The training effect of concentrative coordination exercise on the
executive functions and handwriting performance of children with
ADHD

Introduction

For handwriting problems in ADHD, detecting executive function deficits through
handwriting features is important because the executive function components, such as
inhibition, emotional control, working memory, and monitoring, are required for varied

daily functions besides handwriting (Rosenblum, 2018).Executive function is defined as

the cognitive abilities that maintain an appropriate problem-solving set to attain a future
goal and is thought to be highly relevant for daily life activities, appropriate behavior, and
academic and social functions. Research consistently documents that ADHD is
characterized by deficits in executive function with ADHD children performing more
poorly on a range of executive function tasks relative to control participants (Shallice et
al., 2002). The research results of Elosta, Del Olmo, and Contreras (2017) supported the
existence of alterations in the executive functions of children with ADHD, although not
all of them would be affected, with relevant differentiation in the specific performance of
each executive function (divided attention, updating, attentional shifting, and inhibition).
Their study supported the hypothesis that executive function deficits are an important
component of ADHD neuropsychology, although they are insufficient to fully explain its
symptomatology.

There are many different forms of therapy used for children with ADHD. The most
widespread one is the medicinal treatment using the drug Ritalin, which can be effective
in certain cases as an immediate remedy. However, the comparison with healthy children
revealed considerable deficits regarding vigilance, divided attention, flexibility, and
selective attention (focused attention and integration of sensory information) in children
with ADHD on methylphenidate (Tucha et al., 2006). The kinematic analysis of
handwriting movements of the study by Tucha and Lange (2001) revealed that boys with
ADHD on methylphenidate displayed more inversions in the direction of velocity and
acceleration profiles as well as lower maximum velocities and accelerations following the
withdrawal of the drug. These findings indicate that on methylphenidate, handwriting
movements of boys with ADHD are less fluent than off methylphenidate. The
administration of methylphenidate alone is insufficient in the treatment of children with

ADHD. Children with ADHD may benefit from instructions on how to best use their



improved attentional capacities focusing on automaticity and smoothness of movements
(Lange, Tucha, Walitza, Gerlach, Linder & Tucha, 2007).

It is therefore important to look for therapeutic approaches to improve and use
attentional capacities. In research with modified table tennis task to study gaze pursuit
and arms control of adolescent males with ADHD, Vickers, Rodrigues & Brown (2002)
found a dissociation in processing visual information of short and long duration. They
postulated that adolescents with ADHD are drawn to fast-paced tasks while avoiding
those that require concentration and focus over extended periods. They concluded that the
core deficit of ADHD is a deficit in processing long-duration information, and suggested
creating opportunities for ADHD children to be involved in long-duration tasks that
require concentration and focus over time. They proposed long-duration visuomotor
activities that promote the development of more extensive neural networks that may
facilitate the development of the short- and long-lived visuomotor systems. Table tennis
comprised of both short- and long-lived visuomotor components suggested a training
paradigm beneficial for such facilitations.

Tsai (2009) used ecological intervention to investigate the efficacy of table-tennis
training on treating problems with attentional networks as well as a motor disorder in
children with developmental coordination disorder. Table-tennis training resulted in
significant improvement of cognitive and motor functions for children with
developmental coordination disorder (DCD). Pan et al. (2019) also revealed the
therapeutic effect of table tennis exercise on motor skills and executive functions in
children with ADHD. They found that the table tennis exercise group scored significantly
higher in the locomotor as well as object-control skills and executive functions compared
with the ADHD non-training group. The results of these clinical studies may imply that
training in timing, sequencing, and coordination training may be helpful for children with
ADHD. Children with ADHD may benefit from table tennis exercise with the
incorporation of concentrative training in instructions on how to best use their improved
attentional capacities in school classes. Also, table tennis exercise includes the training in
eye-tracking and eye-hand coordination which is important in the acquisition of fluent
graphomotor skills.

In recent decades, active video gaming (exergame) has been emerging as a trend in
leisure, fitness, education, and health sectors. Exergaming requires bodily movements to
simulate an active gaming experience to function as a form of physical activity. It helps

to combine physical and cognitive training in a gamified fashion, ensuring motivation,



diversity, and adaptivity. A light and sound speed-based exergame has been used as an
intervention program for children with autism spectrum disorder (Hilton et al., 2014).
They found significant improvement in the reaction speed and executive function areas of
working memory and metacognition and the motor area of strength and agility. Recent
studies by Benzing and Schmidt (2019) also revealed that exergaming benefited
executive functions and motor abilities in children with ADHD. The above findings
suggest that the use of exergaming has the potential to be an intervention for attention
and concentration training.

This study aimed to determine whether the coordination training and the necessary
concentration of visual information in table tennis tasks can improve the executive
functions and graphomotor performances which are needed in daily and school activities.
There were two intervention programs used in the present study: the onsite and
exergaming table tennis. A randomized control study was performed to test the
intervention effect on the outcome measures of executive functions and handwriting
performance. Through a two-way block design, this controlled study can identify the

intervention effect and determine the difference between the two programs.

Methodology

Subject recruitments

This study was designed to test the efficacy of intervention programs on the executive
functions and handwriting performances of ADHD. The identification of a handwriting
problem will be confirmed by the administration of the Chinese Handwriting Evaluation
Form (CHEF). According to the test manual, the cut-off criterion for the identification of
handwriting deficit is two or more of the six dimensions with a median larger than, or
equal to, 3 Chang (Chang & Yu, 2005). It is used to confirm the handwriting deficit and
to measure the improvement across the intervention program.

Children will be excluded from this study when they report a history of any medical,
neurological, or pervasive developmental disorders, intellectual disability, oncological,
musculoskeletal, sensory (hearing, vision), or skin disorders. Children with 1Q score < 80
or taking any medication other than methylphenidate will be excluded from this study.
Sixty children (from grade 1 to grade 6) who meet the criteria of DSM-V for ADHD and
confirmed with handwriting deficits will be recruited. The children will then be randomly



allocated into the onsite, exergame (Wii) table tennis, or control groups. All of the

referrals of ADHD will be confirmed by pediatric psychiatrists.

Table Tennis Training protocol

The training interventions will be performed in a sequence of increasing complexity.
Each training session includes a warm-up, the main part of table tennis training, playing a
table tennis game with a partner, and cooling down at the end. The main part of table
tennis training is provided either by the coach or a ball-projection machine. The child
does not play with the machine until he can successfully return the serve of the coach
with a minimum ratio of 0.6 (about the fourth week). There will be 5 main components
provided by the coach over the whole training session: (a) serving, (b) bouncing, (c)
smashing, (d) driving, and (e) footwork. Each skill begins with a simple movement and
then progresses to more complex variations. In the main program, children will be
required to spend as much training time as possible on the table hitting the ball. After the
main training part, the comprehensive practice is performed by playing a game with a
partner. It also includes games but keep a ratio of at least 70% training to 30% games.
After four weeks of training, more task-specific training will be added to the main
program. The program is structured to achieve a particular type of training that is
expected to relate to executive attention in general, with a special focus on short- and
long-lived visuomotor control for the ADHD group.

After the child could successfully return the serve of the coach with a minimum ratio
of 0.6, the one-half training of the main program will be conducted by a ball-projection
machine. The first part is a modified protocol originally designed to improve executive
attention, response, and the inhibitory control of the child’s cognitive and motor skills
(Tsai, 2009). First, the machine provides training, continuously hitting back a ball that is
delivered at the same speed and from the same direction by the ball-projection machine.
Secondly, for inhibitory control and executive attention, the ball-projection machine
serves yellow and white balls randomly. It requires that only the yellow balls are to be
hit, and thus that the children should inhibit movement programming when a white one is
projected. For the progression of task complexity, balls are first projected from a
specified direction and then project randomly from uncertain directions and at uncertain
times to hinder any prediction of what will happen next. Feedback will be provided by
the coach to the child after each stroke for encouragement.



The second part is a modified protocol originally designed to study gaze pursuit and
arms control of adolescent males with ADHD (Vickers et al., 2002). For visuomotor
training, Figure 1 shows a regular table tennis table fitted with target areas, ball-
projection machines, and participants. For a right-hander, the task set-up in (A) and (B)
requires the return of a table tennis ball to either the left or right side of the table using a
forehand drive. The machine with a rotational head can serve to both sides. The rotation
of the projected head cues the direction of serve. The color of table tennis cues the
required direction of rebound: orange for the same side and white for the opposite side.
As shown in Figure 1, there are four modes for visuomotor training. Before the
conduction of the experiment, three consecutive training sessions will be given to each
participant. The experiment does not start until the participant could successfully return

50% of the serves from the machine.
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Figure 1. Four basic training modes: The table tennis table fitted ball-projection machine
and cue by ball colors. In (A) and (C), orange balls cue to return to the same side. In (B)
and (D), white balls cue to return to the opposite side.

Table tennis exergame training principles

Since the Nintendo Wii Sport will be designed as a simulated way to exercise in the
comfort of the player's setting, this study used Nintendo Wii Sport to provide
coordination exercise and train the concentration of the children with ADHD. The



exergame will be displayed on a TV set with a 55-inch LCD panel (Chimei, TL-
55LV700D, 1920*1080). The appealing cell-shaded graphics and endearing music, on
top of the super-fun gameplay, have children playing with abundant visual and sensory
stimulation. In this study, the trainer first establishes the participant’s exergame play
proficiency. Players who had not previously used the handheld control panel will be
given instructions and several minutes of practice until they demonstrate proficiency in
using the directional buttons and the button for “firing” required for the target game. This
procedure will be repeated before the administration of the adventure exergame to ensure
that all players demonstrated proficiency in the appropriate use of the simulated racket.
The training game can be either single or versus mode. For a more sophisticated and
vivid experience, a minigame can be chosen to play in advance. In Versus mode, the
subject and an opponent can play against each other to see who is the better table tennis
player. And if Single and Versus modes are well-practiced, the training program includes
three minigames: Target Table Tennis, Thrilling Table Tennis, and Matching Table

Tennis. All three minigames will be included in every training session for even periods.

Study design

There are three stages in the experimental procedure: (1) pre-test, (2) intervention,
and (3) post-test. During the intervention, children with ADHD in the intervention groups
will be regularly trained in a series of 60-min sessions conducted three times a week for
twelve weeks (36 sessions in total). The outcome measures included neuropsychological
tests (Stroop test and Wisconsin Card Sorting Test), and graphomotor function tests
(handwriting automation, movement, and performance tests).

Differences in the outcome measures, after 12 weeks, across the onsite table tennis
and exergame, and control groups (matched for age and grade) will be analyzed by
comparing the effects of therapeutic exercise program and exergame program in a
repeated measures design (before and after intervention), on the dependent variables:
scores of neuropsychological tests and handwriting performance. Each pupil will perform
each of the writing tasks according to a randomized block design. The data of the control
group will be also collected as a basis of comparison. Four weeks before this study and in
the period of study, all the participants stop any of the intervention programs, such as
occupational or physical therapy except medication and exercises provided by this study.

The medication of Ritalin will be matched in the group assignment.



Neuropsychological tests for executive function

(1) The Stroop test

The Stroop Test is a color-naming task developed by Stroop (1935). It tests the effect
related to the ability of most people to read words more quickly and automatically than
they can name colors. The Stroop test is an outcome of mental (attentional) vitality and
flexibility. If a word is displayed in a color different from the color it names; for example,
if the word green is written in blue ink, then we have a hard time noticing the blue ink. In
this instance, even when asked to name the color of the ink, we tend to say the name the
word represents. During the Stroop test, the child is instructed to identify the color of ink
verbally as quickly as possible based on trials listed in each condition. The Stroop test
includes three conditions: Stroop Word, Stroop Color, and Stroop Color-Word. The
Stroop Word condition involves 50 trials with color names (i.e., blue, red, green) written
in black ink. The Stroop Color condition involves 50 trials with color names in same-
colored rectangles. Stroop Color-Word involves 50 trials with color names printed in
different color ink (i.e., “GREEN” printed in red ink). Trials in each condition will be
displayed on a sheet of paper, and children were asked to name the trials from top to
bottom (10 trials) and left to the right column (5 columns). The Stroop test was chosen
because of evidence that it measures executive functions and is sensitive to the effects of
acute exercise (Sibley, Etnier, & Le Masurier, 2006).

(2) Wisconsin Card Sorting Test (WCST)

The Wisconsin Card Sorting Test (WCST) is a neuropsychological assessment instrument
widely used for psychiatric and neurological patients for assessing higher-order cognitive
functions that are related to the brain’s frontal lobes. Successful completion of the WCST
requires multiple cognitive operations, which include: strategic planning, organized
searching, the application of external feedback to shift mental sets, and the inhibition of
impulsive responses (Greve, Stickle, Love, Bianchini, & Stanford, 2005). These higher-
order cognitive functions are called executive functions, and failure on the WCST
performance implies executive dysfunction.

The WCST consists of 4 stimulus cards and 2 identical decks of 64 response cards (a total
of 128 response cards). The response cards display figures of varying forms (crosses,
circles, triangles, or stars), colors (red, blue, yellow, or green), and numbers of figures (1,

2, 3, or 4). The stimulus cards are always presented from the participant’s perspective in a



standard left-to-right order: 1 red triangle, 2 green stars, 3 yellow crosses, and 4 blue
circles. Initially, a series of stimulus cards are presented to the participant. The participant
is told to match the cards, but not how to match; however, he or she is told whether a
particular match is right or wrong.

Instead of using paper cards, this study used computerized versions (Microsoft Windows-
compatible version 4.0.) which have the advantage of automatically scoring the test. The
test takes approximately 12-20 minutes to carry out and generates psychometric scores,
including numbers, percentages, and percentiles of categories achieved, trials, errors,

perseverative errors, and non-perseverative errors.

Graphomotor Function Tests
(1) Handwriting performance test
For measuring handwriting performance, a short paragraph copy task was performed on
an A4-sized sheet in an arrangement of 10 columns with a width of 18 mm. The task is
constrained in time for 4 min. The children were told to write as fast and correctly as
possible. The number of correct copies was counted for a measure of handwriting
performance (Hung, Chang, Chen, Chen, & Lee, 2003).
(2) Computerized handwriting performance evaluation
(a) Measuring Instruments
The handwriting tasks were performed on an A4 size paper affixed to the surface of a 2-D
digitizing tablet (487 x 318 x 12 mm, Wacom Intuos 5, Japan) using a wireless
electronic-ink pen with a force-sensitive tip (1024 levels). The digital tablet samples the
X (horizontal) and Y (vertical) positions of the pen tip as well as the axial pen force, with
a maximum frequency of 200 Hz, a spatial accuracy of .01 cm, and a temporal accuracy
of 1 ms. The pen used in this study is of a size and weight similar to that of pens typically
used by children of this age (length = 150 mm, circumference = 35 mm, weight = 119).
(b) Handwriting Tasks
(i) Handwriting movement test

This copy test was performed in front of a desktop computer display. The children were
instructed to copy the testing tasks presented on the screen. There were 30 Chinese
characters in total, presented character by character with an average interval of 15 s. For
testing the response time, children were told to move their pen to initiate the first stroke
as soon as possible. They were told that they should write as fast and correctly as

possible.



(ii) Automation test

For testing automation in handwriting, the children were instructed to write unfamiliar
characters with 6 strokes (%) in the cells. The contents of the page were arranged in five
rows and eight columns, giving a grid of 40 cells measuring 18 mm by 18 mm. Before
the test, the children were taught to write the characters in a particular sequence. The
children used their fingers to indicate that they knew the direction of each stroke. They
were required to write the characters 40 times (Chang & Yu, 2010).

The examiner gave instructions and monitored the practice process. After confirming that
the children knew how to proceed, the measurement started. The whole process was
recorded and the data were saved into a computer hard disk for further offline analysis.

(c) Measuring parameters of graphomotor skills
1. Response time
The latency between the copy task presented to the start of the first stroke was
recorded to test their response time.
2. Mean Stroke Velocity
In the copy task, the stroke velocity was determined by dividing the stroke length
by the elapsed time. The mean value was derived from the average of all the strokes
in all of the written tasks.
3. Time to automation in learning an unfamiliar character
For measuring the level of automation, the number of vertical or horizontal
velocity peaks for every vertical or horizontal stroke, respectively, was determined as
an approximation of the number of changes in the direction of velocity. This
represented the level of automation. An intensive decrease in the number of
directional changes of velocity indicated a switch from closed-feedback control to
open-loop control (Mergl, Tigges, Schroter, Moller, & Hegerl, 1999).

To characterize the automation process, the change in the number of directional
changes of velocity was described using an exponential function: Y = A x e ™/t + B;
where Y is the number of directional changes of velocity, n is the number of practice
attempts, t0 is the time constant (the time required to reach automation when learning
to write a new character), A is a scaling parameter, and B is the asymptotic number of

directional changes of velocity at the end of the process. The coefficients A, t0, and B



were estimated using the least-squares error method. Automation was defined in this
study as 63.21% (1 — e~1) reduction in the number of directional changes in velocity
(S. H. Chang & Yu, 2010).

Statistical analysis
SPSS for Windows/PC (SPSS Inc., Ver 16.0, Chicago, Illinois) will be used for the

statistical analyses. To test the improvement achieved through intervention and to
compare the effect on the three groups, we will use a 2x2 repeated-measures analysis of
variance (ANOVA) to examine the differences in the measures of the handwriting
performance, WCST, and Stroop test. The factors are group (onsite, Wii, control) and
time (pre-intervention, post-intervention). A significant interaction effect (Group x Time)
indicates a difference in the time effect across the three groups, that is, evidence of an

intervention effect.
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