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Scientists are discovering how our brain shapes our ability to learn, and
how learning shapes our brain.
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Executive summary

Our brain is plastic—which means the brain changes its connectivity and even its structure in response to learning.

Our first learning experiences are foundational for our later education, and experiences in the early years of life can
greatly impact later achievement.

Waves of overproduction and pruning back of brain connections occur until late adolescence, making childhood a special
time for learning.

Our biology does not set a defined limit to what we can achieve. The plasticity of a student’s brain means the student
and their teacher play an important role in constructing it.

Although younger brains are more plastic, our brains remain plastic throughout our lifetime, supporting our lifelong
learning ability.

Understanding plasticity is important for students and teachers. Our brain shapes our learning, but learning shapes our
brain.

What is plasticity?

Most of our entire stock of neurons (~86 billion) are created prior to our birth. After birth, huge changes in the connectivity
between neurons occurs over childhood and beyond. These connectivity changes are an important example of what is
referred to as the brain’s plasticity—i.e., its ability to change. These changes are important from an educational point of view
because, from the earliest years, there is an important two-way interaction between an individual’s learning experiences and
their brain’s changing connectivity and structure. In other words, our brain shapes our ability to learn, and learning shapes our
brain.

Two important types of plasticity have been identified[1]:

1 · Experience-expectant plasticity involves the overproduction of connections (or “synapses”) between neurons in different
regions of the brain around particular times during development. These connections are then organised and pruned back by
expected or typical/common experiences. Both overproduction and pruning help “tune” basic functions during development,
including vision, movement, language, and socio-emotional response (see Figure 1). The overproduction and pruning occur
first in regions related to the most primary functions (e.g., vision and hearing). Brain regions that serve higher-order thinking
processes develop more slowly, reaching their maximum number of connections at preschool, while their pruning back can
continue in regions key for reasoning and learning late into the teenage years.



Figure 1. Synaptogenesis with age. Brain regions involved with different types of ability vary in the rate at which connections
proliferate and are pruned back. Experience-dependent plasticity continues across the lifespan. (Source: Charles A. Nelson,
Minnesota University[2])

So-called “sensitive periods” have been identified for some of these primary functions, including those relevant to the
development of language[i]. For example, in the first year of life, infants become tuned to their native language by losing their
ability to discriminate between sounds that are not represented in their social environment[3,4]. This makes later learning of
that language easier but makes learning a language with different sounds more difficult. Experiencing another language in
very early infancy prevents this loss[5], adding to the accumulating evidence for the mental advantages of growing up in a
bilingual or multilingual environment[5,ii]. From experiments with children recognising monkey faces, a similar effect may be
occurring in children’s visual system, honing their brains to recognise differences in their native faces, while losing their ability
to discriminate between faces of those who do not play a role in their very early social environment[6,7]. This latter effect is less
well-studied but may point to the benefits of very early social interaction for gaining (or more accurately preserving) our face
recognition abilities in a multi-ethnic world.

Deprived conditions in the early years can impact negatively in terms of experience-expectant plasticity. This was
demonstrated by findings from the Bucharest Early Intervention Project. Here, children were randomly allocated to foster
carers having suffered early institutional deprivation in Romania, which did not provide a species-typical experience in terms
of sensory stimulation, touch, speech, and personal caregiving. Children formed insecure attachments, knew only a third of
the number of words, and produced less brain activity than children reared in family environments[8-12]. There also appeared a
time constraint, after which remediation of attachment and cognitive development by foster care was less likely (24
months)—which points to sensitive periods of development being involved.

Most of what we understand of sensitive periods relates to infancy, but given the structural changes occurring throughout
childhood, later ones are likely[13,14].

2 · Experience-dependent plasticity involves the change or production of new connections based on experiences that would
never be expected to be common to all children. These include culturally-specific skills, such as reading, writing, and
mathematics. Sensitive periods are not usually associated with this type of plasticity. Plasticity has been studied in a region of
the brain called the hippocampus (see Figure 2). This region should be of particular interest to educators since it has a crucial
role in learning and memory. Education requires a vast amount of information to be committed to memory. This type of
information first arrives at the hippocampus where it is converted into a form for storage in regions across the brain.



Figure 2.  Location of the hippocampus—a critical brain
structure for memory formation. This “glass brain image”
shows the left hippocampus.

But this structure is not only about memory for facts and figures. For example, its size predicts the ability of children’s
arithmetic skills aged 8-9 years[15]. The size of the hippocampus can also be increased by a range of learning experiences[16].
Amongst adults, learning experiences that have been found to increase the size of the hippocampus include learning
navigational skills[17-19]. A part of the hippocampus measured in London taxi drivers, for example, was larger than that of bus
drivers, who have to navigate less. More academic examples of this type of plasticity include studying for a final medical
examination[20] and intensely studying a foreign language[21]. In the example of foreign language study, measures of
hippocampal growth predicted memory performance independent of time spent studying and vocabulary increase,
demonstrating learning may improve one’s basic ability to learn more (or “learning begets learning”).

In short, scientific understanding of the role of sensitive periods is incomplete, and their role may be restricted to significant
levels of disadvantage. Still, there is already a biological basis for emphasising the importance of a child’s educational
experience from the earliest years. This helps understand why early care, education, and experience appear so foundational
to later learning and development. While academic and cognitive benefits of extra investment in the early years can
sometimes fade with time, some long-term benefits can persist, such as improved rates of high school graduation and
decreased teenage parenthood and criminality[22]. From the early years, the quality of the learning experience is a major
factor in determining later outcomes[23,24]. Indeed, early economic models based on a “learning begets learning” principle
(where learning leads to greater ability to learn) show earlier is generally better for investing in children’s education[25-27].
However, one should be careful with the simple idea “learning begets learning,” since it can suggest that less is returned from
those who have suffered the least investment. In reality, a consistent message from the research has emphasised the
particular importance of preschool and early years education for the disadvantaged. Maturation of abilities occurs at different
times during development[14], and more sophisticated economic models have attempted to reflect this. This research shows
early investment still provides the greatest economic return, but it also confirms that this would be greatest for the least
advantaged[28]. Interestingly, the research also shows the later adolescent years may benefit more from interventions aimed at
noncognitive skills[iii], which aligns with suggestions of a sensitive period during adolescence for identity formation[29].

Why does the message of plasticity matter in education?

Educational research suggests a student’s theory of learning—how they think their learning comes about—can be influenced
by their ideas about their brain[30]. It is important for students to understand that their brains are plastic—because their
theory of learning is one determinant of their academic motivation and success[31]. In a highly-cited study, adolescents
receiving a course that included concepts of brain plasticity later outperformed peers in terms of self-concept and academic
attainment[32]. The plasticity of the brain means that a student, and their teacher, have an important role in constructing it.
For example, teachers who believe more strongly that biology predetermines outcomes also believe they can do less for their
students[33,34]. For similar reasons, it is important that teachers (and students) do not consider the brain is “fixed” at 3 years old
(the enduring “Myth of 3”[14,35]) or at any other age.

Lifelong plasticity



Although the younger brain is generally more plastic, our brain remains plastic throughout our lives, and it is never too late to
learn. The number of neurons in our brains is quite stable in most regions of our brain across the lifespan[36], but we also now
know that as well as new connections, learning may promote the birth of new neurons. In adult humans, it has been
estimated that 1,400 new neurons are added in the hippocampus region of the brain per day, with only a modest decline in
this renewal during aging. The human brain’s ability to produce new neurons in other important parts of the brain for learning
is also now being reported[37]. A clear connection between the production of new neurons and learning has been established
in animals[38], but no research of this type has yet been completed with humans. In the meantime, the positive effects of
education on preserving our mental abilities in later life are clear. Education helps build up our “cognitive reserve,” improving
our level of cognitive functioning and protecting us from dementia[39]. Continuing to challenge the aging brain appears
beneficial to maintaining its capabilities, with some “brain fitness” programmes for the elderly showing benefits that have now
lasted 10 years[40].

References

Twardosz, S. Effects of experience on the brain: The role of neuroscience in early development and education. Early Educ.1.
Dev. 23, 96-119, doi:10.1080/10409289.2011.613735 (2012).

Shonkoff, J. P. & Phillips, D. A. (eds.). From Neurons to Neighborhoods: The Science of Early Childhood Development.2.
(Washington, DC: National Academies Press, 2000).

Kuhl, P. K., Williams, K. A., Lacerda, F., Stevens, K. N. & Lindblom, B. Linguistic experience alters phonetic perception in3.
infants by 6 months of age. Science 255 606-608 (1992).

Rivera-Gaxiola, M., Silva-Pereyra, J. & Kuhl, P. K. Brain potentials to native and non-native speech contrasts in 7- and 11-4.
month-old American infants. Dev. Sci. 8, 162-172, doi:10.1111/j.1467-7687.2005.00403.x (2005).

Burns, T. C., Yoshida, K. A., Hill, K. & Werker, J. F. The development of phonetic representation in bilingual and monolingual5.
infants. Appl. Psycholinguist. 28, 455-474, doi:10.1017/s0142716407070257 (2007).

Balas, B. & Stevenson, K. Children’s neural response to contrast-negated faces is species specific. J. Exp. Child Psychol. 119,6.
73-86, doi:10.1016/j.jecp.2013.10.010 (2014).

Pascalis, O., de Haan, M. & Nelson, C. A. Is face processing species-specific during the first year of life? Science 296,7.
1321-1323, doi:10.1126/science.1070223 (2002).

Ghera, M. M. et al. The effects of foster care intervention on socially deprived institutionalized children’s attention and8.
positive affect: Results from the BEIP study. Journal of Child Psychology and Psychiatry 50, 246-253,
doi:10.1111/j.1469-7610.2008.01954.x (2009).

Nelson, C. A. et al. Cognitive recovery in socially deprived young children: The Bucharest early intervention project. Science9.
318, 1937-1940, doi:10.1126/science.1143921 (2007).

Smyke, A. T., Zeanah, C. H., Fox, N. A., Nelson, C. A. & Guthrie, D. Placement in foster care enhances quality of attachment10.
among young institutionalized children. Child Development 81, 212-223 (2010).

Moulson, M. C., Westerlund, A., Fox, N. A., Zeanah, C. H. & Nelson, C. A. The effects of early experience on face recognition:11.
An event-related potential study of institutionalized children in Romania. Child Development 80, 1039-1056,
doi:10.1111/j.1467-8624.2009.01315.x (2009).

Parker, S. W., Nelson, C. A. & The Bucharest Early Intervention Project Core, G. The impact of early institutional rearing on12.
the ability to discriminate facial expressions of emotion: An event-related potential study. Child Development 76, 54-72,
doi:10.1111/j.1467-8624.2005.00829.x (2005).

Blakemore, S.-J. The developing social brain: Implications for education. Neuron 65, 744-747,13.
doi:http://dx.doi.org/10.1016/j.neuron.2010.03.004 (2010).

Howard-Jones, P. A., Washbrook, E. V. & Meadows, S. The timing of educational investment: A neuroscientific perspective.14.

http://dx.doi.org/10.1016/j.neuron.2010.03.004


Developmental Cognitive Neuroscience 2, Supplement 1, S18-S29, doi:10.1016/j.dcn.2011.11.002 (2012).

Supekar, K. et al. Neural predictors of individual differences in response to math tutoring in primary-grade school children.15.
Proc. Natl. Acad. Sci. U. S. A. 110, 8230-8235, doi:10.1073/pnas.1222154110 (2013).

Wenger, E. & Lovden, M. The learning hippocampus: Education and experience-dependent plasticity. Mind, Brain, and16.
Education 10, 171-183, doi:10.1111/mbe.12112 (2016).

Lovden, M. et al. Spatial navigation training protects the hippocampus against age-related changes during early and late17.
adulthood. Neurobiology of Aging 33, 14, doi:10.1016/j.neurobiolaging.2011.02.013 (2012).

Maguire, E. A. et al. Navigation related structural change in the hippocampi of taxi drivers. Proceedings of the National18.
Academy of Sciences (USA) 97, 4398-4403 (2000).

Woollett, K., Spiers, H. J. & Maguire, E. A. Talent in the taxi: a model system for exploring expertise. Philos. Trans. R. Soc. B-19.
Biol. Sci. 364, 1407-1416, doi:10.1098/rstb.2008.0288 (2009).

Draganski, B. et al. Temporal and spatial dynamics of brain structure changes during extensive learning. Journal of20.
Neuroscience 26, 6314-6317, doi:10.1523/jneurosci.4628-05.2006 (2006).

Martensson, J. et al. Growth of language-related brain areas after foreign language learning. Neuroimage 63, 240-244,21.
doi:10.1016/j.neuroimage.2012.06.043 (2012).

Duncan, G. J. & Magnuson, K. Investing in preschool programs. J. Econ. Perspect. 27, 109-131, doi:10.1257/jep.27.2.109 (2013).22.

Lehrl, S., Kluczniok, K. & Rossbach, H. G. Longer-term associations of preschool education: The predictive role of preschool23.
quality for the development of mathematical skills through elementary school. Early Childhood Res. Q. 36, 475-488,
doi:10.1016/j.ecresq.2016.01.013 (2016).

Sylva, K., Melhuish, E., Sammons, P., Siraj-Blatchford, I. & Taggart, B. Effective pre-school education: A longitudinal study24.
funded by the DfES (1997 – 2004). (Institute of Education, Nottingham, 2004).

Cunha, F. & Heckman, J. The technology of skill formation. American Economic Review 97, 31-47 (2007).25.

Heckman, J. J. Policies to foster human capital. Research in Economics 54, 3-56, doi:DOI: 10.1006/reec.1999.0225 (2000).26.

Heckman, J. J. Schools, skills, and synapses. Economic Inquiry 46, 289-324, doi:10.1111/j.1465-7295.2008.00163.x (2008).27.

Cunha, F., Heckman, J. J. & Schennach, S. M. Estimating the technology of cognitive and noncognitive skill formation.28.
Econometrica 78, 883-931, doi:10.3982/ecta6551 (2010).

Blakemore, S. J. & Mills, K. L. Is adolescence a sensitive period for sociocultural processing? Annual Review of Psychology29.
65, 187-207 (2014).

Dekker, S. & Jolles, J. Teaching about “brain and learning” in high school biology classes: Effects on teachers’ knowledge30.
and students’ theory of intelligence. Frontiers in Psychology 6, 8, doi:10.3389/fpsyg.2075.01848 (2015).

Paunesku, D. et al. Mind-set interventions are a scalable treatment for academic underachievement. Psychological Science31.
26, 784-793, doi:10.1177/0956797615571017 (2015).

Blackwell, L. S., Trzesniewski, K. H. & Dweck, C. S. Implicit theories of intelligence predict achievement across an adolescent32.
transition: A longitudinal study and an intervention. Child Development 78, 246-263 (2007).

Howard-Jones, P. A., Franey, L., Mashmoushi, R. & Liao, Y.-C. The neuroscience literacy of trainee teachers. In British33.
Educational Research Association Annual Conference (University of Manchester, 2009).

Pei, X., Howard-Jones, P., Zhang, S., Liu, X. & Jin, Y. Teachers’ understanding about the brain in East China. Procedia – Social34.
and Behavioral Sciences 174, 3681-3688, doi: http://dx.doi.org/10.1016/j.sbspro.2015.01.1091 (2015).

http://dx.doi.org/10.1016/j.sbspro.2015.01.1091


Bruer, J. The Myth of the First Three Years: A New Understanding of Early Brain Development and Lifelong Learning. (The Free35.
Press, 1999).

Oliveira-Pinto, A. V. et al. Do age and sex impact on the absolute cell numbers of human brain regions? Brain Struct. Funct.36.
221, 3547-3559, doi:10.1007/s00429-015-1118-4 (2016).

Ernst, A. et al. Neurogenesis in the striatum of the adult human brain. Cell 156, 1072-1083, doi:37.
http://dx.doi.org/10.1016/j.cell.2014.01.044 (2014).

Kumazawa-Manita, N., Hama, H., Miyawaki, A. & Iriki, A. Tool use specific adult neurogenesis and synaptogenesis in rodent38.
(Octodon degus) hippocampus. Plos One 8, 9, doi:10.1371/journal.pone.0058649 (2013).

Then, F. S., Luck, T., Angermeyer, M. C. & Riedel-Heller, S. G. Education as protector against dementia, but what exactly do39.
we mean by education? Age Ageing 45, 523-528, doi:10.1093/ageing/afw049 (2016).

Smith, G. E. Healthy cognitive aging and dementia prevention. American Psychologist 71, 268-275, doi:10.1037/a004025040.
(2016).

[i] Current knowledge of sensitive periods is mostly restricted to primary functions (sensory, motor, etc.) that develop early. 
There are no sensitive periods for maths, reading, etc.—these are complex abilities that draw on multiple types of basic
cognitive function. Even the idea that sensitive periods are involved with age-of-acquisition effects for 2[nd] language learning
is controversial. For example, this may be better considered as a reduction general plasticity of the brain and/or
accumulation effects (i.e., the sooner you start the more you learn).

[ii] This process requires social interaction—it does not occur simply from, for example, having the TV or radio broadcast a
foreign language.

[iii] Cognitive skills include abilities such as reasoning, memory, IQ, etc., while noncognitive skills include those more
associated with traits such as self-motivation, attitude, sociability, etc.
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