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 About this booklet 

Welcome to Perceptive Neuroscience’s guide to 

understanding motor skills. This eBook is 

designed to empower parents, teachers, carers 

and individuals seeking to understand and 

optimise motor skills  and motor abilities for a 

better, happier and more rewarding life. By 

blending current neuroscience with practical 

insights, this resource illuminates the remarkable 

potential of the human mind and body to adapt, 

learn and thrive. 

 

 

 

 

 

A note from the Author 

I wrote this booklet as an Easy-to-read booklet for Parents, Teachers and Carers.   

A certain amount of Neuroscience jargon is inevitable and necessary to avoid lengthy descriptions 

of specific terms and functions.  

I do recommend that if you come across terms that you are not familiar with, then Wikipedia 

(www.wikipedia.org)  is an excellent free source of multi-language,  clear explanations of often 

complex scientific terms.  

 

 I hope you find this booklet of value.  

 

By Jeffrey D. Edwards 

Chief Executive  

Perceptive Neurosciences Pty Ltd 

www.perceptiveneuroscience.com 

jedwards@perceptiveneuroscience.com 

 

 

 

  

http://www.wikipedia.org/
http://www.perceptiveneuroscience.com/
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About motor skills 

Motor skills refer to the physical actions and activities that we learn through practice and repetition that can 

be executed with minimal conscious thought or effort.  

 Motor skills are categorised into two main types: 

Fine motor skills  

Fine motor skills involve the small, precise movements of the fingers 

and hands.  

Fine motor skills include activities such as writing, buttoning a shirt, 

using scissors, 

stacking blocks or 

playing a musical 

Instrument. 

Gross motor skills: 

Gross motor skills involve the body's larger, more 

powerful muscles and limbs that are used in running, 

jumping, skipping and balancing.  

Gross motor skills provide us with the ability to propel ourselves effectively, smoothly and safely.  

 Both types of motor skills are crucial for a child's overall development and success in daily life. 

To better understand motor skills, consider the act of picking up a cup and putting it down in front of 

you.  

We learn this simple motor skill at a young age and use it throughout our lives.  

Can you imagine how difficult it would be if you had to consciously calculate every tiny movement of 

your shoulder, arm, hands and fingers and to provide detailed instructions to every individual muscle 

about when to contract, by how much and at what speed?      

The mental effort in calculating those thousands of minute steps would be overwhelming and 

exhausting.   

However  motor skills provide everything our body and mind need to easily pick up a cup and place it 

before you, as a single motor memory, which we call a motor skill, making the task of picking up the 

cup effortless and requiring no conscious thought.  

Riding a bike is another  motor skill, as is running down a flight of stairs in the dark, brushing your hair 

without a mirror, or signing your name. All these complex tasks are memorised as motor skills and are 

executed by the subconscious mind without the need for conscious thought or effort 
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Implications for learning and development 

The development of motor skills profoundly influences our 

cognitive, social  and emotional growth.  

 

Mastering these abilities helps children:  

• Solve problems and improve spatial reasoning. 

• Build independence through self-care and managing 

daily tasks. 

• Explore creativity in art, music and imaginative play. 

Adults, too, benefit from ongoing motor development, which supports professional achievement and  

lifelong learning.  

 

For more details on motor skills’ impact on the cognitive development of children and adolescents, please 

consider reading our e-book titled,  

“If you want your children to be remarkable, what sport should they play?” available as a free download 

from Perceptive Neuroscience’s website at www.perceptiveneuroscience.com 

 

The evolution of motor skills 

The evolutionary history of motor skills reveals their vital role in 

shaping human civilisation.  

Early humans used dexterity for tool-making, food preparation and 

shelter building.  

Over time, these skills became increasingly refined, enabling: 

Communication: Writing systems and symbolic art revolutionized 

how humans shared ideas. 

Innovation: The development of complex tools and machinery 

drove technological progress. 

Survival: Enhanced dexterity improved efficiency in hunting, 

gathering and construction.  

As humans advanced, the precision of motor skills became crucial 

not only for individual survival but also for collective achievements 

like building societies and advancing science and art. 

 

How are motor skills created? 

A motor skill is a special type of memory called a procedural memory and they are created quite differently 

from the memories of the things we might learn about at school or from reading or watching a video.  

 

Procedural  memories are learned by doing. This is because the information that goes to create a motor skill 

is the sensory feedback information from the proprioceptors from within the joints of your body and the 

order and sequence of muscle contractions required to achieve the skill, which is provided  by our primary 

motor cortex.   

  

Motor skills are created  in three quite specific steps or phases.  

 

Step 1 - Cognitive phase - involves the person determining how he or she might perform the skill.  

Getting external help, asking a teacher or coach, watching videos, reading up on it,  or watching others 

doing the same or similar task can all be a great help to you or your children in determining the “How 

To” part of the of cognitive phase.  

 

Step 2 – Associative phase - involves the person working out the best way for them to physically do 

the skill. Practice will soon improve the performance of the skill. The more a person practices a skill,  

the better their technique will become. 

http://www.perceptiveneuroscience.com/
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Step 3. - Autonomous phase - involves the skill of being committed to long-term skills memory, 

which should stay with you for life.  The sequence of muscle contractions and limb movements 

required to complete the skill needs to be committed to your procedural memory so that your 

subconscious mind can recall all the details about limb movement and the muscle contractions 

required to reproduce the skill’s movements with great precision..  

 

REM sleep and memory consolidation. REM sleep, short for rapid eye movement, is an important 

part of the sleep cycle and commences approximately  60 to 90 minutes after falling asleep. REM 

sleep is when the brain processes emotions and emotional memories, cements information into 

memory (consolidation) and moves new memories from short-term memory to long-term memory. 

As a result, REM sleep is an important part of the learning process.  

 

The REM sleep cycle lasts for around 20 minutes and is repeated four to five times per night.  Poor 

sleep can have a detrimental effect on all memory retention and consolidation,  including motor skills 

learning.   

 

How long might it take? 

There is no clear answer to how long it takes to acquire 

a motor skill. It will vary from individual to individual 

based on the difficulty of the skill, the knowledge of the 

learner, their level of proprioceptive awareness and the 

strength of the emotions attached to the skill. All these 

factors will play a role in the development of a new 

motor skill.  

 

 

 

It has been reported that it can take as little as 15 minutes to teach a child to ride a bike, yet it could 

take up to 70,000 hours of practice for a pianist to become a performance-ready concert musician.  

  

The importance of motor skills in child and adolescent development 

 

Motor skills are fundamental not only to physical movement but also to cognitive development in children 

and adolescents. The neural connections created during motor skills learning support academic learning, 

creativity and problem-solving. 

Motor skills and brain development 

• Neural network formation: Every motor activity 

stimulates the brain to form new synapses. These neural 

connections integrate sensory, motor and cognitive functions, 

making learning more efficient. 

 

• Experience-dependent synaptogenesis: As children 

engage in physical activities, their  brains adapt by forming 

new synapses (junctions between nerves) that support and 

enhance memory, attention and spatial reasoning. 

The impact on cognitive processes enhances neural connectivity through motor skill practice, leading to 

improved academic performance and problem-solving abilities.  

Playing sports: Development of coordination, strategic thinking and decision-making skills.  
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Fine motor activities: Enhance tasks such as writing, drawing and using technology, thereby supporting 

broader cognitive abilities. 

Physical health and social benefits 

Regular motor activities promote muscular strength, balance and overall physical health. Social interactions 

during play and team sports build communication skills and emotional resilience. 

 

Motor skills serve as building blocks for both physical and cognitive development. By engaging in regular 

practice and varied activities, children build a foundation that supports lifelong learning and well-being. 

 

Interesting development 

The Chinese Government is so convinced of the benefit of sport on the development of cognition, 

coordination, strategic thinking and decision-making that they are making the learning of multiple sports 

mandatory for all primary school-aged students.    



 

 All rights reserved, February 2025, Perceptive Neurosciences Pty Ltd 7 

The neuroscience of motor skills 

Understanding a little of the neuroscience that underpins motor skills will provide a window into the 

intricate processes that enable movement, adaptation and skills learning.  

 

This chapter explores the nervous system, proprioceptive sensory feedback and neuroplasticity, key 

elements that form the neural foundations of motor skills. 

Central and peripheral nervous systems 

Our Nervous system, is considered to have two major parts.  

The central nervous system (CNS) is made up of the brain and the spinal 

cord.  The CNS is the body’s processing centre. The brain controls most of 

the functions of the body, including awareness, movement, thinking, 

speech and our senses.  The spinal cord is an extension of the brain and 

carries messages to and from the brain to the rest of the body. 

The peripheral nervous systems (PNS) is that part of the nervous system 

that lies outside the brain and spinal cord.  

It plays a key role in both sending information from different areas of the 

body back to the brain, as well as carrying commands from the brain to 

various parts of the body. 

Proprioception is the body’s sense of the position, movement and forces acting on every joint in the body. 

The brain uses this information to maintain a detailed body map, which allows the brain to plan and execute 

physical movements with precision and accuracy.  

 

Proprioceptive sensory feedback  is the flow of proprioceptive information from the PNS to the CNS. 

Proprioceptive sensory feedback is produced by special force receptors called Proprioceptors, located in and 

around the muscles, tendons and skin of the joints of the body.  The constant flow of information from the 

joints allows our brain to plan and monitor our movements and to make any real-time adjustments should 

the actual position or movement of a joint not be as expected in the motor plan.    

 

Neuroplasticity is the brain's remarkable ability to adapt by reorganising itself by forming new neural 

connections in response to learning and experience.  
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Memory and motor skills 

The function of memory 

The brain processes an estimated 43 billion bits of information daily. It lacks the physical ability to store it 

all, so it has developed rules and handling procedures to determine what is important to keep  and what is 

not. Understanding those rules and procedures will give the reader insight into how best to manage their  

own memories and how to ensure that the memories they worked hard to acquire are saved and made 

available for later use.  

Memory buckets  

Humans use four different  “buckets” of memory and pass them from one to the next according to various 

rules.  

Sensory memory 

Sensory memory holds information from our senses. Sensory memory 

is fleeting and lasts only a few seconds before fading.  

Echoic memory: Hearing 

Haptic memory: Touch  

Gustatory memory: Taste 

Iconic memory: Vision 

Olfactory memory: Smell 

 

Short-term memory acts like a sticky note, holding  5 to 9 items for about 20–30 seconds. Short-term 

memory acts as a temporary buffer before information is either forgotten or moved to long-term memory. 

Short-term memory can be enhanced  by organising information into groups to help you remember them 

more easily. Short-term memory is be extended through  rehearsal (mental repetition). 

 

Working memory works like a notepad, holding and manipulating between 4 to 7 items of information for 

between 15–30 seconds.  

It’s used for problem-solving, decision-making and language comprehension. 
 

Long-term Memory works like a vast library. It has near-unlimited capacity and stores facts, experiences 

and motor skills. Information here can last a lifetime, depending on factors such as recency and frequency of 

recall and emotional significance. 

 

However, even in long-term memory, not everything is permanent. During REM sleep, the brain performs a 

"clean-up," discarding memories deemed irrelevant while reinforcing those of value. 

The role of dopamine and sleep in memory retention 

Dopamine reinforces motor learning by strengthening neural 

pathways, while quality sleep,  

especially REM sleep, help to consolidate motor memories. 

Practical strategies for memory enhancement: 

To maximize memory retention and skill acquisition, consider these 

strategies: 

• Repetition: Consistent practice reinforces both procedural 

and declarative memories. 

• Chunking: Breaking complex tasks into smaller, manageable steps improves understanding and 

execution. 
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• Rest and Recovery: Allowing time for mental and physical rest prevents fatigue and enhances 

learning. 

• Visualization: Mentally rehearsing of movements and activities use the same neural pathways as 

physical practice, reinforcing memory. 

• Feedback: Immediate and constructive feedback helps identify and correct errors, refining 

performance. 

• By understanding the interplay between memory and motor skills, learners can adopt effective 

techniques to achieve mastery more efficiently. 
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Practice and habit formation 
 

Mastering motor skills requires intentional practice and the development of habits that reinforce precision, 

coordination and adaptability. Here, we explore the 

science of effective practice, the role of habits in skill 

mastery and strategies for sustaining motivation and 

engagement. 

 

The science of effective practice 
Practice is the cornerstone of motor skill development.  

However, not all practice is equally effective. Research 

in neuroscience and psychology highlight several 

principles to optimise the benefits of practice: 

 

Deliberate practice involves focused, structured and 

goal-oriented practice that targets specific areas for 

improvement.  

Setting clear, achievable goals for each session. 

Engaging in tasks that push the limits of current abilities. 

Actively seeking feedback to refine performance. 

 

Spacing and variation: Spaced repetition and varied practice enhance retention. Instead of massed practice 

-repeating a task continuously in one session, spacing practice over time strengthens neural connections and 

prevents fatigue.  

 

The role of feedback: Feedback-both intrinsic (from proprioceptive senses) and extrinsic (from coaches or 

tools)-is essential for correcting errors and reinforcing accurate movements. Immediate feedback fosters 

faster learning, while delayed feedback helps consolidate understanding. 

 

Habit formation in motor skill mastery 

Habits play a crucial role in sustaining progress and automating motor skills. The brain’s basal ganglia 

region is central to habit formation, which consists of three key stages: 

Cue: A trigger that initiates a behaviour. Sitting at a piano cues the brain to begin practicing scales. 

Routine: The action or behaviour itself. Repetition strengthens the neural pathways associated with the 

habit. 

Reward: A positive outcome that reinforces the habit, such as a sense of accomplishment or visible 

improvement. 

 

Building effective habits involves: 

Consistency: Practicing at the same time and place each day to create a reliable routine. 

Intrinsic Motivation: Finding personal meaning and enjoyment in the activity to sustain engagement. 

Tracking Progress: Using notebooks, journals or apps to monitor improvements and celebrate milestones. 
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Strategies for motivation and 

engagement 
Sustained motivation is vital for long-term success 

in motor skill development. The following 

strategies can help maintain enthusiasm and 

commitment. 

 

Setting realistic goals: Break larger objectives 

into smaller, manageable steps to maintain focus 

and momentum. 

Incorporating play: Making practice enjoyable by 

integrating games, challenges or creative exercises 

that align with skill development. 

Visualization and mental rehearsal: Imagining a 

successful performance strengthens neural 

pathways and builds confidence. 

Social support: Practicing with peers, joining groups or seeking mentorship fosters accountability and 

encouragement. 

 

The role of rest and recovery 
Rest and recovery are often overlooked but are critical components in all learning, including motor skills. 

The brain consolidates motor memories during periods of rest.  Incorporating breaks within practice sessions 

prevents fatigue and enhances focus. 

Active recovery: Engaging in light physical activities, such as stretching or yoga, helps alleviate tension 

and improve flexibility. 

Mindfulness and relaxation: Practices like meditation reduce stress and promote mental clarity, benefiting 

both performance and well-being. 

 

By understanding the science behind practice, habit formation and motivation, learners can create a 

sustainable framework for mastering motor skills.  

 

This foundation not only accelerates progress but also fosters a lifelong appreciation for the art of skill 

development. 
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Motor skills  in rehabilitation and therapy 

 Around the mid-20th century, neurologists and therapists began to rethink their old assumption that 
brain injury from stroke or  traumatic  brain injury 
was permanent.  There was a growing interest in the 
brain’s natural repair and regenerative processes and 
a greater understanding of the brain’s regenerative 
and reorganizational processes, months or even years 
after the initial injury.  

Neuroplasticity 

Neuroplasticity refers to the ability of the brain to 

reorganize, re-wire and modify its neural connections in 

response to experience, learning, injury or disease processes. 

It is neuroplasticity that enables repair of neural circuits following injury or damage.  

 Neuro-rehabilitation and the role of proprioceptive sensory feedback 

Following an injury to either the central nervous system (CNS) or the peripheral nervous system (PNS), 

neural pathways compete for survival. The brain prioritises the repair of active neural connections while 

those that remain dormant risk degradation. This principle underscores the importance of maintaining 

proprioceptive sensory feedback, even in cases where joint function may has been lost. 

 

 Traditional rehabilitation approaches, such 

as continuous passive motion (CPM) 

machines and assisted movement therapy 

provided by physiotherapists and 

occupational therapists, aim to sustain neural 

activity and prevent sensory deprivation. 

However, these methods come with 

significant financial and logistical burdens 

on healthcare systems. 

 

Emerging technologies, such as Perceptive 

Neuroscience’s Motor Skill Trainers, provide 

an innovative solution by amplifying 

proprioceptive sensory feedback through 

continuous physical engagement. Unlike conventional therapies that require hospital-based interventions, 

these new tools enable effective home-based rehabilitation, reducing costs while ensuring sustained neural 

stimulation through play and physical activity.  

By keeping neural circuits active, these advanced proprioceptive feedback systems help preserve and 

prioritise the repair of essential neural pathways, ultimately supporting a more effective and accessible 

recovery process. 
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The future of motor skills in a changing world 
 

As the world continues to change rapidly, motor skills remain essential for adapting to new challenges and 

opportunities. This chapter examines emerging trends, societal shifts and the evolving importance of motor 

skills in the 21st century. 

 

The impact of automation and AI 

Automation and AI are transforming industries, reducing the demand for certain manual tasks while 

increasing the need for specialized motor skills.  

Examples include: 

Medical fields: Precision tasks such as robotic surgery require advanced dexterity and control. 

Creative industries: Artistic and design-based professions demand high levels of manual skill and 

creativity. 

Technology development: Building and maintaining advanced systems often requires intricate handiwork. 

 

Lifelong learning and skill adaptation 

As careers and technologies evolve, lifelong learning becomes crucial. Strategies for adapting motor skills 

include 

Continuous training: Engaging in regular practice to maintain and refine skills. 

Cross-disciplinary applications: Applying motor skills across different fields to stay versatile. 

Embracing change: Cultivating a growth mindset to tackle new challenges. 

 

Motor skills in aging populations 
An aging population presents unique challenges and opportunities for motor skill development. 

Interventions to support older adults include: 

Therapeutic activities: Programs that maintain dexterity and prevent decline. 

Social engagement: Group activities, such as crafting or gardening, that combine skill-building with social 

interaction. 

Technological support: Tools that assist with daily tasks and enable independence. 

 

Global perspective 
Cultural and economic factors influence how motor skills are valued and developed worldwide. Key trends 

include 

Education systems: Incorporating motor skill training into curricula to prepare students for diverse careers. 

Global collaboration: Sharing best practices and resources across nations to advance skill development. 

Equity in access: Addressing disparities in access to training and resources, particularly in underserved 

communities. 

 

Preparing for the future 
As we navigate an increasingly complex world, motor skills remain a vital component of human capability. 

By fostering adaptability, creativity and  resilience, we can ensure these skills continue to thrive in future 

generations. 
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A vision for the future 
 

As we conclude our exploration of motor skills, we turn our gaze toward the horizon, envisioning the 

possibilities that lie ahead. The integration of scientific insights, technological advancements and global 

collaboration paints an optimistic picture for the future of motor skills development and application. 

 

The convergence of science and innovation 
Advances in neuroscience and technology continue to  

 deepen our understanding of motor skills. The future 

promises even greater integration of these fields, leading 

to breakthroughs that will reshape training, therapy and 

performance enhancement.  

 

Key areas of convergence include: 

Neuroadaptive systems: Emerging technologies that 

directly interact with the brain’s neural networks, 

enabling real-time feedback and personalized training 

regimens. 

Precision medicine in rehabilitation: Customized 

therapeutic interventions based on an individual's genetic, neurological and biomechanical profile. 

Biomimetic devices: Tools and prosthetics that mimic the complexity of human motor function, offering 

unprecedented levels of dexterity and control. 

 

Education and lifelong learning 
Motor skills will remain a cornerstone of education and lifelong learning as the demand for adaptability and 

creativity continues to grow. Envisioned innovations in this domain include: 

Skill-specific curricula: Incorporating motor skill development into all stages of education, from early 

childhood to adult learning programs. 

Blended learning models: Combining traditional hands-on activities with digital tools, such as virtual 

reality and gamified platforms, to enhance skill acquisition. 

Interdisciplinary approaches: Encouraging the application of motor skills across diverse fields, from art 

and design to engineering and medicine. 

 

 

 Global Collaboration and Equity 
The future of motor skills development will also be shaped by a 

commitment to global equity and collaboration. This includes 

addressing disparities in access to training and resources, as well as 

sharing knowledge and best practice worldwide. Initiatives to promote 

inclusivity may involve 

Accessible technologies: Designing tools and programs that 

accommodate individuals with varying abilities and socioeconomic 

backgrounds. 

International partnerships: Facilitating cross-cultural exchanges to 

foster innovation and mutual learning. 

Community-Driven Solutions: Empowering local communities to 

develop and implement skill-building programs tailored to their unique 

needs. 
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The Human Element 
Amid the rapid pace of technological and scientific advancement, it is essential to preserve the human 

element in motor skill development. These skills are not merely functional:  they are deeply intertwined with 

our creativity, identity and connection to the world.  

The future vision includes: 

Emphasizing creativity: Recognizing the role of motor skills in artistic expression and personal fulfillment. 

Fostering connection: Using skill-building activities to strengthen social bonds and community ties. 

Cultivating resilience: Encouraging individuals to embrace challenges and setbacks as opportunities for 

growth. 

 

Call to action 
As we look to the future, we are reminded of the collective responsibility to nurture and advance motor 

skills for the benefit of individuals and society. This calls for a concerted effort from educators, scientists, 

technologists, policymakers and communities.  

 

Together, we can: 

• Inspire the next generation to value and develop their motor capabilities. 

• Advocate for equitable access to resources and opportunities. 

• Drive innovation that enhances the way we learn, recover and excel in motor tasks. 

 

In envisioning this future, we celebrate the enduring importance of motor skills as a testament to human 

potential and ingenuity.  

 

By embracing the possibilities ahead, we lay the foundation for a world where precision, creativity and 

resilience thrive in harmony. 
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Glossary of Key Neuroscience Terms 

• Synapse: 

The junction between two neurons where information is transmitted via chemical or electrical 

signals 

• Neuron: 

The fundamental nerve cell responsible for receiving, processing and transmitting information 

• Neural connection: 

The linkage between neurons formed by synapses that enable communication within neural 

networks 

• Neuroplasticity: 

The brain’s ability to adapt and reorganize by forming new neural connections in response to 

learning or injury 

• Proprioception: 

The body’s ability to sense the position and movement of its parts, crucial for coordinated 

movement 

• Procedural memory: 

A type of long-term memory that enables us to perform tasks without conscious thought, such 

as riding a bike or writing 

• Cognitive processes: 

Mental activities including thinking, learning, memory, attention, problem-solving and 

decision-making 

• Neurorehabilitation: 

Therapeutic interventions aimed at restoring neurological function through targeted exercises 

and practice  

• Motor skill:  

An ability we learn through practice and repetition that can be executed with minimal 

conscious thought or effort 

• Fine motor skill:   

A motor skill involving the smaller dexterous muscles of the fingers and hand  

• Gross motor skill:  

A motor skill involving the larger and more powerful muscles and limbs of the body used in 

propulsion  
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