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ABSTRACT

Aim: The aim of this study was to comparison of the effectiveness of
linear and non-linear pedagogy on locomotor motor skills Performance
and movement motivation in children with developmental coordination
disorder.

Method: The statistical population was all children with developmental
coordination disorder in Urmia. The statistical sample consisted of 30
boys (age = 9.35 + 1.37) who were selected from Urmia schools using
the available method. MABC-2 test was used to diagnose
developmental coordination disorder, TGMD- test was used to
evaluate locomotor skills, and motor motivation test was used to
evaluate movement motivation. To carry out this study, the participants
practiced two 50-minute sessions of motor skills interventions in two
linear methods (15 people) and task manipulation (15 people) for eight
weeks. Variables were measured before and after the interventions.
Result: The results of covariance analysis showed that non-linear
training compared to linear training significantly improved both in
movement skills (p=0.04) and motor motivation (p=0.000) than the
linear group.

Conclusion: According to these results, non-linear methods
considering the individual characteristics of each child are helpful for
helping children with movement disorders. Considering the unique
characteristics of each child helps to improve motor skills and to have
enough motivation to continue the activity. Therefore, the use of non-
linear methods is suggested for children with developmental
coordination disorder.
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Extended Abstract

Every society includes individuals with developmental disorders, and focusing on
them is crucial for societal quality of life. Attention to children's disorders is
particularly vital, with Developmental Coordination Disorder (DCD) being a
prevalent issue. DCD is characterized by significant motor coordination
impairments that negatively affect a child's self-esteem, motivation, and
perceived motor competence. Internationally, DCD affects about 6% of school-
aged children. Research indicates that children with DCD perform poorly in
fundamental locomotor skills like running and jumping compared to their peers.
As these children are often in mainstream schools, this motor deficit can lead to
psychological issues such as low self-confidence. This reduces their motivation
for physical activity, creating a vicious cycle of inactivity and further
developmental challenges.

While motor skill interventions are the best approach for enhancement, the
methodology is crucial. Non-linear pedagogy, based on ecological dynamics,
offers a promising alternative to traditional linear teaching. The linear approach
involves direct instruction and repetitive practice of an ideal movement pattern for
all learners. In contrast, the non-linear approach encourages learners to discover
movement solutions by manipulating task and environmental constraints. This
exploratory method fosters problem-solving and is more aligned with individual
characteristics, potentially increasing intrinsic motivation and long-term
engagement.

Although previous studies support non-linear methods for motor skills and
motivation, there is a scarcity of research specifically on their impact on the
locomotor skills and movement motivation of children with DCD. Therefore, this
study aimed to directly compare the effectiveness of linear and non-linear

pedagogical approaches on these specific outcomes in boys with DCD.

Methods

This study employed a quasi-experimental design with a pre-test/post-test
structure. The statistical population consisted of all boys with DCD in Urmia, Iran.
The sample included 30 boys (aged 9.35 + 1.37 years) who were selected from

accessible elementary schools using an availability sampling method. The
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inclusion criteria were: 1) physical and mental health aside from the DCD
diagnosis, 2) a confirmed DCD diagnosis based on the Movement Assessment
Battery for Children-2 (MABC-2) test (percentile rank < 5), and 3) parental written
consent and active participation in the tests and interventions. The study protocol
was approved by the university's ethics committee (IR.IAU.SARI.REC.1402.390).
Participants were divided into two intervention groups:

1. Linear Pedagogy Group (n=15): This group received traditional, instructor-led
training. The coach introduced the skill, demonstrated the ideal movement
pattern, and had the children repeat it. Feedback and progression were based on
the average progress of the group.

2. Non-Linear Pedagogy (Task Manipulation) Group (n=15): This group trained
in an exploratory environment without initial demonstrations. Skills were taught
by manipulating task constraints and setting up movement challenges for the
children to solve independently. The coach's role was to design the environment
and simplify or complexify tasks based on individual performance, without
prescribing a specific movement pattern.

Both groups participated in two 50-minute sessions per week for eight weeks.
The motor skill interventions included exercises for skills such as jumping,
leaping, hopping, horizontal jumping, kicking, and overhand throwing. To ensure
fidelity, both coaches received separate training sessions on their respective
pedagogical approaches, and the researchers supervised the intervention

sessions.

Assessment Tools:

MABC-2: Used for the initial diagnosis of DCD.

Test of Gross Motor Development-3 (TGMD-3): Used to evaluate locomotor skills
performance both before and after the intervention. This test has established high
validity and reliability in its original and Persian versions.

Children's Movement Motivation Questionnaire (CMMQ): Used to assess
movement motivation. This 18-item questionnaire measures activity, motivation,
and adaptation, and has been validated for use with Iranian children aged 9-12

years.
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Data Analysis:

Data were analyzed using SPSS version 24. Descriptive statistics were used to
summarize the data. The Shapiro-Wilk test confirmed the normal distribution of
data. To compare the post-test results while controlling for pre-test scores,
Analysis of Covariance (ANCOVA) was employed. The assumptions of
ANCOVA, including homogeneity of variance-covariance matrices (Box's M test)
and homogeneity of variances (Levene's test), were met. The significance level

was set at p < 0.05.

Results

The demographic characteristics of the participants (age, height, weight) were
similar between the two groups at the outset. The descriptive statistics for the
main variables are presented in Table 3 of the original document. The key
findings from the ANCOVA are as follows: Locomotor Skills (TGMD-3): The
analysis revealed a statistically significant difference between the two groups in
post-test locomotor skills scores after controlling for the pre-test (F = 4.48, p =
0.048). The non-linear (task manipulation) group demonstrated significantly
greater improvement in locomotor skills compared to the linear pedagogy group.
Movement Motivation (CMMQ): A highly statistically significant difference was
found between the groups in post-test movement motivation scores after
controlling for the pre-test (F = 48.72, p = 0.000). The non-linear pedagogy group
showed a markedly greater increase in movement motivation than the linear
group. In summary, the non-linear training method was significantly more
effective than the linear method in improving both locomotor skills performance

and movement motivation in boys with DCD.

Conclusion

The primary objective of this study was to compare the effects of linear and non-
linear pedagogical approaches on the locomotor skills and movement motivation
of children with DCD. The results clearly demonstrate the superiority of the non-
linear (task manipulation) method over the traditional linear approach for this
population. The findings align with and are supported by previous research. They

are consistent with studies that reported positive effects of motor interventions,
|
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such as karate, on the motor skills of children with DCD. Furthermore, the results
corroborate other investigations that found non-linear methods to be more
effective than linear ones in enhancing motor proficiency and self-esteem in
children with disorders like ADHD, as well as in boosting intrinsic motivation in
school-aged children. The superior outcomes of the non-linear pedagogy can be
interpreted through several theoretical and practical lenses. From an ecological
dynamics perspective, the linear approach is critiqued for its prescriptive nature.
By decomposing skills and enforcing the repetition of a single "ideal" model, it
strips away the learner's opportunity for exploration and problem-solving,
rendering them passive recipients of information. This often leads to learner
boredom, feelings of inferiority when compared to peers, passive participation,
and a lack of commitment—all of which are detrimental to motivation. The
emphasis on technical mastery through uniform repetition can be particularly
demotivating for less talented individuals, a description that often fits children with
DCD.

In contrast, the non-linear approach embraces the principles of dynamic systems
theory, which posits that there is no single ideal movement pattern. Instead, each
individual self-organizes a unique movement solution based on their constraints
and the environment. By manipulating task constraints and avoiding direct
instruction, this method places the child in an exploratory, game-like environment.
This fosters autonomy, self-efficacy, and problem-solving engagement. The child
is not compared to others but is encouraged to progress at their own pace, which
supports self-esteem. Since self-esteem is closely linked to perceived motor
competence and the motivation to continue physical activity, this creates a
positive feedback loop: higher enjoyment and autonomy lead to higher
motivation, which leads to more practice and engagement, ultimately resulting in
greater improvement in motor skills like locomotion. The playful and exploratory
nature of non-linear pedagogy makes practice enjoyable for children. Enjoyment
is a critical factor in the world of children and is a powerful driver for continued
participation. According to theories like Harter's (1987) model, continued activity
improves both actual and perceived motor competence, which in turn enhances
psychological variables such as motivation. The non-linear method, by fostering

intrinsic motivation through autonomy and enjoyment, effectively breaks the cycle
|
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of motor failure, low self-esteem, and withdrawal from physical activity that often
plagues children with DCD. In conclusion, the fundamental challenge for children
with DCD is that their poor locomotor skills negatively impact their movement
motivation, leading them to withdraw from physical activity. This study
demonstrates that non-linear pedagogical methods, with their game-like,
exploratory, and autonomy-supportive nature, are a highly effective intervention.
They not only enhance the fundamental locomotor skills of children with DCD but
also significantly boost their motivation to be physically active. Therefore, the use
of non-linear methods and task manipulation is strongly recommended for
coaches, physical education teachers, and therapists working with this population
to promote both motor development and a lifelong positive relationship with
physical activity. A limitation of this study was its focus solely on locomotor skills;
future research should investigate the effects of non-linear pedagogy on object
control skills and other motor domains in children with DCD.

Keywords: Locomotor skills, movement motivation, developmental coordination

disorder, Assignment manipulation, linear pedagogy
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