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Abstract

The present study investigated and compared the impacts of linear and nonlinear instructional
methods on motor competence andgfunctional movement among children aged 8 to 10 years,
with special attention to the miediating ‘effect of body composition. Employing a quasi-
experimental design with pré-<@and post-tests, the study involved 60 male students from
elementary schools in Bagh-e Maleky#vho were randomly assigned to one of three groups:
linear training, nonlinear training, or cantrol. Motor competence and functional movement were
measured using the Kérperkoordinationstestsfur Kinder (KTK) and the Functional Movement
Screen (FMS), respectively. Over six wegks, participants in the intervention groups took part
in two 55-minute sessions, per week, consisting of bodyweight-based, game-oriented activities
designed around fundamental movement patterns. Instruction in each experimental group
followedthe prin€iples of eitherdinear or nonlinear pedagogy. Meanwhile, the control group
contined with/thein, usual physical education curriculum. Statistical analyses, including
mediation analysis, were,applied to assess the role of body composition. Both training models
led to significant improvements in motor competence and functional movement compared to
the control condition. ‘Notably, the nonlinear approach outperformed the linear method in
certain aspects. Additionally, body composition was identified as a significant mediator linking
the training typg to improvements in motor outcomes. These results underscore the value of
customized motor development interventions in early education, particularly those grounded in
nonlinear methods that encourage discovery-based and self-directed movement learning. The
findings provide practical implications for physical education instructors and policymakers
aiming to enhance motor skills and physical activity engagement in children.

Keywords: Motor Competence; Functional Movement; Nonlinear pedagogy; Body Composition.

Publisher: University of Tabriz


mailto:balalimarzie@gmail.com
mailto:balalimarzie@gmail.com

Mind, Movement and Behavior Volume - , Number -, - 2026

Extended Abstract
Background and Purpose

Motor competence is a fundamental component of children’s overall development, influencing
physical, cognitive, social, and emotional well-being (Duncan et al., 2013; Robinson et al., 2015).
Low motor competence is linked to reduced confidence, limited social interaction, and mental
health problems (Salaj & Masnjak, 2022). Given the growing prevalence of childhood obesity
and inactivity, structured school-based programs that enhance motor skills are crucial (Cattuzzo
et al., 2016; Cooke et al., 2022). Functional movement, reflecting the quality of fundamental
movement patterns, plays a key role in physical activity, injury prevention, and athletic
performance (O’Brien et al., 2022). Functional Movement Screening (FMS) pravides a tool to
assess movement quality and asymmetries (Cook et al., 2006). Enhancing both piotor competence
and functional movement can promote lifelong participation in physical activity(Silva et al.,
2019; Tompsett et al., 2017). Traditional linear instruction emphasizes repetition, feedback, and
structured guidance by the teacher (Lee et al., 2014; Rudd et al.,,2021). Howevels it often
overlooks individual variability. In contrast, the nonlinear pedagogical appreach,‘grounded in
ecological and dynamic systems theories, encourages self-organization and adaptive learning
through the interaction of individual, task, and environmentalseonstraints (Davids et al., 2008).
This method fosters creativity, problem-solving, and learner autonomy. (Guadagnoli & Lee,
2004). Evidence also shows that body composition is inversely related to motor competence and
functional movement (Lopes et al., 2012; O’Brien eg@h, 2022). Sin¢e both training structure and
body composition influence movement quality, itds plausible‘that body composition mediates the
effects of linear and nonlinear teaching,on mator competence and functional movement.
Therefore, this study aims to examine“whether applying linear and nonlinear pedagogical
approaches improves motor competence and functional movement in children aged 8-10 years
and to determine whether body camposition mediates these relationships.

Materials and Methods

This Semi-experimental study used a pretest—posttest design with two experimental groups
(linear and nonlinear pedagogy) and one,control group. The target population included boys
aged 8-10 years from elementary schools in Baghmalek city. Sixty participants were randomly
selected and assigned “tosthree groups of 20. All participants were healthy, with no
neuromuscular ogerthopediedisorders, and informed consent was obtained from parents. Motor
competénce was assessed using the Kdrperkoordinationstest fur Kinder (KTK; Kiphard &
Schifling, 2007; Salami, et al., 2019), and functional movement was evaluated using the
FunctionalMevement Sereen (Cook et al., 2006), both validated in previous Iranian studies.

The intervention lasted Six weeks, with two 55-minute sessions per week. Training sessions were
designed around‘seven fundamental movement patterns—squat, lunge, push, pull, hip hinge, plank,
and rotation—using bodyweight exercises inspired by quadrupedal and integrative functional training
systems (Bruno & Faigenbaum, 2019). In the linear group, the instructor emphasized repetition,
explicit demonstration, and corrective feedback to reinforce proper movement technique. In contrast,
the nonlinear group practiced in environments with manipulated constraints that encouraged
exploration, problem-solving, and self-organization without direct demonstration or prescriptive
feedback (Chow, 2013; Lee et al., 2014). The control group continued regular physical education
activities. Before and after the intervention, participants completed the KTK, FMS, and body
composition assessments. Data were analyzed using descriptive statistics, the Shapiro-Wilk and
Levene tests for assumptions, and a 2x3 ANOVA with paired t-tests and Tukey post hoc analyses to
examine group differences. Body composition mediation effects were tested using the bootstrap
method. Statistical analyses were conducted using SPSS version 22 at a significance level of p <0.05.
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Results

The analysis showed that demographic characteristics such as age, height, weight, and BMI were
similar among the three groups, indicating baseline equivalence. A mixed ANOVA revealed a
significant main effect of time and a significant time-by-group interaction for functional movement
scores. No between-group differences were observed at pretest, whereas both the linear and nonlinear
training groups showed greater posttest improvements compared with the control. Paired t-tests
confirmed that both experimental groups demonstrated significant gains across all components of the
Functional Movement Screen. For motor competence, results indicated significant improvements
over time and meaningful interactions between time and group. While there were no differences at
baseline, both training groups achieved higher posttest scores than the control, with no statistical
difference between the linear and nonlinear pedagogical methods. Paired comiparisons further
confirmed notable increases in performance from pretest to posttest within both experimentalgroups.
Bootstrapping analysis demonstrated that body composition significantly mediated the relationship
between the training interventions and both outcome variables—functional, movement and motor
competence. The indirect effects were significant for both linear and ngnlinear conditions, indicating
that improvements in body composition contributed to enhanced mewvement ‘quality and motor
competence. Overall, both training approaches effectively enhaneed, students’ fupctional movement
and motor competence compared with the control group, with body compa@sition serving as a key
mediating factor linking the training effects to performance gutcomes.

Conclusion

The present study demonstrated that both linéar and nonlinear pedagogical approaches
significantly improved functional meVement,and metor competence in boys aged 8 to 10 years.
While no clear superiority was observed between the'two' training methods, nonlinear training
showed particular benefits in dynamic and @xploratory motor tasks, highlighting its potential for
fostering adaptive and flexible movement patterns. Body composition emerged as a significant
mediator, indicating that improvementshyin motor performance were partially facilitated by
favorable changes in weight and muscle mass. These findings emphasize the importance of
structured and developmentally appropriate interventions in physical education, which can
simultaneously enhance movement quality and support healthy body composition. The study also
underscores the valug of'ereating enriched, motivating, and low-pressure learning environments
that encourage active participation and skill exploration. Although the intervention period was
relatively short and limited to)a specific demographic, the results provide practical insights for
designmg hschool-basedy, and” extracurricular programs aimed at promoting lifelong motor
competenee. Euture research should include more diverse samples, longer intervention periods,
and more preeise,assessments of body composition to further clarify the mechanisms underlying
motor development”Overall, this study highlights the synergistic effect of pedagogy and body
composition on ghildren’s movement capabilities, providing evidence for integrating linear and
nonlinear approaches to optimize physical development in early childhood.
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