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Abstract
Important developments in executive function (EF) are thought to occur during the second year of life but few tools exist to assess EF in this period. We argue that, to be effective, tasks for this age range need to reduce the abstract nature of the task rules, and reduce reliance on verbal instruction. We present The Grasping Task, which uses familiar objects presented in such a way as to communicate the rules of the task to infants with no need for verbal instruction or abstraction. A longitudinal validity study of infants from 12 to 24 months old showed the Grasping Task at 12 months predicted children’s performance on delay tasks and scores on the BRIEF-P Inhibition scale at 24 months, but were unrelated to scores on the BSID-III at 18 months, suggesting the task is capturing an aspect of early inhibitory development that is distinct from general cognitive functioning.
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Introduction
Important developments in executive function (EF) are thought to occur during the second year of life (Diamond, 2006; Garon, Bryson & Smith, 2008; Marcovitch & Zelazo, 2006, 2009). However, very few tools exist to assess EF in children in this developmental period (Bernier, Carlson & Whipple, 2010; Carlson, 2005; Garon et al., 2008; Miller & Marcovich, 2015). One challenge is providing standardised instructions to pre-verbal infants in order to communicate the goals and rules of a task. Even when verbal instruction is not required, the reasons for success or failure may be unclear unless the task is familiar and motivating for infants, as well as being specific in the cognitive challenges it presents. 
A common strategy when adapting adult EF tasks for children is to reduce the complexity of the stimuli by substituting complex symbolic elements, such as words, with simple symbolic counterparts, such as pictures (e.g., a Stroop task using animals rather than words). This kind of adaptation offers stimuli more likely to be attractive and familiar to the child, yet it does not reduce the semiotic complexity of the rule behind the task, or the type of mediation required to communicate it. The task rules – normally expressed in a conditional form such as ‘if you see X do Y’ – remain at an abstract level that is challenging for infants to comprehend. For example, The Reverse Categorization Task (Carlson, 2005), simplifies the materials used in rule-reversal tasks with adults by using building blocks. Children are asked to place small blocks into the small box and large blocks into the large box. Once they have achieved this the boxes are emptied and the rule is reversed: small blocks must be placed in the large box and large blocks in the small box. However, despite the fact that the materials are more suitable for young children the rules of the task remain abstract and must be communicated verbally. Because of this, children younger than 24 months do not understand the second phase of the task and can only complete the first phase (Bernier et al., 2010).
We suggest that when attempting to test infant EF, regardless of how attractive or familiar the stimuli are, the need to convey an abstract rule can confound success based on EF skills with success based on language understanding and representational skills. We propose that EF adaptations for the preverbal stage must also reduce the semiotic complexity of the rules and instructions that infants are expected to follow, and this can be achieved by creating object-based tasks. By ‘object-based’ we mean that the object itself communicates the rules and goals of the task to the infant, so no verbal instruction is required. This article presents an object-based task aimed at assessing emerging EF at 12 months old.
In naturalistic contexts caregivers regularly communicate rules about the social functions of objects, and pre-verbal infants are capable of understanding these rules. This is evident at the behavioural level by examining how infants use objects. For example, if one infant plays with a shape sorter toy by mouthing the pieces, and another infant engages in attempting to put pieces through the holes of the toy, we can infer that the second child, but not the first, understands the social function of the toy or its rule of use. Adults spontaneously communicate with infants about the uses of objects, and they do so with the objects when spoken language is not sufficient (Rodríguez, 2007). Adults demonstrate actions and employ gesturese, a type of infant-directed communication that is simpler than adult-directed gestures (Dimitrova & Moro, 2013; O’Neill, Bard, Linnell, & Fluck, 2005). Ostensive gestures (such as showing or giving) and indexical gestures (such as pointing) are grounded in the materiality of objects and require little abstraction to be understood (Rodriguez, 2009; Rodríguez, Moreno, Basilio & Sosa, 2015). 
Another challenge for studies of EF in infancy refers to the components of EF a task draws upon. Standardised tests of development such as the Bayley Scales of Infant Development III (BSID) tend not to discriminate EF components but provide broad measures of cognitive development, and require substantial time to administer and maintained attention by the infant. The much-studied A-not-B task appears to test EF but memory, spatial knowledge, conceptual awareness and inhibitory processes have all been proposed as the task’s primary component (Smith, Titzer & McLin, 1999).  
We took as our focus the EF component inhibitory control. This component indexes the ability to override a prepotent or automatic response. Because inhibitory control is a fundamental component of EF shared with non-human animals (Amici, Aureli & Call, 2008) and has been proposed as the first EF component to emerge in development (Jurado & Roselli, 2007) we considered it likely to be the most amenable component to testing with infants. Given this focus we sought to limit the memory component of the new task to avoid the same lack of clarity in interpretation from which the A-not-B task suffers. 
The Grasping Task is an adapted version of a procedure used in research on the development of tool use (McCarty, Clifton & Collard, 1999, 2001). In this task, a spoon laden with food is placed in front of the infant in alternate orientations and trials are scored based on the infant’s ability to inhibit use of the prepotent hand. There are two potential sources of prepotency in this task: the infant’s preferred hand, and previously-used hand. Although handedness can be difficult to measure in infancy, and is often fluid prior to 18 months of age, many infants at 12 months have a preferred hand (Michel, Babik, Sheu, & Campbell, 2013). For the infants without a strong hand preference, the prepotency in the Grasping Task arises from the need to inhibit the use of their previously-used hand, because of the alternating orientation of the spoon. 
The procedure for the Grasping Task, which was developed and tested during a period of piloting, is presented in the next section. This is followed by a report of a longitudinal study which tested the predictive validity of the task in relation to established measures of inhibitory control and cognitive development.

The Grasping Task: Procedure

Summary of development and piloting. Piloting was conducted on 14 12-month-old children. Initial piloting suggested that children engaged best with the task when the parent placed the spoon. When the spoon was placed by an experimenter the infant often looked confused or stared at the experimenter and did not eat the food. By contrast, being fed by their parent is a situation infants are used to, and therefore the only novelty the infants encounter in the task is having the spoon laid in front of them rather than it being directed to their mouth.
	Based on piloting, 8 placements of the spoon (4 in each orientation) seemed an appropriate amount to generate a valid score while also keeping the infant engaged. Therefore, it was decided that 8 placements would be the minimum for the test to be considered valid, but additional placements could improve the validity of the test for that infant (by increasing the sample size of the responses to better gauge typical behavior). Because the scores generated are averaged across trials the fact that the number of placements may differ for each infant does not matter. 
	During piloting, it became clear that many parents did not know whether their child had a preferred hand or which it was, although scoring showed that infants performed very well with one hand but were normally slightly worse or considerably worse with the other hand. We considered administering a separate assessment of infant handedness, however, the accuracy and validity of handedness assessments in infancy is much-debated (Dubois et al., 2009; Michel et al., 2013), with some claiming it is not possible to assess accurately prior to 18 months (Fagard & Marks, 2000). Therefore, inclusion of a handedness measure may have introduced more error into the data than it eliminated, as well as making the task much more time-consuming to administer, meaning the costs of assessing handedness were likely to outweigh the benefits. In addition, it became clear from the pilot data that the majority of infants performed at a higher level with one hand than the other, suggesting most had a hand preference, but, even for infants who performed equally with both hands, the task was still challenging. This appeared to be because even with a minimal hand preference, the alternation of the spoon means infants still need to inhibit their previous responses to perform well at the task. It has been shown that for action-based inhibitory control tasks in infancy and toddlerhood, it is the intention to respond that leads to prepotency and creates the inhibitory demands of the task, regardless of how the intention to respond is formed (Simpson, Upson, & Carroll, 2017). Therefore, it became clear that one strength of the Grasping Task is that there are two factors that will lead to infants’ intention to respond (hand preference and hand-use on the previous trial) and these factors should interact to moderate task demands across infants – i.e. when one factor leads to a high intention to respond with a specific hand, the other factor will have less influence, and vice versa. Infants with a strong hand preference will not have their preference altered significantly by the hand they used previously, and so will need to inhibit their preferred hand-use on every alternate trial. Conversely, infants with minimal hand preference will be primed to re-use a hand they used previously, and so will need to inhibit the use of the same hand over subsequent trials. This interaction between two sources of action-intention and prepotency mean that the task will present inhibitory demands for all infants, irrespective of hand preference. Regardless of the source of prepotency (hand preference, or prior trial hand) the cognitive challenge in the task arises in the need to consider the orientation of the spoon’s handle before and during the action of grasping and not simply adopt the prepotent reponse in the desire to obtain the food. Grasping with the bowl-side hand makes it very difficult to place the food in the mouth, so, if an infant fails to inhibit and grasps with the bowl-side hand, the task provides immediate negative feedback as the infant will only be able to eat a small amount of food or no food at all. Since the orientation is alternated, the child must adapt the response accordingly, and regularly inhibit their prepotent response. In other words, because of the alternating orientation of the spoon, reaching with the handle-side hand on two successive trials means infants must be inhibiting some form of prepotent response, whether it is to re-use the same hand, or use their preferred hand.
	Therefore, in order to capture inhibition from either of these sources of prepotency, it was decided that all placements would be scored, but for each pair of placements (one in each orientation) only the lower score (i.e. worse performance) would be taken to generate a task score. Thus, infants would be assessed based on the orientation they found the most challenging, regardless of whether that challenge was derived from inhibiting use of their preferred hand, or use of their previously-used hand. 
	In the final procedure (described below) infants are assessed based on whether they inhibit the use of their prepotent hand and reach with their alternative hand, which is the only way to get all of the food into their mouth. How well they grasp the spoon, or how much food they get into their mouth, does not contribute to their task score. Some infants showed familiarity with spoons and good motor skills, and transferred all of the food to their mouth easily once grasped with the handle-side hand, but had trouble inhibiting use of the same hand when the spoon was in the opposite orientation. Therefore, piloting indicated that the task was measuring infants’ ability to inhibit rather than fine motor development or familiarity with a spoon. Furthermore, the act of inhibiting was sometimes clearly visible during the task, as an infant would reach with the bowl-side hand, pause while gazing at the spoon, and then switch to the handle-side hand. This is similar to the self-correction which is included in the scoring for the established Head-Toes-Knees-Shoulders Task of inhibitory control (Ponitz, McClelland, Matthews, & Morrison, 2009). Consequently, it was decided that scoring for the Grasping Task should also capture these instances of self-correction (see Table 1). 

Procedure. The child is seated in a high chair with two boxes fixed to the tray (Figure 1). The parent is asked to feed some food to the child. Then the parent puts food on the spoon and places it across the boxes for the child to pick it up. Once the child eats some of the food the parent takes the spoon back and repeats the process but this time puts the spoon in the opposite orientation. The parent is asked to continue the procedure, alternating the orientation of the spoon’s handle to the left and right of the child in each trial. Placements continue for a minimum of 8 trials (4 each orientation) and a maximum of 12 (6 each orientation). Administration time is approximately 5 minutes, but in some cases can take up to 12 minutes if the child is easily distracted or does not readily surrender the spoon. 

Coding. For coding placements of the spoon are first grouped into sequential pairs. A trial consists of one of these pairs of placements (i.e. one placement in each orientation). Each placement is coded using the scale in Table 1, and the score for the trial is the lower of the two scores for placement. Therefore, each infant’s performance is assessed based on the orientation they find most challenging. The scheme in Table 1 was developed to assess inhibitory control based on how efficiently the infant inhibits a reach with the bowl-side hand. The scheme was grounded using pilot data identifying four main levels of performance for infants, which could be considered to represent an ordinal scale of high to low inhibitory control. At the highest level, the infant would reach with the handle-side hand immediately; at the second highest level they would begin to reach with the bowl-side hand but realise their error quickly and inhibit their action to switch to the handle-side hand; at the third level they would reach with the bowl-side hand and not realise their error until they are holding the spoon (i.e. they have received physical task-feedback) but then inhibit continuing their action and switch to the handle-side hand; and at the lowest level they would reach with the bowl-side hand and fail to inhibit at any stage. 
Two metrics are generated. The first is the average score which is the total points for all trials divided by the number of trials (range: 1 to 4). The second is the ratio score which is the ratio of 4-point trials over all trials (range: 0 to 1). The 4-point trials are those where the infant’s first choice of hand was handle-side for both orientations, meaning they must have quickly inhibited a prepotent response based either on hand-preference or (for those without a strong hand preference) on the priming of the same hand used on the first trial for the second trial. The ratio score therefore captures how frequently each infant clearly exhibited an optimal level of inhibitory control.

Validity Study: Method

Participants
Thirty-six mothers and infants (18 girls) were recruited through local advertisements in Cambridge, UK. They visited the lab when children were 12, 18 and 24 months old (two children left the study at 18 months and one more at 24 months). Informed consent was obtained from all mothers for themselves and their infants. Participants predominately identified themselves and their child as being of white British ethnicity or nationality (32 of 36). 

Measures
A range of established measures were used alongside our new tasks, as shown in Table 2. The primary established measures for executive functions, including inhibitory control, can only be administered from approximately 24 months old. We used two delay of gratification tasks from the Effortful Control Battery (Kochanska et al., 2000): Gift Delay and Snack Delay. Following Kochanska et al. (2000) the scores for the two ECB tasks were converted to z-scores and merged into a composite score (ECB delay tasks) for the purposes of analysis. For an ecologically valid measure of inhibitory control in everyday contexts parents completed the BRIEF-P questionnaire – a parent-report measure of child EF with five scales and three composite scores. We used children’s scores on the inhibition scale (BRIEF-P:Inhibition). On the BRIEF-P higher scores represent lower functioning, but prior to analysis all BRIEF-P scores were reversed (by subtracting from 100) so that positive correlations between variables would all be expressed positively. 
As the Grasping Task involved an element of problem-solving we also administered The Bayley Scales of Infant Development III: Cognitive Scale (BSID:CS). The BSID is a widely used standardized test of general cognitive development, which could be used to assess the extent to which the new tasks may measure cognitive development in addition to, or instead of, emerging inhibitory control. It was administered at 18 months. 

Validity Study: Results
Statistical approach
Multiple tests were conducted to see if the Grasping Task predicted established measures. Due to the many problems identified with the Bonferroni correction for multiple comparisons it was not applied (Nakagawa, 2004; Perneger, 1998; Gelman, Hill & Yajima, 2012). Instead, rather than consider the result of each significance test in isolation, the overall pattern of significance and effect sizes was assessed. 


Task Properties
Engagement. Of the 36 infants in the sample at the 12-month time-point 33 completed the task.
Inter-rater reliability. A second rater coded 20% of the data. Unitizing agreement for trials was 100%. For coding the trials agreement was 96% and kappa was .91.

Descriptive statistics. Descriptive statistics for the ratio and average scores are shown in Table 3. Histograms suggested the ratio score was the variable that most closely approximated a normal distribution so it was used for statistical analysis, meaning parametric tests could be used that would allow for an assessment of variance explained, which is problematic with non-parametric analysis (Sheehy, Gasser, & Rousson, 2005). In addition to the results presented here, a second set of correlational analyses were run with the average scores which gave a similar pattern of results to the ratio score – further details are available from the corresponding author.

Gender. There was no relation found between ratio scores and gender. 

Predictive and convergent validity. Correlations are presented in Table 4 and scatterplots in Figure 2 and Figure 3.  Ratio at 12 months correlated with the BRIEF-P: Inhibition and the delay tasks at 24 months, in both cases with a medium to large effect size. Ratio scores at 12 months explained 17% of variance (R2 = .17) in 24-month BRIEF-P:I and 18% (R2 = .18) of variance in 24-month delay task scores. There was no significant correlation with BSID: CS scores.



Discussion
We adapted a task from previous research (McCarty et al., 2001) for use as an early predictor of emerging inhibitory control. The Grasping Task capitalises on infants’ ability to understand rules when using familiar everyday objects such as a spoon, and requires inhibiting a predominant response in favour of a new behaviour. In contrast with existing tasks it does not use verbal instructions and places low demands on working memory, with no elements secluded from the child’s view. The task was found to be engaging and motivating for infants.
Results from the longitudinal study showed the Grasping Task to be predictive of delay task performance and BRIEF-P Inhibition at 24-months old. Given that inhibitory control is known to predict later educational and socioemotional outcomes (Diamond & Lee, 2011; Ponitz et al., 2009; Rhoades, Greenberg & Domitrovich, 2009) the fact that the Grasping Task can predict 17 – 18% of variance in inhibitory control a year earlier than established tests suggests it has utility as a means of identifying at-risk children at an early stage.  Future research should examine longitudinal change in task scores, beginning with even younger infants and extending to older infants, with appropriate adaptation. McCarty et al. (2001) found that although children had generally mastered using a spoon at 18-months old the developmental rate was different for other objects – for example, many 18 month olds still made errors with a toy hammer, so other instruments might be used to adapt this task for older children. It could also be instructive to see how children’s handedness at a later age relates to their performance on the Grasping Task in infancy, in order to understand how the development of handedness and inhibition interact. 
Research with larger samples could use factor analysis to explore in more detail what executive and inhibitory components the Grasping Task is measuring, as has been done with similar tasks for older children (Murray & Kochanska, 2002). It may also be the case that with larger samples the average score has a normal distribution, facilitating parametric analysis. As the average score and ratio score capture different variance in behaviour during the task (the ratio score captures the frequency with which infants exhibit clear optimal inhibitory control; the average scores represents all failures and self-corrections from all trials based on the ordinal scale) it may be the case that one is a better predictor of inhibitory control than the other. As the average score captures self-correcting behaviour and the ratio score does not, determining which is the better predictor could also inform our theoretical understanding of inhibitory development by suggesting whether or not self-correcting behaviour is an important part of the developmental trajectory of inhibition.
Furthermore, results suggest that the type of inhibitory control involved in delay tasks, and measured by the BRIEF-P, emerges in infancy. It may be appropriate to characterize this as ‘hot’ inhibitory control, where there is an emotional or desire-based component to the task. Indeed, the Grasping Task involves the inhibition of a prepotent response combined with the inhibition of a desire to eat food: infants need to delay retrieval of the food long enough to inhibit their prepotent hand and switch to the handle-side hand. It could be this delay component to the task that explains the predictive relationship with the delay tasks. Alternatively, as the inhibition of motor responses and delay inhibition both appear to depend on the right inferior frontal gyrus (Behan, Stone, & Garavan, 2015) it could be individual differences in the maturation of this specific brain region that explains the predictive relationship between tasks.
It is also possible that an unmeasured third variable explains the identified relation between the Grasping Task scores and the 24-month measures. However, the lack of any relations with the Bayley Scales cognitive scores at 18 months demonstrates that the children with higher Grasping Task and 24-month inhibition scores were not simply developing at a faster rate, and suggests that any differences in general cognitive ability cannot explain the predictive relationship. Even if experience with a spoon or general motor development influenced performance on the Grasping Task, we cannot think of any reason that those factors would relate to 24-month inhibition but not to 18-month Bayley Scales scores. One possible third variable is some form of social factor, which would not have been captured by the Bayley Scales cognitive scores. Perhaps the infants who scored higher on the Grasping Task were better at interpreting their parent’s social cues, and those same infants had a stronger understanding of the social context of the delay tasks and everyday situations which facilitated their inhibitory behaviour. Still, this interpretation seems to imply that social cues may have an important impact on inhibitory behaviour, rather than suggesting that the Grasping Task was not measuring inhibition. Aside from any third-variable interpretations of results, the present study had a small sample with relatively little socioeconomic variance. More research is needed with larger and more diverse samples to help us understand how well the Grasping Task assesses inhibitory control, and how socioeconomic factors may influence inhibitory development. 
We have presented an adapted task and shown its utility and predictive value to measure inhibitory development in infancy. We also encourage other researchers to develop more tasks for infants where the rules and goals are communicated through a familiar test object. Such an approach could be instrumental in extending our understanding of how early executive function develops, particularly during the important second year of life. 
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Table 1
Coding scheme for the Grasping Task
	Infant action
	Points

	Grasps spoon with bowl-side hand, no correction
	1

	Grasps spoon with bowl-side hand but corrects (transfers to other hand)
	2

	Begins to reach with bowl-side hand but corrects and changes hand
	3

	Grasps spoon with handle-side hand 
	4
















Table 2
Measures used at each time-point
	
	Measure
	12 months
	18 months
	24 months

	Established measures
	BSID:CS
	
	X
	

	
	BRIEF-P
	
	
	X

	
	ECB delay tasks
	
	
	X

	New measure
	Grasping Task
	X
	
	

	X = measure used at indicated time point 



















Table 3
Descriptive statistics for all variables
	
	Mean
	Standard deviation
	Median
	Range
	Inter-quartile (25th-75th) 

	Grasping Task Ratio 
	0.56
	0.28
	0.50
	0.17 – 1.00
	0.33 – 0.80

	Grasping Task Average 
	3.10
	0.75
	3.33
	1.75 – 4.00
	2.42 – 3.67 

	ECB Delay Tasks
	0.00
	1.00
	-0.14
	-1.61 – 1.16
	-0.64 – 0.59

	BRIEF-P Inhibition
	53.13
	9.69
	53.00
	37 – 77
	47 – 60

	BSID: CS
	11.46
	1.84
	11.00
	9 – 15
	10 – 13














Table 4
Pearson’s Correlation Coefficients for Grasping Task Ratio Scores and Established Measures
	
	BSID:CS
18 months
	Delay Tasks
24 months
	BRIEF-P:I  24 months

	Grasping Task Ratio
	.17
(n = 21)
	.42*
(n = 28)
	.41*
(n = 29)

	* p ≤ .05   (two-tailed)
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Figure 1. Grasping Task set-up
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Figure 2. Scatter-plot of 12-month Grasping Task ratio scores and 24-month delay task scores
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Figure 3. Scatter-plot of 12-month Grasping Task ratio scores and 24-month BRIEF-P Inhibition scores
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