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Introduction: Cognitive skill decline in the elderly, including memory, attention,
and mental flexibility, is one of the major public health challenges. This study aimed
to compare the effectiveness of linear and nonlinear perceptual-motor training on
cognitive skills of older adults.

Methods: This quasi-experimental study was conducted using a pre-test—post-test
design with a control group. A total of 45 older adults aged 60—75 years were
randomly assigned to three groups: linear training, nonlinear training, and control.
The interventions consisted of 8 weeks of perceptual-motor exercises delivered in
two sessions per week. Cognitive skills were assessed using the MMSE, Stroop, Digit
Span, and WCST tests. Data were analyzed using analysis of covariance after
controlling for pre-test scores.

Results: The findings showed that both types of training significantly improved
cognitive skills; however, nonlinear training had a greater effect on mini-mental
state, working memory, selective attention, and cognitive flexibility.

Conclusion: These findings highlight that multitask and nonlinear perceptual-motor
exercises can produce significant improvements in the cognitive skills of older adults.
In conclusion, this study demonstrates that while both linear and nonlinear
perceptual-motor training enhance cognitive performance in older adults, nonlinear
approaches exert greater influence on key cognitive domains. Integrating such
evidence-based training into health promotion programs could significantly
contribute to maintaining independence, reducing cognitive decline, and improving
the overall quality of life among the elderly.
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Extended Abstract

Introduction

The aging population is rapidly increasing worldwide, and this demographic shift has brought significant health and social
challenges. One of the most pressing issues among older adults is the decline in cognitive skills, which includes
impairments in memory, attention, executive functioning, and mental flexibility. These declines not only reduce the
quality of life but also increase dependency and vulnerability to neurological disorders such as dementia and Alzheimer’s
disease. Given the growing burden of cognitive impairment on individuals, families, and healthcare systems, the
exploration of effective, non-pharmacological interventions for preserving and enhancing cognitive function has become
a global priority. Among the various strategies for promoting cognitive health, physical activity and perceptual-motor
training have gained attention due to their combined impact on both physical and cognitive domains. Perceptual-motor
exercises require the integration of sensory input, decision-making, and motor responses, which stimulate multiple brain
regions and promote neuroplasticity. Importantly, such training not only improves motor coordination and balance but
also challenges cognitive processes such as working memory, selective attention, and cognitive flexibility. In this context,
the design of training methods plays a crucial role. Linear training is characterized by structured, predictable, and
repetitive patterns of movement. This approach provides clarity, reduces task complexity, and is often easier for beginners
to follow. In contrast, nonlinear training introduces variability, unpredictability, and multitasking elements that require
participants to adapt to changing demands. This method mimics real-life scenarios, where cognitive and motor skills must
be used simultaneously in dynamic and uncertain environments. Research in motor learning and cognitive neuroscience
suggests that nonlinear approaches may be particularly effective in enhancing higher-order cognitive functions. Despite
these theoretical advantages, empirical studies comparing the effects of linear and nonlinear perceptual-motor training
on the cognitive abilities of older adults remain limited. Furthermore, most interventions in aging populations tend to
emphasize either physical or cognitive training in isolation, rather than exploring integrated approaches. This study was
therefore designed to fill this gap by directly comparing the effectiveness of linear and nonlinear perceptual-motor
exercises on multiple domains of cognition in older adults. By using standardized cognitive assessments, including the
Mini-Mental State Examination (MMSE), Stroop Test, Digit Span, and Wisconsin Card Sorting Test (WCST), the study
provides insights into how different training structures influence specific aspects of cognition. The results not only
contribute to academic discussions in the fields of gerontology and cognitive science but also have practical implications
for designing community-based programs that help older adults maintain independence and mental agility.

Methods

This quasi-experimental study was conducted using a pre-test—post-test design with a control group. A total of 45 older
adults aged 6075 years were randomly assigned to three groups: linear training, nonlinear training, and control. The
interventions consisted of 8 weeks of perceptual-motor exercises delivered in two sessions per week. Cognitive skills
were assessed using the MMSE, Stroop, Digit Span, and WCST tests. Data were analyzed using analysis of covariance
after controlling for pre-test scores.

Results
The findings showed that both types of training significantly improved cognitive skills; however, nonlinear training had
a greater effect on mini-mental state, working memory, selective attention, and cognitive flexibility.

Conclusion

The results of this study provide important evidence that both linear and nonlinear perceptual-motor training can
significantly enhance cognitive skills in older adults. However, nonlinear training demonstrated superior effects,
particularly on mental state, working memory, selective attention, and cognitive flexibility. These findings underscore the
potential of nonlinear, multitask training as a more effective strategy for promoting cognitive health in aging populations.
The negative impact of aging on cognition is well-documented, yet this study suggests that targeted and well-structured
interventions can mitigate or even reverse some of these declines. Nonlinear perceptual-motor exercises likely provide
greater cognitive stimulation because they require individuals to process unpredictable information, make rapid
adjustments, and manage multiple tasks simultaneously. This dynamic engagement mirrors the challenges of everyday
life, which may explain why such training produces more substantial improvements in executive functions compared to
linear, repetitive routines. From a practical perspective, the study highlights several implications. First, community and
healthcare programs designed for the elderly should incorporate nonlinear training elements to maximize cognitive
benefits. Examples include exercises that combine balance tasks with memory challenges, or group activities where
participants must adapt to changing instructions and environments. Second, linear training, while less demanding, still
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provides meaningful cognitive benefits and can serve as an entry point for individuals with lower fitness levels, mobility
limitations, or initial reluctance to engage in complex tasks. Thus, both methods can be applied complementarily,
depending on the functional capacity and motivation of participants. Moreover, these findings contribute to the broader
discourse on healthy aging by emphasizing the importance of holistic interventions that integrate both physical and
cognitive components. Unlike pharmacological treatments, perceptual-motor exercises carry minimal risks and offer
additional advantages, such as improved social interaction, physical fitness, and emotional well-being. This makes them
a sustainable and accessible strategy for promoting mental agility in later life. It is also important to recognize limitations.
The relatively small sample size and short intervention duration may restrict the generalizability of the results. Future
research should replicate these findings with larger populations, longer training periods, and longitudinal follow-up to
assess the durability of cognitive improvements. In addition, exploring the neural mechanisms underlying the differential
effects of linear and nonlinear training could provide valuable insights into brain plasticity in aging. In conclusion, this
study demonstrates that while both linear and nonlinear perceptual-motor training enhance cognitive performance in older
adults, nonlinear approaches exert greater influence on key cognitive domains. Integrating such evidence-based training
into health promotion programs could significantly contribute to maintaining independence, reducing cognitive decline,
and improving the overall quality of life among the elderly.
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