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Objectives and methods: This study aimed to investigate whether a four-month skateboarding workshop can positively affect attention-focusing skills and postural control in terms of static and dynamic balance in addition to symptoms of ADHD in school-aged children (N = 58). Kinematic and kinetic movement analysis, attention-focusing tests as well as symptom questionnaires were employed to measure differences caused by the skateboarding intervention. A weekly skateboarding workshop was conducted with children diagnosed with ADHD which intended to encourage children to autonomously engage in physical activity. Group differences were analyzed using a generalized linear mixed model. A partial correlation was used to investigate possible relationships between the variables.



Results: A preceding analysis confirmed that children with ADHD perform statistically significantly inferior in the employed tests of balance and concentration ability than unaffected peers of the same age. The main analysis showed that after the skateboarding intervention, children with ADHD were able to improve cognitive and motor test performances as well as symptom expression significantly. Significant improvements were likewise found in the waitlist control group, these were however less pronounced compared to those of the skateboarding intervention group. The correlation analysis revealed that there is no reciprocal influence between cognitive and motor skills, nor between motor skills and ADHD symptomatology in the present patient group. Possible explanations are discussed.



Conclusion: Skateboarding as a form of movement intervention can be considered an effective method for children with ADHD to deal with their symptoms and deficits. An intervention period of four months has helped children with ADHD discover and embrace an informal sport like skateboarding, thereby finding enjoyment in movement and practice a skill from intrinsic motivation. To retain the benefits, it is advisable to practice a sport on a long-term basis. Thorough conceptualizations to implement this type of therapy await further research.
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1 Introduction

Attention deficit hyperactivity disorder (ADHD) is one of the most prevalent neurodevelopmental childhood disorders worldwide (1). Symptoms such as hyperactivity, impulsiveness, and inattention typically appear at pre-school age and may persist into adulthood, leading to lifelong difficulties in social functioning (1). ADHD is believed to be caused not only by a disturbance in the dopaminergic system but also by genetic predisposition and exposure to environmental risk factors, especially during the prenatal stage (2, 3). It can be classified as an externalizing disorder (4) due to the explicitness of its symptoms, which makes patients more likely to be noticed by their environment and receive a diagnosis.

Children with ADHD have a delay in motor development of almost two years compared to their typically developing peers (5). Tseng and colleagues (6) examined the relationship between motor performance and the central ADHD symptoms inattention, impulsiveness, and hyperactivity, finding that attention and impulse control were strong predictors of gross and fine motor skills in children with ADHD. Additionally, when using the Movement Assessment Battery for Children (MABC), children with ADHD demonstrated significantly poorer movement abilities compared to their neurotypical counterparts (7). Likewise, ADHD children exhibited hyperkinesis, poor timing and force control, poor balancing, difficulties in learning and performing a variety of motor skills, as well as significantly inferior fine motor skills tested with a Purdue Pegboard (7).

Mao and colleagues (8) specifically investigated the static and dynamic balance abilities in children with and without ADHD. Their findings confirmed that children with ADHD perform inferior in the balance subtests of the MABC and the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP) to unaffected controls. Previous research has shown that ADHD patients have a smaller cerebellar volume (9, 10), and since the cerebellum plays an important role in postural control and motor coordination, balance dysfunctions are not surprising (8).

Although considered a spectrum disorder with various degrees of symptom severity (11) children with ADHD commonly exhibit deficits in several cognitive domains, including inhibition, working memory, temporal discounting, decision-making, timing, and reaction time variability (12). Deficits in inhibition and working memory have been reported to affect only a minority of children with ADHD (13, 14). The evidence for impaired motor inhibition is much stronger than for cognitive inhibition (12). Timing deficiencies seem to play a significant role in ADHD-related problems, primarily affecting temporal information processing and motor timing (12). Individuals with ADHD may experience time passing more slowly, which could partially explain their difficulty in waiting and the resulting impulsivity (12). Response time variability (RTV), being a non-executive component of cognitive functioning is a common attribute associated with ADHD (12). Studies on RTV, specifically error measurement and reaction time experiments, have consistently distinguished between ADHD patients and neurotypical controls (15, 16). Additionally, RTV is believed to contribute to abnormalities in attention and behavior (16).

Although ADHD is not curable, two types of symptom treatment have shown great success (17). For patients under the age of six years, the American Academy of Pediatrics (AAP) recommends behavior therapy for the child in addition to parental training (18). Behavior therapy includes a learning theory known as classical conditioning, whereby the child learns to enhance positive behaviors and decrease problematic behaviors. Behavioral management should not be limited to the home environment with parents but may also be extended to classroom interventions involving teachers and peers (18).

For children above the age of six, a combination of behavior therapy and medication is recommended. Methylphenidate, a stimulant, has proven to be highly successful due to its positive effect on reducing the core symptoms of hyperactivity, impulsivity, and inattention (19). However, many adverse events have been reported in children and adolescents who have taken methylphenidate, often leading to withdrawal of the medication (19). Therefore, other treatment forms, such as movement therapy remain highly relevant as they are an essential addition to medication-based treatment.

Only a few studies have examined the effect of physical activity and movement on ADHD symptoms, and cognitive and motor performance of ADHD children (20, 21). Literature indicates a positive relationship between various forms of physical activity and cognitive functioning in children with ADHD (20). The authors investigated the impact of long-term physical activity on cognitive skills and motor performance in children with ADHD. They found that those who participated in a 12-week training program significantly increased their working memory and motor coordination compared to a wait-list control group (20). Likewise, Verret and colleagues (21) demonstrated that a ten-week fitness program improved information processing, sustained attention, motor skills, and behavior in children with ADHD.

Another therapy approach to treat ADHD is dance movement therapy (DMT) (22–25). DMT has shown to promote joy of movement and creative play with peers as well as to help individuals emphasize their strengths and improve their self-esteem (22). Improved ADHD assessment scores of teachers and parents further supported the effectiveness of DTM (25). Moreover, martial arts and mindful movement therapy have frequently proven to help ADHD-affected children deal with certain symptoms (26–28). Studies have demonstrated that participation in a motor program, in this case a trampoline training program, can have a significant impact on social participation in children with intellectual disabilities (29) and those with autism and/or sensory processing challenges (30). The authors concluded that an interesting and enjoyable intervention program is particularly useful for the given subject group to encourage an active lifestyle (29).

Several studies have demonstrated that a psychomotor intervention program can effectively help children counteract the impairments and symptoms of ADHD (31–34). Psychomotor activity strengthens the interconnection between bodily motor processes and psychological perceptual processes (35). This therapeutic approach mainly aims to enhance the patients' self-concept and self-efficacy by promoting their social-emotional development (35).

Although numerous different movement programs have been conducted with children diagnosed with ADHD, no research has yet examined the effect of a long-term skateboarding program on symptoms of ADHD as well as on motor and cognitive abilities. Casey and colleagues (36) established the benefits of therapeutic ice skating for children with autism spectrum disorder. Moreover, psychomotor therapy efficiently employs the roller board as sports equipment, teaching children to maintain balance on an unstable surface and improve social behavior. Our study is the first to allow conclusions about the effectiveness of a subcultural sport like skateboarding to reduce children's ADHD symptoms and improve cognitive and motor performance. This could have positive and innovative implications for the development of movement therapy for developmental disorders as well as for the promotion of an active lifestyle and self-determined participation in physical activity. Additionally, it may raise awareness of skateboarding, one of the fastest-growing sports (37).

We chose the trend sport skateboarding not only for its socio-cultural impact but also for its influence on self-education and self-efficacy processes of its users (38). Skateboarding has undergone a major evolution with its recent designation as an Olympic sport (39). Skateboarding requires and trains muscular fitness, coordination, balance, and dexterity (40). However, unlike conventional sports, skateboarding has few rules and regulations, but a great freestyle character that allows practitioners to perform and practice as they like, whenever they like until the individual goal is reached, making it highly participation-focused. Further, skateboarding may help children strengthen their self-concept and improve their ability to correctly assess risks and reflect on their behavior. This equally requires concentration abilities and sensorimotor skills, and at the same time aids the children's learning process through feedback on the motor level (38).

The objective of our study was to investigate the impact of a 16-week skateboarding intervention on motor and cognitive abilities as well as symptoms of ADHD in school-aged children. Intervention effects were analyzed by pre-post comparisons of three main areas, namely static and dynamic balance ability, concentration and attention capacity, and ADHD symptoms. We hypothesized that moreover, correlations between parameters of cognitive and motor ability could suggest that skateboarding benefits children on a holistic level if improvements in motoric performance led to improvements in cognitive capacity and vice versa. A further aim of this project was to enhance children's enjoyment of movement and physical activity by improving their ability to focus on a task for a longer period and increasing their frustration tolerance without relying solely on medication. This paper is therefore of high relevance as it may provide valuable insight into the chances and limitations of an informal sport like skateboarding to manage the symptoms of ADHD and develop autonomy and self-esteem. To quantify these aspects, the following hypotheses have been tested:


	(1)Children with ADHD perform worse in cognitive and motor assessments compared to age-related neurotypical controls prior to the intervention.

	(2)Children with ADHD show stronger improvements in cognitive, motor, and symptom assessments after participating in the skateboarding intervention compared to the ADHD control group that did not participate in the intervention.

	(3)There is a significant correlation between the diverse parameters of motor ability, cognitive ability, and symptom expression at follow-up testing.





2 Methods


2.1 Participants

A total of 96 children from the area of Münster, Germany was initially recruited for the research study through announcements in schools, newspaper ads, social media advertisements, the district government of Münster and publications via the Skate Aid homepage, especially cooperation partner Titus Dittmann. 38 individuals were unable to attend their follow-up appointment due to personal reasons or the COVID-19 pandemic. 58 subjects in three different experimental groups participated voluntarily in all parts of the study and were eligible for data analysis.

The main intervention group (PR) consisted of 34 children (age: 11.3 ± 1.8 years, body height: 148.7 ± 12 cm, weight: 38.9 ± 10.1 kg) diagnosed with ADHD who participated in a skateboarding intervention. To control for the aging effect, one control group (PRCO) comprised children with ADHD who did not participate in the intervention (N = 14) (age: 10.8 ± 1.7 years, body height: 149.8 ± 11.5 cm, weight: 42.2 ± 11.7 kg). A second control group (ProKo) consisted of healthy children who participated in the skateboarding intervention (N = 10) (age: 9.9 ± 1.2 years, body height: 145.3 ± 9.8 cm, weight: 37.7 ± 9.3 kg). The group allocation of children with ADHD to the control or intervention group was randomized.

All children were between the ages of 8 and 13 years and had no professional experience in skateboarding. All ADHD children had been diagnosed by experienced pediatricians prior to the study. Medication with methylphenidate was documented and kept stable during the study. A majority of the subjects were male (m = 51/f = 7). The study was approved by the University of Münster ethics committee of faculty 7 (2018-10-HW), and written informed consent was obtained from the legal guardian of every participant.



2.2 Qualisys motion capture system

The kinematic data was collected using the Qualisys motion capture system and Qualisys Track Manager software (Oqus 500, Qualisys AB, Goeteborg, Sweden, 2018–2022 versions). In our study, the system involved 18 highspeed infrared cameras detecting the positions of passive optoelectronic reflective markers with a sampling rate of 200 Hz. The marker set consisted of a total of 64 reflective markers, each 20 mm in diameter, 59 of which were attached to anatomical landmarks using a modified version of the Helen Hayes marker set (Supplementary Material File 1). Five floor markers indicated start and finish positions for the motor tasks. For the kinetic data, eight stationary force plates (Kistler Group, Sindelfingen, Germany), 90 × 60 cm in size, recorded ground reaction forces and center-of-pressure positions at 1,000 Hz. The force plates and the kinematic system were synchronized with an external trigger signal (Qualisys AB, Goeteborg, Sweden).



2.3 Test procedure

This interventional study utilized a pre-post-test experimental design. The children and their parents visited the movement analysis lab of the University of Münster for pre- and post-measurements, which were conducted 16 weeks apart. The test protocol included a selection of movement tests to measure static and dynamic balance abilities. Furthermore, the subjects completed tests for cognitive performance, while parents filled out questionnaires to quantify symptomatology. Prior to the measurements, all parents attended a meeting to receive information and become familiar with the research study. For the pre-intervention examinations, subjects reported to the movement lab where they were provided with detailed study information. Parents, respective legal guardians were asked to provide written informed consent. Anthropometric data, including height and weight were collected while wearing sports clothing and no shoes An overview of the project flow is provided in Figure 1.


[image: Figure 1]
FIGURE 1
Project flow diagram.



2.3.1 Kinematic motor tests

To assess accuracy and precision in motor performance, we developed a test battery analyzing postural control specifically for this project, as there are no standardized protocols available. We regard the preciseness of our test battery as superior to other commonly used motor tests such as the MABC or BOTMP. After reflective markers were attached to the child, tasks on postural control were performed. For the single-leg stand, subjects were asked to stand as still as possible on the force plate on one leg for 25 s, alternating between legs. For the precision jumps, the aim was to execute a standing long jump, landing as close as possible to a target line. Start and finish lines were taped on the force plates and furnished with reflective markers. For the double-leg jumps, the lines were 90 cm apart. Requirements were to take off and land with both feet at the same time. For single-leg jumps, a 40 cm jump was required. Each child performed five trials for each condition (left, right, both) and was asked to remain standing at the landing position. For the subsequent balance task, subjects were asked to balance across a five-centimeter-wide, five-centimeter-high, and five-meter-long balance beam that was fixed to the force plates. Six trials were conducted for this task, with participants randomly assigned to start with either their left or right foot. When subjects lost balance and fell from the bar, they were instructed to resume the test from the position where they fell off.



2.3.2 Cognitive tests

The subsequent assessment consisted of cognitive tests, specifically the Stroop color-word interference test and the d2-test. These tests are standardized test procedures for cognitive functioning, and evaluate selective attention and cognitive inhibition (Stroop test), sustained attention and working memory (d2-test), next to processing speed, visual scanning, and cognitive flexibility (41, 42). In the Stroop test, children were asked to quickly name the color of a colored word regardless of the word's meaning (the name of a color). In the d2-test subjects were asked to quickly cross out the letter “d” whenever it appears with two dashes above and/or below it. The overall number of edited letters per line and the number of errors made were evaluated.



2.3.3 Questionnaires on symptom expression

The Child Behavior Checklist was used to detect developmental, behavioral, and emotional problems in all children. Children with intellectual disability were excluded from our study. To assess ADHD-symptomatology in all children the ADHD self-assessment and observer- assessment (parent) questionnaires of the DISPYS-II (Diagnostik-System für psychische Störungen) were used in both sessions.




2.4 Skateboarding intervention

During the four-month intervention period, children of the PR and ProKo groups participated in the skateboarding intervention, while the PRCO group represented a wait-list control group. The intervention comprised a weekly skateboarding workshop that was supervised and instructed by skate coaches from the local non-profit organization “Skate Aid”. The sessions lasted about 90 min and were held in an atmosphere that was neither therapeutic nor training oriented, but rather an opportunity for the children to autonomously shape the intervention by learning to skate and do the tricks that they wanted to do in a safe and supervised environment. The workshop was designed to assist children in problem-solving and goal attainment while skateboarding, thus helping to increase their self-confidence and reduce disruptive behavior. The skateboard and safety equipment were provided by Skate Aid throughout the study, giving the children an opportunity to continue skateboarding in their free time. Subjects were asked at the post-test appointment whether and how often they engaged in additional skateboarding, and how often they were unable to attend the weekly workshop. Subjects were free to pursue their usual leisure activities such as other sports or hobbies.



2.5 Data processing


2.5.1 Motor performance data

The 3D-positions of the reflective markers were manually processed using the motion tracking software (Qualisys, Sweden), and every marker on the subject was labeled. Subsequently, the recorded sequences were cut, so that only the sequence with the required movement was analyzed. Edited data files were then exported to Matlab to extract kinematic information from marker positions and dynamic information from the force plates.

A custom periodic median filter was applied to the force plate data to remove humming noise. The marker and force plate data were filtered using a Butterworth filter with a cutoff frequency of 20 Hz and 40 Hz, respectively, to remove high-frequency noise. The force plate data were used to calculate the center of pressure (COP) as either equal to the COP of a single foot touching the ground or as the spatial average of the COPs of both feet touching the ground. The following motor performance measures were calculated from the data:


	•Balance: Temporal average over the distance of the COP from the center line of the balance beam.

	•One-leg stand: Temporal average over the distance of the COP from the barycenter of the COP trajectory.

	•Precision jumps: The distance of the landing position from the target line. The landing position was defined as the position of the marker attached to the big toe of the landing foot at the time of landing.



All motor performance measures were referred to as “target error”, with lower values representing better performance.



2.5.2 Cognitive performance data

Several parameters were calculated from the d2 cognition test, of which “completed targets” and “concentration capacity” were used in the statistical analysis. The number of completed targets gives information about the test processing speed, while the concentration capacity is calculated by subtracting the missed and falsely marked errors from the targets identified. In both cases, a higher value indicates a better performance. For the Stroop task, the word-color interference board was used and the time to completion was recorded, with lower values indicating better performance.



2.5.3 Symptomatic data

From the symptom questionnaires, separate mean scores per child were calculated for attention deficit and hyperactivity, with lower scores indicating better results in both cases.




2.6 Statistical analysis

Statistical analyses were performed in MATLAB (version 2023a, The MathWorks, Inc., Natick, Massachusetts, USA). We used generalized linear mixed model (GLMM) analysis rather than traditional analysis of variance (ANOVA) for three main reasons. First, we had uneven group sizes due to dropouts. An ANOVA would have forced us to either discard data to balance the dataset or average across trials and subjects, both of which would have resulted in a significant loss of statistical power. Second, the complex mixture of within- and between-subject variables, as well as a variation of categorical variables and continuous covariates were more adequately accounted for with GLMM by incorporating random effects that capture individual variability within nested groups. In addition to random intercepts, we included random slopes, which further improved the goodness of fit. Third, GLMMs are much more robust to non-normally distributed data. For the motor performance data, we used gamma distribution functions together with the inverse function as the (canonical) link function. For the cognitive data and symptomatology, we used a normal distribution function. All model fits were performed using restricted maximum pseudo-likelihood.

The dependent variables of the GLMM fits were the corresponding target error for each of the motor tasks “Balance”, “One-leg stand” and “Precision jump”, the variables “d2 completed”, “d2 concentration”, and “Stroop test” for the cognitive tasks, and the variables “Attention deficit” and “Hyperactivity” for the assessment of ADHD symptoms. For hypothesis H1, which tested the effect of ADHD on the dependent variables, we restricted the dataset to the skateboarding group and the time to t1 and used “ADHD” as an independent variable and “Age” as a covariate. For hypothesis H2, which tested the effect of time on the dependent variables, we restricted the dataset to the ADHD group and used “Time” and “Skating” as independent variables, and “Age” and “Medication” (whether subjects indicated to use methylphenidate or not) as covariates. It should be noted that the term “skating” used in figures and tables always refers to the skateboarding intervention. While the independent variables were also tested for mutual interaction effects, this was not possible for the covariates, which thus entered the fit as purely additive terms.

After each GLMM fit, we performed multiple pairwise comparisons (post-hoc tests) based on the estimated marginal means using the “emmeans” package for Matlab (version 1.0.0 by John Hartman, available at https://github.com/jackatta/estimated-marginal-means). In essence, EMMs are the predicted means of the GLMM model for the data subpopulations under each combination of conditions. Because all p-values resulting from hypothesis tests of the GLMM fit, including post-hoc tests, are based on the estimated marginal means (EMMs), the data plots show these EMMs in the center of the violin plots, rather than the mean or median. To help interpret the results of the post-hoc comparisons, we calculated the percentage of change between pre- and post-testing for each pair, indicated by “%diff”.

For the analysis of the motor performance data, any point outside 1.5 times the interquartile range (0.25, 0.75), which sometimes resulted from artifacts, was considered an outlier, and removed before entering the GLMM analysis. That way, no more than 5% of the data were removed per fit (3.1% and 4.6% for hypotheses H1 and H2, respectively). Cognitive data and symptomatology were not affected by artifacts and therefore no outlier removal was performed. The quality of each model fit was checked using diagnostic plots, in particular checking for normal distribution of residuals and homoscedasticity.

For hypothesis H3, a partial correlation analysis was implemented using the statistics software JASP (version 0.18.3., Jasp Team, Amsterdam, Netherlands). To this aim, the data were first averaged per subject, so that for pre- and post-test data of N = 58 subjects, the degrees of freedom summed up to df = 114. Subsequently, a partial correlation analysis was performed on the averaged post-test data with the control variables being “Skating” (intervention group or control group), “Intervention” (before or after), “Age”, and “ADHD”. A partial correlation analysis removes correlations that are due to a common cause represented by a change in one or more control variables, rather than due to mutual dependencies. The variables “Skating”, “Intervention”, “Age”, and “ADHD” are plausible control variables for a change in the analyzed dependent variables, so they were included in the partial correlation analysis as conditional variables. Since the data were not normally distributed, we used Spearman's rho instead of Pearson's correlation coefficient r. The effect size of rho was interpreted in the same manner as Cohen's r, with the usual limits 0.1 = small, 0.3 = medium, 0.5 = large (43).




3 Results


3.1 Comparison between children with ADHD and controls


3.1.1 Motor testing

The linear model fit indicated that children with ADHD perform inferior in motor tests of static and dynamic balance than their unaffected peers. This finding was statistically significant for the balance (F = 7.02, p = .009, ηp2 = 0.03) and the precision jump task (F = 6.1, p = .014, ηp2 = 0.02). No significant differences between the groups were found in the single leg stand (Table 1; Figure 2). All descriptive statistics are provided in the Supplementary Material File 2.


TABLE 1 Results of the linear model fit comparing children with and without ADHD for all motoric and cognitive parameters.
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FIGURE 2
Violine plots of the linear model fit for motor tests on static and dynamic balance comparing children with and without ADHD. Lower values represent better performance. (A) Balance beam, (B) precision jump, (C) one-leg stand. Empty circles indicate the estimated marginal mean (EMM), error bars denote the 95% confidence interval. Brackets indicate significant differences, asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.




3.1.2 Cognitive testing

Children with ADHD performed inferior in the d2-test compared to their unaffected peers. This finding was statistically significant for both d2-test parameters, number of completed targets (F = 9.35, p = .004, ηp2 = 0.19) and concentration capacity (F = 8.96, p = .005, ηp2 = 0.18). Moreover, “Age” had a strongly significant effect on the outcome. No significant differences between groups were found for the Stroop test (Table 1; Figure 3).


[image: Figure 3]
FIGURE 3
Violine plots of the linear model fit for cognitive tests on attention-focusing skills comparing children with and without ADHD. Higher values represent better performance for (A) d2-test number of completed targets and (B) d2-test concentration capacity and lower values representing better performance for (C) Stroop test. Empty circles indicate the estimated marginal mean (EMM), error bars denote the 95% confidence interval. Brackets indicate significant differences, asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.





3.2 Effect of skateboarding on children with ADHD


3.2.1 Motor testing

ADHD-affected children performed better in the balance beam task after participating in the four-month skateboarding workshop compared to the age-matched ADHD-affected control group without skateboarding intervention (F = 8.17, p = .004, ηp2 = 0.02) (Table 2). A consequent post-hoc analysis showed that the skateboarding group improved their balance performance significantly (F = 38.9, p < .001, ηp2 = 0.08) (Table 3; Figure 4) with medium effect size, while the waitlist-control group underwent small to medium changes. The results for one-leg stand and precision jumps yielded no significant results (see Supplementary Material File 3). Descriptive statistics of all three assessment areas are provided in the Supplementary Material File 4.


TABLE 2 Results of the linear model fit comparing intervention and control group for motoric, cognitive, and symptomatic items.
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TABLE 3 Results of the post-hoc analysis comparing times 1 and 2 of the two different experimental groups for motoric, cognitive, and symptomatic items displayed in Table 2.
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FIGURE 4
Violine plots of the linear model fit for the motor test on dynamic balance on the balance beam comparing intervention and control group. Lower values represent better performance. Empty circles indicate the estimated marginal mean (EMM), error bars denote the 95% confidence interval. Brackets indicate significant differences, asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.




3.2.2 Cognitive testing

ADHD-affected children performed better in the d2-test after participating in a four-month skateboarding workshop compared to the age-matched ADHD-affected control group without skateboarding. The significant interaction effect for completed targets (F = 7.21, p = .009, ηp2 = 0.07) and the respective main effect Time (F = 26.26, p < .001, ηp2 = 0.23) showed that the two groups were affected differently (Table 2). A consequent post-hoc revealed that both groups underwent significant improvement, however with a larger percentage of improvement for the skateboarding group (Table 3). For concentration capacity in the d2-test, a significant main effect was found (F = 41.2, p < .001, ηp2 = 0.31) (Table 2). Again, the respective post-hoc analysis showed that both groups improved significantly, with a greater improvement for the skateboarding group (Table 3). For time needed for Stroop test completion, a significant main effect was found (F = 9.37, p = .004, ηp2 = 0.16) (Table 2). The corresponding post-hoc analysis showed that both groups improved significantly and to an almost identical degree (Table 3). For a graphical presentation refer to Figure 5. Furthermore, “Age” had a strongly significant effect on all three cognitive test outcomes.


[image: Figure 5]
FIGURE 5
Violine plots of the linear model fit for cognitive tests on attention-focusing skills comparing intervention and control group. Higher values represent better performance for (A) d2-test completed targets, (B) d2-test concentration capacity, and (C) Stroop test. Empty circles indicate the estimated marginal mean (EMM), error bars denote the 95% confidence interval. Brackets indicate significant differences, asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.




3.2.3 Symptom expression

ADHD-affected children presented significantly lower signs of attention deficit and hyperactivity after participating in a four-month skateboarding workshop compared to the age-matched ADHD-affected control group without skateboarding. Significant results for the main effect Time for attention deficit (F = 25.51, p < .001, ηp2 = 0.22) and hyperactivity (F = 9.4, p = .003, ηp2 = 0.1) (Table 2) showed that a development on the symptom level occurred between pre- and post-tests. A consequent post-hoc analysis revealed that both experimental groups improved their symptom scores very significantly with large effect sizes. For both symptoms, the intervention group, however, achieved a stronger improvement percentage wise (Table 3; Figure 6). The covariates “Age” and “Medication” did not influence symptom expression.
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FIGURE 6
Violine plots of the linear model fit for symptom expression comparing intervention and control group. Lower values represent better scores. (A) Attention deficit, (B) Hyperactivity. Empty circles indicate the estimated marginal mean (EMM), error bars denote the 95% confidence interval. Brackets indicate significant differences, asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.





3.3 Correlation between cognitive functioning, motor abilities, and symptomatology

The correlation coefficient Spearman's rho has been computed to assess the relationship between the diverse parameters of motor ability (balance, precision jumps, one-leg stand), cognitive ability (d2-test number of completed targets, d2-test concentration capacity, Stroop test), and symptom expression (attention deficit, hyperactivity) on the post-test data of all groups, with a partial out of “Age”, “ADHD”, “Intervention” and “Skating”. Here we focus on the partial correlation, where potential common cause effects of the variables “Age”, “ADHD”, “Skating”, and “Intervention” have been removed. The partial correlation gives a better estimation of mutual dependencies between variables than the standard correlation (see Methods section for details). For the sake of completeness, a standard correlation analysis is provided in the Supplementary Material Files 5, 6.

As expected, there was a moderate positive correlation between the two symptom variables hyperactivity and attention deficit, as well as a strong positive correlation between the two variables of the d2-test, next to a moderate negative correlation between both d2-test variables and the Stroop test. A weak positive correlation was found between static and dynamic balance ability for the one-leg stand and the balance beam task.

For N = 58 subjects, there were weak to moderate correlations between static balance ability in the one-leg stand and the tests of cognitive ability, for d2 concentration capacity, rho = −0.354, p < .001, d2 number of completed targets, rho = −0.306, p < .001, and Stroop test, rho = 0.406, p < .001 (Figure 7, results in table form are provided in the Supplementary Material File 7).
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FIGURE 7
Heatmap graphically representing the results of the partial correlation analysis. Darker fields correspond to stronger correlation, bluish and reddish fields correspond to positive and negative correlation, respectively. Correlation is measured in terms of Spearman's rho. Asterisks denote the corresponding level of significance: *p < .05, **p < .01, ***p < .001.





4 Discussion


4.1 Discussion of results

The aim of this paper was to investigate whether a four-month skateboarding workshop can improve symptoms of attention deficit and hyperactivity in ADHD-children, as well as postural control in terms of static and dynamic balance, and performance on the d2-test and the Stroop test.

We first confirmed a difference in cognitive and motor abilities between children with and without ADHD with the patient group presenting worse results than the controls. Children without ADHD performed significantly better in the balance beam and precision jump tasks as well as in both d2-test parameters compared to ADHD-affected children. Detriments in balance and postural control have commonly been observed in ADHD patients (44–48). In a balancing platform task, the ADHD group did not only present significantly greater sway amplitudes in all trials compared to the group of typically developing children, they also showed stronger deterioration of balance performance with an increasing number of trials which may be explained by delayed cerebellar development (48). Moreover, Ghanizadeh (47) reported the disturbed inhibition of excessive movement and sensory processing problems that arise as a co-occurring condition with ADHD and negatively contribute to balance and coordination ability. An experiment by Shum and Pang (46) substantiated the ADHD group's deficits in standing balance with disruption of sensory signals. They identified especially the visual system to be involved in the contribution of balance deficits (46).

Likewise, inferior performance of the ADHD group in cognitive tasks has been reported in the literature before. It can be attributed to the core symptom of attention deficit, especially over a longer period of time (49), but also to impairments in executive functions (5). Shaw and colleagues (50) suggest that a delay in cortical maturation in the prefrontal regions is responsible for such deficits, as these areas are crucial for the control of cognitive processes such as attention and motor planning. Those significant differences were found despite both, the group of children with ADHD and the control group were fairly heterogenous with children of all school forms and all ages between eight and 13 present. While the children's education level was surveyed, no information on the parents' education level, or socioeconomic status was available.

The static balance assessment and the word-color interference (Stroop) test did not appear to discriminate between the presence or absence of an ADHD diagnosis.

The second and central hypothesis yielded mixed results regarding the usefulness of a skateboarding intervention for children with ADHD. In terms of motor outcomes, only the balancing task showed a significant interaction effect with greater improvement for the skateboarding group. While both the skateboarding and non-skateboarding ADHD groups significantly improved their balance performance, a stronger effect size and a larger percentage of improvement were observed for the skateboarding group. No differences were found between the skateboarding and waitlist-control groups on the one-leg stand and the precision jump tasks. From a movement science perspective, improvements in all three motor tasks were expected due to the practical and movement-oriented intervention program. For the here investigated tasks of static balance and precision jumping, the skateboarding intervention did not result in an improvement. Conversely, for dynamic balance skills, skateboarding did help children to achieve greater progress than that resulting from development and maturation alone, as highlighted by the 20% vs. 27% gains in the control and intervention groups, respectively. It is plausible that the similarity in motor demands between skateboarding, which is characterized by maintaining and restoring balance during positional changes (51), and a balance task such as walking over a narrow beam contributed to this development (40). In addition, certain relevant brain regions are stimulated during the intervention sessions. The phenomenon of whether a sport like skateboarding can remodel neuronal structures of the brain has been investigated in a bachelor thesis (52). Skateboarding-experienced subjects were found to show increased activity in motor-relevant areas when watching skateboard tricks due to active mirror neurons (52). Another interesting finding is the small, but significant effect of medication use on balance performance in the present study, suggesting that methylphenidate use is particularly helpful for motor coordination tasks (53, 54) as well as postural stability and balance (55, 56), as supported by the literature. Improving balance and motor coordination in general provides a significant benefit to children with ADHD, as it could positively impact their well-being and daily life by minimizing the risk of injury (46, 57).

Although a movement intervention was employed, there was more progress in cognition and symptoms than in motor skills. Both attention tests exhibited main effects of time, indicating that cognitive performance improved significantly for the skateboarding and non-skateboarding ADHD groups over time. A learning effect in both groups for this type of test may be possible. However, the post-hoc test showed that a larger percentage of improvement was observed for the skateboarding group (18% improvement) compared to the control group (10% improvement) in terms of completed d2 targets. This suggests that a sport like skateboarding may further enhance the favorable effects of medication, maturation, and aging on concentration and test completion time. Comparably, a study by Magistro and colleagues (58) found that a long-term physical activity intervention with a conventional sport like football can enhance cognitive performance and executive functions, particularly in attention-focusing skills, processing speed, and cognitive flexibility. The findings are consistent with functional magnetic resonance imaging (MRI) research, which demonstrated that regular physical activity during childhood can enhance prefrontal cortex function involved in cognitive control (59).

In both the d2-and Stroop tests, the covariate “Age” was found to be highly significant. This indicates that age has a profound influence on the outcome of these tests, which is a common finding in cognitive testing (60, 61). However, it is important to note that the cognitive test results of this study were not standardized to age-matched norm values, which likely influenced the results. Standardization of the results for motor and symptom areas was not possible, thus this step was omitted. Surprisingly, the covariate “Medication” did not significantly affect the test outcome. This contrasts with the findings of Brodeur and colleagues (60), who reported that children taking methylphenidate perform better in a selective attention task.

In terms of symptom expression, significant main effects for Time were observed. Both attention deficit and hyperactivity were significantly reduced after the four-month period for both the skateboarding and the control group. The post-hoc analysis revealed that the skateboarding group reduced symptom manifestation more notably than their peers who did not take part in the intervention. However, with a 15% vs. 20% reduction in attention deficit for the control and intervention groups, respectively, the difference between the two groups, i.e., the intervention effect, is not as substantial as expected. Even though, according to effect sizes, the improvements were large, the difference in reduction of hyperactivity between the control group (16%) and the intervention group (19%) is rather small. It seems that a four-month period of aging and development alone has already brought an improvement in symptom expression. The additional effect of 3%, attributable to the skateboarding intervention is small, yet measurable. Since ADHD is a spectrum disorder, we can assume that the intervention effect but also the age and development effect took on various dimensions among the subjects. Besides this, clinical characteristics are likely to have an influence on the extent a child is affected by an intervention. A few parents were open towards sharing clinical characteristics of their child, which was however not compulsory. We therefore know that in few individual cases anxiety or child depression were present. In this context, it is striking that the covariate “Medication” did not seem to have a significant influence on the present assessment. Age difference, as another covariate, also had no significant impact on symptom expression. This is consistent with the fact that although ADHD symptoms may be more or less intense at different phases throughout childhood and young adolescence (62), they commonly persist until adulthood.

In contrast to motor and cognitive measurements, the symptom assessment was made by the parents rather than obtained from the child's own performance. The reported positive developments in both groups indicate, therefore, that improvements were pronounced enough to be recognized by the family as the closest environment. It has been shown that the parent-child relationship is an essential predictor for behavioral problems in children with ADHD and that a strong relationship has a great beneficial impact on the behavior of the child (63). Acquiring a new outstanding skill may additionally increase confidence and self-concept in children (64). Moreover, many parents reported how delighted their children were about the complete absence of heteronomy, which is another beneficial factor for children with ADHD (65). However, it must also be kept in mind that with a questionnaire as the data collection method, parents were potentially susceptible to answer socially desirable at follow-up, independent of whether their child took part in skateboarding or not.

In line with our findings, a recent meta-analysis shows that physical exercise has a significant positive impact on attention and executive function (66). Likewise, Jensen and Kenny (67) reported that hyperactivity and impulsive and aggressive behavior were reduced after a long-term yoga intervention. Ko and colleagues (68) suggest that swimming has the potential to alleviate ADHD symptoms by upregulating dopamine levels and downregulating dopamine D2 receptor expression. Overall, physical activity interventions may be a promising method for children with ADHD to manage symptoms due to their capacity to positively impact functional neurocognitive development (69).

Skateboarding as an ADHD intervention seems to have benefits similar to those of other established approaches that focus not on a specific, but various forms of physical activity and fitness (20, 21). Other unconventional ADHD therapy methods such as dance movement therapy or martial arts mindful movement therapy emphasize creativity, joy of movement and self-expression of children, while at the same time helping them cope with their symptoms (22–28), comparable to the skateboarding workshop of the present study. However, as opposed to the therapy forms mentioned above, our workshop does not have the claim to be perceived as a therapy, but rather as a voluntary intervention. Such approaches commonly have a more positive effect on intrinsic motivation and implicit learning of the participants (38).

In general, the literature reports that exercise programs are successful in improving both motor skills and executive functions in children with ADHD (70, 71). Therefore, it was hypothesized that the motor, cognitive, and symptom parameters examined here would be correlated, such that a positive development in one area would favor a positive development in the other. This hypothesis, however, is not supported by the data, as there was no significant correlation between items of different domains. Moderate to strong correlations between the symptom parameters or between cognitive test parameters were clearly expected and will not further be discussed.

Of particular interest were correlations between the motor and cognitive domains, and between the motor and symptomatic domains. However, only the one-leg stand was found to be moderately correlated with the attention-focusing tasks d2-test and Stroop test (Figure 7), when conditioned on the covariates “Age”, “ADHD”, “Skating”, and “Intervention”. Also, there was no significant correlation between symptom expression and motor ability. On the other hand, an unconditioned correlation analysis revealed that (at the disregard of the four covariates) weak to moderate correlations between motor and symptom areas arise (see Supplementary Material Files 5, 6). However, since we can assume that the covariates do have a decisive effect on the mutual correlation of the variables, we deem the interpretation of the partial correlation to be more useful.

Previous research on the relationship between core ADHD symptoms and motor performance found that impulse control and attention are essential predictors of fine and gross motor skills in children with ADHD (6). Similarly, there is evidence for the relationship between cognitive ability and symptom expression (12), as well as a connection between motor and cognitive function in ADHD patients (48). Based on the common evidence of cerebellar dysfunction, Goetz and colleagues (48) hypothesized that the dynamic balance impairment of children with ADHD would correlate with attention. They found that balance correlates with neuropsychological measures of reaction time consistency, likely due to the cerebellum's function as an integrative structure for balance control and cognition such as timing and anticipatory regulation (48). However, these findings could not be confirmed in our study.

During the four-month skateboarding workshop the ADHD-affected children demonstrated their ability to focus on learning a new sport skill through intrinsic motivation and interest as reported by the skate coaches. The challenging nature of the sport is likely to play an important role in the development of mental attributes such as discipline and perseverance (38). It is therefore conceivable that the children may be able to reproduce a similarly high level of attention and improved behavioral control in school and other everyday situations and apply it to tests of cognitive function, thus creating a reciprocal beneficial influence between the two domains when mediated by skateboarding. However, apart from the weak to moderate correlation between static balance ability and both cognitive tests, these considerations were not supported by the data. A possible reason may simply lie in the weakness of the employed test methods. In order to determine causal relationships, precise tests that are capable of capturing an ability in an isolated manner would be needed. This was not strictly warranted by the movement test battery, which through its design measured not only balance ability but also concentration and motivation, a limitation that is further discussed in the following section. We suppose that with a different choice of motor tests, the correlations with cognitive performance may be visible as it is known from the literature (6, 12, 48).



4.2 Limitations

ADHD is a spectrum disorder; we observed a wide range of symptoms. Additionally, our patient group was heterogeneous regarding the age span of eight to 13 years, as well as the high number of male subjects with a ratio of roughly 7:1. The latter is however in line with the typical gender ratio in clinical studies which is between 5:1 and 9:1 (72). Furthermore, the experimental groups varied considerably in size. The ADHD group that received the skateboarding intervention was by far the largest, with 34 subjects, whereas the two control groups, one with ADHD children who did not participate in the skateboarding intervention and another with neurotypical children who took part in the intervention included only ten and 14 children, respectively. To avoid losing statistical power by excluding data from the largest group, a GLMM analysis capable of handling unbalanced data was used instead of a traditional ANOVA, as explained in the methods section. Nevertheless, the considerable imbalance in group sizes poses a systematic threat to statistical power. For a future extension of this research, a control group should ideally consist of age- and gender-matched subjects.

Another significant limitation is the relatively small sample size. Correspondingly the overall sample size of 58 children does not allow any broad generalizations or represent the entire ADHD population, which was however not intended with this study. The present findings can be used to draw conclusions about the effect on girls and boys diagnosed with ADHD between the ages of eight and 13. A future effort would need to replicate this study with a larger and more diverse sample to allow general conclusions about the intervention's effect on children with ADHD. A more detailed collection of information on demographic and clinical characteristics of the patient group would be required as this may greatly enhance the applicability of the findings.

Another potential limitation is the wide range of neurobiological status among the participants. This study included children with and without regular medication intake. While it was assessed which children were under the influence of pharmacological measures at the time of the experiment, which could thus be modeled as a covariate, we do not have information on the exact dosage and type of medication used. Due to the heterogeneity of the disorder and the resulting differences in medication requirements, it was not possible to make a clear distinction between the medicated and unmedicated groups. Future research could use electroencephalography (EEG) or MRI to further explore differences in pathological profiles and the origin of possible cognitive adaptations. In terms of symptom assessment, an online form over a seven-day timespan may be more reliable to estimate symptom expression rather than a one-time questionnaire which has the limitation of being a momentary snapshot.

Further, attendance at the skateboarding workshops differed. While most subjects missed a maximum of two offered sessions, several children reported missing the workshop between four and six times. In addition, it was recorded how often the children skated in their free time, which ranged from more than once a week to once a month, making it very difficult to disclose how much of the effect can be attributed to skateboarding. Calculating a covariate from the amount of workshop participation together with the amount of additional skateboarding provides only moderately helpful knowledge, as the available information is very imprecise.

The present study design only controls for acute intervention effects but lacks long-term follow-up measurements. This is a substantial shortcoming as the sustainability of the intervention effect remains unclear. Future endeavors should include long-term follow-up measurements to quantify whether the therapeutic effects can be sustained with an intervention phase of four months or if the approach is only effective if practiced continually.

A final limitation concerns the test items used to measure balance ability. As mentioned above, this original test battery was chosen in the absence of a suitable standard balance test. A total of six trials were administered for the balance task and 15 trials for the precision jumps. During these measurements, it was easy to observe how the children became bored with these rather simple tasks and the high number of repetitions required. Since hyperactivity, inattention, and difficulty devoting to a task for long periods of time are among the core symptoms of ADHD, it was observed more than once that after the first few, often excellent, trials, the children became distracted and stopped trying. Instead of averaging over tasks, it was briefly considered to use only each subject's best performance for each task. However, this idea was abandoned as it interfered with the nature of the disorder and its symptoms. Future research in this area should therefore assess which performance measures are appropriate to reliably quantify motor skills, possibly by making the tests more task-specific and skateboard-related.

Finally, it is important to highlight some strengths of the present study such as the long-term intervention, the extensive statistical analysis and the interdisciplinary research team. Another noteworthy strength is certainly the joy of discovering and improving in the new sport that the participants experienced.




5 Conclusion

This study is the first to investigate the effects of a long-term skateboarding intervention on motor and cognitive performance as well as symptom severity in school-aged children with ADHD. Children with ADHD performed inferior in specific tests of motor and cognitive abilities compared to their healthy peers. A four-month skateboarding intervention has helped the patient group to significantly improve their dynamic balance ability, providing important consequences for injury risk and quality of life. Moreover, significant improvements in cognitive functioning and attention-focusing were found after the intervention. This has frequently been reported in previous research on movement therapies for ADHD patients and is likely related to enhanced prefrontal cortex functioning from regular exercise. Further, engaging in physical activity like skateboarding positively influenced ADHD core symptoms, which promotes a stronger parent-child relationship and, in turn may favor the child's self-concept and social behavior, as well as their discipline and perseverance in learning a new skill. Surprisingly, a symptom improvement of a similar extent was found even without skateboarding, meaning the effect attributable to skateboarding is considerably low, yet measurable.

The data did not support a reciprocal influence between motor and cognitive skills, nor between motor skills and ADHD symptomatology despite previous research reporting otherwise. Overall, the data are consistent with the idea that sports practiced out of intrinsic motivation has a positive impact on the development of children with ADHD, even if it cannot completely replace medication. The present study, particularly the feedback from the skate coaches, showed how quickly and enthusiastically the children embraced an informal sport like skateboarding, and that a four-month workshop encouraged them to self autonomously engage in physical activity. To retain the benefits, it is advisable to practice a sport on a long-term basis. All in all, skateboarding as a form of movement intervention can be considered an effective method for children with ADHD to deal with their symptoms and deficits. Thorough conceptualizations to implement this type of therapy await further research.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://doi.org/10.17879/26968596154.



Ethics statement

The studies involving humans were approved by University of Münster Ethics Committee of faculty 7 (2018-10-HW). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

TC: Data curation, Investigation, Writing – original draft, Writing – review & editing. KB: Data curation, Formal Analysis, Investigation, Software, Visualization, Writing – review & editing. PO: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Writing – review & editing. HB: Data curation, Formal Analysis, Investigation, Writing – review & editing. HW: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing – review & editing. CB: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was partially supported by the non-profit organization skate-aid by supplying donation funds as well as the skateboarding workshops, skateboards, and safety gear. The Universitätsgesellschaft of the university of Münster financially supported the project by awarding the “Leuchtturmprojekt”. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



Acknowledgments

We would like to express our appreciation to the global non-profit organization “skate-aid”, especially to the founder Titus Dittmann and co-worker Henning Timmes, for their ongoing support in this project. Their expertise during their regular skateboarding course offer “Skaten statt Ritalin” was invaluable. Moreover, we are grateful to the district government of Münster, particularly Thomas Michel, for their assistance in subject acquisition. We thank Till Utesch for his helpful support and fruitful discussions regarding the statistical analysis. Special thanks also to Meike Gerlach, Lena Fennen, and the many, many students and scientific staff of the University of Münster who aided in data acquisition and processing. A part of the contents of this manuscript have previously been introduced in a conference presentation with concluding written conference proceedings in German language. The contribution to the conference proceedings is unpublished and currently under review (73).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2024.1452851/full#supplementary-material



References

1. Tamm L, editor. Attention Deficit Hyperactivity Disorder. London: Academic Elsevier (2009). (Encyclopedia of neuroscience). Available online at: http://www.sciencedirect.com/science/referenceworks/9780080450469

2. Mehler-Wex C, Riederer P, Gerlach M. Dopaminergic dysbalance in distinct basal ganglia neurocircuits: implications for the pathophysiology of Parkinson’s disease, schizophrenia and attention deficit hyperactivity disorder. Neurotox Res. (2006) 10(3–4):167–79. doi: 10.1007/BF03033354

3. Kian N, Samieefar N, Rezaei N. Prenatal risk factors and genetic causes of ADHD in children. World J Pediatr. (2022) 18(5):308–19. doi: 10.1007/s12519-022-00524-6

4. Liu J. Childhood externalizing behavior: theory and implications. J Child Adolesc Psychiatr Nurs. (2004) 17(3):93–103. doi: 10.1111/j.1744-6171.2004.tb00003.x

5. Neto FR, Goulardins JB, Rigoli D, Piek JP, de Oliveira JA. Motor development of children with attention deficit hyperactivity disorder. Braz J Psychiatry. (2015) 37(3):228–34. doi: 10.1590/1516-4446-2014-1533

6. Tseng MH, Henderson A, Chow SMK, Yao G. Relationship between motor proficiency, attention, impulse, and activity in children with ADHD. Dev Med Child Neurol. (2004) 46(6):381–8. doi: 10.1017/S0012162204000623

7. Pitcher TM, Piek JP, Hay DA. Fine and gross motor ability in males with ADHD. Dev Med Child Neurol. (2003) 45(8):525–35. doi: 10.1111/j.1469-8749.2003.tb00952.x

8. Mao H-Y, Kuo L-C, Yang A-L, Su C-T. Balance in children with attention deficit hyperactivity disorder-combined type. Res Dev Disabil. (2014) 35(6):1252–8. doi: 10.1016/j.ridd.2014.03.020

9. Krain AL, Castellanos FX. Brain development and ADHD. Clin Psychol Rev. (2006) 26(4):433–44. doi: 10.1016/j.cpr.2006.01.005

10. Mackie S, Shaw P, Lenroot R, Pierson R, Greenstein DK, Nugent TF, et al. Cerebellar development and clinical outcome in attention deficit hyperactivity disorder. AJP. (2007) 164(4):647–55. doi: 10.1176/ajp.2007.164.4.647

11. Heidbreder R. ADHD symptomatology is best conceptualized as a spectrum: a dimensional versus unitary approach to diagnosis. Atten Defic Hyperact Disord. (2015) 7(4):249–69. doi: 10.1007/s12402-015-0171-4

12. Coghill D, Toplak M, Rhodes S, Adamo N. Cognitive Functioning in ADHD: Inhibition, Memory, Temporal Discounting, Decision-making, Timing and Reaction Time Variability. Oxford: Oxford University Press (2018. (Oxford Textbooks in Psychiatry; vol 1).

13. Coghill DR, Seth S, Matthews K. A comprehensive assessment of memory, delay aversion, timing, inhibition, decision making and variability in attention deficit hyperactivity disorder: advancing beyond the three-pathway models. Psychol Med. (2014) 44(9):1989–2001. doi: 10.1017/S0033291713002547

14. Alderson RM, Patros CHG, Tarle SJ, Hudec KL, Kasper LJ, Lea SE. Formula: see textWorking memory and behavioral inhibition in boys with ADHD: an experimental examination of competing models. Child Neuropsychol. (2017) 23(3):255–72. doi: 10.1080/09297049.2015.1105207

15. Kofler MJ, Rapport MD, Sarver DE, Raiker JS, Orban SA, Friedman LM, et al. Reaction time variability in ADHD: a meta-analytic review of 319 studies. Clin Psychol Rev. (2013) 33(6):795–811. doi: 10.1016/j.cpr.2013.06.001

16. Rapport MD, Kofler MJ, Alderson RM, Timko TM, Dupaul GJ. Variability of attention processes in ADHD: observations from the classroom. J Atten Disord. (2009) 12(6):563–73. doi: 10.1177/1087054708322990

17. Wolraich ML, Chan E, Froehlich T, Lynch RL, Bax A, Redwine ST, et al. ADHD diagnosis and treatment guidelines: a historical perspective. Pediatrics. (2019) 144(4):e20191682. doi: 10.1542/peds.2019-1682

18. Pfiffner LJ, Haack LM. Behavior management for school-aged children with ADHD. Child Adolesc Psychiatr Clin N Am. (2014) 23(4):731–46. doi: 10.1016/j.chc.2014.05.014

19. Storebø OJ, Pedersen N, Ramstad E, Kielsholm ML, Nielsen SS, Krogh HB, et al. Methylphenidate for attention deficit hyperactivity disorder (ADHD) in children and adolescents - assessment of adverse events in non-randomised studies. Cochrane Database Syst Rev. (2018) 5(5):CD012069. doi: 10.1002/14651858.CD012069.pub2

20. Ziereis S, Jansen P. Effects of physical activity on executive function and motor performance in children with ADHD. Res Dev Disabil. (2015) 38:181–91. doi: 10.1016/j.ridd.2014.12.005

21. Verret C, Guay M-C, Berthiaume C, Gardiner P, Béliveau L. A physical activity program improves behavior and cognitive functions in children with ADHD: an exploratory study. J Atten Disord. (2012) 16(1):71–80. doi: 10.1177/1087054710379735

22. Grönlund E, Renck B, Weibull J. Dance/movement therapy as an alternative treatment for young boys diagnosed as ADHD: a pilot study. Am J Dance Ther. (2005) 27(2):63–85. doi: 10.1007/s10465-005-9000-1

23. Zilius MN. Dance/movement therapy in pediatrics: an overview. Altern Complement Ther. (2010) 16(2):87–92. doi: 10.1089/act.2010.16202

24. Capello PP. Dance/movement therapy with children throughout the world. Am J Dance Ther. (2008) 30(1):24–36. doi: 10.1007/s10465-008-9045-z

25. Shilpa J, Shetty AP. Effectiveness of dance movement therapy on attention deficit hyperactivity disorder children aged between 6 and 12 years. Manipal J Nurs Health Sci. (2015) 1(1):19–23.

26. Milligan K, Badali P, Spiroiu F. Using Integra mindfulness martial arts to address self-regulation challenges in youth with learning disabilities: a qualitative exploration. J Child Fam Stud. (2015) 24(3):562–75. doi: 10.1007/s10826-013-9868-1

27. Milligan K, Sibalis A, McKeough T, Lackner C, Schmidt LA, Pun C, et al. Impact of mindfulness martial arts training on neural and behavioral indices of attention in youth with learning disabilities and co-occurring mental health challenges. Mindfulness (N Y). (2019) 10(10):2152–64. doi: 10.1007/s12671-019-01161-3

28. Clark D, Schumann F, Mostofsky SH. Mindful movement and skilled attention. Front Hum Neurosci. (2015) 9:297. doi: 10.3389/fnhum.2015.00297

29. Giagazoglou P, Kokaridas D, Sidiropoulou M, Patsiaouras A, Karra C, Neofotistou K. Effects of a trampoline exercise intervention on motor performance and balance ability of children with intellectual disabilities. Res Dev Disabil. (2013) 34(9):2701–7. doi: 10.1016/j.ridd.2013.05.034

30. Schoen SA, Einck C, Valdez A, Spielmann V, Miller LJ. A trampoline group: feasibility, implementation, and outcomes. Autism Dev Disord. (2019) 17(2):58–86. doi: 10.17759/autdd.2019170206

31. Fernandes MCC, Ciasca SM, Capelatto IV, Salgado-Azoni CA. Effect of a psychomotor intervention program for children with ADHD. Estud Psicol (Natal). (2020) 24(1):1–11. doi: 10.22491/1678-4669.20190001

32. Suh YT, Moon DH. Effect of psychomotor program on inattetion and impulsivity of chilren with attention deficit hyperactivity disorder ADHD). Indian J Sci Technol. (2016) 9(25):1–8. doi: 10.17485/ijst/2016/v9i25/97233

33. Kim H-M. The effect of psychomotor by the emotional behavior disorder(ADHD) children on the improvement of self-esteem, depression or hyperactivity in terms of convergence. J Digit Converg. (2015) 13(11):571–8. doi: 10.14400/JDC.2015.13.11.571

34. Grilo LM, Henriques RS, Correia PC, Grilo H. Statistical analysis of psychomotor therapy in children with attention-deficit/hyperactivity disorder. WSEAS Trans Biol Biomed. (2015) 12:39–43. https://www.researchgate.net/publication/282237663_Statistical_analysis_of_psychomotor_therapy_in_children_with_attention-deficithyperactivity_disorder

35. Fischer K. Einführung in die Psychomotorik. Stuttgart, Deutschland: utb GmbH (2019).

36. Casey AF, Quenneville-Himbeault G, Normore A, Davis H, Martell SG. A therapeutic skating intervention for children with autism spectrum disorder. Pediatr Phys Ther. (2015) 27(2):170–7. doi: 10.1097/PEP.0000000000000139

37. Beal B, Atencio M, Wright EM, McClain Z. Skateboarding, community and urban politics: shifting practices and challenges. Int J Sport Policy Polit. (2017) 9(1):11–23. doi: 10.1080/19406940.2016.1220406

38. Schwier J, Kilberth V. Leistungsverständnis und leistungsentwicklung in bewegungsorientierten jugendkulturen am beispiel skateboarding. In: Wiesche D, Gissel N, editors. Leistung aus Sportpädagogischer Perspektive. Wiesbaden: Springer Fachmedien Wiesbaden (2023). p. 133–49. (Bildung und Sport).

39. Schwier J, Kilberth V. Skateboarding Zwischen Subkultur und Olympia. Bielefeld, Germany: transcript Verlag (2018. (KörperKulturen).

40. Wixon B. Skateboarding: Instruction, Programming, and Park Design. Champaign, IL: Human Kinetics (2009).

41. Jensen AR, Rohwer WD. The stroop color-word test: a review. Acta Psychol (Amst). (1966) 25(1):36–93. doi: 10.1016/0001-6918(66)90004-7

42. Baghaei P, Ravand H, Nadri M. Is the d2 test of attention rasch scalable? Analysis with the rasch poisson counts model. Percept Mot Skills. (2019) 126(1):70–86. doi: 10.1177/0031512518812183

43. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Rev. ed., 4. [Dr.]. New York, NY: Academic Press; 1977.

44. Piek JP, Pitcher TM, Hay DA. Motor coordination and kinaesthesis in boys with attention deficit-hyperactivity disorder. Dev Med Child Neurol. (1999) 41(3):159–65. doi: 10.1111/j.1469-8749.1999.tb00575.x

45. Sergeant JA, Piek JP, Oosterlaan J. ADHD and DCD: a relationship in need of research. Hum Mov Sci. (2006) 25(1):76–89. doi: 10.1016/j.humov.2005.10.007

46. Shum SBM, Pang MYC. Children with attention deficit hyperactivity disorder have impaired balance function: involvement of somatosensory, visual, and vestibular systems. J Pediatr. (2009) 155(2):245–9. doi: 10.1016/j.jpeds.2009.02.032

47. Ghanizadeh A. Sensory processing problems in children with ADHD, a systematic review. Psychiatry Investig. (2011) 8(2):89–94. doi: 10.4306/pi.2011.8.2.89

48. Goetz M, Schwabova JP, Hlavka Z, Ptacek R, Surman CB. Dynamic balance in children with attention-deficit hyperactivity disorder and its relationship with cognitive functions and cerebellum. Neuropsychiatr Dis Treat. (2017) 13:873–80. doi: 10.2147/NDT.S125169

49. Funsch K, Martín BA, Halder-Sinn P. Differentieller konzentrationstest für kinder (DKT-K). Diagnostica. (2011) 57(1):2–16. doi: 10.1026/0012-1924/a000025

50. Shaw P, Eckstrand K, Sharp W, Blumenthal J, Lerch JP, Greenstein D, et al. Attention-deficit/hyperactivity disorder is characterized by a delay in cortical maturation. Proc Natl Acad Sci U S A. (2007) 104(49):19649–54. doi: 10.1073/pnas.0707741104

51. Meinel K, Schnabel G. Bewegungslehre - Sportmotorik: Abriss Einer Theorie der Sportlichen Motorik Unter Pädagogischem Aspekt. 12., ergänzte Auflage Aachen, Auckland, Beirut, Cairo, Cape Town, Dubai, Hägendorf, Hongkong, Indianapolis, Maidenhead, Manila, New Delhi, Singapore, Sydney, Teheran, Wien: Meyer & Meyer Verlag (2015).

52. Krüger V. Skatebraining statt Gehirnjogging – Wie verändert sich das Gehirn durch Skateboardfahren?: Bachelorarbeit, Fachbereich Medizin an der Philipps-Universität Marburg, Klinik für Psychiatrie und Psychotheraphie (2016). Available online at: https://www.dirksenfranke.de/downloads/skatebraining-statt-gehirnjogging.pdf (accessed March 20, 2024).

53. Bart O, Daniel L, Dan O, Bar-Haim Y. Influence of methylphenidate on motor performance and attention in children with developmental coordination disorder and attention deficit hyperactive disorder. Res Dev Disabil. (2013) 34(6):1922–7. doi: 10.1016/j.ridd.2013.03.015

54. Stray LL, Ellertsen B, Stray T. Motor function and methylphenidate effect in children with attention deficit hyperactivity disorder. Acta Paediatr. (2010) 99(8):1199–204. doi: 10.1111/j.1651-2227.2010.01760.x

55. Leitner Y, Barak R, Giladi N, Peretz C, Eshel R, Gruendlinger L, et al. Gait in attention deficit hyperactivity disorder: effects of methylphenidate and dual tasking. J Neurol. (2007) 254(10):1330–8. doi: 10.1007/s00415-006-0522-3

56. Jacobi-Polishook T, Shorer Z, Melzer I. The effect of methylphenidate on postural stability under single and dual task conditions in children with attention deficit hyperactivity disorder - a double blind randomized control trial. J Neurol Sci. (2009) 280(1–2):15–21. doi: 10.1016/j.jns.2009.01.007

57. Goulardins JB, Marques JCFB, Casella EB. Quality of life and psychomotor profile of children with attention deficit hyperactivity disorder (ADHD). Arq Neuropsiquiatr. (2011) 69(4):630–5. doi: 10.1590/S0004-282X2011000500011

58. Magistro D, Cooper SB, Boat R, Carlevaro F, Magno F, Castagno C, et al. An after-school football session transiently improves cognitive function in children. IJERPH. (2023) 20(1):164. doi: 10.3390/ijerph20010164

59. Chaddock-Heyman L, Erickson KI, Voss MW, Knecht AM, Pontifex MB, Castelli DM, et al. The effects of physical activity on functional MRI activation associated with cognitive control in children: a randomized controlled intervention. Front Hum Neurosci. (2013) 7:72. doi: 10.3389/fnhum.2013.00072

60. Brodeur DA, Pond M. The development of selective attention in children with attention deficit hyperactivity disorder. J Abnorm Child Psychol. (2001) 29(3):229–39. doi: 10.1023/A:1010381731658

61. Roy A, Kefi M-Z, Bellaj T, Fournet N, Le Gall D, Roulin J-L. The stroop test: a developmental study in a French children sample aged 7 to 12 years. Psychol Française. (2018) 63(2):129–43. doi: 10.1016/j.psfr.2016.08.001

62. Mick E, Faraone SV, Biederman J. Age-dependent expression of attention-deficit/hyperactivity disorder symptoms. Psychiatr Clin N Am. (2004) 27(2):215–24. doi: 10.1016/j.psc.2004.01.003

63. Climie EA, Mitchell K. Parent-child relationship and behavior problems in children with ADHD. Int J Dev Disabil. (2017) 63(1):27–35. doi: 10.1080/20473869.2015.1112498

64. Rudd JR, Barnett LM, Farrow D, Berry J, Borkoles E, Polman R. The impact of gymnastics on children’s physical self-concept and movement skill development in primary schools. Meas Phys Educ Exerc Sci. (2017) 21(2):92–100. doi: 10.1080/1091367X.2016.1273225

65. Morsink S, van der Oord S, Antrop I, Danckaerts M, Scheres A. Studying motivation in ADHD: the role of internal motives and the relevance of self determination theory. J Atten Disord. (2022) 26(8):1139–58. doi: 10.1177/10870547211050948

66. Sun W, Yu M, Zhou X. Effects of physical exercise on attention deficit and other major symptoms in children with ADHD: a meta-analysis. Psychiatry Res. (2022) 311:114509. doi: 10.1016/j.psychres.2022.114509

67. Jensen PS, Kenny DT. The effects of yoga on the attention and behavior of boys with attention-deficit/hyperactivity disorder (ADHD). J Atten Disord. (2004) 7(4):205–16. doi: 10.1177/108705470400700403

68. Ko I-G, Kim S-E, Kim T-W, Ji E-S, Shin M-S, Kim C-J, et al. Swimming exercise alleviates the symptoms of attention-deficit hyperactivity disorder in spontaneous hypertensive rats. Mol Med Rep. (2013) 8(2):393–400. doi: 10.3892/mmr.2013.1531

69. Berwid OG, Halperin JM. Emerging support for a role of exercise in attention-deficit/hyperactivity disorder intervention planning. Curr Psychiatry Rep. (2012) 14(5):543–51. doi: 10.1007/s11920-012-0297-4

70. Arumugam N SJ, Parasher RK. Effect of physical exercises on attention, motor skill and physical fitness in children with attention deficit hyperactivity disorder: a systematic review. Atten Defic Hyperact Disord. (2019) 11(2):125–37. doi: 10.1007/s12402-018-0270-0

71. Vysniauske R, Verburgh L, Oosterlaan J, Molendijk ML. The effects of physical exercise on functional outcomes in the treatment of ADHD: a meta-analysis. J Atten Disord. (2020) 24(5):644–54. doi: 10.1177/1087054715627489

72. Skogli EW, Teicher MH, Andersen PN, Hovik KT, Øie M. ADHD in girls and boys–gender differences in co-existing symptoms and executive function measures. BMC Psychiatry. (2013) 13:298. doi: 10.1186/1471-244X-13-298

73. Christ T, Krick A, Bohn C, Boström KJ. Skateboarding in der Psychotherapie: Einsatzmöglichkeiten und Grenzen – Das Forschungsprojekt “Skaten statt Ritalin” (unpublished manuscript, under review) (2024).



OPS/images/fped-12-1452851-g004.jpg
Target error [cm]

o

Balance

Skating = no Skating = yes

Time =t1 Time =12

Time =t1






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effects of a four-month skateboarding intervention on motor, cognitive, and symptom levels in children with ADHD

		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Qualisys motion capture system



		2.3 Test procedure



		2.3.1 Kinematic motor tests



		2.3.2 Cognitive tests



		2.3.3 Questionnaires on symptom expression











		2.4 Skateboarding intervention



		2.5 Data processing



		2.5.1 Motor performance data



		2.5.2 Cognitive performance data



		2.5.3 Symptomatic data











		2.6 Statistical analysis











		3 Results



		3.1 Comparison between children with ADHD and controls



		3.1.1 Motor testing



		3.1.2 Cognitive testing











		3.2 Effect of skateboarding on children with ADHD



		3.2.1 Motor testing



		3.2.2 Cognitive testing



		3.2.3 Symptom expression











		3.3 Correlation between cognitive functioning, motor abilities, and symptomatology











		4 Discussion



		4.1 Discussion of results



		4.2 Limitations











		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

The effects of a four-month
skateboarding intervention on
motor, cognitive, and symptom

levels in children with ADHD





OPS/images/fped-12-1452851-g005.jpg





OPS/images/fped-12-1452851-g002.jpg
>

Target error [om]
- .

°
o

Balance Precision jump
12 :
n {
10 | [
T ‘ ‘
2 b [
5 |
5 6 [ |
g

3 |

‘ Y
|

2 | J
ADHD =no ADHD = yes ADHD = no ADHD = yes

C One-leg stand

Target error [em]
&






OPS/images/fped-12-1452851-g003.jpg
Stroop test

O]

d2 concentration

B

d2 completed

450

400

8 8 8 8 8 8 8

8 8 & §
[s] awy uopeldwon

180

160

2 8 8 8 8 8 R °

[01005] Ayoedeo uonenusouod

§ & & 8 & =
[#] s196:e) pajolduion

°
2

ADHD





OPS/images/fped-12-1452851-t003.jpg
Skating 2 Effect size

Balance beam No <0001 -1957 202 0.04 Small to medium
Yes <0001 ~2685 389 0.08 Medium
d2-test completed targets. No <0001+ 1035 263 0.23 Large
Yes <0001+ 1765 519 037 Large
d2-test concentration capacity No <0001 1379 412 031 Large
Yes <0.001*** 20.07 579 0.39 Large
Stroop test No 0004 -21.03 937 0.16 Large
Yes 0.001* -21.66 13.88 022 Large
Attention deficit No <0001 -1521 2551 022 Large
Yes <0001 -1954 3283 027 Large
Hyperactivity No 0.006° -1591 94 [ Medium to large
Yes 0.004° -1896 893 0.09 Medium to large
Significant results are in bold.

Statistically corrected p-values are indicated by peor. Relative changes are indicated in percent by “diff". Effect sizes are interpreted after Cohen's rule of thumb. Asterisks denote the
<05, **: pe 01, **: p< .00l

SR T .





OPS/images/fped-12-1452851-g001.jpg
Pre-tests:

Children with

balance,
ADHD (N=34) sw::rtomia;lgy

Children with Px;;::‘es

ADHD (N=14) cognition,
symptomatolgy

Children Pre-tests:

without e

ADHD (N=10 symptomatolgy

Analysis for H1

1
skateboarding
intervention

16-week waiting
period

Analysis for H1

skateboarding
intervention

Post-tests:
balance,
cognition,
symptomatolgy.
Post-tests:
symptomatolgy

Post-tests:

symptomatolgy

Pre-post analysis
for H2

Pre-post analysis
for H2

not analysed in
this paper





OPS/images/fped-12-1452851-t001.jpg
Effect size

Balance beam ADHD | 7.02 | 0009 | 003 | Small to medium
Cov. Age| 0.05 | 083 | 00002 | Very small

Precision jumps ADHD | 61 | 0014* | 002 | Small
Cov. Age| 0.01 | 098 | 0.00004 | Very small

One-leg stand ADHD | 305 | 008 0.04 | Small to medium
Cov.Age| 09 | 035 001 | Small

d2-test completed | ADHD | 935 | 0004 | 0.19 | Large

targets Cov. Age | 41.42 | <0.001** | 05 | Large

d2-test concentration | ADHD | 896 | 0005* | 0.8 | Large

capacity Cov. Age | 2647 | <0.001"** | 039 | Large

Stroop test ADHD | 277 | o1l 011 | Medium to large
Cov. Age| 239 | 014 0.09 | Medium to large

Significant results are in bold. Effect sizes are interpreted after Cohen's rule of thumb and
ity o il of e afiact cani b acplinad b the ghessi e,






OPS/images/ld.jpg





OPS/images/fped-12-1452851-t002.jpg
Effect size

Balance beam | Time 202 | <0.001** | 004 | Small to medium
Skating 087 | 035 | 0002 | Very small
Cov. Age 001 | 092 | 0.00002 | Very small
Cov. Medication | 564 | 002 | 001 | Small
Time x Skating | 8.17 | 0004 | 002 | Small
d2test Time 2626 | <0.001"* | 023 | Large
completed Skating 2.07 0.15 002 | Small
targels Cov. Age 3097 | <0.001** | 026 | Large
Cov. Medication | 1.25 | 027 001 | Small
Time x Skating | 7.21 | 0009 | 007 | Medium
d2-test Time 412 [ <0001 | 031 | Large
concentration | Skating 252 | o012 003 | Small to medium
capacity Cov. Age 2182 | <0.001** | 02 | Large
Cov. Medication | 058 | 045 | 0006 | Small
Time x Skating | 3.36 | 007 004 | Small to medium
Stroop test | Time 937 | 0004 | 016 |Large
Skating 377 | 006 007 | Medium
Cov. Age 1474 | <0.001** | 023 | Large
Cov. Medication | 0.19 | 066 | 0004 | Very small
Time x Skating | 24 | 0.3 005 | Small to medium
Attention Time 2551 | <0.001°* | 022 | Large
deficit Skating 13 026 001 | Small
Cov. Age 017 | 069 | 0002 | Very small
Cov. Medication | 0001 | 097 | 000001 | Very small
Time x Skating | 12 | 028 001 | Small
Time 94 | 0003 | 01 | Medium to large
Skating 126 | 026 001 | Small
Cov. Age 254 | om 003 | Small to medium
Cov. Medication | 3.42 | 007 004 | Small to medium
Time x Skating | 0.02 | 09 | 0.0002 | Very small
Significant results are in bold.

Only significant parameters are shown here. Effect sizes are interpreted afier Cohar's rule o
Gimmb, Asturicks sasots the corrmponding lewl of sieaticance: %< 08, *5 <01 " 001








OPS/images/fped-12-1452851-g006.jpg
>

Attention deficit

Skating = yos.

vy)

Skating = no

5o B e

Atenton defict [4-point score]

°

Hyperactivy [4-point score]

p—— e —— Time=2

Tme=t1






OPS/images/fped-12-1452851-g007.jpg
AttentionDeficit

Hyperactivity

D2_Concentration -

D2_Completed -

Stroop

Balance Target Error

One-leg Target Error |

Jump Target Error - -0.043 0.058 -0.026 0.082 -0.047 -0.004 -0.053
I T T T T T T
& 5 QS > $ S
& & ¢S E S
Qo \’00 & & X & (§"~ Q@\
& & & & &7 &7«
SO N« A ¢ & &
v b Q & X S

-0.064

-0.042

0.064

-0.053

0.041

0.015

0.057

0.007

-0.137

-0.175

0.013






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





