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Executive functioning (EF) is a key cognitive process for development. Little is known about EF in Kindergarten children at risk for  Developmental Coordination Disorder (DCD), despite this age being one of the most critical and intensive period of motor and cognitive development. In our investigation we compared EF in Kindergarten children at risk for Developmental Coordination Disorder (DCD) with Typically Developing (TD) children.
Participants were 36 Italian children, 18 at risk for DCD (9 boys and 9 girls) who had a mean age of 4.6 years and 18 TD (9 boys and 9 girls) who had a mean age of 4.6. 
Executive functions were measured by tasks targeting cold executive functioning (working memory, fluency, inhibitory control) and two assessments of hot executive functioning (Snack Delay and Gift Wrap).
Significant differences were found between children at risk for DCD and TD children on cold EF tasks of visuospatial working memory abilities, fluency and inhibitory control, but not on hot EF tasks.
The findings suggest that it is advisable to implement pre-school cognitively challenging physical activities programs.  
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Introduction
Developmental Coordination Disorder (DCD) is an umbrella term to describe a neurodevelopmental disorder generally characterized by motor deficiencies which significantly or persistently hamper daily living and school activities (Vaivre-Douret, Lalanne and Golse, 2016). General characteristics have been listed in DSM-5 (APA, 2013) as follows: a) the acquisition and execution of coordination skills are below that expected for chronological age despite appropriate opportunities for learning; b) the motor impairment interferes with everyday life activities appropriate to the individual’s chronological age (prevocational/vocational, leisure and play activities) and school achievement; c) symptoms appear in the early developmental period; d) DCD symptoms should not be due to intellectual disability, visual or neurological impairment (e.g. cerebral palsy, muscular dystrophy, etc.). Children with DCD, compared to typically developing (TD) children, usually show clumsiness in their behaviors, such as dropping or bumping into objects, as well as slowness and inaccuracy in their performances on motor tasks, such as catching an object, using scissors and cutlery, handwriting, riding a bike, or participating in sport activities (Missiuna et al, 2014; Summers, Larkin and Dewey, 2008; Wang et al., 2009; Zwicker et al., 2011). 
DCD has a prevalence of 5–6% in the school-age population; however, despite its relatively high occurrence, this condition is frequently misinterpreted, unrecognized or not diagnosed (Vaivre-Douret et al., 2008). Moreover, teachers and practitioners often lack knowledge of this disorder and its effect on child development (Kirby, Davies and Bryant, 2005). On the other hand, parents often recognize motor disorders especially in the school years when the delay in motor performances or handwriting is noticeable and motor impairment can impair their children’s functioning at school (Camden et al., 2016; Gaines et al., 2008). There also is evidence of the co-occurrence of DCD with physical and mental health problems.  In particular, children with DCD are at risk for obesity and low physical fitness at a very early age which in turn increase the probability of diseases such as cardiovascular disease, type 2 diabetes mellitus, hypertension, and osteoporosis later in life (Authors, 2015; Cairney et al., 2010; Batey et al., 2014).  Furthermore, children with DCD are at high risk of developing anxiety and depression, and show higher levels of emotional impairments such as inadequate self-image, low self-esteem, poor self-concept with consequent interference with daily functioning and social isolation (Campbell, Missiuna and Vaillancourt, 2012; Missiuna et al., 2014; Pearsall-Jones et al., 2011). Children with DCD also are likely to face problems in school achievement and have specific problems with learning at school such as dyslexia, dyscalculia and dysgraphia (Biotteau et al., 2017; Nicolson and Fawcett, 2011; Prunty et al., 2016). Developmental dyslexia and DCD co-occur in up to 50% (Chaix et al., 2007; Haslum and Miles, 2007).
A further area of impairment is the Executive Functioning (EF) (Leonard et al., 2015; Michel, Molitor and Schneider, 2018; Wilson et al., 2013). This is a complex construct involving a variety of higher order cognitive processes, such as inhibition, shifting attention, updating, fluency and planning. Inhibition refers to the ability to control and repress a prevailing response in favor of another response or no response. Shifting is the ability to switch from one task to another in order to free processing operations from an irrelevant task. Updating is the ability to monitor and manipulate mental representations stored in working memory. The theoretical unity/diversity framework developed by Miyake and Friedman (2012) explains how “individual differences in EFs show both unity and diversity” (p.2) because three EFs as updating, shifting and inhibition, are inter-correlated but separable with inhibition showing the highest overlap with updating and shifting. Other cognitive processes closely related are fluency and planning. Fluency is the ability to generate in a given amount of time (usually 1 minute) as many words as possible according to semantic categories (fruits, colors.) or initial phoneme (f, m, n…). Planning refers to the ability to design, evaluate and select a sequence of thoughts and actions to achieve a goal.  
DCD appears to involve a general impairment in EF across working memory, shifting and inhibitory control, as shown by Wilson et al. (2013) in their meta-analysis of 129 studies comparing a total of 2797 school-age children with DCD and 3407 Typically Developing children. The authors found large effect sizes for working memory (1.07 as an average for verbal and visuospatial), inhibitory control (1.03) and executive attention (1.46). Children with DCD were also found to have specific visuospatial difficulties given their poor performance on nonverbal EF tasks, including fluency, working memory and inhibition (Leonard et al., 2015).  A developmental delay in the coupling between motor and inhibitory control over the childhood has been demonstrated  in children with DCD (Piek and Hallmayer, 2004; Ruddock et al., 2016). However, very little is known about the EF of pre-school children with DCD, during this important stage in their development. Although, Shoemaker et al. (2012) have suggested that pre-schoolers have deficits in top-down control of cognitive processes, especially inhibition. 
Moreover, lower motor performance on fine-motor and ball skills tasks was found to be associated with worse performance on tasks of response control (Stroop and stop-signal task) in kindergarten children (Livesey et al., 2006). Houwen et al. (2018) examined the relationship between motor proficiency and parent-rated EF in a sample of kindergarten children and found poorer performance on  the working memory and planning measures in the group at risk for motor coordination difficulties compared to their typically developing peers. Moreover kindergarten children with motor impairment performed more slowly on inhibition of dominant responses and attention switching tasks and maintained this delay at the beginning of primary school  (Michel, 2011; Michel, 2018).
Furthermore, the important role of EF to DCD has recently been supported by the findings from intervention studies which provide evidence of connections between motor development and EF, particularly inhibitory control (Diamond, 2015; Livesey et al., 2006). For example, an Enriched Motor Program helped to improve kindergarten children’s executive functions involving visuospatial working memory, attention, planning and inhibition (Alesi, Galassi and Pepi, 2017). 
Most previous research concerning DCD has mainly examined ‘cold’ EF tasks such as working memory, fluency, inhibitory control and shifting attention. Only a few recent studies have suggested that executive dysfunction impairments in DCD also occur with tasks measuring “hot EF” (Rahimi-Golkhandan et al., 2016; Rahimi-Golkhandan et al., 2015). Unlike “cold EF”, hot EF regulates goal-directed behaviors which need the processing of a positive or negative emotional cue. Emotional decision making, gambling, delay of gratification and discounting are tasks usually employed to measure hot EF. The common principle is to measure real-life decision making processes in situation of uncertainty, reward or loss. In delay gratification and discounting tasks, participants are asked to forgo an immediate reward and wait for a future greater reward (Carlson, 2005).  For example, in the task of “Delay gratification” used by Krueger et al., (1996), children were given a computerized task with 30 opportunities to choose between an immediate reward (40% chance) and a delayed reward (80% chance) to win a nickel. Children with DCD, aged between 7 and 12 years, were found to poorly perform on emotional go/no-go tasks and showed impaired hot EF. This impairment was attributed to their difficulties in self-regulation processes and their higher rates of anxiety compared to TD children (Rahimi-Golkhandan et al.,, 2016; Rahimi-Golkhandan et al., 2015). Impairment on hot EF was also found in school-age children with ADHD, a disorder often co-associated with DCD (Castellanos et al., 2006).  
Critical questions remain to be answered about cold and hot EF in kindergarten children at risk for DCD. The term “children at risk for DCD” is used in this paper following the recommendations of Blank et al. (2012) that the diagnosis of DCD should be usually made after 5 years, even though the onset may be recognized at earlier ages. To date, only a few studies have investigated motor and cognitive abilities in young children aged 3-6 years (Carson et al., 2015; Coleman, Piek and Livesey, 2001; Michel, 2011). Furthermore, there is almost no information about hot EF abilities in kindergarten children at risk for DCD despite abilities involving the delay of gratification appear important predictors of later cognitive and health outcomes (Moffit et al., 2011).  
Given these concerns we tested the hypothesis that children at risk for DCD would show worse performance on tasks measuring cold EF (working memory, fluency and inhibitory control tasks) and hot EF (Gift Wrap and Snack Delay tasks) compared to TD peers. 



Methods
Participants
Participants were 36 Italian children, 18 at risk for DCD (9 boys and 9 girls who had a mean chronological age of 4.6 years old (± .9; age range: 3-6) and 18 with TD (9 boys and 9 girls) who had a mean chronological age of 4.6 (±.9; age range: 3-6). Children at risk for DCD and TD children were recruited from kindergarten schools. The catchment areas of these schools were predominately of middle socioeconomic status as judged by education and employment. The parents gave informed written consent. 
Children at risk for DCD were identified, using DSM-5 criteria (APA, 2013), based on their performance on the Movement Assessment Battery for Children-2 (Henderson, Sugden, and Barnett, 2007) which was administered by an expert researcher at motor disabilities. The inclusion criteria for children with DCD were: 1. scoring at or below the 15th percentile on the MABC-2 indicating below average coordination skills; 2. Parental self-report measures of motor impairment interference with daily and school living (prevocational/ vocational, leisure and play activities); 3. absence of a diagnosis of intellectual disability, visual or neurological impairment; 4. absence of a diagnosis of other neurodevelopmental disorders.
All the TD children scored at or above the 16th percentile on the MABC-2 indicating typical coordination skills. Additional inclusion criteria were: 1. absence of a diagnosis of intellectual disability, visual or neurological impairment; 2. absence of a diagnosis of neurodevelopmental disorders.

Measures
Motor Coordination was assessed by the MABC-2 (Henderson et al., 2007), a standardized test composed of eight subtests clustered in three areas: 1. manual dexterity; 2. aiming and catching; 3. static and dynamic balance.  A total score and scores for each area as well as percentile scores were obtained.
Executive functions were assessed by a battery of standardized or experimental tasks. There were three cold EF tasks (Working Memory Task, Animal Stroop Task, BVN-5-11 Verbal Fluency Test) and there were two hot EF tasks (the Gift Wrap Task and the Snack Delay Task).
The Working Memory Tasks (Lanfranchi, Cornoldi and Vianello, 2004) consisted of three verbal and three visuo-spatial tasks. The verbal tasks were: forwards word recall, selective word recall and verbal dual task. In the verbal forwards word recall task (low executive load) a child was given a list of words and was required to repeat immediately and in the same order the list of words named by the experimenter. In the selective word recall task (medium executive load) a child was presented one or two lists of words and was required to repeat the first word of each list after the presentation of the entire series by the experimenter. In the verbal dual task (high executive load), the child heard a list of two to five, two-syllable words and was asked to recall the first word of the list and tap on the table when a target word (e.g. “ball”) was spoken. 
The three visuospatial tasks were: pathway recall, selective pathway recall and visuospatial dual task. In the non-verbal pathway recall task (low executive load) a child was required to repeat immediately and in the same order the path of a frog on a 3 by 3 or 4 by 4 chessboard by moving the frog from cell to cell, as presented by the experimenter. In the selective pathway task (medium executive load) a child was presented with one or two pathways taken by a small frog on a 3 by 3 or 4 by 4 chessboard. The child was required to repeat the frog’s entire path in reverse order by moving the frog from the final to the starting position. In the visuospatial dual task (high executive load) a child was given a list of two to five sequences of frog’s pathways on a 3 by 3 or 4 by 4 chessboard. The child was asked to recall the frog’s starting position and tap on the table when the frog jumped onto a red square. Each subtest consisted of 8 trials with increasing level of difficulty according to the number of words or number of steps for verbal and visuospatial task respectively. For each subtest children were given a score of 1 for each correct performance and the summary score could range from 0 to 8.  
The verbal forwards word recall and non-verbal pathway recall tasks were administered first to allow children to become familiar with simple recall task before the more complicated tasks  assessments were administered. 
The BVN-5-11 Verbal Fluency Test (Bisiacchi et al., 2005) required a child to produce, within 1 minute, as many as possible words belonging to a given semantic category: animals, colors, fruits and toys. In this study the original category “city” was replaced by the category “toys” given the participant’s young age. Five scores were obtained, one for each semantic category and a summary score obtained by adding all the scores together. 
The Animal Stroop Task (Wright et al., 2003) measured the inhibitory control. The computerized task showed images on a laptop and recorded the responses and reaction times. A child was required to name stimuli appearing on the screen. Each stimulus was displayed for 400-ms. The images were congruent or incongruent animals. The congruent images concerned farm animals e.g. a cow, a pig, a sheep and a duck, whilst incongruent animals were hybrid pictures combining the body of an animal (e.g. cow) with the head of another animal (e.g. pig). For incongruent stimuli, a child was asked to name the animal by looking at its body, inhibiting the preferential and pre-potent response concerning the animal’s head. The number of correct responses to incongruent stimuli (IR) and times of execution for each trial (IT) were recorded. 
The Gift Wrap Task (Kochanska et al., 1996) measured the impulsivity and restraint. The researcher explained to a child she had brought a present, but she had forgotten to wrap it. The child sat down with his/her back to the table and was instructed not to ‘look’ while the researcher wrapped the gift. The wrapping was noisily and lasted 60 seconds. At the end of 60 seconds the child was given the present which contained candies. During the task, the researcher recorded on the score sheet (available on www.icpsr) the child’s peeking behaviors and verbal strategies. Peeking behaviors were rated from 0 to 5 using the following coding frame: score 0 when the child got out of chair and goes over to tester; score 1 when the child turned his/her body around one or more times and does not return fully forward; score 2 when the child turned his/her head or body to peek more than once but then turns forward; score 3 when the child turned his/her body around once, but then turned forward for the rest of the time; score 4 when the child turned only his/her head once, but then looked forward for the rest of the time; score 5 when the child didn’t peek.  
 The Snack Delay Task (Kochanska et al., 1996) measured the ability to withhold pre-potent or automatic response to a desired target. In this task, a child was shown a candy  under a clear glass cup on a table and he/she was required to wait until the experimenter sounded a bell before taking the candy. Four trials were given with delays of 10, 20, 30, and then 15 seconds. Halfway through each waiting time, the experimenter raised the bell without ringing it. Scores for each trial ranged from 1 when the child ate the snack before the bell was raised to 2 when the child touched, but did not eat the snack before the bell was raised, to 3. when the child touched the glass cup but did not wait for the bell, and 4. when the child waited for the bell to be rung before touching the cup or candy. The final score was obtained by adding together the four scores obtained in each trial. Higher scores indicated higher levels of control and inhibition.

Procedure
Each child was seen individually. The MABC-2 was administered in a large area, such as the school gym, and required 1 session of 30 minutes.  
The executive tasks were administered individually to each child in a quiet room of his/her school and required 3 sessions of 20 to 30 minutes after two days apart. Tasks were presented in a balanced order to avoid the effect of sequence. All tasks were scored by the same researcher carefully following the guidelines of the assessments.

Results

TABLE 1

Descriptive data are given in Table 1. One Multivariate analysis of variance (MANOVA) was performed to compare EF outcomes in the two groups. The independent variable was the group (children at risk for DCD and TD), whilst the dependent variables were the scores on cold EF and hot EF tasks. Most differences were significant except for dual task word recall, reaction time on the inhibition task and the hot EF tasks (Gift Wrap and Snack Delay).  For the working memory abilities, there was a significant effect of the group on forward word recall [F(1, 35)= 5.32; p=.022; η² =.135] and selective word recall [F(1, 35)= 3.95; p=.05; η² =.104], but not on the dual task. Moreover, in the visuospatial working memory tasks, there were significant differences for pathway recall [F(1, 35)= 10.97; p=.002; η² =  .244], selective pathway recall [F(1, 35)= 4.57; p=.040; η² =  .118] and visuo-spatial dual task [ F(1, 35)=13.23; p=.001; η² =.280]. 
There also were significant group differences on the total Verbal fluency score [F(1, 35)= 22.92; p=.000; η² = .403] and for each semantic category: animals [F(1,35)= 15.66, p=.000; η² = .315], colors [ F(1,35)= 11.79, p=.002 η² = .258], fruits [F(1, 35)= 7.96, p<.008; η² = .190] and toys [F(1, 35)= 10.18, p=.003; η² = .231]. Thus, children at risk for DCD showed worse performance on all the fluency assessments compared to TD children.
For inhibitory control, there was a significant effect of group on the accuracy of responses to congruent stimuli [F(1, 35)=9.74; p=.004; η² = .223] and incongruent stimuli [F(1, 35)=14.02; p=.001; η² = .292] with the group at risk for DCD having worse performance, although there was no significant difference in reaction times.  Lastly, there was no significant effect of group on the two hot EF tasks.
Moreover, correlation analyses were performed to assess the association between motor coordination and executive functions in both groups. Results showed that, in TD Group, the performance on the Movement ABC aiming and catching subtest was associated with the performance on visuo-spatial dual task (r=.506; p=.032), the number of correct responses to congruent stimuli (r=.530; p=.024), the time of execution of congruent stimuli (r=.567; p=.014) and the performance on Snack Delay (r= .592; p=.010). Whilst, in the Group at risk for DCD, the aiming and catching ability related to the time of execution of congruent stimuli (r=.619; p=.006).


Discussion
The current study provided a multifaceted investigation of cold and hot executive functioning in Kindergarten involving a comparison of children at risk for DCD in relation to chronological age matched TD children. In the case of cold EF, significant differences were found for most of the tasks which involved working memory, fluency and inhibitory control. In the tasks that assessed working memory, children at risk for DCD were significantly worse than the TD peers on the most verbal and visuospatial measures (forward word recall, selective word recall pathway recall, and selective pathway recall). This is a result well documented in the literature showing a poorer performance on  the working memory in children with DCD or at risk for DCD (Houwen et al., 2018; Vaivre-Douret et al., 2011; Wilson, 2013). Wilson et al. (2013) in their review identified pervasive impairments with large effect (1.07) both on visuospatial and verbal working memory in 5 to 9 year-old-children with DCD. In this study the children at risk for DCD had significantly lower performance than the TD group on the non-verbal dual task, but not on the verbal dual task. Tasks of this type are widely regarded as providing an indication of EF. As Wilson (2013) stated, “...the deficits extend to more sophisticated aspects of cognitive control including dual-task performance (1.07 under motor load) and metacognition in a skill-learning context (1.44)” (p.225).
Previous research also has identified poorer performance on visuospatial executive-loaded working memory compared to verbal executive-loaded working memory in children with DCD (Leonard et al., 2015). Moreover, findings from the tasks in which ‘a tap on the table’ is required should be interpreted taking into account the motor demand of this task and the coordination impairment of children. This is confirmed by the positive association among the performance on the aiming and catching task and the performance on visuo-spatial dual task. Furthermore, this motor demand seems to have no significant impact on the verbal dual task.  
To our knowledge, only sparse study has previously investigated fluency in DCD. Leonard et al., (2015) found that children aged 7–11 years with DCD performed more poorly than TD peers on nonverbal fluency tasks such as design fluency. The authors emphasized how knowledge of verbal and non-verbal fluency in this group needs to be increased in future. In addition, findings derived from studies on DCD revealed impairments on both spoken and written letter-based word generation tasks aimed to measure verbal and non-verbal fluency (Abrahams et al., 2000; Gernsbacher et al., 2008). The kindergarten children at risk for DCD in this investigation also showed significantly worse performance on all the verbal fluency tasks compared to the TD group. This could be linked to their lower performance on working memory tasks as verbal fluency competence requires the short-term memory of phonological information in order to allow the subvocal rehearsal and retrieve of cue words (Miller, 1984). However, the effect sizes for the most of the individual fluency tasks, and in particular the summary score, were higher than those for the STM tasks. This suggests that additional processes as well as STM may be impaired in DCD.  
In relation to ‘cold’ inhibitory control, the group at risk for DCD exhibited significantly lower performance compared to TD in the number of congruent and incongruent stimuli that they correctly identified. A developmental delay in the inhibitory control has been demonstrated  in children with DCD (Michel, Molitor and Schneider, 2018; Ruddock et al., 2016). Unexpectedly, the children at risk for DCD had significantly fewer correct responses, but no significant difference in the response times to the TD group. Moreover, all both groups showed significant associations among aiming and catching abilities and the time to perform congruent stimuli. These findings about correct responses are similar to previous findings which suggest that the ability to control and inhibit a pre-potent response in favor of another response or no response is largely influenced by higher levels of motor development in kindergarten and school-age children (Alesi, Galassi and Pepi, 2017; Missiuna et al., 2014). In particular, the aiming and catching tasks are complex goal-directed activities which require motor skills such as speed, hand/arm/legs coordination and explosive strength skills as well as cognitive abilities such as visual search, visual discrimination and focal attention, shifting of the attentive focus, working memory and decision making.
In this study, no significant differences were found on hot EF (Gift Wrap and Snack Delay tasks) between DCD and TD groups. To the best of our knowledge, no studies have addressed this question with kindergarten children. In previous research it has been reported that children aged between 7 and 12 years with DCD have impaired skills on hot EF tasks, suggesting that this impairment develops with increasing age (Rahimi-Golkhandan et al., 2015; Rahimi-Golkhandan et al., 2016). It is possible that the ability to successfully regulate one’s emotions and feelings to execute a goal directed-behavior is more sophisticated and needs more time to be better managed. It also is possible that the hot EF tasks we used involve more conscious control than many cold EF tasks, and this could also help to explain why the children with DCD performed no differently from the TD group. Interpretation of this result should take into account the low variability showed by the gift wrap task and this is presumably due to the fact that the task resulted to be too difficult.

Conclusions
We hope that future research about EF in pre-school children remedy the shortcomings of this study. The most important limitation lies in the relatively small size of our sample. This was because the recruitment of children showing a critical level of coordinative competence, placed significantly below the cut-off, was difficult. In addition, future research would benefit from using a greater range of hot EF tasks to replicate findings.  
To summarise, the findings of this study suggest that at a relatively early age, the children at risk for DCD not only have impairments to their motor system, but they also have impaired cold EF, with these impairments occurring on assessments that would not be expected to be affected by motor difficulties. Findings add to the argument that although DCD is often seen only as involving the motor system, the effects of DCD extend to other cognitive systems (Wilson et al., 2011).  In the case of our investigation, we identified impairments to the cold EF system which is important for everyday functioning and success in education (Diamond, 2013), but failed to identify impairments involving hot EF. Motor and executive tasks appear to involve common processes such as inhibition, planning and monitoring (Van der Fels et al., 2015) so the evidence from this study about the links between motor impairments and EF suggests that it is advisable to implement cognitively challenging physical activities programs aimed at improving EF and motor development since kindergarten school.
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