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ABSTRACT.  This systematic review examines the formation, developmental 

stages, and contemporary trends of neurodidactics as an independent scientific discipline. 

Based on analysis of 85 scholarly sources published between 2000 and 2024, the study 

traces neurodidactics through four paradigmatic phases: theoretical foundation, 

institutionalization, technological convergence, and digital transformation. Key findings 

indicate that neuroimaging technologies, artificial intelligence, and individualized 

learning systems represent the most promising future directions for the field. The study 

also argues for the relevance of neurodidactic approaches to educational reform in 

Uzbekistan, emphasizing alignment of pedagogical strategies with neuroscientific 

evidence on learning, memory, and cognition. 

Keywords: neurodidactics, cognitive neuroscience, educational neuroscience, 
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INTRODUCTION.  At the intersection of cognitive neuroscience and pedagogy, 

neurodidactics emerged at the turn of the 21st century as a new interdisciplinary field. It 

investigates neurochemical and neurofunctional mechanisms of learning in the human 

brain, enabling evidence-based optimization of educational methods. The term was 

introduced by German neurobiologist Manfred Spitzer in 2002 and has since become an 

internationally recognized scientific discipline. 

In the context of Uzbekistan's ongoing educational reforms, neurodidactics holds 

particular relevance. The absence of monographic research in this area in Uzbek 

scholarship, combined with the urgent need to modernize teaching practices, makes a 

systematic review of international developments both timely and practically significant. 

This study addresses four core questions: (1) When and under what conditions did 

neurodidactics emerge as a discipline? (2) What are its principal developmental stages? 

(3) What is the empirical evidence for its impact on learning outcomes? (4) What are the 

prospects for its application in Uzbekistan's educational system? 

 METHODOLOGY. The study was conducted as a systematic review following 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 

guidelines (Moher et al., 2009). Databases searched included Scopus, Web of Science, 

PubMed, ERIC, Google Scholar, Unilibrary, Natlib.uz, and ResearchGate. Inclusion 

criteria: peer-reviewed articles and monographs published 2000–2024 in English, 

Russian, or Uzbek, addressing neurodidactics or educational neuroscience with empirical, 

theoretical, or mixed-methods designs. A total of 85 sources were selected: 39 empirical 

studies (47.1%), 28 theoretical works (32.2%), and 18 mixed-method studies (20.7%). 

Source quality was assessed using the Newcastle-Ottawa Scale and CASP tools. 

3. FOUR PARADIGMATIC STAGES OF NEURODIDACTICS 

Stage I: Theoretical Foundation (1990–2005). The scientific roots of 

neurodidactics coincide with the "Decade of the Brain" (1990s), which catalyzed 

unprecedented advances in neuroscience that began influencing pedagogy. Leslie Hart 

(1983) was among the first to scientifically ground the relationship between brain 
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function and learning. Renate and Geoffrey Caine (1991) formally introduced the brain-

based learning concept in Making Connections: Teaching and the Human Brain, while 

German neurobiologist Gerhard Preiss first used the term "neurodidactics" in an 

educational context (1988). Damasio (1994) established the link between emotion and 

cognition; Squire (1992) provided neural foundations of memory systems. Crucially, 

Bruer's (1997) cautionary article "Education and the Brain: A Bridge Too Far" 

established methodological rigor as a disciplinary norm. 

Stage II: Institutionalization (2005–2015). This stage was marked by institutional 

legitimization of the field. In 2004, the American Educational Research Association 

(AERA) established a Neuroscience and Education division. The OECD's landmark 

report Understanding the Brain: The Birth of a Learning Science (2007) elevated 

educational neuroscience to policy-level discourse. Manfred Spitzer's Lernen (2002), 

translated into 12 languages, systematically united neurobiology and education for the 

first time at scale. Specialized journals emerged: Mind, Brain, and Education (2007, 

Wiley-Blackwell) and Trends in Neuroscience and Education (2012, Elsevier). Fischer, 

Goswami, and Geake (2010) defined the theoretical future of educational neuroscience. 

Stage III: Technological Convergence (2015–2020). From 2015, portable EEG 

devices enabled real-time monitoring of students' cognitive load in classroom settings 

(Aspinall et al., 2015). fMRI and fNIRS technologies revealed neural mechanisms behind 

reading, mathematics, and second language acquisition. Eye-tracking studies illuminated 

attention patterns in digital learning. Sabitzer (2011) investigated neurodidactic 

applications specifically in computer science education. This period saw the 

operationalization of earlier theoretical constructs into measurable classroom 

interventions. 

Stage IV: Digital Transformation (2020–Present).  The COVID-19 pandemic 

(2020–2022) provided an involuntary "natural experiment" for neurodidactics. Research 

confirmed that "Zoom fatigue" has a neurological basis: sustained screen-based attention 

consumes up to four times more brain energy than face-to-face interaction (Riedl, 2022). 

AI-driven adaptive learning systems began integrating real-time EEG data to 

automatically adjust instructional content (Blanchard et al., 2023). Jolles and Jolles 

(2021) underscored the urgent need to raise neuroscientific literacy among practicing 

educators. 

KEY EMPIRICAL FINDINGS. Neuroplasticity as a pedagogical foundation: 

Building on Hebb's (1949) principle that "neurons that fire together wire together," 

modern neuroimaging studies confirm that deliberate practice reshapes brain structure. A 

meta-analysis on music education (Sala & Gobet, 2017; N=6,785) demonstrated 

significantly enhanced language-related neural networks in trained musicians. 

Emotion and learning: Immordino-Yang and Damasio's (2007) thesis "We feel, 

therefore we learn" was confirmed via fMRI. A meta-analysis of Social-Emotional 

Learning programs (Durlak et al., 2022; N=213,000 students) found an average effect 

size of d=0.57 on academic outcomes. 

Sleep and physical activity: Walker and Stickgold (2004) established that memory 

consolidation occurs during sleep, transferring hippocampal traces to the neocortex. A 

meta-analysis covering 59 RCTs (Donnelly et al., 2016) found that integrating physical 

activity into school curricula improved mathematics and reading scores by 17–20% on 

average. 
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IMPLICATIONS FOR UZBEKISTAN. While neurodidactics research in 

Uzbekistan remains nascent (Ahmedova & Narmetova, 2022; Musurmonova & 

Nishonova, 2023), international evidence provides a robust foundation for application. 

Two structural challenges stand out. First, Uzbek morphological complexity imposes 

additional cognitive load on learners — Sweller's (1988) cognitive load theory offers 

actionable frameworks for managing this. Second, overcrowded classrooms (40–50 

students) are neuroscientifically incompatible with optimal attentional resources; research 

indicates that effective class size is 20–25 students (Blatchford et al., 2011). Practical 

recommendations include revising teacher training curricula to incorporate 

neuroscientific literacy (UNESCO, 2021), optimizing school schedules to align with 

adolescent circadian rhythms, and investing in local neurodidactics research capacity. 

CONCLUSION. This systematic review confirms that neurodidactics has evolved 

across four distinct paradigmatic stages into a mature interdisciplinary science with its 

own methodology, terminology, and expanding empirical base. Each stage of 

technological advancement — from structural MRI to AI-adaptive systems — has opened 

new research possibilities and strengthened the bridge between brain science and 

classroom practice. 

Persistent challenges remain, including the proliferation of neuromyths (Howard-

Jones, 2014) and the "translation gap" between laboratory findings and classroom 

implementation (Goswami, 2006). Nevertheless, the trajectory of neurodidactics points 

toward transformative potential for education systems worldwide. For Uzbekistan, 

neurodidactics should be understood not merely as a theoretical curiosity, but as a 

concrete, evidence-based pathway to improving educational quality, aligned with the 

national Education Development Concept 2021–2025. 
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