
Effects of Neuroplasticity on learning : How Learning 
Builds New Connections Through Neuroplasticity 

Abstract 

The brain’s capacity to change and reorganize itself with experience and learning is known as 

neuroplasticity. It helps it to heal from injuries, adapt to different situations, and improve 

cognitive and physical abilities. This paper looks at how different forms of learning like sensory 

and cognitive triggers the neurons to strengthen and weaken the synaptic connections. It shows 

that repeated learning can form brain circuits that. It also looks at how neuroplasticity can be 

used in rehabilitation and education. Knowing how learning can reorganize our brain, we 

understand that learning is not just a mental activity. It is a biological process that continues 

throughout life.  

 

Introduction 

The most complex thing in the known universe is the human brain. Nearly 86 billion neurons are 

found in each fold which are capable of forming thousands of connections. For years people 

thought that the brain was like a rigid machine which was not capable of remodelling. But with 

growing research, we can say that our brain is a very flexible organ. It can adapt to its 

environment and change itself with learning experiences. People are able to heal from wounds 

and adjust to new situations because of this ability. Neuroplasticity is the name given to this 

extraordinary capacity, which is considered to be among the greatest discoveries in neuroscience. 

Neurons fire whenever new information is learned, like a math concept or a soccer move. In a 

process called "neurons that fire together, wire together," these circuits develop stronger with 

repetition (Hebb, 1949). On the other hand, the brain becomes more efficient by removing 

unnecessary connections through a process known as synaptic pruning. It is a process by which 

the brain removes unused information to keep itself fresh. According to researchers like Santiago 

Ramón y Cajal, neurons are immobile. They cannot regenerate themselves.(DeFelipe, 2011). 

However, new research has disproved this theory. We can say that the even the adult brain is 

adapting and reorganizing itself from the research done using neuroimaging tools like fMRI and 

PET scan (Zattore, Fields, & Johansen-Berg, 2012). 

London cab drivers' hippocampus, which controls the spatial memory gets denser when they 

commit routes to memory. Fingers fumble when learning to play the piano at first, but later with 

repetition and practice, one can master it. The process of learning a new language Or recipe 

works the same way, where you need to practice and build new connections in the brain in order 

to do it efficiently. 

 



Methodology 

This study reviews the literature on how learning causes the human brain to become more 

neuroplastic. All of the material provided is derived from peer-reviewed scientific sources and 

research articles because no experiments were carried out. With an emphasis on structural, 

functional, and lifestyle aspects impacting neuroplasticity, this review aims to explain the 

selection, identification, and integration of pertinent research. 

Databases including Google Scholar, PubMed, ScienceDirect, and Frontiers in Neuroscience 

were used as sources. To maintain current relevance, the search was restricted to research 

published between 2020 and 2025. Neuroplasticity, learning and brain, synaptic connections, 

structural and functional plasticity, adult brain plasticity, motivation and neuroplasticity, exercise 

and brain, and nutrition and neuroplasticity were among the keywords that were used. 

Search results were narrowed and refined using Boolean operators (AND, OR). Studies that 

specifically looked at how experience and learning shape or rearrange brain connections met the 

inclusion criteria. Studies involving humans and animals were included if they advanced our 

knowledge of the mechanisms underlying human neuroplasticity. For legitimacy and 

dependability, only peer-reviewed, English language journal papers were selected. Non-English 

sources, research published prior to 2020 (except from classics like Hebb, 1949), and studies that 

did not concentrate on learning-related neuroplasticity were among the exclusion criteria. 

Following the identification of pertinent research, the data was categorized into four themes: 

structural alterations, emotional and motivational impacts, functional changes, and lifestyle 

aspects like mindfulness, exercise, and food. With appropriate in-text sources, each finding was 

paraphrased in its original form. The format of the references followed the journal's instructions. 

Academic integrity and a comprehensive comprehension of neuroplasticity in learning were 

therefore guaranteed. 

1. Functional Changes in the Human Brain Through Neuroplasticity 

 

Learning at any age is based on neuroplasticity, which is the brain's capacity to rearrange itself 

by fortifying or weakening neuronal pathways. Learning improves memory retention and 

information processing by reshaping the brain and adjusting the circuits. There is strong evidence 

from recent studies that learning events alter how the brain functions. The basis for ongoing 

learning is formed by repetition, which strengthens synaptic connections (Faress et al., 2024). 

Neurons modify their connections according to activity patterns with each experience. Repetition 

and practice are essential for effective learning since even short stimuli can produce long-lasting 

effects. Gkinow, Vassilopoulos, and Nikonow (2025) discovered that multisensory learning, 

which involves touch and visual causes structural changes in the brain by activating many 

sensory pathways. Different areas of brain like the ones in charge of memory or attention, 

connect with each  other while learning a second language. It appears that learning a new skill 

improves brain coordination and memory retention. Researchers argue that the adult brain cannot 

attain fluency while learning a second language, but with consistent practice and experience-

dependent learning they can attain fluency ( Yoshimura and Macwhinney, 2025). 



2. Anatomical Changes Through Neuroplasticity in Learning 

 

Numerous studies have suggested that multimodal learning causes functional changes in the 

brain. This section looks at anatomical changes in the brain which are a result of continues 

learning. Earlier studies did not show that learning can cause changes in the brain’s structure as 

they only connected it with functional changes. But advancements in neuroscience say that 

learning a something new, for example juggling or football skills for a certain period of time 

causes changes the brain’s structure.  Before learning, the grey and white matter volume was less 

denser when compared to the volume after. It was measured by voxel based morphometry. This 

possibly suggests that learning of that specific skill has resulted in the volumetric increase and 

that anatomical changes also occur during learning (Draganski & May, 2020).  

Apart from multimodal learning, development of cognitive skills also results in structural 

changes. Grey matter volume is increased in regions linked to attention, memory, and problem-

solving when learning new cognitive activities. Complex strategy game players exhibit higher 

prefrontal and parietal grey matter densities, demonstrating how mental challenge promotes 

structural plasticity (Smith et al., 2024). After years of training, blind soccer players can navigate 

the field without the use of visual cues (Morita et al., 2025). This illustrates how, even in the 

presence of extraordinary sensory stimuli, skill gain alters the anatomy of the brain. 

3.Emotional and Motivational Influences on Neuroplasticity 

 

The brain's capacity to remodel and form new neural connections depends heavily on motivation 

and positive emotions. Neuroplasticity is greatly influenced by emotional and motivational 

elements, which possibly means that learning is not solely cognitive. Rewarding experiences and 

Intrinsic motivation are the reason behind why people continue learning. If it was not this then 

no one would be interested in learning something new. The term "emotional investment" 

describes a student's involvement and zeal during educational activities (Christenson et al., 

2012). Negative emotions like boredom or n(Renninger & Bachrach, 2015). Memory 

consolidation is facilitated by emotionally charged experiences that activate limbic regions that 

link to cortical areas associated with memory and executive functioning (Immordino & Damasio, 

2007). 

Extrinsic rewards, like praise, or intrinsic ones, like curiosity, activate dopamine pathways, 

fortifying synaptic connections and improving long-term memory (Bardach, 2025). Teachers can 

use this to maximize performance and strengthen neuroplastic processes by combining 

motivation-based learning techniques with emotional engagement. 

4. Lifestyle Determinants and Neuroplasticity 

 

Our lifestyle influences neuroplastic processes that either decrease or increase the brain’s 

capacity to learn something new. They also determine the adaptation power of the brain. The 



most important factors are mindfulness exercises, sleep, food, and physical activity where each 

of them has a different impact.  

4.1 Physical Training and Learning-Associated Plasticity 

 

Neuroplastic systems that are essential for learning are improved by exercise. Frequent aerobic 

exercise increases brain derived neurotrophic factor (BDNF), which supports synaptogenesis and 

neuronal survival.  (Erickson et al., 2023). MRI research shows that those who engage in 

physical activity have bigger hippocampus and prefrontal cortices, which is indicates learning 

and attention power is increased with exercise. (Voss et al., 2024).Exercise causes neurogenesis 

and angiogenesis to increase. This increases memory retention power by increasing the amount 

of oxygen and glucose in the brain. Even gentle exercises such as walking if sone regularly, 

increases subiculum volume which improves spatial learning (Brain Sciences, 2025).  

4.2 Nutrition and Cognitive Plasticity 

 

Adaptive remodelling and synaptic health depend heavily on nutrition. Learning performance is 

enhanced by omega-3 fatty acids, especially DHA, which promote membrane fluidity and 

neurotransmission (Gómez-Pinilla, 2023). Fruits, vegetables, and green tea have antioxidants and 

polyphenols in them that lower oxidative stress and promote neurogenesis by increasing BDNF 

(Neuroscience & Biobehavioural Reviews, 2025). Mediterranean style diets, improve language 

and memory function because they have higher amount of unsaturated fats and many essential 

vitamins. This is because consistent glucose supply gives the neurons energy, which increases 

encoding and attention. On the other hand, diets heavy in fat or sugar disrupt memory 

development and hippocampus plasticity. So we can say that the brain's capacity for adaptive 

learning is directly influenced by nutrition. 

4.3 Synaptic Homeostasis and Sleep 

 

Sleep acts as a fuel for neuroplasticity because the brain replays learning patterns during REM 

and slow-wave sleep. This strengthens the already built connections that are used regularly and 

removes the unused ones to keep the brain fresh and healthy for learning (Tononi & Cirelli, 

2023). Lack of sleep affects learning by reducing BDNF levels which disrupts hippocampus 

neurogenesis, and weakens the prefrontal attention (Walker, 2024). For healthy neuron function 

adolescents require 8–10 hours of sleep per night. Sleep serves as a period of recovery as well as 

a biological reinforcers for effective learning which suggests it’s importance in learning.  

4.4 Mindfulness and Cognitive Control 

 

Practicing mindfulness brings many structural and functional changes. Cortical thickness in the 

insula and anterior cingulate cortex is increased with continuous practice (Tang et al., 2024). 

When the connection between hippocampus and prefrontal areas is strengthened brain’s 



encoding capacity increases.  mindfulness controls the HPA axis, lowering cortisol and avoiding 

stress-induced plasticity suppression (Hölzel et al., 2023). Mindfulness maintains the best 

neurochemical situations for adaptive learning since stress reduces hippocampus long-term 

potentiation. Integrating mindfulness into the classroom enhances concentration and memory. 

4.5 Integrative Perspective 

 

The role of sleep, nutrition, exercise, and mindfulness in learning suggests that neuroplasticity is 

a multi pathway, integrated process. Brain flexibility, synaptic integrity, and neurotransmitter 

modulation are all supported by each component. Healthy behavior maintains neuroplasticity. 

Mindfulness improves focus and sleep improves learning .We can see that exercise increases 

neurotrophic factors. Nutrition supplies substrates. People who lead balanced lives perform 

better academically. 

 

Conclusion 

Neuroplasticity is the brain’s capacity to reorganize it’s connections in response to various 

experiences. It forms the base of learning, as learning is not possible without it. This paper 

explored how different types of learning such as sensory, cognitive and motor create functional 

and anatomical changes. Through repetition, we can strengthen the neural connections.We saw 

how different factors like  proper sleep, nutrition,  regular exercise and positive engagement 

significantly influence these changes, suggesting that neuroplasticity is not limited to childhood. 

It extends beyond adulthood. These findings help doctors and teachers develop targeted 

strategies that promote lifelong adaptability and brain flexibility. All this possibly suggest that 

learning is a dynamic process. It is influenced by both external and the internal factors. But still 

there is lack of research in some areas. For example, the durability and stability of these changes  

is not deeply studied. Future studies should emphasise on the long term effects of neuroplasticity.  
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