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Introduction:This study aimed to compare the effects of linear and nonlinear
teaching methods of Heidelberg Ball School games on physical activity levels, self-
efficacy, and enjoyment of activity in 7- to 9-year-old girls.

Methods: This quasi-experimental study was conducted with 30 girls aged 7 to 9,
divided into two groups of 15 (linear and nonlinear teaching). The intervention
consisted of 8 weeks of training (3 sessions per week), and participants' physical
activity levels were measured during the intervention and two months post-
intervention using the Youth Physical Activity Questionnaire (Zamani et al.,
2019).Additionally, the Self-Efficacy and Enjoyment of Physical Activity
Questionnaires by Murano et al. (2019) were administered before and after the
intervention.

Results: The results of the mixed ANOVA analysis revealed that the nonlinear
teaching approach had a significant effect on increasing physical activity levels, self-
efficacy, and enjoyment of physical activity (P<0.05). The main effect of the group
was significant across all dependent variables, indicating notable differences between
the linear and nonlinear groups. However, the main effect of time and the interaction
effect of time x group did not reach statistical significance for any of the dependent
variables (P>0.05).

Conclusion: The nonlinear teaching of Heidelberg ball games, by enhancing self-
efficacy and enjoyment of physical activity, has a greater impact on improving and
sustaining physical activity levels among 7- to 9-year-old girls compared to linear
teaching. These findings can serve as a scientific basis for designing more effective
educational programs to promote children’s participation in physical activities.
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Introduction

Physical activity is essential for children, yet many do
not meet the recommended levels (Crotti et al., 2021;
Moon et al., 2024). Instructional models can assist
educators in designing effective physical activity
programs (Kirk, 2013; Metzler, 2017). Linear and
nonlinear approaches stem from motor learning theories
Nonlinear ~ pedagogy, emphasizing individual
differences and exploratory learning, may foster more
diverse learning experiences (Metzler, 2017). While
research on nonlinear instruction in sports is expanding
(Schollhorn et al., 2012; Kumar et al., 2014),
comparative studies with linear approaches in relation to
motor proficiency remain limited (Mohammadi
Ourangy et al., 2021; Tokalian et al., 2020), and its
impact on children's physical activity levels requires
further investigation (Crotti et al., 2021; Crotti et al.,
2022). Engaging learning models such as the Heidelberg
Ball School games (Bang et al., 2023; Petrusic¢, 2023)
have the potential to enhance motor skills and
motivation. Psychological factors such as self-efficacy
(Burns et al., 2017) and enjoyment of physical activity
play arole in participation and may be enhanced threugh
nonlinear instruction (Mohammadi Ourangy et al.,
2021; Tokalian et al., 2020). Given thef'scarcity ‘of
research on the effects of these pedagogicahapproaches
on psychological variables and physicalactivity levels
within the context of Heidelberg Ballschule‘games, the
present study aims to examine these effects in girls aged
7 to 9 years, in order to contribute to the improvement
of instructional practices in physical education.

Methods

The statistical population gfthis study included all 7- to
9-year-old female. The sample consisted, of 30 girls
within thisfage rangg, who were randomly assigned to
two groups, of 15,“representing lingar and nonlinear
instrdctional approaches. ‘Data, collection instruments
included the'Children’s Physical Activity Questionnaire
(Zameni et al.;“2020), whichsassessed physical activity
levels and demonstrated stfong content validity (0.91).
Additionally, modified scales for physical self-efficacy
and enjoyment of physical activity, adapted for children
using pictorial emoji representations, were used (Collela
et al., 2008; Murano et al., 2019; Carraro et al., 2008).
Participants engaged in selected Heidelberg Ball School
games over a period of eight weeks, three sessions per
week, with each session lasting one hour. The linear
instruction group followed a model involving
demonstration, feedback, and repetition, while the
nonlinear instruction group experienced constraint
manipulation and inquiry-based tasks. Physical activity
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levels were measured before, during, and after the
intervention, including a two-month follow-up. Self-
efficacy and enjoyment of physical activity were
assessed pre- and post-intervention. Data were analyzed
using descriptive statistics, independent t-tests, and
mixed ANOVA in SPSS version 25, with a significance
level set at 0.05. Body mass index (BMI) was considered
as a covariate.

Results

Physical activity levels increased infbath groups during
the intervention and follow-up#periods; however, the
effect of time on physical activity was'not statistically
significant (P > 0.05), nar was the'interaction effect of
group by time (P > 005, Nonetheless, agSignificant
main effect of groupfwas observed on‘physical activity
levels (F (1, 28y = 713, P=10.012,:n> = 0.20), with the
nonlinear group exhibiting higher levels of physical
activity. Fommboth self-efficacy” and enjoyment of
physical activity, the main‘effect of time was significant
(P < 0.05). However, the interaction effects of group by
time weregot statistically significant for self-efficacy (P
Z 0.092) and enjoyment (P = 0.059). Despite this,
significantimain effects of group were found for both
self-efficacy (F, 28y = 4.53, P = 0.041, n* = 0.12) and
enjoyment of physical activity (F, 26 = 7.38, P = 0.011,
N%=10.20), with the nonlinear group showing higher
posttest'scores in both variables. In summary, both types
of interventions led to improvements in self-efficacy
and enjoyment of physical activity; however, the
nonlinear instruction group demonstrated greater gains
in physical activity levels, self-efficacy, and enjoyment
at the end of the intervention and during the follow-up
period.

Conclusion

Overall, the findings of this study indicate that nonlinear
instruction of Heidelberg Ballschule games is more
effective than linear methods in enhancing self-efficacy
and enjoyment of physical activity—two factors closely
associated with sustained engagement and physical
activity in children. The nonlinear approach, by
emphasizing dynamic modifications and appropriately
scaled challenges, holds greater potential for fostering
intrinsic motivation and active engagement in physical
activities. These results underscore the importance of
designing educational programs grounded in the
principles of nonlinear pedagogy within play-based
frameworks. They offer valuable insights for educators
and policymakers seeking to develop innovative
physical education strategies aimed at promoting
participation and physical activity among children.
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