To learn about adjective meanings such as color, texture, and size, children must first learn about context–object categories. A number of studies report evidence of early formation of basic-level object categories (Eimas and Quinn 1994; Landau et al. 1998) and evidence that young children learn many nouns before they know many adjectives (Dromi 1996; Gasser and Smith 1998; Gentner 1982; Jackson-Maldonado et al. 1993; Nelson 1973; Sandhofer and Smith 2007). In particular, children tend to map novel adjectives to the corresponding properties within a common noun category, and they have more difficulty when the noun category is not a basic-level category (Baldwin and Markman 1989; Hall et al. 1993; Hutchinson 1984; Klibanoff and Waxman 2000; Waxman and Kosowski 1990; Waxman and Kosowski 1990). Further, a number of studies document the importance of accessibility of the noun category. For example, young children are more likely to successfully map a novel adjective to the correct property when the object is known to them (Clark 1997; Golinkoff et al. 1994; Hall et al. 1993; Mintz 2005; Smith and Heise 1992) and when the object’s name is explicitly mentioned (Mintz and Gleitman 2002), as in the sentence frame of “the stoof cup” rather in “the stoof one”.



The category knowledge account for the role of object category proposes that children develop an assumption that adjectives refer to property-based comparisons among the set of familiar basic level object categories (natural level category), such as dog, as opposite to animal and poodle (Gelman and Markman 1986; Waxman and Kosowski 1990; Klibanoff and Waxman 2000; Waxman and Booth 2003; Waxman and Klibanoff 2000). Accordingly, adjectives are most readily interpreted within the context of the basic level category that they modify (Dixon 1982; Gasser and Smith 1998; Gelman and Markman 1986; Medin and Shoben 1988; Waxman and Kosowski 1990). Indeed, categorization is essential for cognition in that it organizes information and aids memory for efficient learning. Category learning is robust and has been demonstrated even by young infants (e.g., Eimas and Quinn 1994). In this framework, one may expect children to have a specific expectation for adjectives in relation to the formed object category. Thus, initial attention should be guided to any object, and allocated across all the testing objects—to establish object comparisons within the same basic category.



An alternative account proposes that an object set selected from the same basic category supports perceptual redundancy, which makes the target property (i.e., the property named by the adjective) salient—perceptually and computationally—and thus directs attention. For example, previous studies concerning perceptual comparison and binding make it clear that, when perceptual differences vary along a single dimension, people can identify a specified property more readily than when multiple dimensions are involved (e.g., Klibanoff and Waxman 2000; Kemler 1983; Smith 1984, 1993; Gentner and Markman 1994; Goldstone and Medin 1994; Aslin and Smith 1988; Shipley and Kuhn 1983). The idea that objects from the same category often share both conceptual and perceptual commonalities is not a novel one; in fact, it underlies earlier proposals about the relevancy of competition and contrast in early word learning (Klibanoff and Waxman 2000; Mandler and Hall 2002; Mandler 2000; Eimas and Quinn 1994; Yoshida and Hanania 2013). However, the idea of commonalities also fits what is known about how attention is flexibly cued by past learning (Kruschke 1996, 2009; Chun and Jiang 1998; Darby et al. 2014; Burling and Yoshida 2016) and how the learned attentional shifts can reduce memory interference and improve word learning (Merriman 1999; Smith et al. 2002; Smith 2005; Yoshida and Smith 2005, Yoshida and Burling 2012).



For example, learning that similarly shaped objects tend to have the same name helps young children—as young as 17-month-olds—to attend to the object’s shape when the object is labeled by a novel name (Smith et al. 2002; Landau et al. 1998). This learned attention is strengthened as the child encounters more of such instances—same shaped objects having the same name—and the additional experience propels word learning further (Smith et al. 2002). A number of models of word learning point to the direct effect of learned associations on attention (Elman 1993; Plunkett and Marchman 1991). Further, direct evidence of a relation between successful attention to target properties and performance on an attentional control task has been previously noted (Yoshida et al. 2011). However, how attention reflects immediate task context during novel adjective learning has not been documented.



In the experiment reported here, we recorded eye fixation as an index of “looking” during novel adjective mapping to identify the processes underlying the ability to learn to use novel adjectives. To ensure the previously reported basic category advantage, we tested children’s adjective extension within and beyond the basic level category constraint (the “same” versus “different” condition as a between-subjects variable). The working hypothesis regarding the gaze information is that, if knowing that objects are from the same category is important (category knowledge account), then successful adjective learning will depend on attention being guided to any object at first and distributed among presented objects (exemplar, target object, and two distractor objects). Thus, a distributed looking pattern should predict children’s accuracy. By contrast, if perceptual repetition guides attention, then children’s looking will be guided directly to the target object (e.g., above chance), and the initial gaze shifts to the target object should better predict a child’s accuracy.



Study


The goal of this study was to understand how showing objects from the same basic category facilitates children’s learning of novel adjectives attached to familiar objects. We first replicated the advantage of using the same category objects during the novel adjective mapping task (Gelman and Markman 1986; Klibanoff and Waxman 2000; Waxman and Booth 2003). In this task, children were shown an exemplar object (e.g., a bumpy object) and then asked to choose among (1) a target test object (e.g., another bumpy object); (2) a distractor test object (e.g., a rough-surfaced object); and (3) another distractor test object (e.g., a smooth object). Half of the children were presented with novel adjectives in the Same Category condition (exemplar, target test object, and other test objects are all from the same basic category); the remaining children participated in the Different Category condition, in which they were presented with an exemplar object (a bumpy mouse, followed by three test objects differing from the exemplar object category (bumpy penguin, rough-surfaced penguin, and smooth penguin). Children were expected to select the target test object (correct choice) more often in the Same Category condition than in the Different Category condition. This will set up the foundation critical for the present study in which we test how the different performances are predicted by the key attentional patterns. If sensitivity to the category membership of objects underlies the benefit (category knowledge account), then children’s attention should be directed to any object initially and distributed among presented test objects. This might be especially true in the Same Category condition, where successful novel adjective mapping is expected, and success is predicted by this type of distributed looking pattern. By contrast, if perceptual repetition guides attention directly to the target object (attentional account), then initial gaze shifts to the target object would be more apparent, and this type of looking pattern should better predict a child’s accuracy.





2. Materials and Methods


2.1. Subjects


Fifty 3- to 4-year-old children (18 male and 32 female) participated. All the participants came from English-only speaking families with a mean age of 45.7 months (range 36.20–54.80, SD = 5.3). The ethnic background of parents included Caucasian (50%), African American (10%), Hispanic (28%), and Asian (12%). Children were recruited from communities in Houston, TX, USA. Children were randomly assigned to one of two conditions: The Same Category condition and the Different Category condition. Parents were asked to fill out social economic status (SES) queries taken from the MacArthur Network on SES and Health (MacArthur and MacArthur 2013). This allows assessment of the role of SES on children’s cognitive task performance and academic achievement (e.g., Smith et al. 1997; Bradley and Corwyn 2002; Davis-Kean 2005; Biedinger 2011). The key section used for the current study concerns family income (see Table 1). The median family income of children who participated in the present study was $66,500, which falls within the middle SES range ($61,372 to $77,713) for the US (Fontenot et al. 2018). We found no significant group difference (Same Category condition vs. Different Category condition) in these SES measures, t(37) = −0.130, p = 0.897.




2.2. Procedure


All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Institutional Review Board (IRB) of the University of Houston 07148-02. The child and parent were taken to a room containing a small table, chairs, a set of adjective task objects, and the video-capturing devices. The small chair for the child was located so that the child and experimenter could sit face to face with the table between them, and another chair was placed behind the child for the parent to sit on during the experiment. The small 75 cm × 50 cm table had a shelf on which the exemplar object was displayed without being occluded by other test objects. A wall-mounted camera at a distance of 2.5 m captured the task scene in a third-person view (TPV: See Figure 2A, right). A head-mounted eye tracking system was used to capture the child’s first-person view (FPV: See Figure 2B, right) and his or her point-of-regard (Franchak et al. 2011).



Correspondence between eye images and egocentric FPV images was achieved using a manual calibration procedure consisting of a board measuring 60 cm × 40 cm that displayed nine spatially distributed stickers. We calibrated gaze direction during the beginning and end of each experiment by pointing to each sticker to attract the child’s attention to a particular point in the image space. After calibration, an experimenter initiated recording on all video capturing devices and started the adjective task experiment. The entire experiment, including setup time (e.g., instruction, calibration), took approximately 30 min.




2.3. Adjective Task


All children participated in one of two conditions, the Same Category condition or the Different Category condition, for the novel adjective task. Both conditions included two phases: A familiarization phase that provided the child with the basic rule of the task; and a test phase, which measured children’s ability to extend a newly introduced label (e.g., stoof) to another object having the same novel property (e.g., small bumps made out of glue bits covering the object). For each child, we randomly used 6 novel adjectives from 10 novel adjective labels selected from previous studies: blickish, dax, equish, faunish, fepp, kekish, pradish, stoof, wugg, and zav (e.g., Klibanoff and Waxman 2000; Waxman and Klibanoff 2000). The appropriate properties were realized on the target objects by covering the surface with small raised bumps, small colored spots, or a textured ribbon, or by cutting small round holes through the object. The toy objects were approximately 10 cm × 10 cm × 10 cm and consisted of typical representations of six object categories: Balls, bottles, cars, penguins, seals, and toothbrushes. In the familiarization phase, the child was presented a set of familiar objects (e.g., hat, pig, spoon, apple, and elephant), and the experimenter presented a duplicate of each object in a random order and asked the child to pick the identical object from the set by saying, “See these, can you get me the hat?”. This was repeated up for four trials, and all the participants provided at least three consecutive correct responses. The test phase, which consisted of four trials, immediately followed the familiarization phase. The mean proportion of the correct responses on test trials was recorded as the measure of accuracy.



For each test trial, the child was shown an exemplar object that was a member of an early learned noun category1 (e.g., penguin), of a specific color (e.g., orange) with the to-be-tested property (e.g., small bumps covering the penguin) and was told, “This is a stoof penguin.” This labeled exemplar remained on the table. The child was then shown three new penguins (Same Category condition), immediately followed by a query “Can you get me the stoof penguin?” (See Figure 3A). Experimenter was trained to hold the three test objects in the way that their hands largely occlude the objects and quickly bring them to the table to prevent children to have clear view of each object and the category information during the transition. For the Different Category condition, a different exemplar (e.g., mouse) was used (See Figure 3B). The child’s score was the number of target test objects selected. All the test objects in both conditions were of the same color, which was different from the color of the exemplar. A target test object had the same target property as the exemplar (e.g., bumpy), but distractor test objects did not (e.g., one was rough and another was shiny instead). There were six trials with which six properties and corresponding adjectives were tested (see Appendix A). The six trials were randomly ordered for each participant, and the location in which the target test object appeared was also equally distributed according to a chi-square test comparing the relationship between the target test object and its location (left position, middle position, or right position), X2 (2, N = 1013) = 3.492, p = 0.174.



The purpose of having the two conditions is two-fold. The first purpose is to ensure that the design replicates the advantage of having all objects come from the same basic category before trying to determine the mechanism underlying the advantage. The second purpose is to evaluate the process. For this purpose, gaze patterns during the task are the behaviors of concern. The purpose does not depend on revealing an accuracy difference between conditions but on a process difference, which would be reflected in patterns of eye movements. If a particular gaze pattern is exclusive to the Same Category condition, this would serve to characterize the advantageous “looking” associated with the processing of objects/noun categories of the same basic category. It is important to note that the only difference between the two conditions is in the test phase. Figure 3 shows one of the eight stimulus sets used in the Same Category condition and in the Different Category condition.



Video Processing and Annotation of Looking Behavior


Mapping the eye position to the first-person view (FPV) image coordinates was completed offline using the Yarbus software, which also superimposed a circular graphic (representing the infant’s focal area of attention) onto the estimated gaze position coordinates (Franchak et al. 2011). The exported video with superimposed eye tracking information had a resolution of 640 × 480 pixels, corresponding to a 42.2° vertical and 54.4° horizontal angle. The final TPV and FPV images were synchronized at 30 frames per second and imported into the Datavyu coding software (datavyu.org, Datavyu Team 2014) for analysis by humans.



A child’s “looking” was determined according to the gaze position estimated from the eye tracker. We specifically computed the frequency of direct looking by annotating the object (target test object, one distractor test object, or the other distractor object) to which children’s attention was directly shifted after the presentation of test objects. If the child’s initial attention was shifted to the experimenter’s face, the saccade following such attention was annotated as a direct look (Birch et al. 2010). To validate the duration of looks, we annotated the onset and offset of each gaze shift for each of the specific items (target test object, distractor test objects) and coded the frequency. We excluded optical artifacts such as unrealistic eye movements due to eye-tracker movement or slippage through recalibration and saccades (<33 ms) to focus on gaze behaviors relevant to information processing (Kooiker et al. 2016). Two research assistants were thoroughly trained in the laboratory to annotate these variables. Reliability was measured by fully recoding four of the participants at random and checking interrater reliability between independent coders. The interrater reliability calculated using Krippendorf’s alpha was 0.982, indicating a high level of reliability (Krippendorf 2004).





2.4. Analytic Approach


To replicate the expected advantage of using objects from the same basic category, we compared the mean proportion of correct adjective mappings between the conditions. We then addressed the key question of the underlying mechanism by counting the frequency of direct gaze shifts to the target test object and determining whether direct attention to target a test object predicts the accuracy of adjective mapping. To further characterize a child’s looking behavior during the novel adjective mapping, we compared the duration of looking at the exemplar, the experimenter’s face, the target object, and the distractor objects. The last analysis was planned to reveal the type of information children are gathering during the task.





3. Results


Before addressing the key question, the question of the underlying mechanism, we considered children’s performance accuracy to ensure that the study replicates previous findings of an advantage of using objects from the same basic category, relative to objects from different basic categories. There was a significant difference in the mean proportion of correct responses between the Same Category and Different Category conditions, t(38) = 2.43, p < 0.05. Children in the Same Condition outperformed children in the Different Condition. The mean proportion of correct responses was above chance (at 0.33) for both the Same and Different Conditions, t(26) = 8.89, p < 0.01, and t(22) = 4.80, p < 0.01, respectively (See Figure 4). There was no age-related performance difference for either the Same Category, F(1, 25) = 4.11, p = 0.053, R2 = 0.141 or the Different Category condition, F(1, 21) = 0.711, p = 0.390, R2 = 0.035.



Next, we compared the frequency of directly looking at the target test object and at each of the distractor objects. For the Same Category, direct looks at the target object were more frequent than at either distractor object, t(26) = 11.97, p < 0.001, and t(26) = 12.07, p < 0.001, respectively, and also for the Different Category conditions, t(20) = 6.95, p < 0.001, and t(20) = 4.65, p < 0.001, respectively. Irrespective of condition, direct looking at the target test object dominated the children’s looking behavior—significantly above chance levels (0.33) for the Same, t(26) = 5.56, p < 0.001, and Different conditions, t(22) = 4.903, p < 0.001 (Figure 5). However, regression analysis indicated that frequency of child’s direct attention at the target test object predicted mean proportion of correct adjective mappings only for the Same Condition, F(6, 26) = 2.70, p < 0.05, R2 = 0.49. No comparable relationship was obtained for children in the Different Condition, F(6, 22) = 1.51, p = 0.76 (see Figure 5).



We also compared the two conditions with respect to the mean duration of looking at the exemplar, the experimenter’s face, the target object, and the distractor test objects. There was no effect of condition for the duration of looking at the target object, t(48) = −0.22, p = 0.83, or the distractor, t(48) = −1.56, p = 0.13, but children in the Same Category condition spent more time looking at exemplar, t(39.7) = 2.51, p < 0.05, and less time looking at the experimenter’s face, t(42.7) = 3.24, p < 0.01 (See Figure 6).




4. General Discussion


The present study sought to elucidate the basis of the previously reported advantage of using the same category of objects during the novel adjective mapping task (e.g., Klibanoff and Waxman 2000; Waxman and Klibanoff 2000). Past accounts regarding the relation between object category and children’s extension of novel adjectives vary in terms of the potential underlying processes. One focuses on category knowledge and thus presupposes children’s recognition of object category membership. Another account proposes that attention is guided directly by perceptual characteristics of within-category objects. Since objects in the same category tend to have similar perceptual properties, the confound makes it difficult to tease these accounts apart. The present study used children’s looking behaviors to shed light on our understanding of the processes responsible for the advantage of using same-category objects in novel adjective mapping. Our findings replicate the advantage and suggest the direct role of perceptual arrangement in guiding attention and predicting the successful mapping.



One unexpected finding is that although direct looking for the Different Category condition was not predictive of novel word learning performance, direct looking at the target test object proved to be the dominant initial response in both conditions. One possibility is that the redundancy between test object and distractors is sufficient to facilitate moving attention immediately to the target test object (which has a distinctive feature) but not sufficient to enhance performance. There is an unclear relation between direct looking and actual performance, yet the significant difference between conditions in children’s duration of gaze at the experimenter’s face—children looked the experimenter’s face longer in the Different Category condition—seems to reflect the greater ambiguity in the Different Category situation (Nappa et al. 2009). This is an interesting possibility because it suggests that multilevel processes support word learning. Future work needs to address the extent to which attention predicts performance not only in the scanning of available response choices but at different phases of the task that have been neglected in previous studies.



Cued Attention—Word or Perceptual Redundancy?



The present study was motivated by assumptions regarding the role of category knowledge (Gelman and Markman 1986; Waxman and Kosowski 1990; Klibanoff and Waxman 2000; Waxman and Booth 2003; Waxman and Klibanoff 2000) and the computational power of statistical learning that guides attention (Hayhoe and Ballard 2005; Henderson and Ferreira 2004; Desimone and Duncan 1995; Fecteau and Munoz 2006; Wolfe et al. 2007; Fisher and Aslin 2002; Turk-Browne et al. 2005). The results support the latter assumption, viz. cued attention. Rapid deployment of attention depends on past experience and past learning in various task contexts (Brockmole et al. 2006; Chun and Jiang 1998; Henderson and Hollingworth 1999; Neider and Zelinsky 2006; Torralba et al. 2006; Dahan and Tanenhaus 2005; Huettig and Altmann 2007). A large amount of literature suggests that the natural statistics of the learning context (e.g., speech and scenes) effectively direct attention: Words that are consistently associated with a visual referent in those scenes rapidly direct attention to visual experiences (Bergelson and Swingley 2012; Tincoff and Jusczyk 2012; Borovsky et al. 2012; Griffin and Bock 2000). In this framework, the present study further documented the potential power of newly obtained experiences (viewing a novel property paired with a novel label) in directing attention.



One clear limitation of the current paradigm is its inability to pinpoint the aspect of the child’s experience that guides attention. It could be that mere visual redundancy (a newly exposed object property reappearing in a similar perceptual arrangement) creates memory-guided attention (e.g., Chun and Jiang 1998), or the simple redundancy may create a saliency-based “pop-out” effect (Krummenacher et al. 2001), which may require the least learning. Or the learned association between the newly heard word and the target property, which now appears in a similar perceptual arrangement, could guide attention in a manner similar to language-mediated attention (e.g., Borovsky et al. 2012; Griffin and Bock 2000; Vales and Smith 2015).



Accordingly, though these putative cuing effects (with the possible exception of the pop-out like effect) are clearly organized by co-occurrences and predictive control of attention, and all the effects are supported by a perceptually similar context (the Same category condition), one nevertheless may argue that the processes by which these cues direct attention can be different. If perceptual similarity alone plays the role in guiding attention, then mere exposure to an exemplar object (even without the naming of objects) would guide attention to the target test object. In this case, the nonlinguistic attentional process supports the advantage of within-category objects for novel adjective mapping. This conjecture demands further studies that focus on how nonlinguistic general processes support the use of same objects in novel adjective mapping and contribute to language development (Darby et al. 2014; Yoshida and Burling 2012). Simple processes, including “pop-out” effect and perceptual redundancy, may be available to younger learners in word-learning contexts. Then, when children have acquired better working memory—and can effectively generate representations of recently learned words—novel adjective learning extends beyond perceptual learning. Repeated visual exposure to a set of objects can promote attention to “typical” objects in a cluttered context with many potential meanings that might be more likely to get named. On the other hand, if words (“stoof”)—by their predictive regularities to the relevant portions of visual scenes—guide attention to a recently associated property (in a similar context such as shape), then linking words to relevant perceptual experiences will help young learners to attend to the right information for learning (Lupyan and Spivey 2010). Then the naming of the object strengthens (and/or maintains) activation of the corresponding representation, and the process is enhanced further by a perceptually similar task context.



Recent studies have shown that three-year-old children are faster to find objects in cluttered scenes if they are cued with the object name than if they are cued with the object picture (Vales and Smith 2015). This suggests the potential role of interaction between words and visual working memory representations in directing attention. Even outside of laboratory tasks, and especially in classrooms, much learning requires linking linguistic and visual information. Thus, pulling apart these respective influences on attention is essential to understanding how children learn from nonlinguistic perceptual experiences and how linguistic experiences support learning of language beyond the early stages of word learning. The potential role of these processes in early language development itself is an important new area for research.



In summary, the present study identified the object (target test object, one distractor test object, or the other distractor object) to which children’s attention was directly shifted, thus determining whether the attention is initially moved directly to the target test object or distributed equally to the three test objects in front of the child. The primary objective was to explain the advantage of using same category objects for children’s novel adjective learning. The tracking of direct looking behavior during the novel adjective learning task is an innovative way to obtain detailed information regarding the processes underlying word mapping in a relatively naturalistic interactive task context. The potential role of looking behaviors during the word-learning task itself is an important new area for research. The present results contribute specifically by showing how direct looking to the target object is prevalent when within-category objects are used and predictive of successful mapping when the target object belongs to the same category as the exemplar. The findings suggest a mechanistic premise about why within-category objects may be so important to adjective learning.
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Appendix A


The entire stimulus set used in the study (test objects are identical across the Same and Different conditions, thus not repeated).
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	1.
	
Noun object categories were selected from the MacArthur Communicative Developmental Inventory (MCDI) toddler form (Fenson et al. 1994).
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Figure 1. Typical stimuli arrangement used in novel adjective learning task consisting of exemplar object and testing objects, including target test object (correct choice) and distractor test objects. 
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Figure 2. First-person view (FPV) was recorded by having the child wear a head-mounted eye tracking headset. A room view (third person view: TPV) was recorded by a wall-mounted camera in the testing room. Videos from these cameras were joined and synchronized with child eye tracking coordinates superimposed over the FPV image (pink/purple circles indicating the point of focus). 
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Figure 3. One of the six stimulus sets used in the Same category condition (A, left) and in the Different category condition (B, right). 
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Figure 4. Mean accuracy for selecting the correct target object with the property that is the same as the exemplar object. Bootstrapped standard errors are shown as vertical lines, and the horizontal dotted line is chance performance at 0.33, and * indicates the significant difference. 
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Figure 5. Mean proportion of frequencies of direct gaze shifts to the target or distractor objects from the exemplar object. Bootstrapped standard errors are shown as vertical lines, and the horizontal dotted line is chance performance at 0.33. 
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Figure 6. Mean duration of looking at the exemplar, the experimenter’s face, the target object, and the distractor test objects for the Same and Different conditions. Bootstrapped standard errors are shown as vertical lines. 
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Table 1. Participants’ information.
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	Condition
	Same
	Different





	Mean Age (months)
	44.40 (SD 5.06)
	46.99 (4.00)



	Highest Education Earned
	6.12 (SD 0.90)
	5.93 (SD 1.10)



	Mean Income
	$64,708 (SD 30,539)
	$66,000 (SD 29,472)











© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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