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Abstract. Motor Imagery (MI), a cognitive strategy simulating movement in the absence of physical
activity, is increasingly recognized for its potential to augment athletic performance. This mental
rehearsal engages the same neural circuits as actual movement, offering athletes a means to refine
technique and enhance muscle memory. This work demonstrates that the cognitive scaffolding
theory and perceptual-cognitive scaffolding theory are explored to explain how Ml strengthens neural
connections similar to actual movement, thereby improving performance. Moreover, this work
highlights that the neurodynamic mechanisms of motor imagery, suggesting that it retains and
redirects neural dynamics, preparing the motor cortex for actual movement. Current representative
works also pave the way for future directions that investigate the role of neural oscillations in motor
learning and integrate technological advances like Virtual Reality (VR) and Artificial Intelligence (Al)
to enhance MI training. This comprehensive analysis underscores the significance of integrating
motor imagery into sports psychology and training regimens, setting the stage for innovative
applications in high-performance athletics.
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1. Introduction

Motor imagery has emerged as an important mental training technique in the realm of competitive
sports, offering athletes a means to mentally rehearse and enhance their performance without
physically executing the movements. Motor imagery involves the intricate process of forming and
manipulating images of movement within the mind, leveraging the power of mental activity to
simulate the act of moving, even in the absence of actual physical activity.

Depending on the content and the senses used, motor imagery can be categorized into the following
types [1]. (1) Visual imagery. By recreating a visual image of a game or training maneuver in their
mind, athletes can preview the course of a game in advance to help improve performance. Research
has shown that visual imagery can enhance an athlete's ability to focus and plan movements [2]. (2)
Kinesthetic imagery. This type of imagery focuses on the muscular sensations and body perceptions
of an athlete while performing a movement. According to research, in high-precision sports,
kinesthetic imagery can help athletes improve the coordination and precision of their movements [3].
(3) Auditory imagery. Athletes visualize the sounds they might hear during a game or training session.
This imagery can help athletes stay focused in noisy environments, and is especially useful in game
situations that require a high level of concentration [4]. (4) Emotional and mental state imagery.
Athletes envision in their minds the emotional states that may occur during a race and practice how
to remain calm and focused in these situations. This type of imagery training helps with emotional
management and mental preparation, and is especially critical during high-pressure competitions [5].

This paper aims to explore the multifaceted nature of motor imagery, examining its psychological
and neurophysiological foundations, and assessing its practical effectiveness in competitive sports.
By dissecting the various types of imagery and their respective impacts, this work aims to provide a
comprehensive understanding of how motor imagery can be harnessed to optimize athletic
performance. Furthermore, this work will delve into the latest research, exploring the potential of
integrating motor imagery with cutting-edge technologies such as Virtual Reality (VR) and Artificial
Intelligence (Al) to push the boundaries of sports psychology and training. Through this exploration,
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this work sets the stage for innovative applications that could revolutionize the way athletes train and
compete, offering a glimpse into the future of high-performance athletics.

2. The Impact of Motor Imagery on Athletic Performance

2.1. Cognitive Scaffolding Theory

Cognitive scaffolding theory is an important model for explaining the effects of motor imagery.
The theory suggests that when an individual imagines an action, a perceptual-cognitive scaffold is
constructed through repeated anticipation of the action's effects [6]. This scaffolding stimulates neural
and cognitive responses similar to those of the actual movement, which effectively guides the actual
future movement, and in this way strengthens neural connections in the brain, allowing for the
consolidation and reinforcement of relevant motor skills. In addition, the cognitive scaffolding theory
is able to explain how motor imagery influences behavioral performance through this scaffolding in
different contexts.

This is further supported by the related theory of “intrinsic simulation”. Intrinsic simulation
mechanisms emphasize that motor imagery activates the same neural networks as actual movement,
thereby simulating the perception and control of movement in the brain. This simulation process
complements cognitive scaffolding theories by providing a deeper understanding of how motor
imagery prepares and plans for actual future movements. However, while these theories provide
strong support in explaining the effects of motor imagery, they still have limitations in revealing the
complex relationship between motor imagery and actual movement.

The main strength of the cognitive scaffolding theory is that it explains more broadly why imagery
practice produces different effects across tasks and skill levels, and, particularly when combined with
practical feedback, the theory is effective in explaining both learning and performance gains.
However, where the theory falls short is that it may not adequately explain why the effects of imagery
practice are less pronounced than those of actual practice when faced with new tasks that require a
high degree of motor coordination. In addition, cognitive scaffolding may not result in effective motor
learning in the absence of actual motor feedback, which limits the applicability of the theory in no-
feedback conditions.

2.2. Perceptual-Cognitive Scaffolding Theory

According in the above categorization of motor imagery, motor imagery is more than a simple
mental simulation of a motor process; it actually involves a complex multisensory experience. This
experience involves the integration of multiple senses such as visual, kinesthetic, and auditory. This
multisensory nature allows motor imagery to simulate movement scenarios more realistically, thereby
activating pathways at the neural level that are similar to those of actual movement. As noted in the
study by Frank et al, the activation of these neural pathways not only helps to maintain the strength
of neural connections, but also promotes the adaptation of neural networks, which in turn positively
affects actual motor performance [7].

Furthermore, despite the similarities in neural activation patterns between motor imagery and
actual movement, the two still differ in activation intensity and pattern. Motor imagery lacks the
perceptual feedback that accompanies actual movement, which may limit its effectiveness in certain
contexts. However, through the perceptual-cognitive scaffolding theory, it is possible to understand
why motor imagery, even in the absence of perceptual feedback, is still able to enhance motor learning
through cognitive simulation by strengthening motor-related neural pathways. This mechanism is
further explained by Frank et al.'s study, which reveals the important role of motor imagery in
enhancing motor performance.

Based on these findings, motor imagery demonstrates a wide range of potential for practical
applications. Athletes can use targeted motor imagery training to strengthen neural networks
associated with competitive sports, thereby improving performance. This neuromechanism-based
training approach is not only critical for athletes' performance enhancement, but also provides a non-
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invasive and effective means of rehabilitation for patients in the field of sports rehabilitation. By
combining multisensory integration and neuroadaptation, motor imagery is increasingly being used
as an effective training tool in sports science and rehabilitation medicine.

3. Neurodynamic Mechanisms of Motor Imagery and Athletic Performance
Enhancement

Motor imagery is a cognitive means of simulating motor processes through the brain without
performing actual movement. In recent years, neuroscience research has revealed a strong link
between motor imagery and actual movement, particularly in the neural activity of the motor cortex.
Wiegel et al. have shown that despite the absence of actual motor output during motor imagery, the
motor cortex maintains the same overall neural dynamics structure as it does during the execution of
actual movement [8]. This finding suggests that motor imagery is not just a simple 'mental simulation’
of movement, but that the dynamic structure associated with actual movement is reproduced at a
neural level. This mechanism of retention and redirection of neural dynamics may be the key reason
why motor imagery is effective in enhancing motor performance.

On further analysis, the above studies, by examining in detail the neural activity of the motor
cortex, found that although neural dynamics during motor imagery were redirected to an exclusive
imaginal subspace, these dynamics retained a structure similar to that of actual motor execution. This
suggests that during motor imagery, the motor cortex provides effective neural preparation for
subsequent actual motor execution by activating neural components associated with motor output.
This finding is consistent with other research findings and further supports the theory that motor
imagery serves as an effective motor training tool. By reproducing the neural patterns of actual
movements in their imagery, athletes can enhance neural connections in the brain without performing
the actual movement, thereby improving competitive athletic performance.

These findings not only provide neuroscientific support for the understanding of the effects of
motor imagery on athletic performance, but also reveal the potential for the application of motor
imagery in competitive athletic training. Through targeted motor imagery training, athletes can
effectively reproduce and reinforce patterns of neural activity in the brain that are associated with
actual movements, and thus perform better in actual competitions. Theoretically, this mechanism
provides a way for athletes to maintain and enhance their athletic performance when not actually
training.

In summary, the mechanism of neural dynamic retention and redirection in the motor cortex
provides a strong neuroscientific basis for motor imagery to influence motor performance. This
mechanism suggests that motor imagery is not just practiced at the mental level, but provides effective
support for the enhancement of motor performance by reproducing the dynamic structure of actual
movements at the neural level.

4. Representative Directions of Movement Imagery

4.1. Connection Between Motor Imagery and Motor Performance

Although the study by Wiegel et al. in a real-world motor task provides important insights into the
understanding of neural oscillatory mechanisms in motor learning, whether these findings are equally
applicable to motor imagery remains an open question. During actual movement, Theta wave
oscillations in the prefrontal cortex are thought to play a key role in the feedback processing of success
and failure outcomes, especially in response to successively different outcomes, and their significant
changes may reflect the brain's need for cognitive control during motor learning [9]. However,
whether this mechanism is equally applicable during motor imagery has not yet been supported by
clear experimental evidence.

Future research could further explore whether neural oscillations in the prefrontal cortex play a
similar modulatory role during motor imagery, particularly with respect to behavioral variability and
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motor strategy optimization. Specifically, studies could directly observe neural activity in the
prefrontal cortex during motor imagery in participants by using neuroimaging techniques such as
Electroencephalography (EEG) or functional magnetic resonance imaging (fMRI). By using these
techniques, it would be possible to analyze whether neural oscillations in Theta waves or other
frequency bands change during the outcome processing phase of motor imagery, and whether these
changes are associated with behavioral variability and adjustment of motor strategies. If the
modulatory role of such neural oscillations in motor imagery can be verified, it will provide key
evidence for the understanding of how motor imagery affects actual motor performance through brain
activity.

4.2. Integration of Novel Techniques and Motor Imagery

With the rapid development of science and technology, Virtual Reality (VR) and Artificial
Intelligence (Al) technologies are changing the traditional methods of sports training, especially in
the combined training of motor imagery and Action Observation (AO).Eaves et al. showed that the
synchronized practice of AO and motor imagery has a significant effect in enhancing motor skills,
and the integration of VR and Al will have the potential to further enhance this effect [10].

First, VR technology can provide athletes with a highly immersive training environment. In
traditional AO + motor imagery training, athletes usually rely on on-screen videos or mirrors for
movement observation. However, VR is able to create realistic 3D sports scenarios that allow athletes
to feel as if they are in an actual game, allowing for movement observation and sports imagery in a
more realistic environment. This immersive experience not only improves the realism of sensory
input, but also helps athletes better cope with high-pressure environments and enhances mental
preparation.

Next, Al technology offers new possibilities for personalization of sports imagery training. ai can
dynamically adjust the training content by analyzing the athlete's performance in training in real time.
For example, by monitoring eye tracking, reaction time and biofeedback signals (e.g. heart rate, EEG,
etc.), the Al system can automatically adjust the difficulty and complexity of movements to ensure
that training results are optimized. The analysis of long-term data can also provide coaches and
athletes with detailed progress reports to help develop more scientific training programs.

Through the integration of VR and Al, the future of AO + motor imagery training will no longer
be a simple observation of movement and imagination, but a highly interactive, dynamic and
personalized training system. This will not only apply to the training of competitive athletes, but will
also play an important role in rehabilitation training and motor skill learning for other populations.

4.3. Integration of Novel Techniques and Motor Imagery

Motor imagery can have a profound effect on athletic performance by activating the same neural
networks as the actual movement. When an athlete repeatedly visualizes a movement in his or her
mind, even if it is not actually performed, this motor imagery still produces neural responses in the
brain that are similar to the real movement. This mechanism is particularly prominent when dealing
with the yips. It was found that athletes in the yips group were more inclined to generate negative
motor imagery associated with throwing errors when visualizing throwing movements [11]. As these
negative imagery continued to activate and reinforce the neural pathways associated with failure, it
resulted in athletes exhibiting instability when actually executing the throwing maneuver. As the
negative imagery accumulates, these athletes may be caught in a vicious cycle: each error exacerbates
anxiety, which in turn further reinforces the negative motor imagery, ultimately leading to the
exacerbation and perpetuation of yips symptoms.

This phenomenon is not limited to simple neural responses, but reveals the direct shaping of
athletic performance by imagery at a deeper level. When athletes frequently visualize failures or
mistakes, these negative "mental cues” create powerful neural connections in the brain that affect
judgment, coordination, and self-confidence during actual exercise. This effect is particularly evident
in yips athletes, who often find it difficult to get rid of the psychological shadow brought about by
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these negative images during competitions or training, resulting in continuous setbacks in athletic
performance. This suggests that the brain is not only a center of motor control, but also regulates and
influences actual performance through imagery, anticipation, and memory, forming a complex
psycho-physiological system.

However, in recognizing the significant impact of negative motor imagery on athletic performance,
this work must also maintain a perspective of dialectical thinking. First, not all athletes suffer from
yips as a result of negative sport imagery. Inter-individual mental toughness, self-regulation, and
adaptability to stress largely determine the extent to which sport imagery affects performance.
Furthermore, positive motor imagery has an equally powerful potential to be used to reverse the
effects of negative imagery. By cultivating and reinforcing positive motor imagery, athletes are able
to enhance self-confidence and performance, suggesting that this work should pay more attention to
the shaping of positive psychological cues in training. Finally, the formation of yips is the result of
multiple factors. Although negative sport imagery plays an important role, physiological factors such
as fatigue and overtraining should not be ignored. Therefore, when understanding and dealing with
yips, this work need to consider psychological, physiological, and environmental factors in order to
develop more comprehensive and effective intervention strategies.

5. Conclusion

In summary, motor imagery as an invisible training tool has proven its effectiveness in several
sports domains. Through complex multisensory integration and neurodynamic retention, motor
imagery is able to simulate actual exercise on a cognitive level, strengthen relevant neural pathways,
and thus optimize exercise performance. Despite the initial understanding of the mechanism of action
of motor imagery, its specific neurophysiological mechanisms need to be further explored. The future
direction of development may include the combination of virtual reality technology, artificial
intelligence technology and sports imagery, to explore more efficient and scientific training methods,
and further enhance the effect of sports imagery training. At the same time, the application of sports
imagination in sports rehabilitation and mental health is also expected to be further expanded.
Through in-depth research and innovative applications, exercise imagination is expected to play a
more important role in future exercise science and practice.
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