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Neuropedagogy, an interdisciplinary field at the nexus of neuroscience, psychology, and education, seeks to enhance teaching and learning processes. This paper advocates for the integration of neuropedagogical principles into teacher training, underscoring the pivotal role educators play in influencing students’ brain development. Incorporating neuroscientific knowledge in teaching can optimize educational outcomes. We explore key neuropedagogical principles, and highlight global developments in neuropedagogy. Three strategic avenues for integrating neuropedagogy in teacher training are proposed: promoting innovative teaching practices in teacher training, encouraging neuropedagogical research, and explicitly teaching neuroscientific knowledge to pre-service teachers. Our conclusion emphasizes the invaluable contribution of neuropedagogy to education and calls for its inclusion in pre-service teacher training.
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Introduction

Neuropedagogy (Neuroeducation/Educational Neurosciences) is an interdisciplinary field, integrating neuroscience, psychology and education (Figure 1). The field invites dialog among educators, neuroscientists, psychologists and learners of all ages to improve, deepen, and refine the theoretical and applied understanding of teaching-learning processes (Carew and Magsamen, 2010; Devonshire and Dommett, 2010; Rodgers, 2015; Nouri, 2016; Elgavi - Hershler, 2023).
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FIGURE 1
 The areas of knowledge that define neuropedagogy [based on Sousa (2010)].


The concept that educators can influence the brain development of their students lies at the basis of the ability to shape the educational future. The purpose of the new field of knowledge called “neuropedagogy” is to bridge the accumulated knowledge from neuroscientific, psychological and educational research, mainly in practical aspects of teaching and learning processes. An in-depth acquaintance with the field of neuropedagogy will promote and enhance educational processes in the cognitive and social–emotional learning (SEL) dimensions based on scientific findings from the field of brain research (Jones and Kahn, 2017; Jansen and Kiefer, 2020). The systematic exposure of educational researchers, teacher educators, pre- and in-service teachers and policymakers to the field of neuropedagogy will deepen and promote their understanding and implementation of educational goals. Neuropedagogy needs to be embedded in teachers training and throughout their professional development. This approach complements the lifelong learning perspective as defined by UNESCO (Akther, 2020) and others. Neuroeducational research conducted both in Israel and internationally underscores the invaluable contribution of neuroscientific knowledge to deepen pedagogical understanding, educational practices, self-efficacy, and the professional competence of educators (Dubinsky et al., 2019; Friedman et al., 2019). Therefore, it is essential to raise awareness of the field and create an informed discourse on the subject of neuroeducation among academic faculty and prospective educators. This policy brief seeks to raise the awareness of neuropedagogy by leaders in teacher training. It includes some examples of neuropedagogical principles in the educational space, a quick review of the main international platforms of the field, and operative proposals for the assimilation of this new knowledge field in teacher training institutions.



Examples of the applications of neuropedagogical principles in educational settings

Neuropedagogical understanding of the way we learn may help in the development of teaching methods and curricula, in the development of learning strategies and in creating educational policies based on empirical findings of brain research (Hardiman, 2012; Busso and Pollack, 2015; Marchak and Shvarts-Serebro, 2021). One of the basic premises of the field is that knowledge about brain functions and mechanisms involved in learning processes such as emotion, motivation and memory can influence the optimal choice of strategies in educational settings (Blakemore and Frith, 2005). Neuropedagogy intersects with pivotal dimensions within the educational sphere: cognitive, emotional, environmental, and social. Illustrative examples include.


The connection between cognition and emotion

Our understanding of the connection between cognition and emotion has undergone a transformative evolution. The dichotomy that once delineated cognitive processes from emotional responses, a prevalent perspective throughout the 20th century, has changed in light of recent findings from brain research. These show the interdependence of cognitive processes and emotions, both on the macro level of brain anatomy, and on the micro level of synaptic connections (Pessoa, 2008; Pessoa et al., 2019). Furthermore, a reciprocal relationship exists between emotional states and the motivation for learning, investment in learning, and achievement (Immordino-Yang and Gotlieb, 2017). Insights derived from brain research underscore the significance of incorporating Social Emotional Learning (SEL) within the educational framework (Immordino-Yang et al., 2019).



Brain plasticity

From a neurobiological point of view, learning is expressed as the production of new neural connections and the pruning or strengthening of existing connections between different brain areas following practice and experience. In contrast to what was previously believed, a growing number of studies point to the brain’s ability to make these connections and change throughout life, with important windows of opportunity throughout development, especially in early childhood and the teenage years (Rees et al., 2016). Teachers’ awareness of the neural processes that occur during learning will allow them to plan the teaching so that the brain’s flexibility is utilized (Rueda, 2020; Bueno, 2021). Other findings indicate that students’ awareness of the brain’s ability to change may improve their achievements (Yeager et al., 2019).



Neuronal basis of learning and memory

Learning and memory are integrated processes during which neural connections are formed between and within the brain areas that were involved in learning. Understanding the basic mechanisms of learning and memory can greatly contribute to the design of teaching based on how our brain works. Here are examples of several neuropedagogical factors that can optimize the learning process: First, in order for learning to occur, the new knowledge needs to connect to existing knowledge, that is already represented by a network of neural connections, and expand it (Grossberg, 1999; Bassett et al., 2011). In order for this to occur, these neural networks need to be activated prior to learning. This can be seen as the neuronal corollary to schema activation in cognitive load theory (Kalyuga, 2010). Teachers who are aware of this rule will find out what the students’ previous knowledge is and will develop teaching methods that connect the new information to their existing knowledge. In addition, to create the neural network and strengthen it, its repeated activation is required through repetition and practice (van Kesteren et al., 2018). And finally, the creation of the neural network requires time and resources, and therefore it is important that the learning be spaced, and the teaching must be planned so that there are breaks between repetitions (Kelley and Whatson, 2013).



Sleep, biological clock, and learning

Sleep is important for learning because during sleep the brain consolidates declarative and non-declarative memory, with different proposed roles for REM and NREM sleep (Ackermann and Rasch, 2014). In addition, during adolescence the biological clock changes, so that melatonin – a hormone important for sleep, is secreted late at night and remains in the body until a later hour in the morning (Alfonsi et al., 2020). Consequently, teenagers are more alert at night and tired during morning classes. When adolescents’ biological clock is not considered, their sleep at night shortens, thus preventing the beneficial effects of sleep for learning and brain health. In addition, beginning the school day at an early hour, when students are tired, harms their concentration and learning ability. Delaying the beginning of the school day to a later time improves adolescents’ academic achievements, their mental health and the school climate (McKeever and Clark, 2017; Ziporyn et al., 2022).



Executive functions

Executive functions involve higher-order cognitive control, including emotional regulation, inhibition control, cognitive flexibility, working memory and attention. These functions are responsible, among other things, for the individual’s ability to plan, regulate emotions, delay a response and initiate and persist in goal-directed behavior (Meltzer, 2018). These functions are largely responsible for the development of social and learning skills that promote the individual’s well-being aligned with their goals, ambitions and desires (Wiebe and Karbach, 2018). The prefrontal lobe is the brain area most associated with executive functions and is responsible for their integration during goal-directed behavior (Dawson and Guare, 2018). The development of executive functions predicts how well children will function in educational settings, their ability to deal with challenges in school, and eventually, with the challenges of adult life (Meltzer, 2018; Spiegel et al., 2021). Expanding educators’ understanding regarding the development of executive functions may help them understand why they are central to wellbeing and learning, how executive functioning relates to neurodiversity, and help them design educational plans to foster executive functioning in appropriate ways throughout development (Diamond, 2016).




Neuropedagogy: platforms and developments around the world

During the last few years, the field of neuropedagogy has gained momentum around the world and consequently in Israel, both in research and in practice. The growth of the field has led to the development of platforms that can be divided into four central channels:

• The founding of international organizations such as IMBES (International Mind, Brain, and Education Society, www.imbes.org) in 2004, and the Special Interest Group (SIG) entitled “Neuroscience and Education” by the European Association for Research on Learning and Instruction (EARLI), which has held biannual meetings since 2010.

• Continuing research and the creation of field-specific journals such as Trends in Neuroscience and Education; Mind, Brain, and Education, and Educational Neuroscience. These journals are a focus for theoretical and empirical research on the intersection between neuroscience, psychology, and education.

• Research centers for educational neuroscience have been established at leading universities such as Cambridge University, University of Bristol, University College London, Harvard University and Stanford.

• The creation of advanced degrees in neuropedagogy at institutes of higher education. Most of these programs are in Schools of Education, sometimes in cooperation with Departments of Neuroscience. Examples can be found at the University College of London, University of Bristol, or Columbia University.

These developments and platforms have great importance for the global research community in neuropedagogy. In addition, for in-service teachers, there are professional development courses and workshops in the field of neuropedagogy. However, these are usually short programs, from a few hours to a few weeks (Privitera, 2021). In contrast, the current policy brief focuses on teacher educators, and we make a case for the integration of neuropedagogy in teacher training.

We see teacher training institutes as natural partners in this process of integrating neuropedagogy into the future of innovative and excellent education. In the past few years, there is an increased momentum to create programs for integrating neuropedagogy in teacher training institutions. The current authors are involved in a number of innovative initiatives in Israel integrating neuroscience in pre- and in-service teacher education. For pre-service teachers, these include neuropedagogy courses in B.Ed. programs for special education and physical education (Levinsky-Wingate Academic Center), early childhood (Efrata Academic College), and a recently launched neuropedagogy-based teacher training program in the field of chemistry (Bar-Ilan University). For in-service teachers, these include an M.Ed in Neuropedagogy at Achva Academic College. These programs exist together with a number of other Israeli initiatives focusing more on research and outreach, such as the Sagol Center for Brain and Mind at Reichman University, and the Safra Center for Brain and Learning at Haifa University.

To expand the impact of neuropedagogy on education, it is crucial to include teacher educators as stakeholders in the process. Teacher educators are among the most important agents of change in both pre- and in-service teacher training (Cochran-Smith et al., 2018). Therefore, we engaged in a two-year think-tank on the integration of neuropedagogy in education via the professional learning of teacher educators. The think tank included teachers, teacher educators, brain scientists and policy makers. This process led to the development of a pioneering interdisciplinary and multi-cultural program for teacher educators at The Mofet Institute, the national research and development center for teacher education. The program included multiple stakeholders: teacher educators, school principals and policy makers; from multicultural, diverse religious backgrounds, and multidisciplinary fields of education. The program was taught with a unique approach of co-teaching, with instructors coming from complementary neuropedagogy backgrounds. This program, in contrast to the short-term workshops described above, extended for a full academic year, one day a week for 6 h. The course focused on neuropedagogical topics such as neuro-anatomy, neuromyths, emotion and motivation, learning and memory, executive function and neurodiversity, and was taught using neuropedagogical methods and principles, including experiential learning, spaced learning, learning from context and didactic discussions. Participants submitted projects for the application of neuropedagogy in colleges of teacher training.

In the current paper, we offer three options for the integration of neuroeducation within teacher training.



Three options for the integration of neuroeducation within teacher training

We suggest three strategic avenues for the incorporation of neuropedagogy within teacher training institutions: the promotion of innovative teaching and learning practices based on neuropedagogical principles, encouraging teacher educators to conduct neuropedagogical research, and the explicit teaching of neuropedagogical knowledge to train pre-service teachers as shapers of the future educational system. These three avenues are based on three mainstays of teacher training institutes: the modeling of teaching practices, educational research, and explicit teaching of educational and pedagogical knowledge (see Figure 2).
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FIGURE 2
 Three avenues for the integration of educational neuroscience within institutes of teacher training.



Channel 1: promotion of innovative teaching and learning practices among teacher educators

The imperative to instill 21st-century skills in students necessitates a re-evaluation of contemporary methods of instruction, assessment, and learning. Teacher training institutes should take the lead in steering innovation in both teaching and learning. Neuropedagogy, by its very nature and definition, introduces profound and evidence-informed thinking from the forefront of brain science research into instructional practice that contributes to effective and meaningful learning. This approach draws on key findings in neuroscience but applies it in a context-sensitive way and is open to emerging evidence that may deepen or shift our understanding of effective teaching and learning. Faculty members should receive training to understand teaching and learning processes in a way that is founded on neuropedagogical principles, enabling them to model innovative pedagogical strategies across all disciplines. We propose the following ideas for implementation at the level of teacher educators:

1. Conduct workshops and/or specialized courses on applied neuropedagogy for teacher educators to equip them with knowledge and teaching methods rooted in neuropedagogical principles.

2. Establish professional learning communities to develop neuropedagogy-based instruction for courses in various disciplines.

3. Formulate task forces for the implementation of clinical training (practical experience) grounded in neuropedagogy.

4. Organize symposiums for educators to present new and applied research in instructional practices.



Channel 2: encourage neuropedagogical research among teacher educators

Neuropedagogy is based on and fosters a strong mutual dialog between findings from neuroscientific research and educational practice. The next step is to conduct neuropedagogical research that enables the development and evaluation of innovative educational practices and leads educators to greater pedagogical understanding. The following recommendations are intended to facilitate this goal:

1. Recruit interested faculty members to form research teams to explore avenues for neuropedagogical research (i.e., motivation, learning and memory, SEL), including the use of available brain research technologies (i.e., eye tracker, EEG) to evaluate pedagogical practices.

2. Encourage teacher educators, together with teachers and teachers-in-training to engage in Action Research and Design Research to study emerging insights, tools and neuropedagogical applications in the context of their educational practices.

3. Initiate research collaborations with neuroscientists and brain research labs to systematically address issues that emerge from the field.



Channel 3: teach neuropedagogical knowledge explicitly, to train pre-service teachers as shapers of the future educational system

Teachers teach the way they are taught and therefore it is very important for teacher educators to teach, use and model neuropedagogical knowledge and innovative practices (Dubinsky et al., 2019; Jolles and Jolles, 2021; Hachem et al., 2022). Future teachers should be explicitly exposed to neuropedagogical principles while they are still being trained, both in their courses and in their clinical practice. We propose the following ideas:

1. Teach a course on neuropedagogy and develop independent study modules in neuropedagogy across all the fields of education to all teachers in training.

2. Develop an outline for writing lesson plans which take neuropedagogical considerations into account and encourage students to use these in their clinical practice.

3. Integrate the field in academic, classroom, and community programs, especially with a focus on equity and diversity.

4. Equip future teachers with the neuropedagogical knowledge and tools needed to teach in diverse classrooms.




Conclusion

Neuroeducational research shows the invaluable contribution of neuroscientific knowledge to education. This is especially relevant in the field of teacher education, for both pre-service and in-service teachers. This paper described a number of examples of the application of neuropedagogical principles in educational settings and gave a brief summary of the major platforms, centers and programs in the field. We end our paper with a call for the integration of neuropedagogical knowledge in pre-service teacher training. We recommended three avenues for action in teacher training: the promotion of innovative teaching and learning practices based on neuropedagogical principles, encouraging teacher educators to conduct neuropedagogical research, and the explicit teaching of neuropedagogical knowledge to train pre-service teachers as shapers of the education of the future.
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