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Compared to other primates, humans are late bloomers, with exceptionally long childhood and adolescence. The

extensive developmental period of humans is thought to facilitate the learning processes required for the growth and

maturation of the complex human brain. During the first two and a half decades of life, the human brain is a construction

site, and learning processes direct its shaping through experience-dependent neuroplasticity. Formal and informal

learning, which generates long-term and accessible knowledge, is mediated by neuroplasticity to create adaptive

structural and functional changes in brain networks. Since experience-dependent neuroplasticity is at full force during

school years, it holds a tremendous educational opportunity. In order to fulfill this developmental and learning potential,

educational practices should be human-brain-friendly and “ride” the neuroplasticity wave. Neuroscience can inform

educators about the natural learning mechanisms of the brain to support student learning.
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1. Introduction

Educational neuroscience is an interdisciplinary field exploring the effects of education on the human brain and promotes

the translation of research findings to brain-based pedagogies and policies . The brain is the target organ of education.

Education is thought to influence brain development  and health, even as the brain ages . Studying the dynamics

between the brain and education can be instrumental in finding ways to better support learners across the lifespan.

Educational neuroscience research explores every possible relationship between the physiological, mental, and

behavioral aspects of learning. Some studies have tried to identify the optimal physical conditions for neuroplasticity and

learning. This stream of educational neuroscience research includes studies exploring the effects of sleep (or sleep

deprivation), physical exercise, and environmental pollution on the brain and its cognitive performance . While these

studies focus on the effect of brain health on learning, other studies examine the effect of learning on brain health,

assessing the long-term effects of learning/education on the human brain and exploring in what ways formal/informal

education is associated with better aging of the human brain .

Some educational neuroscience studies take a developmental approach to study the relationship between cognitive and

learning capacities across the lifespan. For example, multilevel measurements collected from adolescents (e.g., neuronal,

hormonal, psychological, and behavioral) have advanced understanding of how the massive neuronal changes that take

place during adolescence promote cognitive development but also introduce immense neuronal and mental vulnerability

(and the onset of most psychiatric disorders) . Other studies in this line of research explore the factors supporting

neuroplasticity in the mature brain—to support lifelong learning .

Educational neuroscience also explores the nature–nurture aspects of learning, for example, examining how learning

environments interact with genetic conditions and what DNA variations predict differential learning abilities .

Environmental influences on learning include studies about the impacts of socio-economic status (SES) on the brain and

cognitive developmental trajectory . Furthermore, educational neuroscience seeks to understand the mechanisms that

facilitate general learning abilities (such as executive control and social and emotional skills), discipline-specific learning

abilities (such as literacy, numeracy, and science), the connections between these mechanisms, and the extent to which

these learning skills are trainable .

As a developing, interdisciplinary research field, educational neuroscience faces challenges, limitations, and criticism,

especially concerning the ability to generalize research findings in lab conditions to classroom learning, and its validity and

transferability to larger scales, such as mass education systems. Other challenges stem from the fact that learning is one

of the most basic yet complex brain functions that incorporates the entire brain and has a continuous effect. Furthermore,

empirical studies in educational neuroscience are challenging and cumbersome due to the interdisciplinary nature of the

field (education, psychology, and neuroscience); the need for repeated measures over time; and the young target
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population (school students), which imposes ethical restrictions on experimental designs. Finally, while still evolving as a

research field, educational neuroscience is intriguing for many educational leaders who are enthusiastic about applying

neuroscience in education practices. Unfortunately, the current gap between the high demand and limited supply may

lead to misuse of neuroscience in pedagogy (e.g., neuromyths or the justification of educational methods based on limited

to no evidence) .

While educational neuroscience is preliminary in forming evidence-based pedagogy, it can already offer valuable

information and a much-needed bridge between educators and scientists in translating the research of learning into

effective educational practices.

Neuroscience-informed educational design (teaching the way the brain learns) can promote learning motivation, high-level

information processing, and knowledge retention. Moreover, neuroscience educational content (teaching about the brain)

can inform students about their developing brains to promote scientific education and self-exploration.

2. Learning and Neuroplasticity

Human development is based on nature (genetics), nurture (physical and social environments), and their interactions

(epigenetics) . These factors play an essential role in learning processes and the reorganization of neuronal

networks to create neuronal representations of new knowledge. Learning and training new knowledge or skills evoke

specific and repeated activity patterns, and in the process of Hebbian neuroplasticity, neural pathways are reinforced by

the strengthening of specific synapses, while less functional ones are eliminated .

Almost half a century ago, Vygotsky introduced the zone of proximal development (ZPD)  in education. According to the

ZPD, learning and development depend on an optimal balance between support and challenge (the zone of proximal

development and neuroplasticity), which should be tuned and tailored for each learner based on their specific

developmental stage. The ZPD model was revolutionary, as it emphasized the importance of the educational environment

(nurture) in unlocking the internal potential (nature) of students, and it placed the learning process (as opposed to the

learning product) as the central educational goal . Some decades later, the biology of learning revealed a beautiful

alignment with Vygotsky’s theory—with evidence showing that brain neuroplasticity is highly affected by environmental

conditions and the balance between demands (challenge) and available resources (support) . The impact of stressors

on learning can be constructive or destructive depending on the intensity, duration, and accumulation of the stressors and

the coping mechanisms and support that one has.

Neuroscience research suggests that experience-dependent neuroplasticity , which facilitates learning processes,

benefits from several principles. The central one is that learning a skill or new knowledge requires the activation of

relevant neuronal pathways. The research also points to the saliency, intensity, and repetition of the learned

skill/knowledge as valuable strategies for enhancing neuroplastic changes . Learners cannot be passive

recipients of content but must be active participants in the learning process.

An enriched environment for enhanced neuroplasticity offers physiological integrity, cognitive challenge, and emotional

safety. More specifically, an enriched environment includes adequate sleep and nutrition, sensory–motor and cognitive

challenges, opportunities for exploration and novelty, and secured relationships that act like a safety net and enable

learners to take on challenges . Conversely, a lack of these conditions may slow down or decrease the level of

neuroplasticity in the developing brain.

The social and cognitive safety net that enables learners to aim high while taking risks and to turn failure into resilience is

rooted in safe relationships (with adults and peers) and in holding a growth mindset. A growth mindset is the belief that

intelligence and learning potential are not fixed and can be developed . Holding a growth mindset has been associated

with academic success, emotional wellbeing, and motivation while reducing racial, gender, and social class achievement

gaps . While the impact of mindset interventions on academic performance is debatable regarding the

general population , the literature is clear about the potential of growth mindset intervention in supporting the academic

development of high-risk and economically disadvantaged students .

The notion of human potential as something dynamic resonates with the concept of the plastic brain. Moreover, teaching

students about neuroplasticity and the dynamic potential of their brains has been shown to effectively reinforce a growth

mindset .
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2.1. Using Neuroplasticity as Educational Content

Teaching students about experience-based neuroplasticity and the dynamic changes in neuronal networks during learning

provides strong evidence of their natural and powerful learning capacity. Furthermore, teaching students about

neuroplasticity with explicit connections to the growth mindset and development creates a motivating premise for learners

—according to which their learning potential is dynamic and depends significantly on their attitudes and learning practices.

The neuroplasticity rules of “use it or lose it” and “use it to improve it” mean that, while teachers should support and guide

them, learning occurs by and within the students. This physiology-based realization can help build students’ responsibility

and ownership over their learning.

Harnessing neuroplasticity and a growth mindset to motivate students can be especially important with neurodivergent

learners, whose cognitive development and learning styles deviate from the typical range. Twenty percent of the

population is neurodivergent, including students on the autistic spectrum (ASD), students with learning disabilities (e.g.,

dyslexia), attention disorders (e.g., ADHD), neurological disorders (e.g., epilepsy), and mental illness (e.g., PTSD). While

neurodiversity and variations in neuronal and cognitive expressions hold many advantages , neurodivergent students

face extra challenges navigating neurotypical-oriented school systems. Learning about neuroplasticity can be a potent

form of validation for neurodivergent students, as neurodiversity is a natural result of experience-dependent

neuroplasticity . In addition, by fostering a growth mindset and neuroplasticity awareness, neurodivergent students can

be motivated to participate in evidence-based interventions. For example, teaching students with dyslexia about the

specific structural and functional brain changes associated with the reading interventions that they apply  can

motivate them to endure the hard work before noticing visible results.

2.2. Using Neuroplasticity to Guide Learning Design

Organizing learning systems around conditions that promote neuroplasticity can enhance learners’ academic development

and wellbeing. When a student accomplishes today what was not in their reach yesterday, it is the product of

neuroplasticity through a growth mindset.

Educational environments that promote neuroplasticity include encouraging and modeling a healthy lifestyle (physical

exercise, a balanced diet, sufficient sleep, and regulated stress), —for example, educating students about the counter-

productiveness of sleep deprivation (e.g., “all-nighter” study marathons) on learning. In addition, learning systems should

invest in intellectual stimulation (novelty and challenge) and the system’s social and emotional climate (human

connections). Neuroplasticity and development are optimal in the stretch zone, where learners experience a motivating

level of challenge and stimulation while feeling emotionally supported and socially safe. This ratio between support and

challenge should be individualized (between learners and within learners over time).

Educating teachers about neuroplasticity can be powerful in understanding and supporting students that were affected by

trauma. Childhood adversity hampers neuroplasticity duration and magnitude ; a surviving brain is not a learning brain.

While neuroplasticity is compromised by early trauma, neuroplasticity is also the key to healing from trauma. Schools

have a pivotal role in battling the damage of early trauma by creating enriched and safe learning environments that

reinforce alternative neuronal pathways to reverse the effects of early adverse environments on child brain development

.

3. Learning Motivation and Reward

Learning and adaptation are essential for surviving and thriving in dynamic environments. The brain evolved to make

sense of information from external and internal environments and to produce adaptive behaviors that promote survival.

The brain is, therefore, a learning machine by nature, and learning does not require external initiation. However, learning

is highly experience-dependent and can be directed and enhanced through education.

The brain reward system evolved to reinforce effortful behaviors that are essential for survival (e.g., foraging,

reproduction, and caregiving). Such behaviors activate the dopaminergic system associated with reward and motivation

. The hormone/neurotransmitter dopamine is a central player in reward-motivated behavior and learning through the

modulation of striatal and prefrontal functions . The human brain reward system balances between (limbic) impulsive

desire and (cortical) goal-directed wanting to guide flexible decision-making and adaptive motivational behaviors.

Psychologically, intrinsic motivation is driven by the need to experience a sense of competence, self-determination, and

relatedness .
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Competence refers to a perception of self-efficacy and confidence in one’s abilities to achieve a valuable outcome. Self-
determination refers to the sense of autonomy and agency in the learning process. Relatedness refers to the drive to

pursue goals that hold social value, which can be achieved by working collaboratively as part of a team or by creating

something that resonates with others. Relatedness is a strong motivational driver, as it touches on a primary and

primordial need to be part of a group and a higher spiritual and intellectual need for self-transcendence and impact.

Overall, these components are based on the human inclination to be valued and validated by the self and others.

Biologically, they reflect basic survival needs that combine self-reliance (competence and ownership) and social reliance.

Psychologically, these are all subjective perceptions that serve the need to maintain positive self-perception and self-

integration. Finally, educationally, they reflect the natural human curiosity and tendency to learn and develop continuously.

The human brain reward system in the 21st century is an evolutionary mismatch. There is a discrepancy between the

conditions that the reward system evolved to serve and those that it often faces in the 21st century. The reward system

evolved over millions of years to motivate humans to work hard (invest time and energy) in maintaining their survival

needs (e.g., nutrition, protection, reproduction, and the learning of new skills). However, this system is not designed for

the abundance and immediacy of stimulation in the digital and instant reward era, which promotes the persistent release

of dopamine that leads to an increased craving for reward (seeking behavior; wanting) and a decreased sense of pleasure

and satisfaction (liking) .

Some of the most significant challenges of modern education systems relate to the massive changes in how people

consume information and communicate in the digital era. Digital platforms have become dominant in information

consumption and communication, which provide access to unlimited information and reinforce immediate rewards.

3.1. Using Neuroscience (of Reward and Motivation) as Educational Content

The science of human motivation, including its evolutionary mismatch, can be utilized to shed some light on students’

struggles with learning motivation. It can further provide a framework for students to explore their motivational (approach

or avoid) tendencies regarding learning and academic challenges. Moreover, learning the neuroscience underlying

motivation and reward can raise students’ awareness and proactivity in managing and protecting their reward system.

Since adolescence is the peak time for the initiation of substance use, and early onset imposes a higher risk of mental

health and substance abuse disorders persisting into adulthood , neuroscience knowledge about the reward

system and its vulnerability (especially during brain development) is essential educational knowledge that can help in the

prevention and mitigation of teen addiction.

3.2. Using Neuroscience to Guide Learning Design and Intrinsic Motivation

While students of the digital era are the most stimulation-flooded and attention-challenged in human history, learning is a

process that takes time, selective attention, and perseverance. Therefore, learning designs that harness students’ intrinsic

motivation for training and the development of stamina and grit (skills that might be hampered in the digital era) are

precious for students’ health and success.

Motivational drivers include an adequate level of challenge that fits the student’s sense of competence and that creates

optimal arousal levels, opportunities to expand social relatedness and impact, and balance between support and

autonomy (see the ZPD).

Importantly, in classroom learning, educators are required to manage the attention, motivation, and reward system of not

one but many students, which is a complex task. The typical classroom presents a broad spectrum of learners with

diverse learning needs and stretch zones. While the facilitation of autonomy and the sense of competence varies between

learners and requires personalized support, the social norms that promote learning are more ubiquitous and apply to most

learners. While educators do not always have the resources to support students’ motivation individually, harnessing the

social aspects of classroom learning is a manageable, effective strategy to elevate students’ motivation. Learning

environments that demonstrate empathy, inclusiveness, and psychological safety have shown positive results in students’

behavior, self-esteem, motivation, and academic success . Social motivation has been shown to enhance

the encoding of new information (even if the content is not social) . Learning-for-teaching and peer tutoring (one

student teaching another student) effectively encode information into memory. Beyond memory improvement, peer

tutoring has many further benefits to both the tutor and the learner in academic achievements , motivation, and

ownership over the learning process and results in a deep conceptual understanding of the material .
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The teacher’s demeanor is another controllable factor with a high potential to affect students’ motivation. For example, the

literature points to teachers’ immediacy (creating physical and psychological closeness with students) as an effective way

to enhance students’ engagement, learning motivation, and performance (including memory retention) .

Immediacy can be demonstrated through verbal and non-verbal gestures that communicate interest and personal

connection (relating to personal stories, using animated voice and body language, creating eye contact, and using

humor).

The research also indicates that, when students perceive the content as being personally relevant, they are more

motivated to study . Therefore, educators can actively make the learning content more relevant by using stories and

real-life examples, making explicit connections and demonstrations of how the content may be relevant/applicable to the

students, and giving students opportunities to reflect and share their connections to the learning material.

4. Intrinsic and Extrinsic Processing in Learning and Meaning-Making

As the environment provides more information than the brain can handle, survival depends on saliency detection and

attention management to direct perception and behavior. The brain constantly selects and attends to relevant input while

suppressing irrelevant or distracting information . Information that is valuable or urgent for survival and prosperity

receives attention. Attention capacities (e.g., alerting, orienting, and controlling attention) are managed by several brain

systems that interact and coordinate . Top–down, cognitive-driven attention that fosters a goal-directed thinking

process is associated with the dorsal attention network (consisting of the intraparietal sulcus and the frontal eye fields) .

This mechanism enables students to read a paragraph, listen to a lecture, think about the teacher’s question, or write an

essay. A second attention system is bottom–up and stimulus-driven, and it orients attention to unexpected and

behaviorally relevant stimuli. This ventral attention network consists of the right temporoparietal junction and the ventral

frontal cortex . This attention-grabbing mechanism enables the individual to respond quickly to urgent environmental

demands, for example, moving away to prevent a struck-by-object accident. Flexible attention control depends on

dynamic interactions and switching between the two systems and involves the central executive network (CEN) .

The insula and anterior cingulate cortex comprise the core structures of the saliency network , another major player in

attention altering to emotionally salient stimuli through the interaction of the sensory and cognitive influences that control

attention .

In addition to outward-focused attention, the human brain is also invested in inward-focused processing. Functional brain

imaging studies of the human brain show a robust functional anticorrelation between two large-scale systems, one highly

extrinsic and the other deeply intrinsic . The central executive network (CEN) is an externally driven system and is

paramount for attention control, working memory, flexible thinking, and goal-directed behavior. The core components of

the CEN are the dorsolateral PFC and the lateral posterior parietal cortex (hence, the frontoparietal network) . When

the human brain is not occupied with external tasks, the default mode network (DMN) is activated. This internally driven

cognitive network includes the posterior cingulate cortex (PCC) and the medial prefrontal cortex (MPFC) as core

components. The DMN is thought to facilitate reminiscing, contemplating, autobiographical memory, self-reflecting, and

social cognition . Conversely, the DMN is immediately suppressed when the brain is engaged in externally driven tasks

and stimulation.

Resting-state brain imaging studies revealed that the activity in the DMN during resting awake states indicates the quality

of subsequent neural and behavioral responses to environmental stimuli . Moreover, a high connectivity between

“intrinsic” (DMN) and “extrinsic” (CEN) brain networks, and specifically emotional saliency, attention (extrinsic), and

reflection (intrinsic) networks is associated with better cognitive performance, meaning-making, and broad perspective

thinking . These networks function antagonistically but are highly connected and balance each other.

Furthermore, the anticorrelation between their function is associated with better task performance and positive mental

health . Recent studies also suggest that a causal hierarchical architecture orchestrates this anticorrelation between

externally and internally driven brain activities. More specifically, that regions of the saliency network and the dorsal

attention network impose inhibition on the DMN. Conversely, the DMN exhibits an excitatory influence on the saliency and

attention system .

4.1. The Neuroscience of Extrinsic and Intrinsic Processing as Educational Content

Teaching students about the dynamics of the default mode and executive control network can help them understand how

their brain processes information, the importance of each process (e.g., extrinsic and intrinsic), and their integration for
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meaningful learning. This knowledge can be applied as students explore and experiment with ways to enhance their

learning and memory by intentionally engaging both intrinsic and extrinsic processing and integrating the two.

4.2. Using the Neuroscience of Extrinsic and Intrinsic Processing to Guide Learning Design

Traditionally, instructional education is based on learning objectives that are externally dictated and is focused on outward

attention (stimulus-driven lectures and assignments). Mind-wandering has become the enemy of classroom teachers, as it

indicates students’ lack of attention and poor learning.

Nevertheless, neuroscience research indicates that meaning-making and cognitive performance benefit from the interplay

between extrinsic and intrinsic oriented attention and processing .

Learning instructions should consider the different attention mechanisms, evoking adequate arousal levels and leading to

goal-directed thinking. Furthermore, students will benefit from an educational design that stimulates the natural interplay

between “intrinsic” (DMN) and “extrinsic” (CEN) brain networks by incorporating external stimulation (e.g., presenting

content), allocating time and space for intrinsic reflection (e.g., guided reflection and journaling), and integrating the two

(e.g., guided class discussion and insights sharing) .

References

1. Thomas, M.S.C.; Ansari, D.; Knowland, V.C.P. Annual Research Review: Educational Neuroscience: Progress and
Prospects. J. Child Psychol. Psychiatry 2019, 60, 477–492.

2. Ho, A.J.; Raji, C.A.; Becker, J.T.; Lopez, O.L.; Kuller, L.H.; Hua, X.; Dinov, I.D.; Stein, J.L.; Rosano, C.; Toga, A.W. The
Effects of Physical Activity, Education, and Body Mass Index on the Aging Brain. Hum. Brain Mapp. 2011, 32, 1371–
1382.

3. Berryhill, M.E.; Jones, K.T. TDCS Selectively Improves Working Memory in Older Adults with More Education.
Neurosci. Lett. 2012, 521, 148–151.

4. Schneeweis, N.; Skirbekk, V.; Winter-Ebmer, R. Does Education Improve Cognitive Performance Four Decades after
School Completion? Demography 2014, 51, 619–643.

5. Dahl, R.E. Adolescent Brain Development: A Period of Vulnerabilities and Opportunities. Keynote Address. Ann. N. Y.
Acad. Sci. 2004, 1021, 1–22.

6. Lee, F.S.; Heimer, H.; Giedd, J.N.; Lein, E.S.; Šestan, N.; Weinberger, D.R.; Casey, B.J. Adolescent Mental Health—
Opportunity and Obligation. Science 2014, 346, 547–549.

7. Fuhrmann, D.; Knoll, L.J.; Blakemore, S.-J. Adolescence as a Sensitive Period of Brain Development. Trends Cogn.
Sci. 2015, 19, 558–566.

8. Fuchs, E.; Flügge, G. Adult Neuroplasticity: More than 40 Years of Research. Neural Plast. 2014, 2014, 541870.

9. Donati, G.; Meaburn, E. What Has Behavioural Genetic Research Told Us About the Origins of Individual Differences in
Educational Abilities and Achievements? In Educational Neuroscience; Routledge: London, UK, 2020; pp. 53–87. ISBN
1003016839.

10. Hackman, D.A.; Kraemer, D.J.M. Socioeconomic Disparities in Achievement: Insights on Neurocognitive Development
and Educational Interventions. In Educational Neuroscience; Routledge: London, UK, 2020; pp. 88–119. ISBN
1003016839.

11. Thomas, M.S.C.; Mareschal, D.; Dumontheil, I. Educational Neuroscience: Development across the Life Span;
Routledge: London, UK, 2020; ISBN 1000040798.

12. Weaver, I.C.G. Integrating Early Life Experience, Gene Expression, Brain Development, and Emergent Phenotypes:
Unraveling the Thread of Nature via Nurture. Adv. Genet. 2014, 86, 277–307.

13. Rangaswami, S. Nature, Nurture and the Learning Brain. In Neuro-Systemic Applications in Learning; Springer:
Berlin/Heidelberg, Germany, 2021; pp. 333–368.

14. Kass, J.; Jain, N. Neural Plasticity; Psychology Press Ltd.: London, UK, 2000; Volume 2, ISBN 0674007433.

15. Mundkur N Neuroplasticity in Children. Indian J. Pediatr. 2005, 72, 855–857.

16. Cramer, S.C.; Sur, M.; Dobkin, B.H.; O’Brien, C.; Sanger, T.D.; Trojanowski, J.Q.; Rumsey, J.M.; Hicks, R.; Cameron,
J.; Chen, D. Harnessing Neuroplasticity for Clinical Applications. Brain 2011, 134, 1591–1609.

[56][75]

[83][84]



17. Vygotsky, L.S. Mind in Society: The Development of Higher Psychological Processes; Harvard University Press:
Cambridge, MA, USA, 1980; ISBN 0674076680.

18. Davidson, R.J.; McEwen, B.S. Social Influences on Neuroplasticity: Stress and Interventions to Promote Well-Being.
Nat. Neurosci. 2012, 15, 689–695.

19. Voss, P.; Thomas, M.E.; Cisneros-Franco, J.M.; de Villers-Sidani, É. Dynamic Brains and the Changing Rules of
Neuroplasticity: Implications for Learning and Recovery. Front. Psychol. 2017, 8, 1657.

20. Carey, L.M. Stroke Rehabilitation: Insights from Neuroscience and Imaging; Oxford University Press: Oxford, UK, 2012;
ISBN 0199797889.

21. Kleim, J.A.; Jones, T.A. Principles of Experience-Dependent Neural Plasticity: Implications for Rehabilitation after Brain
Damage. J. Speech Lang. Hear. Res. 2008, 51, S225–S239.

22. Kolb, B.; Gibb, R. Brain Plasticity and Behaviour in the Developing Brain. J. Can. Acad. Child Adolesc. Psychiatry 2011,
20, 265.

23. Petrosini, L.; De Bartolo, P.; Foti, F.; Gelfo, F.; Cutuli, D.; Leggio, M.G.; Mandolesi, L. On Whether the Environmental
Enrichment May Provide Cognitive and Brain Reserves. Brain Res. Rev. 2009, 61, 221–239.

24. Dweck, C.S. Mindset: The New Psychology of Success; Random House Digital, Inc.: New York, NY, USA, 2008; ISBN
0345472322.

25. Blackwell, L.S.; Trzesniewski, K.H.; Dweck, C.S. Implicit Theories of Intelligence Predict Achievement across an
Adolescent Transition: A Longitudinal Study and an Intervention. Child Dev. 2007, 78, 246–263.

26. Claro, S.; Paunesku, D.; Dweck, C.S. Growth Mindset Tempers the Effects of Poverty on Academic Achievement. Proc.
Natl. Acad. Sci. USA 2016, 113, 8664–8668.

27. Broda, M.; Yun, J.; Schneider, B.; Yeager, D.S.; Walton, G.M.; Diemer, M. Reducing Inequality in Academic Success for
Incoming College Students: A Randomized Trial of Growth Mindset and Belonging Interventions. J. Res. Educ. Eff.
2018, 11, 317–338.

28. Stephens, N.M.; Hamedani, M.G.; Destin, M. Closing the Social-Class Achievement Gap: A Difference-Education
Intervention Improves First-Generation Students’ Academic Performance and All Students’ College Transition. Psychol.
Sci. 2014, 25, 943–953.

29. Walton, G.M.; Cohen, G.L. A Brief Social-Belonging Intervention Improves Academic and Health Outcomes of Minority
Students. Science 2011, 331, 1447–1451.

30. Zeng, G.; Hou, H.; Peng, K. Effect of Growth Mindset on School Engagement and Psychological Well-Being of Chinese
Primary and Middle School Students: The Mediating Role of Resilience. Front. Psychol. 2016, 7, 1873.

31. Sisk, V.F.; Burgoyne, A.P.; Sun, J.; Butler, J.L.; Macnamara, B.N. To What Extent and under Which Circumstances Are
Growth Mind-Sets Important to Academic Achievement? Two Meta-Analyses. Psychol. Sci. 2018, 29, 549–571.

32. Sarrasin, J.B.; Nenciovici, L.; Foisy, L.M.B.; Allaire-Duquette, G.; Riopel, M.; Masson, S. Effects of Teaching the
Concept of Neuroplasticity to Induce a Growth Mindset on Motivation, Achievement, and Brain Activity: A Meta-
Analysis. Trends Neurosci. Educ. 2018, 12, 22–31.

33. Austin, R.D.; Pisano, G.P. Neurodiversity as a Competitive Advantage. Harv. Bus. Rev. 2017, 95, 96–103.

34. Huber, E.; Donnelly, P.M.; Rokem, A.; Yeatman, J.D. Rapid and Widespread White Matter Plasticity during an Intensive
Reading Intervention. Nat. Commun. 2018, 9, 1–13.

35. Romeo, R.R.; Christodoulou, J.A.; Halverson, K.K.; Murtagh, J.; Cyr, A.B.; Schimmel, C.; Chang, P.; Hook, P.E.;
Gabrieli, J.D.E. Socioeconomic Status and Reading Disability: Neuroanatomy and Plasticity in Response to
Intervention. Cereb. Cortex 2018, 28, 2297–2312.

36. Perdue, M.V.; Mahaffy, K.; Vlahcevic, K.; Wolfman, E.; Erbeli, F.; Richlan, F.; Landi, N. Reading Intervention and
Neuroplasticity: A Systematic Review and Meta-Analysis of Brain Changes Associated with Reading Intervention.
Neurosci. Biobehav. Rev. 2022, 132, 465–494.

37. McLaughlin, K.A.; Sheridan, M.A.; Lambert, H.K. Childhood Adversity and Neural Development: Deprivation and Threat
as Distinct Dimensions of Early Experience. Neurosci. Biobehav. Rev. 2014, 47, 578–591.

38. Bryck, R.L.; Fisher, P.A. Training the Brain: Practical Applications of Neural Plasticity from the Intersection of Cognitive
Neuroscience, Developmental Psychology, and Prevention Science. Am. Psychol. 2012, 67, 87.

39. Gapp, K.; Bohacek, J.; Grossmann, J.; Brunner, A.M.; Manuella, F.; Nanni, P.; Mansuy, I.M. Potential of Environmental
Enrichment to Prevent Transgenerational Effects of Paternal Trauma. Neuropsychopharmacology 2016, 41, 2749–
2758.



40. Weist, M.D.; Eber, L.; Horner, R.; Splett, J.; Putnam, R.; Barrett, S.; Perales, K.; Fairchild, A.J.; Hoover, S. Improving
Multitiered Systems of Support for Students With “Internalizing” Emotional/Behavioral Problems. J. Posit. Behav. Interv.
2018, 20, 172–184.

41. Arias-Carrión, O.; Stamelou, M.; Murillo-Rodríguez, E.; Menéndez-González, M.; Pöppel, E. Dopaminergic Reward
System: A Short Integrative Review. Int. Arch. Med. 2010, 3, 1–6.

42. Berridge, K.C.; Robinson, T.E.; Aldridge, J.W. Dissecting Components of Reward: “Liking”, “Wanting”, and Learning.
Curr. Opin. Pharmacol. 2009, 9, 65–73.

43. Ormrod, J.E. Human Learning; Merrill Prentice Hall: Upper Saddle River, NJ, USA, 1999; ISBN 0138756848.

44. Wong, R. When No One Can Go to School: Does Online Learning Meet Students’ Basic Learning Needs? Interact.
Learn. Environ. 2020, 1–17.

45. Deci, E.L.; Ryan, R.M. Self-Determination Theory and the Facilitation of Intrinsic Motivation, Social Development, and
Well-Being. Am. Psychol. 2000, 55, 68–78.

46. Bandura, A.; Freeman, W.H.; Lightsey, R. Self-Efficacy: The Exercise of Control; Worth Publishers: New York, NY, USA,
1999.

47. Krapp, A. Basic Needs and the Development of Interest and Intrinsic Motivational Orientations. Learn. Instr. 2005, 15,
381–395.

48. Berridge, K.C. Evolving Concepts of Emotion and Motivation. Front. Psychol. 2018, 9, 1–20.

49. Degenhardt, L.; Stockings, E.; Patton, G.; Hall, W.D.; Lynskey, M. The Increasing Global Health Priority of Substance
Use in Young People. Lancet Psychiatry 2016, 3, 251–264.

50. Poudel, A.; Gautam, S. Age of Onset of Substance Use and Psychosocial Problems among Individuals with Substance
Use Disorders. BMC Psychiatry 2017, 17, 1–7.

51. Trujillo, C.A.; Obando, D.; Trujillo, A. An Examination of the Association between Early Initiation of Substance Use and
Interrelated Multilevel Risk and Protective Factors among Adolescents. PLoS ONE 2019, 14, e0225384.

52. Immordino-yang, M.H. Embodied Brains, Social Minds, Cultural Meaning: Integrating Neuroscientific and Educational
Research on Social-Affective Development. Am. Educ. Res. J. 2017, 54, 344–367.

53. Jennings, P.A.; Greenberg, M.T. The Prosocial Classroom: Teacher Social and Emotional Competence in Relation to
Student and Classroom Outcomes. Rev. Educ. Res. 2009, 79, 491–525.

54. Okonofua, J.A.; Paunesku, D.; Walton, G.M. Brief Intervention to Encourage Empathic Discipline Cuts Suspension
Rates in Half among Adolescents. Proc. Natl. Acad. Sci. USA 2016, 113, 5221–5226.

55. Battro, A.M.; Fischer, K.W.; Léna, P.J. Introduction: Mind, Brain, and Education in Theory and Practice. Educ. Brain
Essays Neuroeducation 2008, 1–19.

56. Immordino-Yang, M.H.; Darling-Hammond, L.; Krone, C.R. Nurturing Nature: How Brain Development Is Inherently
Social and Emotional, and What This Means for Education. Educ. Psychol. 2019, 54, 185–204.

57. Lieberman, M.D. Social Cognitive Neuroscience. Encycl. Soc. Psychol. 2012, 143–193.

58. Allen, V.L.; Feldman, R.S. Learning through Tutoring: Low-Achieving Children as Tutors. J. Exp. Educ. 1973, 42, 1–5.

59. Rohrbeck, C.A.; Ginsburg-Block, M.D.; Fantuzzo, J.W.; Miller, T.R. Peer-Assisted Learning Interventions with
Elementary School Students: A Meta-Analytic Review. J. Educ. Psychol. 2003, 95, 240.

60. Topping, K.J. The Effectiveness of Peer Tutoring in Further and Higher Education: A Typology and Review of the
Literature. High. Educ. 1996, 32, 321–345.

61. Mehrabian, A. Silent Messages; Wadsworth: Belmont, CA, USA, 1971; Volume 8, ISBN 0534000592.

62. Richmond, V.P.; Gorham, J.S.; McCroskey, J.C. The Relationship between Selected Immediacy Behaviors and
Cognitive Learning. Ann. Int. Commun. Assoc. 1987, 10, 574–590.

63. Christophel, D.M. The Relationships among Teacher Immediacy Behaviors, Student Motivation, and Learning.
Commun. Educ. 1990, 39, 323–340.

64. Kelley, D.H.; Gorham, J. Effects of Immediacy on Recall of Information. Commun. Educ. 1988, 37, 198–207.

65. Liu, W. Does Teacher Immediacy Affect Students? A Systematic Review of the Association between Teacher Verbal
and Non-Verbal Immediacy and Student Motivation. Front. Psychol. 2021, 12, 2475.

66. Frymier, A.B.; Shulman, G.M. “What’s in It for Me?”: Increasing Content Relevance to Enhance Students’ Motivation.
Commun. Educ. 1995, 44, 40–50.



67. Stevens, C.; Bavelier, D. The Role of Selective Attention on Academic Foundations: A Cognitive Neuroscience
Perspective. Dev. Cogn. Neurosci. 2012, 2 (Suppl. 1), S30–S48.

68. Markett, S.; Nothdurfter, D.; Focsa, A.; Reuter, M.; Jawinski, P. Attention Networks and the Intrinsic Network Structure
of the Human Brain. Hum. Brain Mapp. 2022, 43, 1431–1448.

69. Geva, R.; Zivan, M.; Warsha, A.; Olchik, D. Alerting, Orienting or Executive Attention Networks: Differential Patters of
Pupil Dilations. Front. Behav. Neurosci. 2013, 7, 145.

70. Vossel, S.; Geng, J.J.; Fink, G.R. Dorsal and Ventral Attention Systems: Distinct Neural Circuits but Collaborative
Roles. Neuroscientist 2014, 20, 150–159.

71. Corbetta, M.; Shulman, G.L. Control of Goal-Directed and Stimulus-Driven Attention in the Brain. Nat. Rev. Neurosci.
2002, 3, 201–215.

72. Menon, V.; Uddin, L.Q. Saliency, Switching, Attention and Control: A Network Model of Insula Function. Brain Struct.
Funct. 2010, 214, 655–667.

73. Onofrj, V.; Chiarelli, A.M.; Wise, R.; Colosimo, C.; Caulo, M. Interaction of the Salience Network, Ventral Attention
Network, Dorsal Attention Network and Default Mode Network in Neonates and Early Development of the Bottom-up
Attention System. Brain Struct. Funct. 2022, 227, 1843–1856.

74. Sridharan, D.; Levitin, D.J.; Menon, V. A Critical Role for the Right Fronto-Insular Cortex in Switching between Central-
Executive and Default-Mode Networks. Proc. Natl. Acad. Sci. USA 2008, 105, 12569–12574.

75. Immordino-Yang, M.H.; Darling-Hammond, L.; Krone, C. The Brain Basis for Integrated Social, Emotional, and
Academic Development: How Emotions and Social Relationships Drive Learning. Natl. Comm. Soc. Emot. Acad. Dev.
2018, 20.

76. Lieberman, M.D. Education and the Social Brain. Trends Neurosci. Educ. 2012, 1, 3–9.

77. Chen, A.C.; Oathes, D.J.; Chang, C.; Bradley, T.; Zhou, Z.-W.; Williams, L.M.; Glover, G.H.; Deisseroth, K.; Etkin, A.
Causal Interactions between Fronto-Parietal Central Executive and Default-Mode Networks in Humans. Proc. Natl.
Acad. Sci. USA 2013, 110, 19944–19949.

78. D’esposito, M.; Detre, J.A.; Alsop, D.C.; Shin, R.K.; Atlas, S.; Grossman, M. The Neural Basis of the Central Executive
System of Working Memory. Nature 1995, 378, 279–281.

79. Zhou, Y.; Friston, K.J.; Zeidman, P.; Chen, J.; Li, S.; Razi, A. The Hierarchical Organization of the Default, Dorsal
Attention and Salience Networks in Adolescents and Young Adults. Cereb. Cortex 2018, 28, 726–737.

80. Uddin, L.Q.; Clare Kelly, A.M.; Biswal, B.B.; Xavier Castellanos, F.; Milham, M.P. Functional Connectivity of Default
Mode Network Components: Correlation, Anticorrelation, and Causality. Hum. Brain Mapp. 2009, 30, 625–637.

81. Reineberg, A.E.; Gustavson, D.E.; Benca, C.; Banich, M.T.; Friedman, N.P. The Relationship between Resting State
Network Connectivity and Individual Differences in Executive Functions. Front. Psychol. 2018, 9, 1600.

82. Manoliu, A.; Meng, C.; Brandl, F.; Doll, A.; Tahmasian, M.; Scherr, M.; Schwerthöffer, D.; Zimmer, C.; Förstl, H.; Bäuml,
J. Insular Dysfunction within the Salience Network Is Associated with Severity of Symptoms and Aberrant Inter-Network
Connectivity in Major Depressive Disorder. Front. Hum. Neurosci. 2014, 7, 930.

83. Yang, X.F.; Pavarini, G.; Schnall, S.; Immordino-Yang, M.H. Looking up to Virtue: Averting Gaze Facilitates Moral
Construals via Posteromedial Activations. Soc. Cogn. Affect. Neurosci. 2018, 13, 1131–1139.

84. Immordino-yang, M.H.; Knecht, D.R. Building Meaning Builds Teens’ Brains. Educ. Leadersh. 2020, 77, 36–43.

Retrieved from https://encyclopedia.pub/entry/history/show/91028


