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The effects of aquatic and
land-based interventions on
children with developmental
coordination disorder
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!Laboratory for Studies in Human Motor Behavior, Faculty of Physical Education and Physiotherapy,
Federal University of Amazonas, Manaus, Brazil, 2Motor Behavior Laboratory, School of Physical
Education and Sport, University of Sdo Paulo, S&do Paulo, Brazil

Background: Knowledge about the effects of aquatic intervention on children
with developmental coordination disorder (DCD), as well as the maintenance of
these effects over time, is still scarce. We believe that there is a need to advance
our knowledge of this subject, for which we have set ourselves the following
objectives: (1) to test whether the effects of aquatic and land-based interventions
influence the motor performance of children with DCD; (2) to check whether
these effects persist over time; and (3) whether the effects of aquatic and land-
based interventions bring motor performance values closer together between
children with DCD and those with typical development.

Methods: 76 children aged between 6 and 10 years old were divided
into four groups, control developmental coordination disorder (C-DCD);
control typical development (C-TD); experimental terrestrial developmental
coordination disorder (T-DCD); and experimental aquatic developmental
coordination disorder (A-DCD). Due to some dropouts, the final sample
consisted of 66 children, 27 girls and 39 boys. The groups of children with
DCD were randomized according to their initial total score on the Movement
Assessment Battery for Children Test - second edition (MABC-2). The analysis of
variance (one-way ANOVA) carried out in the pre-test showed similarity between
the means of the DCD groups (C-DCD, T-DCD and A-DCD), which ensured that
these groups started from the same performance level. The interventions lasted
4.5 months (18 weeks) with three sessions a week, totaling 54 sessions of 60 min
each. The experimental groups took part in the same intervention protocol,
with the only difference being the environment (A-DCD = aquatic environment;
T-DCD = terrestrial environment).

Results: Analysis of the results revealed no significant effect for the group
and time point interaction, F(6, 133) = 1.36, p = 0.235. However, effects were
detected for group, F(2, 54.7) = 3.78, p < 0.05, and for time point F(3, 131) = 22.91,
p < 0.001. The Tukey-Kramer post-hoc test found a difference between the
T-DCD and C-DCD groups (p < 0.05; independent-groups effect size (djg = 0.85;
dig = 0.87; djg = 0.92). For time point, differences were found between the
pre-test and the other time points [post-intervention (repeated measures effect
size) (dgmy = 1.14), 3 months post-test (dg m = 1.51) and 6 months post-test
(dg.m = 2.2)] with a significance level of p < 0.001. For the A-DCD group there
was no statistically significant difference in relation to either the C-DCD or
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T-DCD group, but we did observe large effect size values [pre-test and post-
test (dgm = 1.14), pre-test and 3 months-post-test (dgm = 1.29) and pre-test
and 6 months-post-test (dg m = 1.61). Regarding the analysis of the Z score,
the results indicated an interaction effect for the group and time point F(6,
132) = 2.30, p = 0.038. This difference was located by post hoc between the
C-DCD group and the A-DCD (p < 0.05; independent groups pre-test - post-
test effect size (gigpp = 1.72) and gjg = 0.79) and T-DCD (p < 0.05 ES gjgpp = 1.65
and gjg = 0.79) groups at 6 months-post-test.

Conclusion: We conclude that both aquatic and terrestrial interventions have
positive effects on the motor performance of children with DCD, that these
effects are maintained over time but also bring the motor performance of

children with DCD closer to that of children with typical development.

KEYWORDS

Amazonian, child development, motor performance, motor skills disorders,
effectiveness of treatment, terrestrial intervention, liquid environment

1 Introduction

Developmental coordination disorder (DCD) is characterized
by marked impairments in the development of motor coordination,
which affects the performance of manipulation, locomotion and
balance skills, in a general or specific way. It significantly affects
a child’s participation in activities of daily living (ADL) and school
(ADS) (Smits-Engelsman et al., 2025; Tamplain et al., 2024; Farhat
etal,, 2024; Landgren et al., 2021; Magalhaes et al., 2011; Miller et al.,
2021; Sugden et al., 2008; Kirby and Sugden, 2007; Zoia et al., 2006;
Sugden et al.,, 2006). It is a complex condition of as yet unknown
cause, whose diagnosis is based on symptoms that are recurrent and
independent of culture, race and socioeconomic status (Gao et al.,
2024; Blank et al., 2019; Smits-Engeslman et al., 2012; Lingam et al.,
2009; Kadesjo and Gillberg, 1999).

Its incidence in the school-age child population is 6%
(American Psychiatric Association, 2013), which already makes it
one of the most frequent disorders in childhood (Zwicker et al.,
2012; Wann, 2007), and the majority of children identified with
DCD continue to present motor disorders in adolescence and
adulthood (McQuillan et al., 2021; Poulsen et al., 2008; Sugden
etal., 2008; Zoia et al., 2006; Sugden et al., 2006; Cantell et al., 2003).

Developmental coordination disorder has been a subject of
interest to researchers who aim to understand its cause, improve
diagnosis and investigate the effects of intervention programs (Gao
etal., 2024; Ayyash and Preece, 2003). Studies examining the effects
of intervention programs on DCD have looked at a variety of
aspects, such as the influence of different developmental disorders
(comorbidities) on the results of the programs (Watemberg
et al., 2007); the response of DCD subgroups to interventions
(Green et al., 2008); comparison between individual application
and group application (Hung and Pang, 2010); the effects of
graded exergames on fitness performance (Smits-Engelsman et al.,
2021), and comparison between teacher-guided and parent-guided
programs (Sugden and Chambers, 2003; Rintala et al., 1998).

Moreover, examining the efficacy of different perspectives
of motor interventions for children, Smits-Engeslman et al.
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(2012) concluded that interventions approaches from a task-
oriented perspective yields stronger effects than process-oriented
approaches and Ghorbanzadeth et al. (2024) that the combination
of the teaching games for understanding (TGFU) and sport
education (SE) teaching method is the best method for improving
the motor proficiency of DCD children compared to teaching
games for understanding TGFU, SE, and linear methods.

In general, the results of these studies have shown that
intervention programs have the potential to improve the
motor performance of children with DCD, reducing primary
impairments (e.g., disorders with motor skills related to
manipulation, stabilization, and locomotion) and possibly
secondary impairments (e.g., negative consequences on self-
esteem, self-concept, perception of competence, and social
relationship). However, while in Polatajko et al. (1995) and
Eliasson et al. (2003) the effects on short-term motor performance
were not resistant to time, in two other studies (Sugden and
Chambers, 2003, 2006) they remained in the post intervention long
term tests. In this sense the results concerning the maintenance of
these effects over time are still controversial.

Nonetheless, with the exception of one exploratory study, the
studies that have investigated the effects of intervention programs
on the DCD population have only used the terrestrial environment
(clinics, school gyms and the home) and little is known about
the maintenance of these effects on motor performance after the
intervention has ended, i.e., over time. On the other hand, the
aquatic environment has been the most used environment in
studies that have investigated the effects of intervention programs
for people with atypical development (cerebral palsy, autistic and
visually impaired) and its effects have been studied frequently
(Ogonowska-Slodownik et al., 2024; Zhao et al., 2024; Vodakova
et al., 2022; Dimitrijevic et al., 2012; Getz et al., 2012; Jorgic et al.,
2012; Pan, 2011, 2010; Fragala-Pinkham et al., 2008).

A study conducted by Jorgic et al. (2012), for example,
evaluated seven children with cerebral palsy, aged between 8 and
10 years, who only underwent aquatic intervention over a period
of 6 weeks. The results indicated significant improvements in the
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performance of walking, running and jumping skills. Another study
just investigating the effects of aquatic intervention on the motor
performance of children with cerebral palsy was carried out by
Dimitrijevic et al. (2012). The participants were 27 children aged
between 5 and 14 years old, divided into two groups - control and
experimental. The intervention was applied for 6 weeks. The results
showed that the motor performance of the experimental group, i.e.,
the one that underwent aquatic intervention, was superior to that
of the control group. However, the effects obtained as a result of the
intervention were not maintained over time.

The researchers argued that the effects of aquatic intervention
are enhanced by the specific properties of this environment. The
viscosity combined with the hydrostatic pressure favors muscle
strengthening without damaging the tissues or causing too much
tension on specific parts of the body. They also state that the
hydrostatic pressure exerted on blood vessels causes an increase
in respiratory and circulatory activity and an increase in muscle
tone, making motor performance more efficient (Getz et al., 2012;
Fragala-Pinkham et al., 2008). Also noteworthy is the important
role of buoyancy in supporting the joints and stabilizing the body.
The more a body is immersed, the greater the action of buoyancy
and, consequently, the lower the overload exerted by the action of
gravity (Getz et al,, 2006, 2012; Pan, 2011).

By analogy, we understand that the aquatic environment also
has the potential to enhance the effects of interventions on the
motor performance of children with DCD. However, we found
only one study that investigated the effects of aquatic intervention
on this population. Hillier et al. (2010) selected 12 children with
DCD between the ages of 5 and 8 years and divided them
into two groups - control (non-intervention) and experimental.
Intervention was applied for 6 weeks, with one session per week,
and addressed specific tasks of static balance, ball skills and
walking/running.

No significant differences were found from pre-test to post-
test. These results indicate that the aquatic intervention program
had no significant effects on children with DCD. However, these
results should be interpreted with caution as the intragroup analysis
revealed that the experimental group decreased by 20% (3.9
points) their total score on the MABC test, indicating that motor
performance improved after the intervention, while the control
group increased by 14% (2.6 points), indicating impairments
in motor performance. According to the researchers, although
no significant differences were observed between the groups,
those results lend clinical significance to the aquatic intervention
program for the motor performance of children with DCD.

It is also important to consider the reduced number of weekly
sessions (1) and the short period of application of the intervention
(6 weeks), as intervention studies carried out in the terrestrial
environment indicate that the weekly frequency combined with
longer periods of application of the program are important
variables (Polatajko et al., 1995; Eliasson et al., 2003; Sugden and
Chambers, 2003).

Considering the information above, we would like to emphasize
that knowledge about the effects of aquatic intervention on children
with DCD, as well as about the maintenance of these effects over
time, is still scarce. As for land-based intervention, all of the
studies show positive effects on motor performance. However, the
results concerning the maintenance of these effects over time are
still controversial. We therefore believe that there is a need to
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advance our knowledge of this subject, for which we have set
ourselves the following research questions: (1) Are there effects of
aquatic and land-based interventions on the motor performance
of children with DCD? (2) Do these effects persist over time? and
(3) Do the effects of aquatic and land-based interventions bring
motor performance values closer together between children with
DCD and those with typical development? Hereto, the following
objectives were pursued in this study: (1) to test whether the
effects of aquatic and land-based interventions influence the motor
performance of children with DCD; (2) to check whether these
effects persist over time; and (3) to investigate whether the effects of
aquatic and land-based interventions are capable of narrowing the
gap in motor performance between children with DCD and those
with typical development.

2 Materials and methods

2.1 Participants

This study was conducted with 1.200 children, aged 6 - 10 years
who were attending three public schools in the South-central region
of Manaus, Brazil. The children in this study had predominantly
brown features, which guarantees the homogeneity of the sample
regarding socioeconomic status and ethnic characteristics. As this
is a study with a school sample, we emphasize that this age group
was specifically chosen due to the fact that in Manaus, children
begin their academic activities by the age of six with the start
of their first year of primary school, since the provision of early
childhood education is still very scarce. Moreover, we consider that
it is optimal to identify and intervene as soon as possible when it
comes to motor difficulties.

Thus, out of the total, 153 children were pre-selected by
teachers in the classroom based on evidence of motor difficulties
with a negative impact on daily life activities — such as dressing,
feeding, riding a bicycle - and/or on academic achievement such
as poor handwriting skills, difficulties with gross and/or fine motor
skills, locomotion, agility, manual dexterity, complex skills and/or
balance. The pre-selected children were submitted to the following
inclusion and exclusion criteria: (a) motor skill deficit; (b) activities
of daily and school living impact; (c) early onset symptoms begin in
the early developmental period; and (d) rule out other conditions
(e.g., cerebral palsy, hemiplegia, or muscular dystrophy); or a
pervasive developmental disorder, according to DSM-V (American
Psychiatric Association, 2013).

Meeting the criteria for the selection of the sample, 52
children were then classified into three groups of DCD, namely,
A-DCD (aquatic intervention); T-DCD (terrestrial intervention);
and C-DCD (control DCD), that did not participate in the
intervention. 35 children with typical development were selected
for the control typical development group (C-TD), of which 24
met the following inclusion criteria: (a) total MABC-2 score > 25th
percentile. The exclusion criteria adopted for the C-TD group were:
() learning difficulties; and (b) social difficulties.

After that, and due to some dropouts, 66 children, aged between
6 and 10 years old, 27 girls and 39 boys [7.6 & 1.0 years and months
(age), 25.00 £ 4.92 kg (body mass), 1.24 £ 0.76 m (height)] were
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Measures

Female Age (years) Weight (kg) Height (cm)

Mean £ SD Mean + SD Mean * SD
A-DCD 6 (32%) 13 (68%) 19 (100%) 744017 24.85 + 1.13 1.24 4 0.02
T-DCD 4(25%) 12 (75%) 16 (100%) 7.6 +027 25.13 + 1.03 1.24 £ 0.01
C-DCD 8 (67%) 4(33%) 12 (100%) 73+032 24.36 %+ 0.88 1244018
C-TD 9 (48%) 10 (52%) 19 (100%) 7.9+ 023 25.44 + 1.49 1.2540.02

P-value 0.05 0.05 0.05

Means and standard deviations (+SD) for age, weight, and height of the experimental groups (A-DCD and T-DCD) and controls (C-DCD and C-TD). One-way ANOVA analysis did not

detect any significant differences in age, weight, or height (p > 0.05).

TABLE 2 Composition of the groups regarding the severity condition of
the motor disorder.

Severity condition of the DCD

Severe DCD Moderate DCD
(>5° percentil) (<6° and >16°
percentiles)
A-DCD 11 (57%) 8 (43%)
T-DCD 8 (50%) 8 (50%)
C-DCD 6 (50%) 6 (50%)

Absolute and relative (%) frequencies of the children with severe and moderate
developmental coordination disorder (DCD). The one-way ANOVA ensured that the groups
started from the same performance level [F(2) = 0.592, p = 0.55].

divided into four groups: two controls (C-DCD and C-TD) and two
experimental (T-DCD and A-DCD) (Table 1).

The children with DCD were randomly divided into three
groups. The analysis of variance (one-way ANOVA) carried out in
the pre-test showed similarity between the means of the C-DCD,
T-DCD and A-DCD groups [F(2) = 0.592, p = 0.55] which ensured
that these groups started from the same performance level. Table 2
shows the composition of the groups in terms of the severity of the
motor disorder.

Regarding socio-economic status, we found that the
majority of families of children with DCD (82.4%) had
a monthly income of less than three times the minimum
wage and 67.7% of the families were made up of more
than five people. As for the parents level of education,
the majority had completed/incomplete elementary school
(44.1%) followed by completed/incomplete higher education
(38.2%). As for their parents profession, 64.7% worked

as freelancers (informal), traders or employees in the
industrial district.

From the physiotherapeutic assessment, we found that most of
the children in the sample with characteristics of DCD were born at
term, and only one was born after the gestation period. Weight and
height were in the normal range (Table 3).

In addition, two children in the T-DCD group had
(unspecified) at birth,
children started speaking between the ages of 4 and 5.
Of the A-DCD group, three had complications at birth
(use hypoxia; broken/dislocated
Regarding possible associated difficulties, the physiotherapy
assessment identified the T-DCD  group:

learning difficulties, reading difficulties, writing difficulties,

complications and another two

of forceps; collarbone).
following: (a)

language difficulties, hyperactivity and lack of concentration;
(b) A-DCD group: learning difficulties, language difficulties,

hyperactivity and lack of concentration; (c) C-DCD
group: learning  difficulties, language difficulties, lack
of concentration.

2.2 Study design

In the pre-test, the motor battery (MABC-2) was used
to measure the motor performance of the four groups. Next,
the experimental groups underwent interventions (aquatic or
terrestrial) for a period of 4.5 months with a frequency of three
weekly classes of 60 min each, totaling 54 sessions. The children
in the control groups continued with their normal activities. At the
end of the interventions, we reapplied the MABC-2 test. After a
further 3 and 6 months, we carried out the 3-months post-test and
6 months-post-test assessments, respectively (Figure 1).

TABLE 3 Absolute and relative (%) frequencies of cases, mean, and = standard deviation (SD) of factors related to the birth of children with

developmental coordination disorder (DCD).

Gestation period

Weight (kg) Height (cm)

Full-term Post-term Not reported
A-DCD 13 (68.4%) 1(5.3%) 5(26.3%) 3.249 0.543 0.46 0.08
T-DCD 12 (75%) 0 (0%) 4(25%) 3.080 0.612 0.49 0.01
C-DCD 4(33%) 0 (0%) 8 (67%) 3.215 0.200 0.48 0.01
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Experimental Groups

a. Aquatic Intervention (A-DCD)
b.Land-based Intervention (T-DCD)

Control Groups

a.Typical Developmental (C-TD)
b. Developmental Coordination
Disorder (C-DCD)

1.  MABC-2 Test

1. MABC-2 Test

a.  Motor battery a.  Motor battery
Phase | b.  Checklist b.  Checklist
pre-test 2. Physical Therapy 2. Physical Therapy
Assessment Assessment
3. Psychological Assessment 3. Psychological Assessment
Phase I1 Aquatic or Land-based Interventions
Without Intervention
intervention 18 weeks
3 sessions per week
Phase 111
post-test 1. MABC-2 Test 1.  MABC-2 Test
a. Motor battery a.  Motor battery
Phase IV
Aot I.  MABC-2 Test I.  MABC-2 Test
post-test
a.  Motor battery a.  Motor battery
Phase V
6 months-
post-test 1.  MABC-2 Test 1.  MABC-2 Test

a.  Motor battery a.

Motor battery

2" edition.

FIGURE 1
Study design.

MABC-2 Test: Movement Assessment Battery for Children —

2.3 Tests and assessments

The following assessments were carried out: (a) physiotherapy,
in which two physiotherapists (professional identification register
cards in Brazil, numbers 99137-F 12 and 96882-F 12) took turns
conducting the assessments at the Physiotherapy laboratory of the
Nilton Lins University (UniNiltonLins) - Manaus, Amazonas - in
the presence of the parents or guardians. The assessments were
scheduled in advance and lasted an average of 1 h; (b) intelligence
quotient (IQ) assessment, carried out by the Applied Psychology
Service (SEPA) of the UniNiltonLins under the responsibility
and guidance of the chief psychologist (professional identification
register card in Brazil, number 20/5257). The instrument used was
the Wechsler Intelligence Scale for Children - WISC-III (Wechsler,
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1991), which was applied individually, in a specific room, where
only the child and the administrator were present. The assessments
were scheduled in advance and lasted an average of 2 h.

This study was approved by the Research Ethics Committees
of the School of Physical Education and Sport of the University
of Sdo Paulo and UniNiltonLins, under protocol numbers 2011/30
and 043/11, respectively.

2.3.1 The movement assessment battery for
children — second edition

The Movement Assessment Battery for Children - Second
Edition (MABC-2 Test) (Henderson et al., 2007) identifies children
with motor development disorders or delays. This test is useful in
clinical and educational contexts and is of great value to researchers
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in various areas related to child development (Blank et al., 2019),
covering the ages of 3-16 years.

The test consists of two instruments: (1) a motor battery and
(2) a motor behavior observation checklist. These instruments
measure the child in different contexts: while the first prioritizes the
experimental context, the second focuses on the everyday context.
These instruments complement each other in terms of pre-selecting
and identifying children with DCD (Sugden and Wright, 1998) and
meet the A and B criteria established by the American Psychiatric
Association (2013).

The MABC-2 motor battery is a standardized, norm-referenced
test consisting of three sections: (1) manual dexterity; (2) aiming
and receiving; and (3) balance. Its tasks are specific to each age
group: (range 1) 3-6 years; (range 2) 7-10 years; and (range 3) 11—
16 years (Henderson et al., 2007). The sum of the scores for each
section results in the child’s total score.

2.3.2 Motor behavior observation checklist

The MABC-2 Test checklist is a revised and reduced version
of the original, published in 1992. Its aim is to identify children
who may have motor disorders. It was drawn up based on a list
of specific motor behaviors, which can be observed in a child’s
daily life - at school (forming letters using a pencil or pen
and manipulating small objects), in the playground (using fixed
equipment/toys and walking/running while avoiding colliding with
people), or at home (buttoning their shirt, cutting with scissors and
receiving a ball). The child’s performance on each task on the list is
scored by an observer in terms of “how competently the task was
performed.” These individual values added together provide a total
raw score, which is transformed into a percentile.

Ramalho et al. (2013) translated, adapted and verified the
presentation, content and construct validity and reliability of the
Portuguese version of the MABC2 test checklist. The results
indicated high agreement values for relevance and inter-rater
agreement (above 90%), appropriate convergent and discriminant
validity, high reliability indices (a = 0.94) and inter-rater agreement
(ICC between 0.78 and 0.91). Thus, the Portuguese version of the
MABC-2 Test checklist proved to be valid and reliable for the
Brazilian context.

2.4 Intervention protocol

The interventions lasted 4.5 months (18 weeks) with three
sessions a week, totaling 54 sessions of 60 min each. The
adoption of an extensive practice was based on the previous
studies, mainly those of Sugden and Chambers (2003, 2006). The
groups took part in the same intervention protocol, with the only
difference being the environment (A-DCD = aquatic environment;
T-DCD = terrestrial environment).

The approach adopted was task-oriented, thus meeting the
recommendation stipulated for planning the intervention (Blank
et al, 2019; Smits-Engeslman et al., 2012; Sugden et al., 2006;
Pless and Carlsson, 2000). The general plan was based on
developmental physical education (Gallahue and Donnelly, 2008)
and covered three themes: (1) Stabilization Skills - long jump,
jumping from different heights, jumping hurdles, balancing on
two legs, balancing on one leg, balancing on a crossbar and
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balancing on different surfaces; (2) Locomotion Skills — walking,
running, sliding, galloping, hopping on the same leg and hopping
on alternate legs; and (3) Manipulative Skills - receiving with
two hands, throwing overarm, throwing underarm, volleying and
rebounding. One central theme was developed each week, and two
motor skills from this central theme were practiced. The order of
the themes, the motor skills practiced, and the materials used were
the same, so that the only factor to differ was the medium, and this
was intentional, as this was the central aspect to the questions in
this study. It should also be noted that the aquatic intervention was
not concerned with teaching swimming skills, an aspect that is very
present in studies involving the aquatic environment.

The lessons were distributed as follows: 2 weeks of adaptation
(6 lessons), 5 weeks for stabilization skills (15 lessons), 5 weeks for
locomotion skills (15 lessons) and 5 weeks for manipulation skills
(15 lessons). The first 2 weeks were used to adapt the children to
their specific intervention environment, class timetable, materials
and equipment. Each week a theme was developed and two motor
skills related to this theme were practiced, one on each day of
the class, with the two motor skills being repeated in the third
class of the week.

In order to ensure that the adherence rate, stipulated as 70% of
a total of 54 sessions, was reached and that the subjects” data could
be taken into account in the statistical analysis, transportation was
made available for the children.

2.5 Dependent variables (operational
variables)

1) Total score of the MABC-2 Test (raw score) was obtained
from the sum of the sub-scores of each of the subsections that
make up the test (manual dexterity, aiming and receiving, balance).
It corresponds to the motor performance of children with DCD.
It was used to verify the effects of the interventions (aquatic
and terrestrial).

2) Z score (standardized score) was calculated by subtracting
the individual raw score from the mean divided by the standard
deviation for the C-TD group’s pre-test values. It indicates how far
above or below average the motor performance of children with
DCD is in terms of standardized deviation units. Its purpose was
to check how close the motor performance of children with DCD
was to that of the C-TD group. It is important to mention that no
significant differences were found between the four measures (pre-
test, post-test, 3 months-post-test, and 6 months-post-test) of the
C-TD group, which is why the pre-test values were chosen.

2.6 Statistical analysis

The normality of the data and the absence of extreme
observations (outliers) were guaranteed using the Shapiro-Wilks
test and by standard visual inspection, confirming the necessary
assumptions for parametric analysis.

For the inferential analyses involving the total score of the
MABC-2 Test and the total score of the MABC-2 Test transformed
into a Z score as a function of the initial values of the C-TD
group, we used mixed models with group (C-DCD; T-DCD;
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A-DCD) and time (pre-test; post-test; 3 months-post-test; and
6 months-post-test) as fixed factors and individuals as a random
factor (Ugrinowitsch et al., 2004). The Kenward-Roger adjustment
was used to deal with the effect of unbalanced groups on the
degrees of freedom. For cases of significant F-values, Tukey-
Kramer adjustments were used for multiple comparisons. The
significance level adopted was p < 0.05.

Effect size calculations were carried out according to Morris
and DeShon (2002) and Becker (1988). The classification of values
was based on Cohen’s proposal [as cited in Nakagawa and Cuthill
(2007)]: small (d = 0.2), medium (d = 0.5) and large (d = 0.8).

3 Results

3.1 The MABC-2 total score

Analysis of the results revealed no significant effect for the
group and time interaction, F(6, 133) = 1.36, p = 0.235. However,
main effects were detected for group, F(2, 54.7) = 3.78, p < 0.05,
and time point F(3, 131) = 22.91, p < 0.001. The Tukey-Kramer
post-hoc test found a difference between the T-DCD and C-DCD
groups (p < 0.05; ES dig = 0.85; d,'g = 0.87; dig = 0.92). For the
time factor, differences were found between the pre-test and the
other time points [post-test (ES: dg p = 1.14), 3 months-post-test
(ES: dp,m = 1.51) and 6 months-post-test (ES: dr p = 2.2)] with a
significance level of p < 0.001.

For the A-DCD group there was no statistically significant
difference in relation to either the C-DCD or T-DCD group, but
we did observe large effect size values [pre-test and post (ES:

Frontiers in Human Neuroscience

dr,m = 1.14), pre-test and 3 months-post-test (ES: dg »r = 1.29) and
pre-test and 6 months-post-test (ES: dp »r = 1.61)] (Figure 2).

3.2 Z score

The results indicated an interaction effect for the group and
time factors F(6, 132) = 2.30, p = 0.038. This difference was located
by post hoc between the C-DCD group and the A-DCD (p < 0.05
ES digpp = 1.72 and gig = 0.79) and T-DCD (p < 0.05 ES gigpp = 1.65
and gig = 0.79) groups at 6 months-post-test.

For the A-DCD group, the Tukey-Kramer test found significant
differences between pre-test and post-test [ES dgr,m = 1.22), pre-
test and 3 months-post-test (ES dr,m = 1.29) and pre-test and
6 months-post-test (ES dr,m) = 1.69] with a significance level
of p < 0.05. For the T-DCD group, there were also differences
between pre-test and post-test (ES dr,m = 1.97), pre-test and
3 months-post-test (dr,m = 1.66) and pre-test and 6 months-post-
test (dr,m = 2.19) with a significance level of p < 0.05. Unlike
the experimental groups, the C-DCD group showed no significant
differences between pre-test and post-test (ES dr,m = 0.44), pre-test
and 3 months-post-test (dr,m = 0.32) and pre-test and 6 months-
post-test (dr,m = 0.07) (Figure 3).

4 Discussion

The research questions posed were: (1) Are there effects of
aquatic and land-based interventions on the motor performance
of children with DCD? (2) Do these effects persist over time? and
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FIGURE 3
Z-scores (arbitrary units) indicating the distance between the performances of the control group (C-DCD) and experimental groups (A-DCD and
T-DCD) relative to the performance of the typically developing control group (C-TD) across time points (pre-test, post-test, 3 months-post-test, and
6 months-post-test). There was a significant difference between the experimental groups and the control group (p < 0.05).

(3) Do the effects of aquatic and land-based interventions bring
motor performance values closer together between children with
DCD and those with typical development?

With regard to the first question, the results allowed us to
answer in the affirmative, i.e., that the terrestrial and aquatic
interventions had a positive influence on the motor performance
of children with DCD.

Results involving the motor performance scores do not indicate
a significant difference between the T-DCD and A-DCD groups
but revealed between the T-DCD and C-DCD groups. T-DCD
group showed significant results immediately after the end of
the intervention. As the three DCD groups (A-DCD, T-DCD
and C-DCD) started from the same performance level, it can be
inferred that the difference found between the T-DCD and C-DCD
groups was due to the land-based intervention. For the time factor,
differences were found between the pre-test and the other times,
i.e., post-test, 3 months-post-test and 6 months-post-test. These
effects were of great magnitude, suggesting that there was clinical
significance for the T-DCD group over time. This result indicates
that there was an improvement in motor performance over time,
with no distinction between groups.

Taken together, these results reinforce the evidence on the
effectiveness of land-based interventions for children with DCD
(Green et al., 2008; Niemeijer et al., 2007; Watemberg et al., 2007;
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Sugden and Chambers, 2003, 2006; Schoemaker et al., 2003; Pless
et al., 2000; Kaplan et al., 1993).

On the other hand, the analysis involving the motor
performance scores revealed no significant difference between
the A-DCD and C-DCD groups. The beneficial effects of the
aquatic intervention found for the A-DCD group were not enough
to differentiate it statistically from the control group (C-DCD).
We suggest that considering the intervention environment, it is
possible that the improvement in motor performance in skills
performed in the aquatic environment is not completely transferred
to the performance of equivalent motor skills in the terrestrial
environment, requiring a longer time for this improvement to take
effect, as the results here have shown. Transfer, for example, is a
subject of research in the area of Motor Learning (Schmidt and
Young, 1987; Holding, 1976).

As mentioned, the results of the present study showed that no
differences were detected between the T-DCD and A-DCD groups.
However, the T-DCD group showed significant results immediately
after the end of the intervention and when the magnitude of
the effect was analyzed, it showed effects ranging from large to
small over the course of the evaluations compared to the A-DCD
group. We believe that this result reinforces the argument that the
children in the A-DCD group found it difficult to transfer motor
skills developed in the aquatic environment to equivalent ones
performed on land.
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The results of this study are in line with those of Hillier
et al. (2010), who also found no significant difference between
the experimental and control groups after aquatic intervention,
although they did observe an increase in the motor performance
score in 50% of the children in the experimental group. In the
same way, in our study, with the groups starting from the same
level, as evidenced by the magnitude of the effect sizes found, the
children in the A-DCD group showed greater improvements in
motor performance over time than those in the C-DCD group.
This confirms the clinical significance of the aquatic intervention
mentioned by Hillier et al. (2010).

Beyond that, maybe because the number of sessions was higher,
our results go further than those found by Hillier et al. (2010). In
the present study the A-DCD group showed significant intra-group
effects in motor performance after the intervention, as well as in the
3- and 6-months post-tests.

Summarizing, this study showed that both land-based and
aquatic interventions were effective in improving the motor
performance of children with DCD. Moreover, although the results
do not indicate a significant difference between the T-DCD and
A-DCD groups, we observed a slight superiority of the land-based
intervention over the water-based one.

The second question arises because we assume, however, that
the effectiveness of an intervention is only confirmed if the effects
are maintained over time. This was in fact observed in the
present study because differences were found between the pre-
test and the other times, i.e., post-test, 3 months-post-test and
6 months-post-test. These results indicate that the effects were
maintained over the 6 months following the intervention for both
experimental DCD groups.

Studies looking at the maintenance of the effects of
interventions are rare (Smits-Engeslman et al, 2012). We
believe that our study makes it possible to advance knowledge
regarding land-based interventions, since it was found that
the effects were maintained in evaluations after the end of the
intervention. The design of this study, specifically with regard
to the length (4.5 months or 18 weeks) and with three sessions
a week complies with the recommendations in the literature,
specifically involving the planning of intervention programs
(Sugden et al., 2006; Pless and Carlsson, 2000). By comparison, the
interventions in the studies by Polatajko et al. (1995) and Eliasson
etal. (2003) comprised a reduced number of weeks (5 and 9, and 8,
respectively), which we believe may have influenced the failure to
maintain the effects achieved with these interventions.

Specifically, concerning aquatic intervention and children with
DCD, we found no studies focusing on the maintenance of effects
after intervention. In this respect, the results of the present study,
showing the effectiveness of aquatic intervention for individuals
with DCD (intragroup significant differences), also represent an
advance in this field of research.

In relation to the third question of the study, with regard to
the Z score, no differences were detected between the T-DCD
and A-DCD groups. We therefore consider that the aquatic
intervention showed similar benefits to the land-based intervention
in terms of its tendency toward the reference for children with
typical development.

In turn, the analysis of the Z score showed that the
T-DCD group differed from the C-DCD group in terms of
its approximation to the reference for children with typical
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development 6 months after stopping the intervention. It should be
noted that these groups started from the same performance level,
i.e., before the intervention they both differed equally from the
benchmark for children with typical development. The results show
that the T-DCD group was closer to the reference. These effects
were of great magnitude, attesting to the clinical significance of the
terrestrial intervention.

The analysis of the Z score showed that also the A-DCD
and C-DCD groups differed in terms of how close they were
to the reference for children with typical development 6 months
after the intervention. This was not the case with the C-DCD
group. It should be noted that these groups started from the
same performance level. As with T-DCD, the results show that
the A-DCD group was closer to the reference. However, only the
A-DCD group showed a trajectory toward the reference group
which began shortly after the intervention and became similar to it
after 6 months. These results strengthen claims about the potential
of the aquatic environment to help children with motor disorders
of different etiologies (Zhao et al., 2024; Ogonowska-Slodownik
et al., 2024; Pan, 2011; Hillier et al., 2010; Fragala-Pinkham et al.,
2008; Getz et al., 2006, 2007); by extension, they have also shown
that children with DCD without access to intervention tend to
experience maintenance or worsening of their motor disorder
(Cantell et al., 1994; Geuze and Borger, 1993; Losse et al., 1991;
Gillberg et al., 1989).

Taken together these results suggest that, in relation to the
reference, in functional terms, in the same way as for T-DCD, the
A-DCD group became distanced from the C-DCD group. In this
sense, although the land-based intervention enabled performance
similar to that of typically developing children more quickly, the
results suggest that the T-DCD and A-DCD groups got similarly
close to the typical reference, which indicates similarity in their
effectiveness in bringing the motor performance of children with
DCD closer to that of children with typical development.

The results presented here serve as a warning, as they
reinforce that without intervention, the difference between the
developmental trajectory of children with DCD in relation to that
of typical children can continue throughout adolescence and into
adulthood (Payne and Ward, 2019; Tal-Saban and Kirby, 2018;
Tal-Saban et al.,, 2012, 2014; Missitna et al., 2007; Taylor et al,,
2007; Henderson and Henderson, 2002; Cantell et al., 2001, 2003),
negatively interfering with their development and quality of life
(Cavalcante-Neto et al., 2025; Khairati et al., 2024; Nobre et al.,
2023; Draghi et al., 2021; Zwicker et al., 2018; Liberman et al., 2013;
Tal-Saban et al., 2012; Wagner et al., 2012; Zwicker et al., 2012;
Bejerot et al., 2011; Hill et al., 2011; Rivilis et al., 2011; Engel-Yeger
and Kasis, 2010; Missitna et al., 2007; Sigmundsson et al., 1998).

Finally, they reinforce the statement by Tal-Saban et al. (2012)
that regardless of the severity of the motor disorder, children with
DCD need help to bring their developmental trajectory closer to
that of children considered to have typical development.

In short, aquatic and terrestrial interventions were similar in
terms of their effectiveness for children with DCD, as both equally
benefited motor performance. It seems, then, that the environment
in which the intervention takes place is not the main factor
influencing improvements in children with DCD. In this study,
the aquatic and terrestrial interventions were equivalent in terms
of duration - 4, 5 months/18 weeks/54 lessons. Following existing
recommendations, the weekly frequency was three sessions for
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both interventions (Sugden and Chambers, 2003, 2006; Pless and
Carlsson, 2000). In addition, the thematic content developed in the
sessions was equivalent.

Considering these specificities, the results of this study allow
us to state that the effectiveness of the aquatic intervention and
the land-based intervention are equivalent in terms of the benefits
related to the motor performance of children with DCD.

5 Conclusion

We conclude that both aquatic and land-based interventions
have positive effects on the motor performance of children with
DCD and that these effects are not only maintained over time, but
also bring the motor performance of children with DCD closer
to that of children with typical development. However, we would
point out that the land-based intervention proved to be effective
immediately after it ended, while the aquatic intervention took
longer to prove its effectiveness. In short, motor intervention,
regardless of the medium in which it takes place, aquatic or
terrestrial, is effective in treating children with DCD.

Based on these results and conclusions, future studies should
be carried out with the aim, for example, of investigating the
effects of aquatic intervention in relation to the skills specific
to each of the subsections of the motor battery of the MABC-2
test. It is possible that aquatic intervention, due to the properties
of the environment, particularly favors stabilization skills, for
example. Another question that calls for future research concerns
the interactions between the subtype of DCD, the severity of the
disorder and the environment (aquatic or land-based), with regard
to the outcome of the intervention.
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