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BRAIN-BASED LEARNING IN THE DIGITAL ERA: STRATEGIES FOR EFFECTIVE ONLINE EDUCATION


Abstract
Online education has transformed today's education system as it has emerged as a flexible and cost-effective learning alternative. It helps students from diverse backgrounds to learn at their own pace from any location in the world. However online education often faces challenges such as students being less engaged, lack of social interaction and difficulties in maintaining attention and motivation.  Brain-based learning (BBL) has emerged as an innovative approach that can overcome these issues. This innovative strategy focuses on connecting the teaching and learning strategies with the brain's natural learning processes. Application of these strategies in online education enhances students' attention and memory retention. The present paper highlights the brain-based learning strategies that can be effectively integrated into online education to promote an effective online learning environment. The study deals with the core concepts and fundamental principles of brain-based learning as an innovative, neuroscience-informed technique. It also emphasised the approaches for improving student attention and memory retrieval in virtual learning settings. Researchers also discussed the importance of emotions in learning and their implications in online education.
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1. INTRODUCTION 
As digital technology advances, online education has become an essential and widely accepted method of learning in today's educational landscape. This has made education more adaptable, relevant and accessible for all learners (Singh et al., 2023). With this online education learners will be able to learn by overcoming temporary limitations and geographical barriers. Even online learning is an indispensable need of the present era. but it still faces significant challenges such as maintaining student engagement, overcoming students' disinterest, sustaining motivation, and fostering deep thinking (Jain & Sharma, 2022; Susilowati, 2020). Many learners experience problems with online education, such as disinterest, lack of concentration, and lack of deep thinking. In addition many online courses rely primarily on passive learning methods, such as recorded lectures, text-heavy content, limited resources, and limited interaction (Greenhow et al., 2022; Shreeda& Jani,2020). Despite the many advantages of online education these problems reduce its effectiveness. To overcome these challenges, we must adopt a new, scientifically based approach that can increase student engagement, promote active learning, and encourage deeper understanding.
Brain-based learning (BBL) is a scientific and innovative approach that takes insights from neuroscience, cognitive psychology and educational research to improve the teaching-learning process. This approach suggests that the teaching strategy should reflect the brain’s natural patterns of understanding, processing and retaining information. Understanding how the brain works- how it handles memory, attention, and senses helps the teacher to build a learning space that keeps the students involved and improves their understanding. Varghesh and Pandya (2016) define “BBL as learning that follows the way the brain is naturally wired to learning”. One of the essential features of BBL is that it emphasises both the cognitive and emotional aspects of learning. It recognises that learning is influenced by various factors such as emotions, environments, sensory engagements and cognitive processes. Align the teaching-learning strategy with brain functions such as pattern recognition, active engagement and real-world application. etc. This approach significantly improves conceptual understanding (Suarsana et al., 2018), knowledge retention (Uzezi & Jonah, 2017) and overall academic achievement (Kunar et al., 2019; Saleh & Subramaniam, 2019).  Also, this approach reduces stress levels and enables better student study habits among students (Varghese & Pandya, 2016). Incorporating these principles into online education can transform passive digital platforms into dynamic, brain-friendly learning spaces.
Effective brain-based learning (BBL) in online learning requires interactive components such as problem-based learning, gamification, virtual interactions and group discussions. Techniques such as storytelling, spaced repetition, real-life applications and socio-emotional learning can enhance digital learning. In addition, structured course design, chunking of information, and interactive assessments can increase knowledge retention. Adaptive learning based on artificial intelligence (AI) may offer a customised educational experience depending on each learner's requirements. As online learning is set to grow, it is essential to adopt brain-based, scientifically proven strategies that create an engaging, compelling and joyful learning environment. 
2. BRAIN-BASED LEARNING (BBL)
Brain-based learning (BBL) refers to a modern and innovative method of education that takes insight from neuroscience research to improve how students are taught and how they learn. This method focuses on improving instruction by applying neuroscience research on how learning happens inside the brain. It integrates teaching with how the brain naturally processes, retains, and recalls information. It describes instructional strategies, lesson plans, and curricula based on the most recent scientific findings on how the brain learns (Kumar, 2019). It seeks to comprehend how the brain functions and apply its inherent rules to make learning more meaningful.
2.1 Caine and Caine’s twelve brain-based learning principles 
Renate N. Caine and Geoffrey Caine (1994), great pioneers of brain-based learning, introduced 12 foundational principles of BBL and their implications in education. These twelve principles of BBL highlight how educators can align their instructional strategies with the way the brain’s natural learning processes information. 
The Figure below illustrates Caine & Caine's twelve brain-based learning principles.
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Figure 1- Caine and Caine's 12 Principles of Brain-Based Learning
2.2 Core ideas of brain-based learning- 
Learning is Physiological-Brain-Based Learning recognises that our brain and body work together, so Learning is not just a mental activity; it involves the entire body (Caine & Caine, 2003). Students’ Physical and mental health extremely affects their academic performance (Al Doghan& Sadiq, 2024). Also, our physical movement, posture, and even breathing can influence how well we pay attention and absorb information (Festa et al., 2023; Belli & Fischer, 2022). When learners are physically engaged, they learn better. Activities like gestures, hands-on experiments or movement breaks help keep the brain more alert and ready to learn. 
Emotion Drives learning- Emotion directly influences attention, memory, and motivation (Tyng et al., 2017; Amran et al., 2019). Positive emotional experience, such as curiosity and joy, boosts students' motivation and also improve attention and retention (Ullah et al., 2024). Negative emotions, such as fear and stress, negatively affect cognitive functions such as remembering, concentrating, and problem-solving (Immordino-Yang, 2015; Amran et al., 2019). Brain-based learning recognises it and focuses on creating an emotionally safe environment where students feel safe and respected.
Multisensory learning- The brain learns more effectively when information is presented through multiple sensory channels (Paraskevopoulos et al., 2024). such as combining spoken words with visuals, cues or physical models. This process activates different neural pathways and provides access for memory retrieval (Okray et al., 2023). Learning through several senses improves comprehension and aids in information retention (Esplendori, 2022). Also, brain-based learning recognises that every brain is unique.  Some children learn best by seeing, while others learn by hearing or doing. Multisensory inputs aid in meeting the needs of various learning styles and increase the effectiveness of learning. 
Active and meaningful learning- our brain is naturally wired to learn best when it is actively engaged rather than passively receiving information. It stimulates working memory and reinforcement learning circuits, which increase motivation, curiosity, retention, and higher-order thinking (Dubinsky & Hamid, 2024). Active learning strategies like problem solving, discussion, collaborative projects and the think-pair-share strategy, etc., led to better engagement, understanding and academic success (Dzaiy & Abdullah, 2024; Martinez & Gomez, 2025). Furthermore, Meaningful learning occurs when new information is linked to prior knowledge or real-life experiences that make it relevant and easy to internalise. Brain-based learning recognises it and encourages students to explore questions and apply the concept in real-life contexts that foster critical and creative thinking (Zakaria & Purwoko, 2020; Devi & Abhishek, 2025).
Repetition Strength neural connection- 
Frequent practice or review strengthens the neural connections in our brains and makes it easier to remember and use the information later on. This process is known as synaptic plasticity (Magee & Grienberger, 2020; Ma & Zuo, 2022). Brain-based learning utilises this natural process and employs strategies such as retrieval practice and spaced repetition, which help learners retain knowledge for a longer period of time.
Patterning and meaningful context help learning- 'patterning' refers to the organising and categorising of information (Restak,1995). Our brain naturally seeks to understand new information by looking for patterns and meaningful relationships (Caine & Caine, 1994). When educational materials are structured clearly and related to a meaningful context, our brain can easily connect new knowledge with previous experiences. Brain-based learning focuses on presenting information in an organised and relevant manner to activate the brain's pattern-recognition skills.
Learning is enhanced by Adequate Breaks, sleep - 
Brain-based learning emphasises the importance of adequate breaks and quality sleep to improve learning. our brain cannot process excessive information at one time. When students study for long periods without rest, their attention and memory capabilities decrease because of mental fatigue. Quality sleep is also extremely important, as it strengthens memory, improves cognitive processes and transforms short-term memory into long-term memory (Chambers, 2017; Rasch & Born, 2013). Brain-based learning promotes the use of short breaks and relaxation techniques, such as physical movement, mindfulness, and fun activities, to improve students’ focus and better understanding throughout class.
3. IMPLICATION OF BRAIN-BASED LEARNING STRATEGY IN ONLINE CLASS 
Online learning has become an important part of the modern education landscape. It offers greater flexibility and accessibility to learning. However it has drawbacks, such as a lack of emotional connection, motivation and student disinterest (Pandey & Anburaj, 2024; Jain & Sharma, 2022; Susilowati, 2020). One novel strategy that can potentially address these issues is a brain-based learning strategy. Research indicates that aligning teaching methods with the brain's natural way of learning improves student engagement, understanding and retention (Daugirdiene et al., 2024). The teachers may design virtual learning environments that can improve students' ability to grasp and remember information by incorporating a brain-based learning strategy into online education. core elements of brain-based learning, such as emotional engagement, multisensory input, active participation, and real-world application, which will make online learning meaningful and effective.
Below, we will discuss the three major aspects of learning and present some actionable brain-based learning techniques for improving online education. 
3.1 INCREASING STUDENT ATTENTION IN ONLINE LEARNING: INSIGHTS FROM BRAIN-BASED LEARNING
A crucial component of learning is attention. The ability to prioritise and store information is closely related to attention. According to Dudukovic et al. (2009), “focused attention during recalling information long-term impact on retention”. Moreover, dividing attention may reduce the strength of retention (Ataseven et al., 2023). Maintaining attention is very problematic in online learning. It has been shown that students frequently struggle to maintain concentration due to distractions from digital devices, social media, and other competing stimuli (Hollis & Was, 2016; Blasima et al., 2018). Neuroscience has shown that the brain has a limited attention span, depending on the student's age and other factors (Clemons, 2005). Paying attention for a long time can lead to memory overload, which in turn reduces the quality of learning.
Educators can adopt some creative strategies to increase attention to online learning. Smart intervals and interactive lesson plans can increase student engagement and attention. Students can be engaged by starting an online class with a fun quote, a funny clip, or a crossword puzzle related to the subject matter. It is true that the quality of learning increases dramatically when small, varied, and engaging learning techniques are combined. Instead of relying just on video lectures online classrooms might benefit from the addition of interactive tests, live polls, educational games and real-time Q& A sessions. This stimulates the students’ enthusiasm and curiosity. Teachers can also add group activities through virtual breakout rooms, discussions through live chats or videos, and peer reviews through shared documents or online learning platforms to capture students' interest in online classes.
It is well known that there is a deep connection between emotions and attention. According to Tyng et al. (2017), emotion is crucial in regulating students' attention, increasing focus on relevant information, and driving actions and behaviours. Students' emotions can be stimulated by including surprise, excitement, enjoyment, and conjecture elements in the school curriculum. This makes learning more memorable and effective. 
3.2 IMPROVING MEMORY AND RETRIEVAL IN ONLINE CLASSES USING BRAIN-BASED STRATEGIES.
Human intellect and the learning process both heavily rely on memory. Memory is a fundamental aspect of cognition that helps the individual take in, store, and recall information (Sridhar et al., 2023). Based on neuroscience, memory can be categorised into 3 major forms: “sensory memory”, “short-term memory (working memory)”, and “long-term memory” (Clemons, 2005). Sensory Memory is responsible for the brain's initial handling of incoming information. It holds sensory information for a very short interval and determines whether to discard it or move on to the following process. Working memory, or Short-term memory, also stores information for a short while and enables it for processing and manipulation. Long-term memory continuously stores large amounts of information, experiences, and knowledge (Cowan,2008). Studies on the brain reveal how its capabilities can be improved and applied in teaching and learning environments. 
Teachers can use these strategies to help students remember lessons in an online class. One example is "elaborate rehearsal," which helps students make Connections to concepts learned the previous day (Clemons, 2005). Elaborative rehearsal means to rehearse information in an elaborate and meaningful way. It is the process of practising new information in a detailed and meaningful way by connecting it to previously learned information or related details. Research has shown that elaborative rehearsal significantly improves the memory performance of students (Harris & De Qualls, 2000). his technique can be implemented in online class through various strategies. Teachers assist students in connecting new concepts with what they already know. He/she can use various visual tools such as mind maps, flowcharts, and diagrams in online learning environments. Multimedia elements like video, animations and interactive simulations can be integrated to make the abstract concept concrete and relatable. Interactive discussion plays an important role in the elaborative rehearsal technique. Breakdown rooms in online classes allow the teacher to divide students into smaller groups to create interactive learning environments.
 Another strategy is chunking information. This strategy breaks down a complex large amount of content into simple or manageable segments. “Chunking” is the most effective strategy that supports the natural tendency of brain to process and store information in a meaningful pattern (Chekaf et al., 2016; Suppawittaya & Yasri, 2021).  This can be done in an online class by breaking down the course material into smaller chunks, presenting it in short chunks, or using bullet points on slides to make it easier for students to remember. 
3.3 EMOTIONAL INFLUENCE ON LEARNING: INSIGHTS FOR BRAIN-BASED ONLINE TEACHING
According to neuroscience research emotions have a significant impact on our memory and learning. It significantly affects cognitive functions such as information acquisition, storage and retrieval processes (Tyng et al., 2017). Emotional content significantly affects memory because the brain prefers emotional content over regular or neutral content. Therefore, an emotional learning environment can bring about greater understanding and retention among students. 
There are several approaches to activate the emotional connection of students in the context of online learning. Through storytelling, case studies based on real events, and personal anecdotes, teachers can emotionally connect with students' lives. Humour is also an important way to reduce students' anxiety and create a fun and active learning environment (Shakir, 2019). Personalised feedback is a good strategy to boost the emotional engagement of the students. Research by Wiklund Hornqvist et al. (2017) shows that feedback improves memory more than just re-reading the material. Teachers can provide personalised feedback to increase emotional engagement with students in online classes. Students can be encouraged to participate in open discussions and build a supportive and inclusive learning environment. It can create more enthusiasm and commitment among students towards learning. Students are more involved in the learning process and achieve better results when they feel safe and emotionally supported. Therefore, creating an emotionally safe learning environment is essential in online education. 
4. CONCLUSION
In conclusion, integrating brain-based learning methods into virtual learning environments is essential for creating an engaging, effective and student-centred learning environment. Teachers can greatly improve students' progress in online education by using key brain-based learning strategies in online platforms. The use of brain-based strategies in online education can significantly enhance students' attention in virtual environments. It also improves memory and retrieval and makes learning more effective, engaging and enjoyable. Understanding about BBL helps the teacher in developing emotionally supportive learning environments that improve students' focus, motivation, and retention of information. Incorporating brain-based methods in present era of online learning can bridge the gap between traditional and virtual learning environments and help students to actively participate and benefit from meaningful, enriching learning experiences.
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