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Abstract. This paper discusses the approaches of digital neuropedagogy aimed at optimizing 

educational processes through the use of technology based on cognitive sciences. The focus is 

on the theoretical foundations and practical applications of neuropedagogy in modern 

educational settings. The goal of the study is to explore the possibilities of personalized 

learning using digital technologies. Key findings demonstrate enhanced efficiency in cognitive 

processes such as attention, memory, and thinking. Methods include an analysis of 

educational technologies applied in the context of neuropedagogy. 
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1. INTRODUCTION  

The field of education is currently undergoing a period of significant transformation. 

The demands of the 21st century require learners to not only acquire knowledge but also to 

develop sophisticated cognitive abilities, adapt to rapid technological developments, and 

navigate an increasingly interconnected and complex world (Dede, 2010). The skills and 

skill groups that employers anticipate will become increasingly important in the period 

leading up to 2025 include critical thinking and analysis, problem-solving, and skills in self-

management such as active learning, resilience, stress tolerance and flexibility.  

Traditional pedagogical approaches, which often rely on rote memorisation, passive 

learning, and a one-size-fits-all approach, are struggling to meet the evolving demands of 

the modern educational landscape. John Bruer, a prominent figure in the field of 

educational neuroscience, has cautioned against simplistic attempts to directly translate 

brain research into classroom practice, stating that "A bridge too far: trying to directly apply 

brain research to classroom practice is unlikely to be successful" (p. 4). Nevertheless, the 

advent of digital neuropedagogy offers a more sophisticated and promising avenue. This 

interdisciplinary field acknowledges the intricate interplay between brain function, cognitive 
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processes, and the potential of digital technologies. This article presents the case for 

integrating digital neuropedagogy into the Russian academic landscape. It makes the case 

that this relatively new field has significant potential to revolutionize educational practices 

and meet the challenges faced by learners in the modern age. 

Digital neuropedagogy is an emerging interdisciplinary field that draws upon insights 

from neuroscience, pedagogy, and digital technology with the aim of enhancing educational 

practices. By leveraging our understanding of the brain and cognitive processes, digital 

neuropedagogy seeks to create more effective and personalised learning experiences. This 

article introduces digital neuropedagogy to the Russian academic community, highlighting 

its potential to revolutionise education and improve learning outcomes. 

Digital neuropedagogy represents the synergistic fusion of digital pedagogy and 

neuropedagogy, leveraging the capabilities of digital technologies to align with the 

principles of brain-based learning. It is a paradigm shift, a fundamental rethinking of 

teaching and learning based on insights from neuroscience, cognitive science, and the 

learning sciences. It goes beyond merely integrating technology into existing pedagogical 

practices. By understanding how the brain learns, coupled with the innovative tools and 

strategies offered by digital technology, digital neuropedagogy aims to create transformative 

learning experiences that are more engaging, effective, and personalised. This review article 

delves into the vast potential of digital neuropedagogy, focusing on how it can enhance 

educational efficiency by harnessing the principles of cognitive science and digital 

technology.  

The evolution of neuropedagogy has been shaped by various schools of thought, both 

Western and Soviet. Soviet researchers like Lev Vygotsky and Alexander Luria have 

significantly contributed to our understanding of cognitive processes, emphasizing the 

sociocultural and neuropsychological aspects of learning. Their perspectives offer a rich 

contrast to Western approaches that often focus more on individual cognitive functions 

and neural mechanisms. 

The rich intellectual heritage of Russian pedagogy, with its emphasis on theoretical 

thinking, conceptual understanding, and social consciousness, provides an optimal 

context for developing digital neuropedagogy. By integrating these traditions with 

cutting-edge technologies, a distinctive Russian approach to digital neuropedagogy can 

be created that reflects the country's cultural values and educational objectives. 

Furthermore, digital neuropedagogy provides solutions to the specific challenges 

currently encountered by the Russian educational system. To illustrate, it can facilitate 

the personalisation of learning in large classrooms, a common feature of Russian schools. 

Furthermore, it can address the increasing necessity to engage students who are 

progressively immersed in the digital realm. By employing technology in a manner that is 

consistent with the principles of brain-based learning, it is possible to construct more 

engaging and effective learning environments. Furthermore, digital neuropedagogy has 

the potential to cultivate creativity and innovation in education, which are indispensable 

for Russia's future prosperity in a globalised knowledge economy. 

This paper will present a rationale for why digital neuropedagogy is crucial for the future 

of education in Russia. The current educational system, while robust in its fundamental 

structure, encounters obstacles in addressing the heterogeneous requirements of 21st-century 

learners. Digital neuropedagogy provides an effective method for personalising learning, 

enhancing student engagement and facilitating the growth of essential cognitive abilities. By 
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adopting this approach, it is possible to construct a more dynamic, responsive and effective 

educational system, which will better equip students to succeed in an ever-changing world. 

This article will examine how digital tools can be designed and implemented to optimise 

cognitive processes such as attention, memory, problem-solving, and critical thinking, with 

the ultimate goal of facilitating deeper learning and improved educational outcomes. 

Furthermore, it will explore the challenges and ethical considerations associated with this 

emerging field, recognising the need for careful consideration of cognitive load, equity and 

access, data privacy, and teacher training. 

2. THEORETICAL FOUNDATIONS 

Digital neuropedagogy is not merely the incorporation of technology into the 

classroom; rather, it is the alignment of technology with the natural wiring of the human 

brain for learning. This approach draws upon a rich tapestry of theoretical frameworks 

from neuroscience, cognitive science, and the learning sciences. This paper will examine 

the key principles that underpin this emerging field, providing a foundation for understanding 

how digital tools can be leveraged to enhance learning. 

Neuropedagogy, also known as brain-based learning, is an educational approach that 

seeks to harmonise educational practices with the brain's inherent learning mechanisms. It 

acknowledges that the brain is a dynamic and complex organ, continually adapting and 

rewiring itself in response to experiences. As Tracey Tokuhama-Espinosa (2014) correctly 

asserts, the brain is not a static organ; it is a living, breathing, ever-changing entity that is 

constantly being shaped by our experiences. 

The following principles of neuropedagogy are particularly pertinent to digital 

learning: 

▪ Experience-Dependent Plasticity: The structure and function of the brain are not 

static but undergo constant change in response to experiences. The growth of new 

neural connections can be promoted by learning experiences that are challenging, 

engaging, and relevant (Draganski et al., 2004). One might consider this process 

analogous to the strengthening of a muscle through exercise. The more a muscle is 

used, the stronger it becomes. Digital tools can facilitate the provision of 

personalised learning experiences that are responsive to individual needs and 

preferences, thereby optimising the potential for brain plasticity. At the same time, 

Vygotsky's (1978) concept of the Zone of Proximal Development (ZPD) is 

consistent with the principle of experience-dependent plasticity, underscoring the 

significance of providing learners with challenges that are moderately beyond 

their current abilities. However, Vygotsky places significant emphasis on the role 

of social interaction and guidance from more knowledgeable others in scaffolding 

learning within the ZPD. This concept complements the individual focus of 

Western neuropedagogy. This social dimension is of great importance for a 

comprehensive understanding of experience-dependent plasticity, as it highlights 

the interactive nature of cognitive development. Another prominent Soviet 

scientist, Alexander Luria, made significant contributions to the field of 

neuropsychology. His research on the functioning of the brain and higher cortical 

functions is particularly noteworthy and offers valuable insights. Luria (1966) 

conducted research into the manner in which distinct brain regions interact to 
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facilitate cognitive processes, thereby providing insights that are parallel to and 

enhance those gained from Western studies on neuroplasticity. 

o  For instance, language learning applications such as Duolingo adapt to the 

individual progress of the learner, providing increasingly challenging 

exercises that encourage the expansion of the neural pathways responsible 

for language processing. This approach ensures that learners are consistently 

challenged, thereby promoting the growth of new connections in the brain. 

▪ Emotional Significance: Emotions are of significant importance in the processes 

of learning and memory (Immordino-Yang & Damasio, 2007). It can be posited 

that experiences evoking strong emotions are more likely to be remembered. 

Digital tools can be employed to create emotionally resonant learning experiences 

through the use of multimedia elements, storytelling, and gamification. 

o For instance, virtual reality experiences can facilitate students' engagement 

with historical events, enabling them to "walk in the shoes" of historical 

figures and experience the emotional weight of those events, which may lead 

to deeper understanding and retention. Consider a student exploring the Anne 

Frank House in VR, experiencing the confinement and fear that Anne 

experienced, which could make the history lesson far more impactful. 

▪ Multisensory Integration: The concept of multisensory integration is defined as 

the process by which the brain integrates information from multiple sensory 

modalities. The brain is capable of processing information from multiple senses 

simultaneously. It has been demonstrated that learning experiences that engage 

multiple senses can enhance comprehension and retention (Shams & Seitz, 2008). 

Digital tools can be employed to create immersive and interactive learning 

environments that stimulate multiple sensory modalities, thereby facilitating more 

comprehensive and enduring learning. 

o One such example is the potential offered by augmented reality applications. 

These have the capacity to superimpose digital data on top of the real world, 

thus affording learners the opportunity to engage with three-dimensional 

models, hear audio explanations, and manipulate virtual objects with their 

hands. This approach allows for the engagement of multiple senses 

simultaneously. A student studying the anatomy of the human heart could 

utilise an AR app to perform a virtual dissection of the heart, hearing the 

sounds of the valves and observing the blood flow through the chambers. 

Cognitive science also provides a framework for understanding the mental processes 

involved in learning, including attention, memory, problem-solving, and critical thinking 

(Anderson, 2014). Digital neuropedagogy employs cognitive science principles to inform 

the design of digital tools that optimise the aforementioned processes. One might 

consider it to be akin to providing the brain with the requisite tools and strategies to 

facilitate more efficient functioning. Nevertheless, this concept was initially proposed by 

P. Galperin (1969). His stage theory of mental action formation provides a comprehensive 

model of the processes through which learners acquire new knowledge and skills. He put forth 

the proposition that the process of learning progresses through a series of stages, commencing 

with external, material actions and subsequently internalising these actions into mental 

representations. This model can inform the design of digital learning tools that provide 

learners with opportunities to engage with both concrete and abstract representations of 

concepts. 
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The following areas are of particular importance: 

▪ Attention: In a world inundated with diversions, the ability to capture and sustain 

attention is more crucial than ever. Digital tools can be designed to capture 

learners' attention by incorporating novelty, relevance, and interactivity. For 

instance, incorporating game elements, such as points, badges, and leaderboards, 

can tap into the brain's reward system and motivate learners to remain engaged 

(Sailer et al., 2017). 

o Another key strategy for capturing attention is personalisation. When learners 

perceive that the content is relevant to their interests and needs, they are more 

likely to pay attention. Digital tools can provide personalised learning 

pathways, adaptive feedback, and customised content to enhance relevance and 

engagement. A student interested in marine biology might be more engaged in 

a lesson on ocean currents if it includes interactive simulations of marine life 

and real-world examples of how currents impact marine ecosystems. 

▪ Working Memory: The capacity of the working memory, the mental workspace 

where information is held and manipulated, is limited. Digital tools can assist 

learners in managing their working memory load by presenting information in 

manageable chunks, providing visual aids, and offering opportunities for practice 

and retrieval (Sweller, Ayres, & Kalyuga, 2011). George Miller (1956) famously 

described the capacity of working memory as "the magical number seven, plus or 

minus two," highlighting its inherent limitation. In the field of Soviet science, 

Alexander Luria's (1973) pioneering work in neuropsychology offered significant 

insights into the functional organisation of the brain and its role in cognitive 

processes, including working memory. His research on patients with brain lesions 

revealed the intricate interconnection between diverse brain regions in supporting 

working memory functions, including attention, rehearsal, and retrieval. This 

provides a more nuanced understanding of the neural underpinnings of working 

memory, which complements the Western focus on this topic. Another valuable 

insight was provided by P. Galperin’s stage theory of mental action formation 

(1966), which further elaborates on cognitive development by emphasising the 

internalisation of external actions into mental processes. This theory is consistent 

with Western models but offers a more detailed account of the gradual 

transformation of physical actions into cognitive functions. 

o To illustrate, let us consider the juggling act as a metaphor for working 

memory. One can only keep so many balls in the air at once. Digital tools 

can help by breaking down information into smaller chunks, providing visual 

cues to help organise information, and offering opportunities to practice and 

retrieve information, thereby strengthening those neural connections. For 

example, a history lesson on the American Revolution could be divided into 

smaller modules, each focusing on a specific battle or event. This would 

facilitate the use of interactive timelines and maps to help students visualise 

the sequence of events. 

▪ Long-Term Memory: The ultimate objective of learning is to transfer information 

from the working memory to the long-term memory, where it can be stored and 

retrieved for future use. Digital tools can facilitate this transfer by incorporating 

spaced repetition, elaborative rehearsal, and retrieval practice (Dunlosky et al., 

2013). 
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o The concept of long-term memory is not a singular entity; rather, it 

encompasses a multitude of distinct types. These include episodic memory, 

which encompasses recollections of past events; semantic memory, which 

encompasses knowledge of facts and concepts; and procedural memory, 

which encompasses memories of acquired skills and the ability to perform 

actions. It is possible to design digital tools to support the formation of each 

type of memory. For instance, interactive simulations can assist learners in 

developing procedural memory by enabling them to practise skills in a secure 

and controlled environment. A student learning to code could utilise a 

simulation to practise writing and testing code, thereby developing their 

procedural memory through hands-on experience. 

Psycholinguistics is the scientific study of the psychological processes involved in 

language acquisition, comprehension, and production. Digital neuropedagogy employs 

psycholinguistic principles to develop digital tools that facilitate language learning 

(Harley, 2014). It is A. Leontiev’s Activity Theory (1975) that offers a robust framework 

for understanding the socio-cultural context of language learning and cognitive 

development, which can inform psycholinguistic research in digital neuropedagogy. It 

provides a robust framework for the comprehension of the socio-cultural context of 

language learning and cognitive development. Leontiev posited that cognitive processes 

are deeply embedded in social interactions and cultural practices, a perspective that 

complements Western approaches to psycholinguistics, which might emphasise more 

cognitive or individualistic aspects. Furthermore, the utilisation of digital tools has the 

potential to significantly enhance language development. 

The following areas of focus have been identified: 

▪ Vocabulary Acquisition: The acquisition of a robust vocabulary is of paramount 

importance for the comprehension of written texts, the facilitation of effective 

communication, and the attainment of academic success. The utilisation of digital 

tools can enhance the process of vocabulary acquisition, making it more engaging 

and effective. These tools provide spaced repetition, personalised feedback, and 

contextualised examples (Nation, 2013). 

o Context plays a pivotal role in the acquisition of new vocabulary. Learning 

words in context is far more effective than memorising isolated definitions. 

Digital tools can provide rich and meaningful contexts for vocabulary 

acquisition through interactive stories, videos, and simulations. For instance, 

a vocabulary application could present new words within the context of a 

narrative, thereby enabling learners to infer the meaning from the surrounding 

text and observe how the word is employed in a natural setting. For instance, 

A. Leontiev's (1978) Activity Theory provides a valuable framework for 

understanding the ways in which learning is embedded within social and 

cultural contexts. He posited that human activity, mediated by tools and 

signs, shapes our cognitive processes and understanding of the world. This 

perspective emphasises the necessity of designing digital learning environments 

that engage learners in meaningful activities that are connected to their real-

world experiences. 

▪ Reading Comprehension: The ability to comprehend written material is a 

fundamental skill that underpins the acquisition of knowledge. It is of paramount 

importance to comprehend the content of any reading material in order to facilitate 
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the acquisition of knowledge. Digital tools can facilitate reading comprehension by 

offering interactive glossaries, text-to-speech features, and personalised feedback 

(Rayner, 2009). 

o The utilisation of digital tools has the potential to enhance reading 

comprehension. This can be achieved through the implementation of pre-

reading activities, which facilitate the activation of prior knowledge. 

Furthermore, the integration of visual aids and annotations can serve to 

scaffold complex texts, thereby enhancing comprehension. Additionally, the 

promotion of active reading strategies, such as summarising and questioning, 

can also contribute to an enhanced comprehension process. For example, an 

online reading platform could permit students to highlight key terms, take 

notes, and respond to comprehension questions as they read, thereby 

encouraging active engagement with the text. 

▪ Language Production: The process of language production is a crucial aspect of 

language learning and acquisition. In order to achieve true mastery of a language, 

learners must be afforded the opportunity to utilise it in authentic communicative 

contexts. Digital environments can provide such opportunities through the use of 

interactive simulations, virtual language exchange programs, and collaborative 

writing platforms (O'Dowd, 2018). 

o The importance of authentic communication is underscored by the potential 

of digital tools to create immersive environments where learners can practice 

speaking and writing in real-world scenarios. These scenarios may include 

ordering food in a restaurant, giving a presentation, or collaborating on a 

project with international peers. Such experiences afford learners the chance 

to apply their linguistic abilities in contexts that are both meaningful and 

conducive to the development of fluency and confidence. 

3. APPLICATION AND EXAMPLES: DIGITAL NEUROPEDAGOGY IN PRACTICE 

This section examines the application of the principles of digital neuropedagogy in 

real-world educational settings, with a view to enhancing learning outcomes. The 

examination will focus on specific examples of digital tools and approaches that leverage 

cognitive science and psycholinguistic insights to create more engaging, effective, and 

personalised learning experiences. 

One of the most promising applications of digital neuropedagogy is the field of 

personalized learning. In a manner analogous to the tailoring of a suit to an individual's 

unique measurements, the objective of personalized learning is to adapt the educational 

experience to align with each learner's strengths, needs, and preferences. The utilisation 

of data analytics and adaptive algorithms by digital tools has the potential to make this 

vision a reality, moving away from the traditional "one-size-fits-all" approach to 

education. One of the most prominent proponents of this approach was the Soviet 

psychologist L. Vygotsky. In 1978, L. Vygotsky forcefully advanced the case for 

individualized instruction, acknowledging that learners possess disparate starting points, 

learning styles, and rates of progress. Vygotsky regarded the teacher's role as that of a 

facilitator, guiding learners within their zone of proximal development (ZPD) and 

providing support as they gradually assume greater responsibility for their own learning. 



700 M. MATVEEV 
 

This approach is consistent with the objectives of personalised learning, which employs 

digital technologies to adapt instruction to individual requirements and preferences. The 

integration of Vygotsky’s principles into the framework of personalised learning allows 

for a more comprehensive and holistic understanding of student development. 

Adaptive Learning Platforms are defined as digital tools that facilitate the delivery of 

personalized learning experiences. To illustrate, D. Elkonin's (1971) theory of child 

development emphasises the necessity of taking learners' developmental stages into 

account when designing educational experiences. He put forth the argument that distinct 

age groups engage in particular leading activities that drive their cognitive and social 

development. By leveraging this understanding, digital neuropedagogy can facilitate the 

creation of age-appropriate learning environments that align with learners' developmental 

needs and interests. These platforms function as digital tutors, offering tailored instruction and 

support. Algorithms are employed to assess learners' strengths and weaknesses, provide 

personalised feedback, and adjust the pace and difficulty of instruction accordingly (Azevedo 

& Hadwin, 2005). 

o For instance, Khan Academy provides learners with the opportunity to 

pursue personalized learning pathways in a range of subjects, including 

mathematics, science, and others. This allows them to advance at their own 

pace and receive targeted support when needed. It is akin to having a 

personal tutor available at all times, guiding learners through their individual 

learning journeys. 

▪ The field of Intelligent Tutoring Systems (ITS) is concerned with the development 

of computer-based systems designed to provide learners with guidance and 

feedback in a manner that is both adaptive and personalized. These systems represent a 

further advancement in the field of personalised learning, utilising artificial intelligence 

(AI) to provide tailored guidance and feedback. Such systems simulate the experience 

of one-to-one tutoring, adapting to each learner's unique learning patterns (Woolf, 

2010). 

o As an example, Carnegie Learning's MATHia software provides students 

with step-by-step guidance, assistance in the form of hints, and constructive 

feedback as they engage with mathematical problems. It is akin to having a 

patient and knowledgeable tutor at one's side, providing scaffolding for learning 

and just-in-time support. Empirical evidence indicates that intelligent tutoring 

systems can result in notable learning gains, particularly among students who 

encounter difficulties with traditional instructional methods (VanLehn, 2011). 

▪ Personalized Learning Analytics: These tools collect and analyse learner data, 

providing valuable insights into individual learning patterns, strengths, and areas for 

improvement (Siemens & Baker, 2012). This information can be used to personalise 

instruction, provide targeted interventions, and support learners' self-regulated learning. 

o For example, Learning Analytics dashboards can provide learners with visual 

representations of their progress, helping them to understand their own 

learning patterns and set goals. For instance, a dashboard might illustrate a 

student's time investment in distinct tasks, their performance on quizzes, and 

their strengths and weaknesses. However, it is of paramount importance to 

address ethical considerations pertaining to data collection and privacy, ensuring 

that learner data is employed responsibly and transparently. Students must be 
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informed about the data being collected, how it will be utilised, and have the 

right to opt out. 

The process of learning should be an engaging and enjoyable experience, rather than a 

tedious and burdensome one. Digital tools can leverage the brain's natural reward system 

and its affinity for novelty, multisensory experiences, and interactive challenges to 

enhance learner engagement and motivation. By capitalising on the brain's innate drive 

for exploration and challenge, digital tools can enhance the intrinsic rewards associated 

with learning. 

▪ Gamification: The incorporation of game elements, such as points, badges, and 

leaderboards, can transform the mundane learning tasks into exciting quests, thereby 

enhancing the effectiveness of gamification. The incorporation of game elements, such 

as points, badges, and leaderboards, can transform the mundane learning tasks into 

exciting quests. Gamification engages the brain's reward system, motivating learners to 

persevere, achieve goals, and experience a sense of accomplishment (Kapp, 2012). 

Empirical evidence indicates that the implementation of gamification strategies can 

enhance student motivation, engagement, and academic performance (Sailer et al., 

2017). 

o For instance, Duolingo, a widely used language learning application, 

employs gamification techniques to make language learning both enjoyable 

and addictive. Learners accrue points for correct responses, engage in 

competitive interactions with their peers, and advance to subsequent levels as 

they progress. The experience is akin to that of playing a game, yet 

simultaneously acquiring a new language. The success of Duolingo can be 

attributed, in part, to its effective use of gamification principles. 

▪ Virtual Reality (VR) and Augmented Reality (AR) are two distinct forms of 

immersive technology. These immersive technologies facilitate experiences that 

transport learners to novel environments, enabling them to investigate historical 

sites, explore the human body, or even journey to distant planets. The integration 

of VR and AR can facilitate the enhancement of multisensory experiences, thereby 

promoting a more profound understanding (Merchant et al., 2014). The creation of 

a sense of presence and immersion through the use of these technologies can 

enhance the engagement and memorability of learning experiences. 

o One example of such an application is Google Expeditions. This allows 

students to undertake virtual fieldwork at locations that might otherwise be 

inaccessible in the real world. One can envisage a scenario in which students 

are able to explore the Amazon rainforest, walk through ancient Rome, or 

embark on a journey through the solar system from the comfort of their 

classroom. Such immersive experiences have the potential to stimulate 

curiosity, enhance comprehension, and facilitate the formation of enduring 

memories. 

▪ Interactive Simulations permit learners to experiment, explore, and learn by 

doing. For instance, V. Zinchenko's (1995) work on developing activity highlights the 

importance of active engagement and exploration in the learning process. Zinchenko 

emphasised that the most effective learning occurs when students are actively involved 

in the process, a principle that is reflected in the use of gamification and interactive 

simulations in Western digital neuropedagogy. These tools facilitate engagement by 

making learning activities more interactive and enjoyable, thus enhancing cognitive 
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and emotional involvement. Digital neuropedagogy can utilise this understanding to 

create immersive and interactive learning environments that encourage learners to 

explore, experiment and discover. Interactive learning allows the manipulation of 

variables, the observation of outcomes, and the testing of hypotheses in a safe and 

controlled environment, thereby promoting active learning and problem-solving 

(Aldrich, 2009). By providing a hands-on, interactive learning experience, simulations 

can assist learners in developing a deeper understanding of complex concepts. 

It is important to note that simulations can be an extremely effective learning tool, but 

it is essential to select simulations that are well-designed and aligned with the learning 

objectives. It is possible that some simulations may oversimplify complex concepts or 

fail to provide adequate feedback. Consequently, it is of the utmost importance to 

exercise great care when selecting and implementing such simulations. For instance, a 

simulation of a chemical reaction should accurately represent the underlying scientific 

principles and provide clear feedback to learners about the consequences of their actions. 

Language is the fundamental basis of learning, communication, and human connection. 

Digital tools can be effective resources in language learning, offering opportunities for 

extensive linguistic input, guided comprehension, and authentic communication practice. 

By capitalising on the potential of technology, it is possible to create more engaging and 

effective language learning experiences that facilitate connections between learners and the 

global community. 

▪ Digital Vocabulary Tools: The acquisition of a robust vocabulary is of paramount 

importance for the comprehension of written texts, the facilitation of effective 

communication, and the attainment of academic success. The utilisation of digital tools 

can enhance the process of vocabulary acquisition, making it more engaging and 

effective. This is achieved through the provision of spaced repetition, personalised 

feedback, and contextualised examples (Nation, 2013). 

o As an illustration, the platform Quizlet permits users to create their own 

flashcards; play interactive games, and monitor their progress. It may be 

regarded as a personalised vocabulary coach, providing customised practice 

and support. Research has demonstrated that spaced repetition, a fundamental 

component of numerous digital vocabulary tools, can markedly enhance 

vocabulary retention (Cepeda et al., 2006). 

▪ Interactive Reading Platforms provide support for struggling readers and enhance 

comprehension for all learners. They can track learners' eye movements and provide 

real-time support, such as text-to-speech, word prediction, and picture dictionaries 

(Rayner, 2009). By providing scaffolding and personalised support, these platforms 

can help learners develop the skills and confidence they need to become successful 

readers. 

o For instance, Read&Write Gold provides a comprehensive range of features 

that facilitate more accessible and engaging reading experiences. The 

software can read text aloud, highlight key words, and provide definitions on 

demand, thereby assisting learners in navigating complex texts with greater 

ease and confidence. Such assistance can be of particular benefit to students 

with learning disabilities, such as dyslexia, who may find traditional reading 

methods challenging. 

▪ Virtual Language Exchange Programs facilitate the breakdown of geographical 

barriers, enabling learners to engage in communication with native speakers from 
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a multitude of global locations. Such programmes afford learners the opportunity 

to engage in authentic communication and cultural immersion, thereby rendering 

language learning more meaningful and motivating (O'Dowd, 2018). By engaging 

in authentic interactions with native speakers in real-world contexts, learners can 

develop proficiency, self-assurance, and a more profound understanding of diverse 

cultures. 

The role of technology in fostering intercultural understanding is becoming increasingly 

evident. Virtual language exchange programmes are playing a pivotal role in this regard, 

facilitating cross-cultural understanding and communication. One can envisage a scenario in 

which an individual is able to engage in a digital conversation with a peer in a different 

country, thereby acquiring knowledge about their cultural heritage and practising their 

language skills. Such experiences can facilitate the broadening of horizons, the fostering 

of empathy, and the preparation of learners for a globalised world. 

4. CHALLENGES AND ETHICAL CONSIDERATIONS 

While digital neuropedagogy offers considerable potential for transforming education, 

it is essential to acknowledge and address the challenges and ethical considerations that 

accompany its implementation. As with any endeavour, digital neuropedagogy requires a 

skilled captain to navigate the treacherous waters of education. Careful planning and 

thoughtful decision-making are essential to ensure the success of this endeavour. This 

section will examine some of the key issues that educators, researchers, and policymakers 

must address as this field continues to evolve. 

One of the most significant challenges in digital learning environments is the potential 

for cognitive overload. The profusion of information, stimuli, and multitasking opportunities 

that characterise digital spaces has the potential to overwhelm learners' working memory, 

thereby impeding comprehension and retention (Sweller, Ayres, & Kalyuga, 2011). It is 

akin to attempting to drink from a firehose: the sheer volume of information that is 

available in digital environments can make it challenging to process it effectively. 

It is imperative that instructional designers are cognizant of the principles of cognitive 

load theory when developing digital learning experiences, ensuring that: 

▪ The inclusion of extraneous information is avoided. It is advisable to concentrate 

on the most essential content and to avoid any superfluous distractions or visual 

clutter. One might consider the process of decluttering a room as analogous to the 

creation of a clean and organised space, which allows the mind to focus more 

effectively. For instance, a learning platform with a straightforward, uncluttered 

interface and transparent navigation will be less likely to overwhelm learners than 

a platform with distracting banners, pop-up advertisements, and an intricate 

layout. 

▪ Information is presented in a manner that allows for its comprehension in 

manageable units. This process is analogous to consuming a meal in discrete 

portions, which is more easily assimilated and retained. Instead of presenting a 

comprehensive lecture on the Revolution, it would be more beneficial to divide the 

information into smaller, more manageable units, each focusing on a specific event 

or aspect. This would allow learners to check their understanding along the way. 
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▪ Learners are afforded the opportunity to engage in practice and retrieval 

activities. It is important to provide learners with opportunities to engage actively 

with the material, apply their knowledge, and receive feedback. It is important to 

note that learning is not a spectator sport; it requires active participation. The 

utilisation of interactive quizzes, simulations, and collaborative projects affords 

learners the opportunity to apply the knowledge they are acquiring and to receive 

feedback on their progress. 

The digital divide, or the gap between those who have access to technology and those 

who do not, represents a significant challenge to the equitable implementation of digital 

neuropedagogy (Warschauer, 2003). A number of factors, including socioeconomic 

status, geographic location, and disability, can impede access. This is analogous to a 

library containing a vast array of books, yet only allowing certain individuals to enter. In 

order to fully realise the potential of digital neuropedagogy, it is essential to ensure that 

all learners have the opportunity to benefit from it. 

In order to ensure that all learners can benefit from digital neuropedagogy, it is 

essential to do the following: 

▪ Provide equitable access to technology and internet connectivity. It is 

imperative that schools and communities invest in providing all learners with the 

necessary devices, software, and reliable internet access. Access to technology 

should be regarded as a fundamental human right, rather than a privilege. This 

may entail the provision of laptops or tablets to students who lack such devices at 

home, the establishment of robust Wi-Fi networks in educational institutions, and 

the implementation of internet access programs for low-income families. 

▪ Develop digital literacy skills. It is imperative that learners are equipped with the 

requisite skills to navigate digital environments effectively, to critically evaluate 

online information, and to utilise digital tools for learning and communication. It 

is becoming increasingly clear that digital literacy is an essential skill for success 

in the 21st century. It is recommended that digital literacy instruction be incorporated 

into the curriculum, with the objective of equipping students with the skills to search 

for information online, evaluate the credibility of sources, communicate effectively in 

digital environments, and use digital tools for creative expression and problem-solving. 

▪ Design inclusive digital learning experiences. It is highly important that digital 

learning materials and platforms be accessible to learners with diverse needs, 

including those with disabilities. This necessitates the adherence to the principles 

of Universal Design for Learning (UDL), which is designed to create learning 

experiences that are accessible to all learners, irrespective of their abilities or 

disabilities. For instance, digital textbooks could provide text-to-speech functionality, 

adjustable font sizes, and alternative navigation options to accommodate learners 

with visual or auditory impairments. 

The collection of vast amounts of learner data in digital learning environments has 

been identified as a cause for concern with regard to privacy and security (Holmes, Bialik, 

& Fadel, 2019). Such data may encompass personal information, academic performance, 

learning preferences, and even biometric data. As we embrace the potential of digital 

neuropedagogy, it is also imperative that we remain vigilant in protecting the privacy and 

security of learner data. 

In order to guarantee the ethical and responsible use of learner data, it is of the utmost 

importance to dot the following: 
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▪ Establish clear guidelines for data collection, storage, and use. It is imperative that 

educational institutions and providers of educational technology be transparent about 

the data they collect, how they use it, and with whom they share it. It is imperative that 

parents, students, and educators be provided with transparent and comprehensible 

privacy policies that delineate the manner in which data is collected, utilized, and 

safeguarded. 

▪ Obtain informed consent from learners (or their parents). It is imperative that 

learners are informed about the intended use of their data and that they are afforded the 

opportunity to opt out of data collection. The consent process should be meaningful 

and ongoing, allowing learners to withdraw their consent at any time. 

▪ Implement robust security measures. It is imperative that learner data is protected 

from unauthorised access, use, or disclosure. This necessitates the utilisation of robust 

passwords, encryption, and other security protocols to safeguard data. It is 

recommended that schools and educational technology providers undertake regular 

audits of their security systems and remain informed of the most effective practices for 

data protection. 

The successful implementation of digital neuropedagogy necessitates that educators 

possess the requisite knowledge, skills, and support to integrate digital tools effectively 

into their teaching practices. Teachers represent the core of the educational system and 

must be equipped with the requisite tools and knowledge to navigate the digital landscape 

effectively. 

In order to empower teachers to embrace digital neuropedagogy, it is essential to do 

the following: 

▪ Provide professional development opportunities. It is imperative that teachers 

receive training on how to select, use, and evaluate digital tools that align with 

neuropedagogical principles. Professional development should be ongoing, 

relevant, and hands-on, providing teachers with opportunities to experiment with 

new tools, share best practices, and receive support from experienced colleagues. 

▪ Establish a culture of innovation and collaboration. It is recommended that 

schools create a supportive environment where teachers can experiment with new 

technologies, share best practices, and learn from each other. This may entail the 

establishment of online communities of practice, the allocation of time for peer-to-

peer mentoring, and the commemoration of innovative applications of technology 

in the classroom. 

▪ Provide ongoing technical and pedagogical support. In order to implement digital 

neuropedagogy effectively in their classrooms, teachers require access to technical 

assistance, instructional coaching, and resources. This may entail the provision of 

dedicated technology support staff, the delivery of coaching from instructional 

technology specialists, and the establishment of a library of high-quality digital learning 

resources. 

5. FUTURE DIRECTIONS 

The field of digital neuropedagogy is characterised by a dynamic and rapidly evolving 

nature, driven by the convergence of advancements in neuroscience, cognitive science, 

and educational technology. As we continue to elucidate the mysteries of the brain and 
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develop increasingly sophisticated technologies, the potential for transforming education 

is immense. This section presents a number of promising future directions for research 

and practice, demonstrating how this field can continue to shape the future of learning. 

The advent of new technologies offers educators the opportunity to enhance learning and 

align educational practices with the principles of brain-based learning. These technologies 

have the potential to personalise learning experiences, provide real-time feedback, and create 

immersive and engaging learning environments that were previously unimaginable. 

Among the most promising areas of application are: 

▪ Artificial Intelligence (AI). The advent of AI is rapidly transforming numerous 

aspects of our lives, including the field of education. V. Davidov's (1996) concept 

of developmental teaching demonstrates the potential of AI to foster higher-order 

thinking skills. He posited that the objective of education should be to cultivate 

learners' theoretical thinking and conceptual understanding, rather than merely to 

transmit knowledge. The utilisation of AI-powered tools affords learners the 

opportunity to engage in complex problem-solving, critical analysis and creative 

exploration, thereby facilitating the advancement of their conceptual understanding. 

The utilisation of AI-powered tutors, personalised learning assistants, and adaptive 

assessment tools has the potential to provide individual learners with tailored support, 

feedback, and guidance, thereby optimising learning pathways and promoting 

mastery (Woolf, 2010). It is possible to imagine a virtual tutor that is able to analyse 

a student's learning patterns, identify areas of difficulty and provide personalised 

instruction and practice activities, adapting to their individual needs in real time. 

As Rose Luckin (2018) proposes, AI has the potential to facilitate the creation of 

learning experiences that are genuinely personalised, adaptive, and engaging, 

catering to the distinctive needs and preferences of each individual learner. 

▪ Brain-Computer Interfaces (BCIs). BCIs permit direct communication between 

the brain and external devices, thereby offering the potential to track learners' 

brain activity in real-time and to personalise instruction based on their cognitive 

states (Blankertz et al., 2010). Although still in the early stages of development, 

BCIs have the potential to provide insights into learning processes and to tailor 

interventions to individual needs. For instance, a BCI could identify instances 

where a student is experiencing difficulty comprehending a concept and automatically 

adjust the pace or complexity of the instruction accordingly. Nevertheless, the ethical 

implications of utilising BCIs in education must be meticulously considered, with a 

view to ensuring that learners' privacy and autonomy are safeguarded. This resonates 

with the concerns expressed by neuroethicists such as Judy Illes (2017), who 

emphasises the necessity for "responsible innovation" in neurotechnology, ensuring 

that its applications in education prioritise student well-being and ethical considerations. 

▪ Personalised Learning Analytics. The advent of sophisticated data analytics and 

machine learning has facilitated the creation of advanced learning analytics platforms. 

These platforms are capable of monitoring learners' progress, discerning patterns in 

their learning behaviours, and offering personalised recommendations and feedback 

(Siemens & Baker, 2012). Such platforms facilitate the development of self-awareness 

and self-regulation in learners, thereby empowering them to assume responsibility for 

their learning. One can envisage a dashboard that provides students with real-time 

feedback on their progress, highlighting their strengths, identifying areas for 

improvement, and suggesting personalised learning resources. In his 2013 work, 
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George Siemens posits that learning analytics can serve as a valuable tool for 

empowering learners to understand and manage their own learning processes. This, in 

turn, can foster metacognition and self-directed learning. 

▪ Affective Computing is the study of how computers can be programmed to 

understand and respond to human emotions. Affective computing is the use of 

technology to recognise, interpret, and respond to human emotions. In the field of 

education, affective computing could be employed to identify students' emotional 

states, such as boredom, frustration, or engagement, and subsequently modify the 

learning experience in accordance with these findings. For instance, in the event that 

a student exhibits indications of frustration, the system could provide supplementary 

assistance or modify the difficulty level of the task. This is consistent with the 

growing recognition of the importance of emotions in learning, as Rosalind Picard 

(2000) asserts, "Affective computing is about equipping computers with the capacity 

to recognise, comprehend, and even convey emotions, which could facilitate the 

development of more empathetic and efficacious learning technologies." 

▪ Wearable sensors are devices that can be worn on the body and that can collect data 

about the wearer's physiological state. Wearable sensors, such as smartwatches and 

fitness trackers, are capable of collecting physiological data, including heart rate, 

skin conductance, and brainwave activity. Such data could be employed to monitor 

students' engagement, stress levels, and cognitive load, thereby providing valuable 

insights into their learning experiences. Nevertheless, the utilisation of wearable 

sensors in educational settings has the potential to give rise to ethical concerns 

pertaining to privacy and data security, which must be meticulously addressed. As 

with any technology that collects personal data, transparency, informed consent, and 

data security are of paramount importance in order to ensure ethical and responsible 

use. 

▪ The Metaverse is a concept that has emerged in recent years. It is a virtual world 

where users can interact with each other and with digital objects in a seemingly 

real environment. The metaverse is a virtual world where users can interact with 

each other and with digital objects in a manner that appears to be real. In the field 

of education, the metaverse has the potential to facilitate immersive learning 

experiences. This could involve students exploring historical sites, conducting 

virtual science experiments, or collaborating on projects in a shared virtual space. 

Nevertheless, the development of educational applications for the metaverse is 

still in its nascent stages, and it remains to be seen how this technology will shape 

the future of learning. Some educators posit that the metaverse may serve as a 

"transformative learning space" (Wu & Lee, 2022), offering opportunities for 

embodied learning, social interaction, and creative expression. 

Despite the growing body of research on digital neuropedagogy, numerous questions 

remain unanswered. Further research is required in order to gain a comprehensive 

understanding of the potential of this field and to ensure that it is implemented in an effective 

and ethical manner. 

The following areas represent key areas for future research: 

▪ Investigating the long-term impact of digital neuropedagogy on learning 

outcomes, cognitive skills, and motivation. Longitudinal studies are required to 

assess the long-term effects of digital neuropedagogical approaches on learners' 

academic achievement, critical thinking abilities, creativity, and lifelong learning 



708 M. MATVEEV 
 

dispositions. It is therefore necessary to ascertain whether these approaches facilitate a 

more profound comprehension, a greater retention of knowledge, and an enhanced 

motivation for learning. It is imperative that we move beyond the limitations of short-

term studies and examine the long-term impact of these approaches on learners' 

cognitive development, academic success, and lifelong learning habits. 

▪ The role of emotion and social interaction in digital learning environments is 

a key area for further investigation. It is recommended that research investigate 

the potential of digital tools to foster positive emotions, social connections, and 

collaboration among learners. These factors have been demonstrated to enhance 

learning and motivation. How can digital learning environments be created that 

are not only cognitively stimulating but also emotionally engaging and socially 

supportive? As Mary Helen Immordino-Yang (2016) says, emotions are an integral 

component of learning, and it is imperative to design digital learning environments that 

acknowledge and capitalise on the potential of emotions to enhance engagement, 

motivation, and the construction of meaning. 
▪ Developing ethical guidelines for the use of neurotechnologies in education. 

As neurotechnologies become more sophisticated and integrated into educational 
settings, it is of the utmost importance to develop ethical guidelines that ensure 
these technologies are used responsibly, equitably, and with respect for learners' 
privacy and autonomy. How can we ensure that neurotechnologies are used to the 
benefit of all learners, regardless of their background or abilities? How can the 
privacy and autonomy of learners be protected when brain-based data is used to 
personalise instruction? What are the potential societal implications of integrating 
neurotechnologies into education? The Neuroethics Society (2023) has advocated 
for a "proactive and participatory approach" to the development of neuroethical 
guidelines, which would involve educators, researchers, policymakers, and the 
public in a dialogue about the responsible use of neurotechnologies in education. 

The future of digital neuropedagogy is reliant upon the fostering of greater integration 
and collaboration across disciplines. By convening experts from neuroscience, cognitive 
science, education, and technology, we can fully realise the potential of this field, thereby 
creating a more effective, engaging, and equitable learning experience for all. In order to 
fully realise the potential of digital neuropedagogy, it is essential to adopt an 
interdisciplinary approach that draws upon insights from a range of fields and research 
traditions. This encompasses the incorporation of perspectives from the Soviet school of 
pedagogy and neuroscience, which proffers invaluable insights into the social, cultural, 
and historical dimensions of learning. 

In order to achieve this interdisciplinary approach, it is necessary to do the following: 

▪ Establish collaborative relationships between neuroscientists, cognitive scientists, 

educators, and technologists. In order to fully realise the potential of digital 

neuropedagogy, it is essential to adopt a genuinely interdisciplinary approach, 

drawing upon insights from a range of fields and research traditions. This entails 

incorporating perspectives from the Soviet school of pedagogy and neuroscience, 

which proffers invaluable insights into the social, cultural, and historical dimensions 

of learning. The integration of these perspectives enables educators and researchers 

to gain a more comprehensive understanding of learning processes and to develop 

more effective educational interventions. The formation of interdisciplinary research 

teams allows for the integration of diverse perspectives and expertise, thereby 
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facilitating the development and evaluation of innovative digital learning tools and 

approaches. By working together, these experts can ensure that digital tools are 

based on sound scientific principles, aligned with educational goals, and designed to 

meet the needs of diverse learners. As interdisciplinary scholar Howard Gardner 

(2017) posits, the challenges of the 21st century necessitate the dismantling of 

disciplinary silos and the embrace of a more holistic and collaborative approach to 

knowledge creation and problem-solving. 

▪ Share of best practices and research findings across disciplines. Conferences, 

publications, and online platforms can facilitate the dissemination of knowledge 

and the development of a shared understanding of digital neuropedagogy. By 

disseminating their insights and experiences, researchers and practitioners can 

facilitate the advancement of this field and ensure that its benefits reach all 

learners. Open access journals, online communities of practice, and international 

conferences can play a pivotal role in fostering this cross-disciplinary dialogue. 

▪ Engage stakeholders in the development and implementation of digital 

neuropedagogical approaches. It is imperative that educators, learners, parents, 

policymakers, and technology developers are all involved in the shaping of the 

future of this field. This is to ensure that it meets the needs of all stakeholders. By 

engaging a diverse range of stakeholders, we can develop a more inclusive and 

equitable approach to digital neuropedagogy that benefits all members of the 

learning community. This participatory approach can help to ensure that digital 

neuropedagogy is implemented in an ethical, sustainable, and responsive manner 

to the needs of diverse learners. 

To translate the vision of digital neuropedagogy into reality within the Russian 

educational landscape, we propose the following concrete actions: 
1. Establish a National Research Center for Digital Neuropedagogy: This center 

would serve as a hub for research, development, and dissemination of best 
practices in the field, fostering collaboration among scientists, educators, and 
technology developers. 

2. Develop Pilot Programs in Schools and Universities: Implement pilot programs 
to test and evaluate the effectiveness of digital neuropedagogical approaches in 
real-world educational settings. 

3. Create Funding Opportunities: Provide dedicated funding for research, 
development, and implementation of digital neuropedagogy initiatives. 

4. Design Professional Development Programs: Equip educators with the knowledge, 
skills, and resources to effectively integrate digital neuropedagogy into their teaching 
practices. 

5. Foster Collaboration: Encourage partnerships between educational institutions, 
research centers, technology companies, and government agencies to advance the 
field of digital neuropedagogy in Russia. 

6. CONCLUSIONS 

Digital neuropedagogy provides a compelling illustration of the transformative potential of 

interdisciplinary research. By integrating insights from neuroscience, cognitive science, 

psycholinguistics, and educational technology, this nascent field offers a compelling 

vision for the future of education. The future of learning is one where the acquisition of 
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facts is not the sole objective; rather, it is a dynamic and engaging process that aligns 

with the brain's natural learning mechanisms. This approach empowers learners to reach 

their full potential and prepares them for the complexities of the 21st century. 

The evidence presented in this review indicates that digital neuropedagogy has the 

potential to enhance educational efficiency. When digital tools are designed and implemented 

with a deep understanding of cognitive processes, they can transform the learning experience. 

Such tools can personalise instruction, catering to individual needs and preferences; enhance 

engagement, making learning more captivating and enjoyable; improve language acquisition, 

opening doors to new cultures and connections; and foster the development of essential 21st-

century skills, such as critical thinking, problem-solving, creativity, and collaboration. 

Nevertheless, the path towards the full realisation of the potential of digital neuropedagogy 

is not without its obstacles. It is imperative that these challenges are navigated thoughtfully 

and ethically, with the objective of ensuring that this powerful approach to learning benefits 

all. It is important to be aware of the potential for cognitive overload when designing digital 

learning environments, ensuring that they are both stimulating and not overwhelming. It is 

imperative that we address the issues of equity and access, and strive to bridge the digital 

divide. This will ensure that all learners have the opportunity to benefit from these innovative 

approaches. Furthermore, it is of paramount importance to ensure the responsible and ethical 

use of learner data, safeguarding privacy and promoting transparency. 

Furthermore, ongoing research is vital to enhance our comprehension of the influence of 

digital tools on learning and to inform the advancement of innovative and efficacious digital 

learning environments. It is imperative to investigate the long-term effects of digital 

neuropedagogy on learning outcomes, cognitive skills, and motivation. It is imperative to 

investigate the design of digital learning environments that not only facilitate cognitive 

growth but also promote emotional well-being and social connection. Furthermore, it is 

imperative to develop ethical guidelines for the use of emerging neurotechnologies, 

ensuring that they are used responsibly and for the benefit of all learners. 

As we progress further into this new era of learning, it will be imperative to foster 

collaboration across disciplines in order to facilitate the advancement of knowledge in 

this field. In order to shape the future of digital neuropedagogy, it is essential that a 

multidisciplinary team comprising neuroscientists, cognitive scientists, educators, 

technologists, policymakers and learners work together. It is imperative that this 

collaboration occurs in order to guarantee that digital neuropedagogy meets the needs of 

all learners and contributes to a more equitable and effective educational landscape. The 

future of learning is promising, and digital neuropedagogy represents a compelling 

direction that can guide us towards a more engaging, personalised, and brain-compatible 

approach to education. It is of the utmost importance that we recognise the transformative 

potential of digital neuropedagogy and collaborate to create a future where all Russian 

learners have access to engaging, effective and personalised educational experiences that 

empower them to thrive in the 21st century. An interdisciplinary approach allows learners 

to become active participants in their own learning, rather than passive consumers of 

information. It enables them to become architects of their own knowledge, creators of 

their own futures and engaged citizens of a rapidly changing world. 
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