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Abstract
In a study of infant tool use, Barrett, Davis, and Needham (2007) found that previous experience with spoons prevented infants from utilizing an unusual grasp of a teaspoon to complete a novel task. Infants were, however, able to complete this same task with a novel tool that shared many of the spoon’s characteristics. Building on this prior research, the present experiment found that infants between the ages of 13 and 18 months were less likely to solve the lightbox task with the tool featuring a metal bowl similar to the spoon. Infants on the older end of the spectrum were more likely to solve and have shorter latency times than their younger counterparts. Measures of initial grasp and initial attempt were also considered.  Results suggest that a metal bowl is one feature of a tool that leads infants to identify the tool as a spoon.   

Mismatched Tool: Determining the Properties by which Infants Categorize a Tool as “Spoon”
A tool is defined as an object held in one's hand that helps one in accomplishing a goal. In contrast, tool use is defined as “a purposeful, goal-directed, form of complex object manipulation that involves the manipulation of the tool to change the position, condition, or action of another object” (Connolly & Dalgleish, 1989, p.895). Use of tools to act upon objects is a research topic of interest as tool use is unique to few animal species, distinguishing humans from the remainder of the animal kingdom (Connolly & Dalgleish, 1989). The following examines general infant tool use with a particular interest in the use of a spoon-like tool to complete an unfamiliar task. 
Evidence of tool use as a goal-directed strategy for problem solving emerges within the first year of human life in the perception-action routines infants employ for exploration of their environment (Lockman, 2000). Absorbing information about their environment through touch and sight, infants then determine appropriate action. Through this interaction with the environment, infants develop deeper cognitive understandings of the world around them, constantly adjusting their schema to add new information (Lockman, 2000; Needham, 2009). Furthermore, during the first year of life, infants are steadily learning that tools can help solve tasks more efficiently. Additionally, infants learn that the method of tool use is dependent upon both the goal object and the tool itself (Lockman, 2000). 
Problem solving stages that apply to tool use include the following: 1) choice of the appropriate means to achieve the goal; 2) amending one's errors; 3) perseverance in accomplishment of one's goal; and 4) cessation of activity once goal is achieved (McCarty, Clifton, & Collard, 1999). Consequently, research suggests that tool use requires infants to choose the appropriate tool, enact the correct actions with the tool, revise any incorrect movements during their approach, and finally complete the task with the tool. Through a trial and error process, infants indicate acknowledgement of faulty strategy with self-correction (Claxton, McCarty, & Keen, 2009; McCarty et al., 1999). With this in mind, Connolly and Dalgleish (1989) noted that, “skilled performance is about the relationship between means and ends” (p. 894). It is only by going through the problem-solving process as it relates to tool choice and use—and sometimes making mistakes—that infants truly acquire an adequate understanding of objects and how they can be used to accomplish certain goals (Willatts, 1999). 
Tool use is comprised of both planning stages and action stages. To begin, inexperienced infants consider a number of factors before choosing a tool, recognizing that “the perceptual features...like shape, length, and orientation may be relevant to attaining a goal” (Claxton et al., 2009, p. 230). In order to choose the best tool, infants assess tool characteristics, favoring the perceptual characteristics of objects over the functional (Brown, 1990; Tomikawa & Dodd, 1980). However, Ware and Booth (2010) point out that perceptual and functional features are typically highly correlated and so using these two sets of features would often lead to the same outcome. Brown (1990) further hypothesized that preference for perceptual features may be due to infants' limited schemas and a consequential dependence on visual cues for object evaluation. Infants rely on visual properties because they lack an understanding of the causal mechanisms underlying objects. Visual clues aid infants in ascertaining the tool’s purpose or function and the consequent category in which it belongs. Once perceptual features trigger categorization of the unfamiliar object into an existing schema, infants depend upon prior experience to suggest appropriate action: “when an object is categorized, knowledge about the category allows the observer to produce expectations about aspects of the object that are not directly perceivable” (Needham, Cantlon, & Ormsbee-Holley, 2006, p. 346). When infants have a greater understanding of tool form and function, they can better rely on functional features as opposed to falling back on the perceptual features of objects (Brown, 1990). 
[bookmark: _GoBack]This categorization of objects based on prior experience is tied directly to the interplay between functional fixedness and flexibility of mental representations. Young children adapt what German and Defeyter (2000) call an agents-goal view in which any deliberate use of an object can be its function. This view is flexible in that infants are willing to extend their schema of a tool's use and purpose to each new situation, accumulating different experiences with tool use as they go along. An alternative viewpoint on flexibility suggests that young children are not truly flexible in their representations of objects but rather have weak, incomplete comprehension of the tool function (German & Defeyter, 2000). In German and Defeyter’s (2000) experiment, younger children correctly utilized a box to solve the task perhaps because they were unaware that boxes typically serve as containers rather than tools.  
On the other hand, more numerous experiences with objects can create fixedness in children in which experience suggests to an infant that tools have a primary function (Needham, 2009). For example, infant experience with cutlery and eating may result in infants’ perception that spoons may only function as mechanisms for eating. Experience with tools provides infants with strategies to draw on in a new problem-solving situation (Chen & Sielger, 2000). Concurrently, this information biases infant choice in tool use strategy. Infants have difficulty overriding their primary and well-substantiated representation in order to use the tool in a creative way. The more experiences a child has with a specific tool or object, the more likely he or she is to rely on the use of the tool that experience suggests is correct. 
Research in infant tool use has focused on the differences in tool use strategies for self-directed actions as opposed to other-directed actions. McCarty, Clifton, and Collard (2001) found that infants are more likely to use the optimal grasp, a radial grasp, for self-directed tasks (e.g., eating) as opposed to other-directed tasks (e.g., ‘feeding’ a stuffed animal). Infants display a radial grasp when they grasp the handle of the spoon with the thumb pointed toward the bowl. This grasp is most effective in feeding quickly without spilling. In addition, the duration of self-directed actions often was longer than that of other-directed actions. These differences in grasp and duration of action are due to two intertwined factors, planning and experience. Experience with tools helps infants develop mental representations of appropriate tool usage and effective problem solving (Needham, 2009). As infants build on their representations, they become more likely to assess their situation and plan strategically for a solution. In taking more time to plan strategically, older infants are more likely to utilize the optimal radial grip. Additionally, with age, inappropriate tool usage lessens as infants build upon and reuse previously successful strategies (McCarty et al., 2001). Furthermore, infants perhaps have better spatial orientation skills relating objects to themselves due to a greater familiarity with self-directed movement (Claxton et al., 2009). 
Infant spoon use has often been the subject of tool studies as the spoon is one of the earliest tools with which infants interact, first visually and then manually as they progress from adult feeding to self-feeding. Gesell and Ilg (1937) (as cited by Connolly & Dalgleish, 1989) observed spoon use development throughout the first and second year of infant life, and drew the following conclusions: At the earliest stages, when infants are unable to self-feed, they spend time looking from the spoon to the dish containing the food. Next, infants begin to connect opening their mouth to the arrival of the spoon at their lips, recognizing that the spoon is the vessel by which food moves from the dish to the mouth. Continuing throughout the first year of life, infants will primarily react to the spoon with their mouths before their hands. When an infant encounters a spoon, his reaction will be to open the mouth in anticipation of food rather than reaching toward the spoon in an effort to pull the spoon toward his mouth. It is during the second year of life that infants begin self-feeding, although self-feeding is very crude. At this point handedness is not established, the grip on the spoon does not yield maximum efficiency, and infants have difficulty filling the spoon. As children mature, they begin to solidify hand preference and develop a much smoother and consistent self-feeding technique. 
Although clearly a salient tool within infants’ daily lives, there is a paucity of research on the critical perceptual and functional features that comprise a spoon. In effect, we do not know “what makes a tool a spoon?” from the perspective of an infant. Rather, the research has focused on the ways in which infants translate visual information into categorical knowledge, without particular attention to tool categorization. Findings indicate that infants utilize visual information about an object to determine the category membership and function of the object (Corrigan & Schommer, 1984; Needham & Baillargeon, 1998; Needham et al., 2006; Needham, 2009). 
Similarity of object attributes such as shape can be used by infants as young as 4 months to determine whether a display is composed of one or more objects (Needham & Baillargeon, 1998).  However, infants may have a more difficult time determining the composition of a display that has multiple parts, such as a key ring or rattle. Needham and colleagues (2006) presented 8.5-month-old infants with a visual display of a key ring, comprised of both the ring and key components. Infants saw the visual display either move as one complete object (ring and key connected) or as two distinct objects (ring and key moving separately). Researchers found that infants looked reliably longer at the unexpected event, in which the ring and key components moved separately. This finding suggests that infants’ concept of a keyring, which is comprised of both key and ring components, was violated when the components moved separately from each other. In a follow-up study, these researchers found that when all of the distinctive attributes of the key ring were removed, infants parsed the display as two separate units. This research indicates that infants can recognize the overarching features of an object if that object possesses specific attributes. In this case, infants conceptualized the key ring as one item if the typical perceptual features of both the ring and the key were present. However, when the ring was replaced by a solid circle and the keys were replaced by geometric objects, the key ring was no longer categorized as “key ring.” This difference in categorization may be due in part to unequal infant visual focus on distinct areas of interest. For example, Needham, Strouse, and Borten (2012) found that infants displayed more overall looking to the bowl end of spoon images and head end of hammers. However, older infants looked more to the handle of the spoon, and this finding was more pronounced for metal teaspoons than for plastic spoons. 
In regards to spoon use and categorization, these findings raise the question, “What are the critical features that infants use when categorizing a tool as ‘spoon’?” Does prior experience predict categorization? Do infants focus on the perceptual features of a particular area of the spoon? In the proposed experiment, we assume that infants consider tools comprised of a handle and round end as one entire object given their experience interacting with this type of object (ex. spoon, toy hammer, brush, rattle) (Needham & Baillargeon, 1998). We similarly assume that infants possess sufficient experience from their daily eating experiences prior to their arrival to the lab to recognize and categorize spoons. Gesell and Ilg (1937) reinforce our assumption noting that infants learn to self-feed between 12-15 months of age (as cited in Connolly & Dalgleish, 1989). However, one unanswered question is how infants account for the distinct areas of interest of the spoon or tool—the handle and the bowl. Infants may attend to either one or both of these features during categorization. In the case of the key ring, infants viewed the display as one object or more than one object based on recognition of perceptual features (Needham et al., 2006). In this experiment, we question whether modification of one element of the tool—the bowl or the handle—renders it unrecognizable and we explore the implications of the subsequent categorization. 
Original Study
The following experiment is based upon an original spoon use study by Barrett, Davis, and Needham (2007), which sought to determine whether infants could adjust their concept of “spoon” and use a spoon in a new way to perform a novel task. The experiment involved a wooden box with lights inside and two tools, a metal teaspoon and a wooden novel tool. The novel tool was comprised of a round loop “bowl” and straight handle, similar perceptually to the spoon. In order to turn on the lights inside the box, correctly solving the task, a participant needed to insert the thin handle of the spoon or novel tool into the small hole in the side of the box. The hole was only large enough for insertion of the handle of the tool or spoon. As a result, solving required grasping the bowl of the tool. The bowl of the spoon is considered an unfamiliar grasp location because infants typically observe a handle grasp during feeding and are encouraged to use a handle grasp during the beginnings of self-feeding. 
After correct demonstration by the experimenter, infants were given the opportunity to attempt to solve the light box task using a metal spoon and a novel wooden tool. In an easy trial, the infant was presented with the spoon or tool in such a way that they needed only to grasp the bowl with the dominant hand and move the straight end over to the side of the box in order to solve. In hard trials, solving required flipping or manipulating the tool in some way so as to correctly grasp the bowl with the dominant hand in order to solve.  The order of easy and hard trials was counterbalanced. 
Researchers found that infants were more likely to both grasp the bowl of the tool and solve successfully when using the novel tool as opposed to the spoon. It appeared that infants were more flexible in their grasp with the novel tool whereas prior experience with spoon grasp at the handle made infants unwilling to grasp the spoon at the bowl. As a result, infants exhibited more perseverance after errors during spoon trials. 
Experimenters also charted gender and age differences across participants. Female infants were less likely to grasp the round end of the novel tool but were more flexible in manipulation of this tool than male infants (i.e. flipping or turning the tool). Males, on the other hand, were more likely to grasp the bowl of the tool at the initial attempt and were therefore more likely to solve the task. Older infants were more likely than younger infants to solve the task, as they were more flexible in manipulating the tool. Researchers hypothesized that these gender and age effects had simple explanations. During infancy, female infants may spend a greater time having parents feed them. As a result, female infants would spend much more time observing the appropriate grasp of the spoon for purposes of feeding. On the other hand, male infants may be encouraged to self-feed at a much younger age. Lacking experience observing the appropriate grasp of a spoon and having more experience manually manipulating the spoon, male spoon representation may be more flexible.  This hypothesis should be investigated in future research. 
Current Study
The current study takes Barrett and colleagues’ (2007) research one step further seeking to extend their original research question. Recognizing that the novel tool has similar perceptual and functional features as the spoon, why do infants classify the novel tool differently than the spoon and successfully solve the light box task? In effect, I explore the research question, “What makes a tool spoon-like from an infant’s perspective?” This question dichotomized the features of the spoon into “bowl” and “handle” categories. We examined infant problem solving capacity based upon manipulation of either the bowl or the handle.   However, before embarking upon the infant study, we wanted to determine how similar unbiased adults would judge the relevant tools to be.  Specifically, in Experiment 1 we collected judgments from adults on the two tools used in the Barrett et al. (2007) study and the re-assembled versions of these tools we planned to use with infants in Experiment 2. 
Experiment 1
	In Experiment 1, we sought to examine how adults would conceptualize the metal bowl and wooden bowl tools as compared to the spoon and novel tool. This information was useful in establishing the foundation for an experimental infant study based on findings from mature, experienced participants. The ways in which adult participants categorized the modified tools substantiates our subjective understanding of the differences inherent in each tool. However, we could not assume that infants would conceptualize the modified tools in the same ways our adult participants or us did. 
Methods
	Participants. Fifty-three undergraduate students at Vanderbilt University participated in experiment 1 to assess the spoon-like qualities of the metal bowl and wooden bowl tools. Students used the university’s SONA system to sign up for the study, and received research credits for their participation. 
Stimuli. Adults were tested individually while seated at a table 69.85 cm in height. The tabletop was 177.80 cm from left side to right side and 73.66 cm from the participant to the experimenter. The experimenter sat across the table from participant. The table was crescent moon shaped and oriented in such a way that the table surrounded the front of the participant. Four video cameras filmed the procedure from different perspectives: One camera was mounted directly behind the experimenter, another camera was mounted on the ceiling above the table, and two cameras were mounted on the side walls—one capturing the right side and one the left side. 
Stimuli for the experiment included both the novel tool and spoon from Barrett and colleagues’ (2007) study and the manufactured metal bowl tool and wooden bowl tool. The novel tool was 15.24 cm in length, wooden, and painted silver. It consisted of a wooden dowel 0.64 cm in diameter and an oval bowl with a hole of 5.07 cm2 missing in the center. The metal spoon was a standard teaspoon measuring 16.50 cm. The metal bowl tool in this experiment was approximately 13.34 cm in length. The bowl of the metal tool was a standard metal adult teaspoon 6.35 cm in length. The straight end of the metal bowl tool was a wooden dowel painted silver with a diameter of 0.64 cm and length of 6.99 cm. At its widest point, the metal bowl tool measured 3.18 cm. The wooden bowl tool was comprised of a wooden round bowl painted silver to match the metal handle. At its widest point, the wooden bowl measured 3.18 cm with a hole of 5.07 cm2 missing from the bowl. The straight end of this tool measured 7.62 cm and was comprised of the metal handle of a standard adult teaspoon. In total, the wooden bowl tool measured 13.34 cm long. 
Procedure. The procedure for testing the metal bowl tool and novel bowl tool consisted of two parts. First, participants received a seven-level Likert scale (1=most spoon-like, 4=neutral, 7=least spoon-like). Participants were asked to circle the number that best corresponded to their classification of the tool. Participants received the tools one-at-a-time with order counterbalanced over participants to eliminate potential order effects in the Likert. Second, participants were given all four tools and asked to order them from most spoon-like to least spoon-like. 
Measures. The Likert scale ranking page (described above) was used to assess the Likert task. Videotaped ordering sessions were used to assess the ordering task. Two measures, tool ranking and tool order, were analyzed. 
 Tool ranking referred to the Likert ranking participants gave to each tool. Rankings were entered into SPSS for each tool on the scale from 1-7 (1=most spoon-like, 4=neutral, 7=least spoon-like), which directly corresponded with the Likert ranking page. 
Tool order referred to the order in which participants placed each tool during the ordering task. Order was entered into SPSS for each tool on the scale of 1-4 (1st tool=most spoon-like, 4th tool=least spoon-like). 
Results
	A One-way repeated measures Analysis of Variance (ANOVA) was used to determine whether the mean Likert rankings were significantly different, F(3,50)=106.358, p<.01. These results suggest that the ratings adults gave to each of the tools were reliably different in some way. Participants ranked the spoon most spoon-like (M = 1.00; SD = 0.00), the metal bowl tool moderately spoon-like (M = 1.74; SD = 0.09), and the wooden bowl (M = 4.02; SD = 0.19) and novel tools (M = 4.42; SD = 0.19) moderately not spoon-like. A pair-wise comparison suggested that the mean ranking for each tool was significantly different from the mean ranking of each other tool (p<.05). Refer to Table 1 for exact means. 
	A Friedman test was used to assess differences in means for the ordering of the tools. The test was significant χ2(3, n=53)=156.391, p<.01 and the Kendall’s coefficient of concordance at 0.98 indicated strong similarity in the ways in which participants ordered the tools. A post hoc multiple comparison test indicated a significant difference between each of the mean ranks for the tools. The mean difference in ranking between the spoon and metal bowl tool (MD=1.00, p<.01) was smaller than the mean difference between the metal bowl and wooden bowl tools (MD=1.04, p<.01). The mean difference between the wooden bowl tool and novel tool was smaller than the mean difference between any of the other tools (MD=0.92, p<.01). The greatest mean difference was between the spoon and novel tool (MD=2.96, p<.01). These results indicate that on the whole, individuals ranked the spoon and metal bowl tools similarly and the wooden bowl tool and novel tool similarly. However, participants ranked these two groups differently from each other and all rankings were statistically significant from all other rankings. 
Discussion
	Experiment 1 produced two major findings: 1) Adults considered the metal bowl tool more similar to the spoon and considered the wooden bowl tool more similar to the novel tool; and 2) Across adults, ranking was similar indicating that the spoon-likeness of the metal bowl tool was generalizable across subjects. These findings supported the original hypotheses and provided a basis for predicting that infants might also have a tendency to see the metal bowl tool as more spoon-like than the wooden bowl tool.
Experiment 2
The following experiment incorporates much of the methodology used by Barrett et al., (2007), except with modified tools. The bowls of the metal and novel tool have been transposed onto the opposite straight ends to create the following “mismatched” tools: 1) The metal bowl tool was composed of the metal bowl of a spoon and the straight end of the wooden novel tool; 2) The wooden bowl tool was composed of the wooden bowl of the novel tool and the straight end of the metal spoon. Before beginning the infant tool use study, the modified tools were piloted with adult participants. The details of experiment 1are described above.
In experiment 2, I hypothesized that infants focus on both the perceptual and functional properties of the bowl of the spoon when categorizing. Therefore, I predicted that infants would be more likely to override their schema for “spoon” and correctly solve the lightbox task with the wooden bowl tool as opposed to the metal bowl tool. I further hypothesized that infants on the older end of the age spectrum would be more likely to solve than their younger counterparts, in keeping with the findings from Barrett et al. (2007). 
If, as suggested by the initial study with adults, infants regard the metal bowl tool as more spoon-like than the wooden bowl tool, they should have more difficulty solving the lightbox task using this tool.  This hypothesis originates from the findings of the Barrett et al. (2007) study, which showed that infants had much more difficulty grasping the bowl of the spoon to solve the lightbox task than they did grasping the bowl of the novel tool for the same purpose, despite the fact that these tools were similar in size and shape.  Difficulty resulted from the unfamiliarity of the task, which required both the cognitive forethought to grasp in a novel way and also the physical coordination to manipulate the tool. To the extent that infants regard a tool as spoon-like, they may have a similar problem using it in this way that is not typical for the use of a spoon. Typical spoon use defined here is a radial grasp on the handle end of the spoon with the right hand. This experiment requires infants to grasp the bowl end of the tool in order to solve the lightbox task, which proves difficult for infants used to a handle grasp.
Methods 
Participants. Forty-one 13- to 18-month-old participants participated in the study (20 male, 21 female). The mean age for participants was 15 months, 5 days (SD=2 months, 21 days; age=13 months, 6 days to 18 months, 3 days). The demographics for the sample were as follows: 39 Caucasian infants, 1 Asian infant, and 1 infant whose parent wrote “Indo-Mexi-American.” The highest obtained education levels of the infants’ mothers were as follows: 1 some high school, 4 some college, 2 technical or AA degree, 17 college degree, 3 some graduate school, 14 postgraduate degree, and 1 unmarked. The highest obtained education of infants’ fathers were as follows: 4 high school, 2 some college, 3 technical or AA degree, 20 college degree, 1 some graduate school, and 13 postgraduate degree. The occupational information for infants’ mothers was as follows: 4 student, 8 professional/managerial, 1 skilled trade/technical, 16 homemaker, 5 self-employed, 6 health services/nursing, and 1 academia. The occupational information for infants’ fathers was as follows: 1 student, 1 office/food service/retail, 22 professional/managerial, 4 skilled trade/technical, 5 self-employed, 3 health services/nursing, 1 art director, and 3 academia. Data from 19 infants were collected and excluded, 7 because infants solved the lightbox task using their finger during baseline trials, 4 because of experimenter error, 6 because infants made no attempts to solve the lightbox task, and 2 because infants solved the task during baseline.
Apparatus and stimuli. Infants were tested individually while seated on the caregiver’s lap at the same table used in experiment 1. The experimenter sat across the table from the infant and caregiver. As in experiment 1, four video cameras filmed the procedure from different perspectives.  
The objects used for evaluating hand preference were two plastic animal figurines approximately 7.62 cm in height. Two tools were used in this study: the metal bowl tool and wooden bowl tool, the same as those used in experiment 1. 
	The test utilized a lightbox with dimensions 13.97 cm length, 10.16 cm height, and 12.70 cm wide. This box was painted green and mounted to a piece of plywood measuring 40.64 cm length, 1.91 cm height, and 13.97 cm wide and painted white. The front of the box had a Plexiglas window that allowed the participant to view an LED light display within the box. The light display turned on whenever an object passed through a 1.91 cm in diameter hole in the side of the box breaking a beam of infrared light. The hole in the lightbox was large enough to permit the passage of the straight ends of both the wooden bowl tool and metal bowl tools, but the bowls of these tools were too wide to pass through. 
Procedure. The procedure consisted of a hand preference task, two baseline tasks, and four test trials with two demonstrations each. The experimental condition of the participant predicted the order in which the tools were presented in baseline and test trials. Infants received both tools and had one easy and one hard trial with each tool. In easy trials, the straight end of the tool faced the hole in the lightbox. This condition was deemed easy because it simply required that infants insert the tool straight into the lightbox with no manipulation required. In hard trials, the participant was presented with the bowl of the tool facing the opening in the lightbox. This condition was called hard because it required that the infant manipulate the tool in some way (i.e., flip it over) in order to insert the straight end of the tool into the hole. Tools and hard/easy conditions were counterbalanced across four test trials. 
The participant was first presented with a series of three hand preference trials in which a small plastic animal was presented to the infant at midline. The experimenter recorded the hand with which the infant reached for the toy. The hand utilized for first grasp most frequently after the three trials was recorded as the dominant hand (21 right hand, 15 left hand, 5 without a clear preference). 
During baseline, the experimenter presented the first tool to the infant with the bowl facing the infant perpendicular to the lightbox. The tool and lightbox were pushed toward the participant, and the participant was given 30 seconds for free manipulation. If the participant did not grasp the tool, the experimenter placed the tool in the participant’s hand before moving on. The baseline procedures were repeated with the second tool for 30 seconds of free manipulation. The baseline tasks were used to assess whether participants had any knowledge of how to correctly solve the lightbox task prior to demonstration by the experimenter. 
Following baseline trials with both tools, the demonstrations and experimental trials began. The experimenter placed the lightbox on the table with the tool to the right of the box on the wooden base in the appropriate orientation for the difficulty of the trial (hard or easy). The experimenter then demonstrated two instances of successful solving. For easy trials, this required grasping the bowl of the tool and inserting the straight end of the tool directly into the hole in the side of the lightbox. For hard trials, this required grasping the bowl of the tool and flipping the wrist over in order to insert the straight end of the tool into the hole in the lightbox. After two demonstrations, the experimenter replaced the tool at the right side of the lightbox and pushed the tool and lightbox toward the infant saying, “Now it’s your turn.” The participant was given 30 seconds to attempt to solve the lightbox task before the tool was removed and the experimenter began demonstrations with either a different tool or a different difficulty condition. The entire procedure (two demonstrations and one test trial) was repeated four times with the order of demonstrations and tests counterbalanced over tool and difficulty. 
Measures. Videotaped sessions were used for computer coding. Six measures (initial grasp, grasp changes, solve, initial attempt, latency to initial attempt, and latency to solve) were gleaned from videotaped trials and evaluated to probe infant behaviors relative to the particular tools. 
Initial grasp was coded when the infant first made contact with the tool.  Hand use and location of grasp placement were identified for the initial grasp. Grasp was first coded as either right hand, left hand, or both depending on which of the infant’s hand(s) touched the tool during the initial grasp. Grasp was then coded as bowl, middle, or straight depending on the location of grasp. Grasp was coded bowl if the infant’s hand(s) grasped the bowl of the tool. Grasp was coded middle if the infant’s hand(s) was /were placed in the middle of the tool covering parts of the bowl and the straight end of the tool at the same time. Finally, grasp was coded as straight if the infant grasped the handle of the tool. 
Grasp changes were coded as a count of the number of different changes in grasp or tool manipulation during a given trial. Grasp placement was coded at the infant’s first contact with the tool, whenever a grasp changed, and at all attempts and solves. If the infant put the tool on the table or dropped the tool and picked it back up, this was considered a grasp change. Additionally, if the experimenter had to replace the tool in the original position (infant dropped or threw the tool) and the infant picked the tool up again, this was coded as a grasp change. In addition to grasp changes, a number of separate behaviors were coded related to tool manipulation. These were flip and turn. A flip was defined as an instance in which the infant simply rotated his wrist, changing the direction of the tool without changing the grasp. A flip could occur from a palm up to a palm down position and vice versa. A turn occurred when the infant used both hands to change his grasp from an easy to a hard or vice versa. 
Solve was defined as a trial in which the infant turned on the LED display in the lightbox, which required inserting the straight end of either the metal bowl tool or the wooden bowl tool into the opening in the side of the lightbox. Success was coded as either yes or no. 
Initial attempt was coded as the type of first attempt infants made with the tool, either solve, correct attempt, or incorrect attempt. If an infant was holding the tool in the correct position (with the straight end of the tool facing the lightbox) and moving toward the hole but still unable to insert the tool into the hole, this was coded as a correct attempt. If the infant was holding the tool in the incorrect position (with the bowl of the tool facing the hole in the lightbox) and attempting to insert the bowl into the hole, this was coded as an incorrect attempt. 
Latency to initial attempt was defined as the time elapsed between the beginning of the test trial (coding began when both the tool and the lightbox were in reach of the infant) and either a solve, incorrect attempt, or correct attempt. In some cases, infants did not make an attempt in all four test trials. In that case, latency to initial attempt was only coded if infants did make an attempt. 
Latency to success was coded as the time elapsed between the beginning of the trial and a solve if the infant did solve during a test trial. Similar to the latency to initial attempt measure, latency to success was only coded if infants solved the lightbox task during test trials. It was hypothesized that the average latency to initial attempt would be much shorter than the average latency to success. 
The measures were coded for reliability by having two trained observers recode a segment of the data (n=12). The observers were blind to the conditions and hypotheses of the experiment. The particular measures recoded for reliability were initial grasp, first attempt type, latency to first attempt, latency to solve, and solve/no solve. Reliability for quantitative data was coded by means of a Pearson’s product-moment correlation. The range of agreement for these variables was .94-1.0 (M=.98). Reliability for qualitative data was analyzed using Cohen’s Kappa formula. The range of agreement for the variables was .47-1.0 (M=.74). After reliability coding, coders met with the experimenter to resolve disagreements in the coding for each measure in order to conduct the analyses. 
Results
Preliminary analyses. A 4x2 chi square analysis of condition (4 different tool orders) and success (solve or no solve) revealed no main effect of the order in which infants received the tools and orientations. Infants solved at similar rates across the conditions: 28.6% of solves in Metal Bowl Easy First condition, 25.4% solves within Metal Bowl Hard First Condition, 17.5% of solves within Wooden Bowl Easy First Condition, and 28.6% of solves within the Wooden Bowl Hard First Condition. Although infants were more likely to not solve the lightbox task (61.6% of trials) as opposed to solving the lightbox task (38.4% of trials), this task can be deemed developmentally appropriate for infants between the ages of 12 and 18 months based on prior research (e.g. Barrett et al., 2007) and evidence that solving occurred almost equally across conditions. 
Generalized estimating equations (GEE) analyses were used to predict for six dependent variables (solve, first attempt type, initial grasp, latency to solve, latency to first attempt, and number of grasp changes). The between-subject variables were condition, gender, and age. The within-subject variables were tool type (metal or wooden) and tool orientation (easy or hard). This type of analysis is a regression method introduced by Liang and Zeger (1986), used to examine clustered data with a non-normal distribution (Burton, Gurrin, & Sly, 1998; Dunlop, 1994; Ghisletta & Spini, 2004). This method of analysis is particularly effective for longitudinal or repeated measures data analysis. Additionally, the GEE can be used with nominal, ordinal, continuous, count, and binomial data. 
The IBM Advanced Statistics 20.0 program was used to perform the GEE analysis, which is categorized as a General Linear Model. The GEE was run separately for each dependent variable in order to best fit the link function and distribution. GEE estimated the parameters of the model, which were then interpreted as odds ratios. Chi-square tests of independence were used to analyze the significant categorical findings from the GEE. Analyses of variance (ANOVA), pairwise comparisons, post hoc multiple comparisons, and regression analyses were conducted to assess significant findings from continuous variables.  
Main Analyses: Solve. A GEE analysis found three predictors of infants’ success in solving the lightbox task: tool orientation, tool type, and age. The odds ratio for the tool type estimated that the likelihood infants correctly solved the task was 2.80 times greater when they received the easy condition than the hard condition. (p<.01). These data indicate that infants solved the lightbox task in the easy condition significantly more often than in the hard condition, suggesting that our trial names were accurate. Additionally, the odds ratio suggested that infants were 0.40 times less likely (p<.05) to solve in the metal condition than in the wooden condition. The odds ratio for age suggested that the likelihood for success increased by 1.02 for every one-unit (day) increase in infants’ age (p<.05). This finding suggests that infants on the older end of the age range were more likely to solve the lightbox task than their younger peers. This particular finding supports Barrett’s et al., (2007) finding that older infants were more likely to solve than younger infants. 
A 2x2 chi-square test of independence had tool orientation (easy, hard) and success (solve, no solve) as between-subjects factors (see Table 2). This analysis χ2 (1, N=164)=7.45, p<.01, indicated that infants succeeded more in easy trials (63.5%) than in hard trials (36.5%). A paired samples T-test indicated that the means for solves in the easy and hard orientations were significantly different from each other: t(40)=-2.56, p<.05. This finding is in keeping with one of the original hypotheses of the research, which was that infants would be more likely to solve the lightbox task if solving required few manipulations of the tool. 
A 2x2 chi-square test of independence had tool type (metal, wooden) and success (solve, no solve) as between-subject factors. This analysis χ2 (1, N=164)=5.80, p<.05, indicated that infants succeeded in more wooden solves (61.9%) than in metal solves (38.1%) (refer to Table 2). A paired samples T-test indicated that the means for solving and not solving in the metal and wooden conditions were significantly different from each other t(40)=3.54, p<.01. This finding is in keeping with one of the original hypotheses of the study, which was that infants would be more likely to solve the lightbox task with the wooden bowl tool thereby suggesting that infants categorize the wooden bowl tool as “novel” instead of “spoon.”
Main Analyses: Initial Attempt. A GEE analysis revealed one predictor of infants’ first attempt type (incorrect attempt, correct attempt, or solve): tool orientation.  
A 2x3 chi-square test of independence had tool orientation (easy, hard) and first attempt type (incorrect attempt, correct attempt, and solve) as between-subjects factors (see Table 3). It is important to note that the chi-square does not accurately reflect repeated measures data. Rather, this chi-square reflects tool orientation and first attempt type collapsed across trials. This analysis χ2 (2, N=145)=20.49, p<.01, indicated that incorrect first attempts were the most frequent (60.7%), followed by solves (20.7%) and correct attempts (18.6%). Incorrect attempts as first attempts occurred more often in the hard conditions (42.9%) and easy conditions (77.3%). Correct attempts and solves occurred more frequently in easy conditions than in hard conditions (see Table 2). A post hoc multiple comparisons test indicated that the mean difference in first attempt type was statistically significant (p<.05) for the differences between incorrect attempt and either a correct attempt (MD=0.25) or solve (MD=0.45). However, results of the post hoc test indicated an insignificant difference between the means of correct attempt and solve (MD=.21, p=.22). These data suggest that incorrect attempts occurred when the infant needed to manipulate the tool in order to solve the lightbox task. An incorrect attempt here demonstrates that infants understood the goal of the lightbox task but failed to successfully execute it. Just as solves occurred more frequently in the easy conditions than in the hard conditions, so too did correct first attempts and solve first attempts occur in the easy condition because infants were not required to manipulate the tool before solving. 
The GEE analysis also found a significant relationship between infants receiving tool order three and first attempt type. This particular finding is not directly linked to the conceptual question presented in this study and was therefore not investigated any further. 
Main Analyses: Initial Grasp. A GEE analysis found two predictors of infants’ initial grasp on the tool (R straight, R middle, R bowl, L straight, L middle, L bowl, or both.): tool type and tool orientation.  A 2x6 chi-square test of independence had tool orientation (easy, hard) and initial grasp (R straight, R middle, R bowl, L straight, L middle, and both) as between subject factors (see Table 3). This analysis χ2 (5, N=164)=55.04, p<.01 yielded information about differences in initial grasp based on tool orientation. The R straight initial grasp was the most popular amongst infants (49.4% of initial grasps), followed by the R bowl grasp (24.4%), and the R middle grasp (22%). Grasps with the left hand or with both hands were infrequent (a total of 7 initial grasps out of 164 grasps). These numbers first reflect the fact that infants displayed more right-handed dominance, which is supported by the fact that 21 infants (51%) showed a right hand preference during the hand preference task). Secondly, the lightbox requires a right hand grasp due to the location of the hole. These findings support the original research hypotheses that infants would be more likely to grasp the straight end of the tool, perhaps due to an inability to override the schema for “spoon.” The R straight grasp occurred more frequently in hard trials (76.8%) than in easy trials (22.0%). However, the R middle and R bowl grasps occurred more frequently in easy conditions (72% of easy initial grasps) than in hard conditions (20.7% of hard initial grasps) (see Table 4). Post hoc multiple comparisons tests indicated a significant mean difference between the R straight and R middle grasp (MD=0.47, p<.01), between the R straight grasp and R bowl grasp (MD=0.63, p<.01), and between the R straight and L straight grasps (MD=0.78, p<.01). These particular findings suggest that when infants received the tool in the easy orientation, they better understood the need to grasp the round end of the tool in order to solve. In hard tasks, grasp planning was more complex because solving required flipping or turning the tool in some way. The R straight grasp was therefore the favored grasp in hard trials, perhaps because it is most familiar to infants. 
A 2x6 chi-square test of independence had tool type (metal, wooden) and initial grasp (R straight, R middle, R bowl, L straight, L middle, and both) as between subject factors. This chi-square test did not yield statistically significant results [χ2 (5, N=164)=9.89, p=.08]. Post hoc multiple comparisons tests indicated a statistically significant mean difference between the R straight and R bowl grasps (MD=-0.27, p<.01) and between the R middle and R bowl grasps (MD=-0.28, p<.05). A statistically insignificant trend suggested that the R straight and R middle initial grasps occurred more often in metal tool conditions whereas the R bowl initial grasp occurred more often in the wooden tool conditions. 
Main Analyses: Latency to Solve. A GEE analysis found two predictors of infants’ latency to solve the lightbox task: tool orientation and age. A one-way analysis of variance (ANOVA) tested the effect of tool orientation (easy, hard) and age (in days) on the participant’s latency to solve. Results indicated a significant main effect for tool orientation F(1, 54)=5.07, p<.05. This analysis suggests that infants in easy conditions were much faster to solve the lightbox task (M=6.50 s, SD=6.94) than infants in hard conditions (M=11.29 s, SD=8.53). This finding reiterates what the research already suggests—infants are faster to solve easy problems and spend more time planning and manipulating the tool for more complex problems. In this case the hard condition of the task is a more complex problem because infants must flip or turn the tool in some way to solve the task. 
Results of the one-way ANOVA did not indicate a significant effect of age. However, a linear regression analysis suggested a significant negative correlation between latency to solve and age (r=-.23, p<.05) (represented by Chart 1). This correlation suggests that as infants age, their latency to solve decreases. This age effect expands on findings suggesting that older infants are more likely to solve the task than younger infants. Compounding the findings, this research suggests that not only are older infants more likely to solve the lightbox task than younger infants, but also they are faster to solve the task. 
Main Analyses: Number of Grasp Changes and Latency to First Attempt. A GEE analysis did not find any significant predictors of the number of grasp changes infants displayed or any significant predictors of infants’ latency to first attempt. 
Discussion 
	The present experiment built on previous research by Barrett and colleagues (2007), which found that infants were more likely to solve a novel task with a novel tool as opposed to a spoon. Similarly, this study found that infants were more likely to solve the lightbox task with the wooden bowl tool as opposed to the metal bowl tool. A number of conclusions can be drawn from the present research, which advanced the findings on infant tool use. 
First, infants (and adults per results of Experiment 1) seem to focus on the bowl of the spoon when categorizing a spoon-like object into the categories of spoon and unfamiliar tool. Infants were more likely to solve the lightbox task with the wooden bowl tool than with the metal bowl tool. Barrett et al., (2007) found that infants were similarly more likely to solve the lightbox task with the novel tool than with the spoon. The similar feature between the wooden bowl tool and the novel tool is the wooden bowl. Therefore, our interpretation is that infants attend closely to the bowl of the tool for the purposes of identifying it. The finding that infants focus more on the bowl than the spoon was similarly found in a preferential looking study conducted by Needham et al. (2012). This study used eye tracking to determine that overall infants spent a longer time looking at the part of the object that was function-relevant such as the bowl of a spoon and the head of a hammer. In contrast, older children spent more time looking to the handle of the spoon than younger children, and this finding was more pronounced with a real spoon stimulus as opposed to a toy spoon stimulus. 
In addition, the bowl of the spoon may be considered both a functional and perceptual characteristic of the spoon (ex. Brown, 1990; Ware & Booth, 2010). Functionally, the spoon serves as a means for feeding. When used as a spoon, the metal bowl is the location of the food, a positive reinforcement for efficient self-feeding. Similarly, the bowl of the spoon may be perceived as the most salient perceptual feature of the spoon. Many different types of tools have handles, but few tools have bowls such as the spoon. Unlike the spoon, the wooden bowl features a hole and could therefore not be used for purposes of feeding. Additionally, the hollow center of the wooden bowl may present a novel perceptual characteristic with which infants are unfamiliar. Infants perhaps recognize that a tool without the capacity to feed and with novel perceptual features cannot be used for spoon-like tasks and does not fit within the schema for spoon. As a result, infants have a much easier time grasping the wooden bowl and solving the lightbox task. 
Second, infants were more likely to solve the lightbox task in the easy condition than in the hard condition. The hard condition for this particular task, in which the infant received the tool with the bowl facing away from the target hole, required more complex action planning than the easy condition. In order to solve the lightbox task within the hard condition, infants were required to manipulate the tool in some fashion. It is possible that infants were unable to acquire the strategies for solving the lightbox task by simply observing the experimenter during demonstration trials. Although the infants may have conceptually understood the requirements of the task, they may not have been able to successfully complete it without scaffolding (Chen & Sielger, 2001) or active training (Sommerville, Hildebrand, & Crane, 2008). Sommerville et al., (2008) concluded that active training with a new object increased the infant’s understanding of the goal of the unfamiliar task. This finding was also replicated in an honors thesis that utilized a version of Barrett and colleagues’ (2007) lightbox task (Borten, 2011). 
Third, if infants were to solve within the test trial, they displayed this capacity early on. On average, solving occurred within the first third of the trial, suggesting that infants displayed one of two patterns—either a clear understanding of how to solve the lightbox task or repeated use of unsuccessful strategies. Incorrect attempts as first attempts were most common in both the easy and hard orientation. Similarly, an initial grasp of right hand on the straight end of the tool was the most common for both metal and wooden tools and in the hard orientation. This finding suggests that infants had difficulty accommodating new information into their schema and did not learn from their mistakes. Successfully overcoming this bias occurred either very early on or often not at all for infants. 
McCarty et al., (1999) explain that these poor outcomes are perhaps due to use of the wrong planning strategy. Infants are likely to continue repeating the same action if they accomplish the goal of the task (i.e. solving the lightbox task). However, when planning results in an unintended outcome, infants correct their strategy. Perhaps infants failed to successfully correct their strategies due to confusion caused by counterbalancing the easy and hard orientations across trials. 
A fourth conclusion regarding infant tool use is that infants on the older end of the spectrum from 13 to 18 months were more likely to solve and to solve faster than their younger counterparts. This age effect was also displayed by Barrett et al., (2012), who found that older infants were also more likely to solve the lightbox task than their younger counterparts. With age, infants acquire more experience solving difficult tasks and more complex thinking skills (Connolly & Dalgleish, 1989; McCarty et al., 1999). As a result of their capacity to solve novel and complex tasks, infants are more likely to employ advanced problem solving strategies. In addition, older infants have amassed more experiences with objects than their younger counterparts. The greater number of experiences can provide both a challenge and strength in solving new tasks. Oftentimes, enhanced experiences may create instances of functional fixedness rather than flexibility in utilizing novel tools (German & Defeyter, 2000; Needham, 2009). The more experiences an infant has, the stronger and more refined the schema. On the other hand, older infants possess more complex cognitive skills and can better link the means and goals of the task. My results do not negate the fact that functional fixedness could have occurred given that infants were unlikely to solve in the metal bowl tool conditions. However, I can conclude that age did affect use of more complex problem solving techniques and a more thorough understanding of the goal of the lightbox task. 
The findings from this experiment suggest a number of important implications. First, infants between the ages of 13 and 18 months may be categorizing objects based on one perceptual and functional feature rather than considering the entirety of the object. Needham, Dueker, and Lockhead (2005) suggest that at as young as four-and-a-half months of age, infants are capable of understanding the boundaries of objects and segregating parts from a larger display. Perhaps infants utilize this same cognitive strategy to parse the tool into separate bowl and handle categories when learning about the form and function of the tool. Future research should employ research methodology similar to that of Needham’s et al., (2006) key ring studies. In these studies infants viewed displays in which the keys and key ring moved as either as a single unit or as two separate units. Infants displayed patterns of preferential looking to the unexpected condition—in which the keyring and keys moved separately—suggesting that infants conceptualized the keyring as one unified object. 
Second, infants may have a learned preference for grasping objects by the handle (Barrett et al., 2007; Borten, 2011; Creem & Proffit, 2001). Whether through experiences associated with play or self-feed, infants may be creating a schema for tools that requires a radial grasp of the handle end. This particular schema may be advantageous given that it is the most efficient means of self-feeding. It is unclear whether infants truly display the functional fixedness typical of preschoolers (German & Defeyter, 2000). Rather, prior experience may have simply conditioned and reinforced a handle grasp. Past research suggests that infants can be trained to use a novel tool in an unfamiliar way (Chen & Sielger, 2001; Sommerville et al., 2008); however, future research could probe further into issues of functional fixedness in infants. Researchers could train infants to grasp a familiar tool in a novel way and experiment with generalizability of the novel grasp. 
Third, infants may derive more details of a tool’s form and function from the non-handle end. The typical grasp of the handle may obscure the handle from sight and inadvertently cause the infant to attend more to the bowl end (Needham et al., 2011). Alternatively, infants may find the bowl end more visually stimulating due to the variety of shapes and sizes of bowls and the relatively similar shape and size of handles. A different hypothesis could be that infants are distracted by their grasp planning and fail to notice functional characteristics of the tool. Future research could utilize many different types of spoons to determine whether a preference for a handle grasp is specific to a standard metal teaspoon or generalizable to a variety of spoons comprised of different materials, colors, shapes, and sizes. 
Limitations of the research. The current research findings are limited in generalizability. Infants participated in a task in which they utilized two manufactured tools to assess the ways in which object categorization occurs. Infants displayed individual differences in solving the lightbox task, which could be attributed to countless factors that were not controlled such as mental age, temperament, attention span, familiarity with the tools, comfort in a new environment, and alertness. Additionally, the tools and task utilized in this experiment were not reflective of real-word experiences. Furthermore, little can be said about an infant’s overall capacity to use novel tools based solely on findings utilizing spoon-like objects. Finally, participants were not drawn from a representative or cross-cultural sample. It is important to note that findings reflect work with primarily Caucasian American children whose parents are highly educated. Future research should seek to determine whether the trajectory of tool use is the same across varied sociodemographics. I hypothesize that my participants received enhanced experiences with objects, which greatly impacted their abilities to solve the lightbox task. 
Conclusions
	This experiment aimed to expand the findings of Barrett et al. (2007) by focusing on tool use with two modified tools and the ways in which infants categorize a tool as “spoon-like”. The study parsed both tools into two areas of interest—the bowl and handle ends. On the whole, infants seemed to find the bowl end of the tool most salient. Infants demonstrated fewer solves with the metal bowl tool, which featured the typical bowl end of a teaspoon. In contrast, infants were more facile in solving with the wooden bowl tool and in easy conditions. Additionally, older infants possessed greater problem-solving capacities, displaying shorter latency times than their younger peers. Future research should continue exploring the concept of “spoon,” in particular, focusing on the dimension of the spoon bowl as a key interest area for infant categorization purposes. 
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	Table 1. Preliminary analysis of means for adult participants

	                Analysis
	ANOVA
	Kendall’s W

	                Task
	Likert Task 
	Ordering Task

	Tool
	
	

	Spoon
	1.00A
	1.01*

	Metal Bowl Tool
	1.74A
	1.99*

	Wooden Bowl Tool
	4.02A
	3.04*

	Novel Bowl Tool
	4.42A
	3.96*

	
Note. The means displayed above represent the findings from experiment 1 of this study. Both columns display means, however, the column in the center reports findings from an analysis of variance while the column on the right reports findings from a Kendall’s W concordance measure. 
* Indicates the mean difference is significant at the p<.01 level. 
AIndicates the mean difference is statistically significant (p<.01) from means labeled “A”



	Table 2. Solves

	Trial
	Easy
	Hard
	
	Metal 
	Wooden

	Success
	
	
	Success
	
	

	     Count
	40
	23
	     Count
	24
	39

	     Mean
	0.24B
	0.14B
	     Mean
	0.15A
	0.24A

	     % Orientation 
	63.5%
	36.5%
	     % Tool
	38.1%
	61.9%

	No success
	
	
	No success
	
	

	     Count
	42
	59
	     Count
	58
	43

	     Mean
	0.26
	0.36
	     Mean
	0.35C
	0.26C

	     % Orientation 
	41.6%
	58.4%
	     % Tool
	57.4%
	42.6%

	
Note. The above displays the number of successes and failures to solve the lightbox task based on condition and tool orientation. 
AIndicates the mean difference is significant at the p<.01 level from means labeled “A”  
BIndicates the mean difference is significant at the p<.05 level from means labeled “B”
CIndicates the mean difference is significant at the p<.01 level from means labeled “C”


	



	Table 3. Initial attempt counts and percentages

	Attempt
	Easy
	Hard
	Total

	Incorrect attemptA, B
	
	
	

	     Count
	30
	58
	88

	     % Within orientation
	42.9%
	77.3%
	60.7%

	Correct attemptA
	
	
	

	     Count
	16
	11
	27

	     % Within orientation 
	22.9%
	14.7%
	18.6%

	SolveB
	
	
	

	     Count
	24
	6
	30

	     % Within orientation
	34.3%
	8.0%
	20.7%

	
Note. This table displays the types of initial attempts based on tool orientation. Percentages represent the composition of the orientation, not the type of attempt. 
A Indicates the mean difference is statistically significant (p<.05) between attempt types labeled “A”
B Indicates the mean difference is statistically significant (p<.01) between attempt types labeled “B”

	



Running Head: MISMATCHED TOOL 		1
MISMATCHED TOOL 		5



	Table 4. Initial grasp counts and percentages

	Initial Grasp
	Easy
	Hard
	Initial Grasp
	Metal 
	Wooden

	R straightA,B,C
	
	
	R straightD
	
	

	     Count
	18
	63
	     Count
	46
	35

	     % Orientation
	22.0%
	76.8%
	     % Tool
	56.1%
	42.7%

	R middleA
	
	
	R middleE
	
	

	     Count
	25
	11
	     Count
	21
	15

	     % Orientation
	30.5%
	13.4%
	     % Tool
	25.6%
	18.3%

	R bowlB
	
	
	R bowlD,E
	
	

	     Count
	34
	6
	     Count
	12
	28

	     % Orientation
	41.5%
	7.3%
	     % Tool
	14.6%
	34.1%

	L straightC
	
	
	L straight
	
	

	     Count
	4
	0
	     Count
	2
	2

	     % Orientation
	4.9%
	0%
	     % Tool
	2.4%
	2.4%

	L middle
	
	
	L middle
	
	

	     Count
	1
	1
	     Count
	1
	1

	     % Orientation
	1.2%
	1.2%
	     % Tool
	1.2%
	1.2%

	Both
	
	
	Both
	
	

	     Count
	0
	1
	     Count
	0
	1

	     % Orientation
	0%
	1.2%
	     % Tool
	0%
	1.2%

	
Note. This table displays the number of initial grasps based on both the tool orientation and condition. Percentages comprise the percentage of initial grasps within the tool orientation.  
A Indicates the mean difference is statistically significant (p<.01) from initial grasps labeled “A”
B Indicates the mean difference is statistically significant (p<.01) from initial grasps labeled “B”
C Indicates the mean difference is statistically significant (p<.01) from initial grasps labeled “C”
D Indicates the mean difference is statistically significant (p<.01) from initial grasps labeled “D”
E Indicates the mean difference is statistically significant (p<.05) from initial grasps labeled “E”




Chart 1. Scatterplot representing age and latency to solve



Note. This chart reflects the latency to solve (in seconds) based on age. The x-axis displays age in months while the y-axis displays latency in seconds. A negative correlation of r=-.23 is exhibited by the line of regression. 

Figure Captions
Figure 1.  Stimuli for test trials. The metal bowl tool is displayed on the left and the wooden bowl tool is displayed on the right. Infants received baseline trials, demonstrations, and test trials with both tools. The metal bowl tool is comprised of a standard spoon bowl and a wooden dowel whereas the wooden bowl tool is comprised of a standard spoon handle and a wooden circular bowl. 
Figure 2. Stimuli for test trials. The lightbox was comprised of a wooden base painted white and a green box with an LED display on one side. The lightbox featured a hole in the left side that permitted only the passage of the handle of the tool. The experimenter demonstrated twice how to solve the lightbox task before pushing the lightbox toward infants for test trials. 
Figure 3. Demonstration of a solve. The lightbox featured an LED display, which alighted when infants correctly solved the lightbox task. Infants received a total of eight correct demonstrations of solve across all four test trials. The LED display was used as a positive reinforcement for infant solving. 
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