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Summary

Decades of research and the development of new technologies and re-
search methods laid the foundation for a remarkable blossoming of research
on the processes and functions of learning in the 1980s and 1990s. In 2000,
the National Research Council summarized key findings from this work in
How People Learn: Mind Brain, Experience, and School: Expanded Edition
(HPL D). This report brought together the work of two committees that had
summarized insights on the nature of learning, such as how experts differ from
novices, how learning transfers across settings, and how children and adult
learners do and do not differ. It described principles for the design of effective
learning environments and offered examples of effective teaching in history,
mathematics, and science; an examination of the extent to which opportuni-
ties for teacher learning enhance effectiveness in facilitating learning; and a
discussion of the promise of technology for supporting learning. HPL I was
widely used by teacher educators and other postsecondary faculty in courses
related to learning, and it has guided the practice of countless educators. This
report expands on the foundation laid out in HPL I.

Researchers have continued to investigate the nature of learning and
have generated new findings related to the neurological processes involved
in learning, individual and cultural variability related to learning, and educa-
tional technologies. In addition to expanding scientific understanding of the
mechanisms of learning and how the brain adapts throughout life, they have
continued to make important discoveries about influences on learning, par-
ticularly sociocultural factors and the structure of learning environments. At
the same time, technological developments have both offered new possibilities
for fostering learning and created new learning challenges.
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The Committee on How People Learn II: The Science and Practice of
Learning, created by the National Academies of Sciences, Engineering, and
Medicine, was asked to summarize new insights related to the ground covered
in HPL I and expand the discussion to include learning that occurs beyond
kindergarten through twelfth-grade education and throughout the life span,
as well as the constellation of influences that affect individual learning. The
committee was charged! with:

reviewing and synthesizing research that has emerged across the various
disciplines that focus on the study of learning from birth through adulthood
in both formal and informal settings. Consideration will be given to the re-
search and research approaches with greatest potential to influence practice
and policy. The report should specify directions for strategic investments in
research and development to promote the knowledge, training, and technolo-
gies that are needed to support learning in today’s world.

To address our charge, the committee examined research that expands
significantly on what was included in HPL I. This required us to explore
numerous fields of study and therefore to draw on research that varied in
both methodology and standards of evidence. Research on learning spans
disciplines, including those centered on physiological processes, psychologi-
cal and psychosocial functioning, and broader views of cultural context. We
reviewed laboratory-based neuropsychology and cognitive science, as well as
work from cultural and social psychology, classroom-based education research,
and qualitative studies of adult learning and the workplace.

THE COMPLEX INFLUENCES OF CULTURE

Learners function within complex developmental, cognitive, physical,
social, and cultural systems. Research and theory from diverse fields have
contributed to an evolving understanding that all learners grow and learn in
culturally defined ways in culturally defined contexts. While humans share
basic brain structures and processes, as well as fundamental experiences
such as relationships with family, age-related stages, and many more, each of
these phenomena are shaped by an individual’s precise experiences. Learning
does not happen in the same way for all people because cultural influences
are influential from the beginning of life. These ideas about the intertwining
of learning and culture have been reinforced by research on many facets of
learning and development.

CONCLUSION 2-1: Each learner develops a unique array of
knowledge and cognitive resources in the course of life that

! The full text of the committee’s Statement of Task is included in Chapter 1.
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are molded by the interplay of that learner’s cultural, social,
cognitive, and biological contexts. Understanding the develop-
mental, cultural, contextual, and historical diversity of learners
is central to understanding how people learn.

TYPES AND PROCESSES OF LEARNING

Learning is a remarkably dynamic process; from before birth and through-
out life, learners adapt to experiences and their environment. Factors that
are relevant to learning include influences from the microscopic level (e.g.,
lead levels in the learner’s blood) up to the macro level (e.g., qualities of the
learner’s neighborhood, society, and culture). Even at the most basic indi-
vidual level, brain development and cognition (and the connectivity between
cortical areas) are influenced and organized by cultural, social, emotional, and
physiological experiences that contribute to both age-related and individual
variability in learning. Different situations, contexts, and pedagogical strategies
promote different types of learning.

An individual’s brain develops and is shaped by the set of experiences
and influences unique to her—a process that occurs through the pruning
of synapses and other neurological developments that take place through
adolescence. The brain continues to adapt as the learner ages, through the
continuous shaping and reshaping of neural connections in response to stimuli
and demands. While the learner gains knowledge and skills as the brain devel-
ops throughout childhood and adolescence, the relationship between brain
development and learning is not unidirectional: learning and brain develop-
ment interact in a reciprocal manner. Learning changes the brain throughout
the life span; at the same time, the brain develops throughout the life span
in ways that influence learning and are in turn influenced by the learner’s
context and cultural influences.

Learning requires that the individual orchestrate many different cogni-
tive processes including, for example, memory and attention. Memory—the
capacity to store and retrieve knowledge and information—is an essential
component of learning because it allows individuals to use past experiences
to adapt and solve problems in the present. Memory is not a unitary capacity;
it is a set of processes by which a learner reconstructs past experiences and
forges new connections among them.

CONCLUSION 3-1: The individual learner constantly integrates
many types of learning, both deliberately and unconsciously,
in response to the challenges and circumstances he encoun-
ters. The way a learner integrates learning functions is shaped
by his social and physical environment but also shapes his
future learning.
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CONCLUSION 3-2: The brain develops throughout life, fol-
lowing a trajectory that is broadly consistent for humans but
is also individualized by every learner’s environment and
experiences. It gradually matures to become capable of a vast
array of complex cognitive functions and is also malleable in
adapting to challenges at a neurological level.

CONCLUSION 3-3: The relationship between brain develop-
ment and learning is reciprocal: learning occurs through
interdependent neural networks, and at the same time learn-
ing and development involves the continuous shaping and
reshaping of neural connections in response to stimuli and
demands. Development of the brain influences behavior and
learning, and in turn, learning influences brain development
and brain health.

CONCLUSION 4-1: Successful learning requires coordination of
multiple cognitive processes that involve different networks in
the brain. In order to coordinate these processes, an individual
needs to be able to monitor and regulate his own learning. The
ability to monitor and regulate learning changes over the life
span and can be improved through interventions.

CONCLUSION 4-2: Memory is an important foundation for
most types of learning. Memory involves reconstruction rather
than retrieval of exact copies of encoded mental representa-
tions. The cues available in a learner’s environment are criti-
cal for what she will be able to recall; they also play a role in
the way the learner begins to integrate new information as
knowledge.

KNOWLEDGE AND REASONING

Learners identify and establish relationships among pieces of informa-
tion and develop increasingly complex structures for using and categorizing
what they have learned. Accumulating bodies of knowledge and the capacity
to reason about them are key cognitive assets throughout the life span. The
strategies that have shown promise for promoting learning help learners to
develop the mental models they need to retain knowledge so they can use
it adaptively and flexibly in making inferences and solving new problems.

CONCLUSION 5-1: Prior knowledge can reduce the attentional
demands associated with engaging in well-learned activities,
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and it can facilitate new learning. However, prior knowledge
can also lead to bias by causing people to not attend to new
information and to rely on existing schema to solve new
problems. These biases can be overcome but only through
conscious effort.

CONCLUSION 5-2: Learners routinely generate their own
novel understanding of the information they are accumulating
and productively extend their knowledge by making logical
connections between pieces of information. This capacity to
generate novel understanding allows learners to use their
knowledge to generalize, categorize, and solve problems.

CONCLUSION 5-3: The learning strategies for which there is
evidence of effectiveness include ways to help students retrieve
information and encourage them to summarize and explain
material they are learning, as well as ways to space and struc-
ture the presentation of material. Effective strategies to create
organized and distinctive knowledge structures encourage
learners to go beyond the explicit material by elaborating
and to enrich their mental representation of information by
calling up and applying it in various contexts.

CONCLUSION 5-4: The effectiveness of learning strategies is
influenced by such contextual factors as the learner’s existing
skills and prior knowledge, the nature of the material, and
the goals for learning. Applying these approaches effectively
therefore requires careful thought about how their specific
mechanisms could be beneficial for particular learners, set-
tings, and learning objectives.

MOTIVATION TO LEARN

Conscious learning requires sustained effort. To learn intentionally, people
must want to learn and must see the value in accomplishing what is being
asked of them. Numerous factors and circumstances influence an individual’s
desire to learn and the decision to expend effort on learning. Engagement and
intrinsic motivation develop and change over time; they are not properties of
the individual or the environment alone, and they are strongly influenced by
cultural and developmental processes.

CONCLUSION 6-1: Motivation to learn is influenced by the
multiple goals that individuals construct for themselves as a
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result of their life and school experiences and the sociocultural
context in which learning takes place. Motivation to learn is
fostered for learners of all ages when they perceive the school
or learning environment is a place where they “belong” and
when the environment promotes their sense of agency and
purpose.

CONCLUSION 6-2: Educators may support learners’ motiva-
tion by attending to their engagement, persistence, and per-
formance by:

* helping them to set desired learning goals and appropri-
ately challenging goals for performance;

* creating learning experiences that they value;

* supporting their sense of control and autonomys;

* developing their sense of competency by helping them
to recognize, monitor, and strategize about their learning
progress; and

* creating an emotionally supportive and nonthreaten-
ing learning environment where learners feel safe and
valued.

IMPLICATIONS FOR LEARNING IN SCHOOL

This report focused on learning that occurs throughout life and beyond
formal educational settings, but it has profound implications for school. We
highlight four topics related to schooling. First, understanding of the cultural
nature of learning and development means that what takes place in every
classroom—the learning environment, the influence of educators, and all
students’ experience of school—cannot be fully understood without atten-
tion to cultural influences. Second, there is a growing body of research that
examines learning in academic content areas that can provide guidance to
educators. Third, a part of what is accomplished when educators attend to
the influences of culture on the classroom environment and the perspectives
students bring to their learning is that learners are better supported in taking
charge of their own learning. Many strategies for fostering specific types and
functions of learning are primarily ways of supporting the learner in actively
making progress and improvements for himself. Finally, assessing learning is
a central part of education in school; effective assessment depends on under-
standing of how learning occurs.

CONCLUSION 7-1: Effective instruction depends on under-
standing of the complex interplay among learners’ prior
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knowledge, experiences, motivations, interests, and language
and cognitive skills; educators’ own experiences and cultural
influences; and the cultural, social, cognitive, and emotional
characteristics of the learning environment.

CONCLUSION 7-2: A disparate body of research points to the
importance of engaging the learner in directing his own learn-
ing by, for example, providing targeted feedback and support
in developing metacognitive skills, challenges that are well
matched to the learner’s current capacities, and support in
setting and pursuing meaningful goals.

CONCLUSION 7-3: A growing body of research supports adopt-
ing an asset model of education in which curricula and instruc-
tional techniques support all learners in connecting academic
learning goals to the learning they do outside of school settings
and through which learning experiences and opportunities
from various settings are leveraged for each learner.

CONCLUSION 7-4: Purposefully teaching the language and
practices specific to particular disciplines, such as science, his-
tory, and mathematics, is critical to helping students develop

deep understanding in these subjects.

CONCLUSION 7-5: Assessment is a critical tool for advancing
and monitoring students’ learning in school. When grounded
in well-defined models of learning, assessment information
can be used to identify and subsequently narrow the gap
between current and desired levels of students’ learning and
performance.

LEARNING TECHNOLOGY

There is strong empirical support for the effectiveness of learning tech-
nologies, but there is no one universally ideal learning technology. The ef-
fectiveness of technology depends on the characteristics of the learner, the
types of learning being targeted, sociocultural context, and support from
instructors in the use of the technologies.

CONCLUSION 8-1: The decision to use a technology for learn-
ing should be based on evidence indicating that the technology
has a positive impact in learning situations that are similar
with respect to:

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24783

How People Learp Il Learners, Contexts, and Cultures

8

How PeopLE LEarn 1

* the types of learning and goals for learning;

* characteristics of the learners;

* the learning environment;

* features of the social and cultural context likely to affect
learning; and

¢ the level of support in using the technology to be provided
to learners and educators.

CONCLUSION 8-2: Effective use of technologies in formal
education and training requires careful planning for imple-
mentation that addresses factors known to affect learning.
These factors include alignment of the technology with learn-
ing goals, provision of professional development and other
supports for instructors and learners, and equitable access to
the technology. Ongoing assessment of student learning and
evaluation of implementation are critical to ensuring that
a particular use of technology is optimal and to identifying
needed improvements.

LEARNING ACROSS THE LIFE SPAN

Individuals learn throughout their lives in every setting. What and how
much they learn, particularly outside of compulsory education, is largely direct-
ed by their own choices and circumstances. Learners’ capacities and resources
shift over time. For example, both reasoning and knowledge increase up to
early adulthood, when their paths begin to diverge. One’s abilities to quickly
generate, transform, and manipulate factual information begin to decline,
while knowledge levels remain stable or increase. However, the brain adapts
throughout life, recruiting and orchestrating its resources to compensate for
declines and adapt to circumstances.

CONCLUSION 9-1: People continue to learn and grow through-
out the life span, and their choices, motivation, and capacity
for self-regulation, as well as their circumstances, influence
how much and how well they learn and transfer their learn-
ing to new situations.

CONCLUSION 9-2: People learn continually through active en-
gagement across many settings in their environments; learning
that occurs outside of compulsory educational environments
is a function of the learner’s motivation, interests, and oppor-
tunities. Engagement with work (especially complex work that
involves both intellectual and social demands), social engage-
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ment, physical exercise, and adequate sleep are all associated
with lifelong learning and healthy aging.

RESEARCH AGENDA

The research the committee has explored for this report demonstrates
that learning involves lasting adaptations of multiple systems to the changing
external and internal environment. Learning is a dynamic, ongoing process
that is simultaneously biological and cultural. Attention to both individual
factors (such as developmental stage; physical, emotional, and mental health;
and interests and motivations), as well as factors external to the individual
(such as the environment in which the learner is situated, social and cultural
contexts, and opportunities available to learners) is necessary to develop a
complete picture of the nature of learning. We have focused on key ideas that
can be distilled from a diverse body of work to build on the picture of how
people learn as it stood in 2000. That picture has grown more sophisticated,
but there is still much more to learn.

‘We have identified specific research objectives in two primary areas, which
we hope will guide researchers and funders and spur work that integrates
levels of analysis, methods, and theoretical frameworks across the diverse
disciplines that make contributions to the study of how people learn.

Research Area 1: Meeting the needs of all learners by connecting
research on internal mechanisms of learning with the shaping forces
of contextual variation, including culture, social context, instruction,
and time of life.

Specifically, it is now possible to move beyond the idea of an “average”
learner to embrace and explain variation among individuals. It will be valuable
to have more interdisciplinary research that examines how individual varia-
tion and developmental and contextual factors, including social, emotional,
environmental, institutional, and experiential factors, influence the lifelong
learning process and learning outcomes. It would be valuable to have research
that addresses diverse study populations, interest in learning, the role of iden-
tity in learning, motivation to learn, self-regulated learning, the influence of
learning environments, learning across the life span, and learning disabilities.

Research Area 2: The implications of the science of learning for the
design of technology to support learning across the life span; the com-
plex interactions between characteristics of the learner, the content
to be learned, and the learning environment; how technology may be
influencing the nature of what people need to learn and the psychology
of learners; and potential drawbacks.
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Among the topics on which further research is needed are whether a
technology is well suited to the ecological learning niche in which it may be
used, the effects of engagement in self-selected online activities on academic
learning, and ways to improve the suite of learning technologies available.
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People learn every day, in many different settings and in many different
ways. Sometimes learning happens intentionally and with great effort, as when
a master craftsperson spends years learning a trade. Sometimes it seems to
happen almost effortlessly, as when someone realizes he knows how to make
his grandmother’s tamales without ever being taught. Research conducted
over the past few decades has expanded understanding of human cognition
and of how individual and group experiences and differences shape how
and what people learn. Much has been learned about how people acquire
expertise, how individual learners can monitor the influences on their own
understanding, and many other aspects of learning.

Nearly two decades ago, the report How People Learn: Brain, Mind,
Experience, and School: Expanded Edition (National Research Council
[2000]; hereafter referred to as HPL I) described groundbreaking research
from disciplines including neuroscience; cognitive, developmental, and social
psychology; anthropology; and education. It offered conclusions about learn-
ing that were based on these various lines of research and that would be most
relevant to teachers, school officials, parents, and policy makers, as well as a
research agenda to guide funders and scholars.

In this report, we offer an update to and expansion of HPL I that incorpo-
rates insights gained from research conducted over the past decade, considers
learning in contexts other than school, and explores how learning changes
across the life span. To set the stage, we offer a few observations on what it
means to study how people learn.

“How” suggests that learning involves processes that unfold over time.
People do not simply collect memories, knowledge, and skills in a linear, in-
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cremental fashion—slowly and steadily stashing away bits of information in
their heads like a video camera recording images and sounds. Rather, learning
involves myriad processes that interact over time to influence the way people
make sense of the world.

The processes are the activities and interactions in which individuals
engage that help them make sense of their world and their place in it. Play,
conversation, reading or being read to, and being alone are all processes.
Emotions, goals, social relationships, prior experiences, and cognitive and
biological predispositions all influence how individuals interpret situations
and hence what they learn. The changing demands, features, and supports of
the learning situation further influence people’s interpretations and emotions,
what they will decide to do, and consequently what they learn.

“People (or persons)” can be characterized in many ways: by age, gender
identity, skin color, skills, past experiences, and physical and intellectual re-
sources, for example. People have likes and dislikes; strengths and weaknesses;
families, friendships, and identities; experiences and memories; and interests,
goals, and dreams. All of these characteristics also influence learning.

“Learn” is an active verb; it is something people do, not something that
happens to them. People are not passive recipients of learning, even if they
are not always aware that the learning process is happening. Instead, through
acting in the world, people encounter situations, problems, and ideas. By en-
gaging with these situations, problems, and ideas, they have social, emotional,
cognitive, and physical experiences, and they adapt. These experiences and
adaptations shape a person’s abilities, skills, and inclinations going forward,
thereby influencing and organizing that individual’s thoughts and actions into
the future.

CHARGE TO THE COMMTTEE

The foundational research that was documented in HPL I holds true today,
but after nearly two decades an examination of new research was needed.
The National Academies of Sciences, Engineering, and Medicine formed a
committee to expand on and update HPL I with recent research.! The new
committee’s 16 members brought diverse expertise in disciplines and fields
related to the science and practice of learning, including cognitive science,
learning theory, cognitive neuroscience, educational psychology, develop-
mental psychology, workforce development, and educational technology (see
Appendix D). The committee was asked to examine new research on learning
and to identify the findings with the greatest potential to influence policy.
The committee was directed in its formal charge (see Box 1-1) to examine the
cultural nature of learning and the influence of context and to explore what

!The committee worked from the expanded edition of HPL I, published in 2000;see AppendixA.
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BoX1-1 Statement of Task

An ad hoc committee will conduct a study and prepare a report that
will update and extend the National Research Council report, How People
Learn (National Research Council, 2000), by reviewing and synthesizing
research that has emerged across the various disciplines that focus on
the study of learning from birth through adulthood in both formal and in-
formal settings. Consideration will be given to the research and research
approaches with greatest potential to influence practice and policy. The
report should specify directions for strategic investments in research and
development to promote the knowledge, training, and technologies that
are needed to support learning in today’s world.

To address its charge, the committee will review research on learn-
ing and learning contexts across the life span (specifically, infancy and
early childhood, middle childhood, adolescence and young adulthood,
middle adulthood and older adulthood). The committee also will consider
advances in such rapidly growing fields as cognitive neuroscience and
learning technologies, as well as discoveries, innovations, and inventions
in education and education research; cognitive science; developmental
cognitive neuroscience; cognition, learning, and memory; cognitive aging;
the influence of culture on learning; language and linguistics to include
supporting students learning English as a second language; social, emo-
tional, and motivational aspects of learning; learning in academic domains;
learning disabilities; assessment (e.g., of learning, achievement, and
performance in academic, cognitive, social, and affective domains); and
research methodology ranging from basic research to implementation
and dissemination science.

Attention will be given to methodological advances and designs that
permit the integration of knowledge from multiple fields (e.g., network
modeling, multilevel modeling, simulation modeling) and that enable study
of the complexities of learning across various contexts (e.g., the interplay
of micro and macro level learning and how teacher-learner interactions
within specific curricula and approaches to pedagogy result in learning in
domains over time).
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is known about learning across the life span, looking beyond the learning of
children and adolescents and the educational setting of kindergarten through
twelfth grade (K-12).

This report (referred to as HPL II) describes the committee’s consensus
conclusions and recommendations. It is intended not as a replacement for HPL
Ibut as a companion volume that builds on the picture of how people learn,
as laid out in that report, and adds new conclusions based on recent research.

Contributions of HPL 1

Published in 2000, HPL I combined the principal messages from two 1999
reports (see Box 1-2). It summarized key findings from decades of research
on (1) memory and the structure of knowledge, (2) problem solving and
reasoning, (3) the early foundations of learning, (4) metacognitive processes
and self-regulatory capabilities, and (5) how symbolic thinking emerges from
the culture and community of the learner. It examined the ways experts
differ from novices, how individuals transfer learning to new contexts, how
children learn, and findings from neuroscience and cognitive science about
brain functioning and development. It distilled from that work key insights
about learning, including the following:

e Experts differ from novices in more than just their general abilities (i.e.,
memory or intelligence) and the use of general strategies. Experts have
acquired extensive knowledge that affects what they notice and how
they organize, represent, and interpret information in their environ-
ments, which in turn affects their abilities to remember, reason, and
solve problems.

* Skills and knowledge must be extended beyond the narrow contexts in
which they are initially learned in order for deeper learning to occur.

* The development of a sense of the application of knowledge—when
the knowledge can be used—is an essential component of learning.

* Learning transfer—the capacity to apply learning in a new context—
most likely occurs when the learner knows and understands the un-
derlying general principles that can be applied to problems in different
contexts.

* The construction of conceptual understanding of abstract ideas pro-
motes learning.

* Learners are most successful at learning and will sustain their own
learning if they are mindful of themselves as learners and thinkers (i.e.,
use a metacognitive approach to learning and instruction).

The authoring committee of HPL I also explored the implications of new
insights about learning for education, focusing particularly on the design of
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Box1-2 History of HPL |

HPL I summarized the work of two separate committees of the Com-
mission on Behavioral and Social Sciences and Education of the National
Research Council (NRC). The original volume, published in April 1999 with
the title How People Learn: Brain, Mind, Experience, and School was the
product of a 2-year study conducted by the Committee on Developments in
the Science of Learning. This committee was asked to distill from research
on human learning and cognitive development the insights most relevant
to education in the elementary and secondary grades and to identify the
developments most useful to teachers, school officials, parents, and policy
makers (National Research Council, 1999b).

A second NRC committee, the Committee on Learning Research and
Educational Practice, was formed to plan a workshop for practitioners,
policy makers, and researchers to respond to How People Learn: Brain,
Mind, Experience, and School and to consider ways to apply its messages
to school practice. The results of the workshop were captured in How
People Learn: Bridging Research and Practice published in June 1999
(National Research Council, 1999¢). A subsequent report focused on how
students learn in the disciplines of history, mathematics, and science
(National Research Council, 2005). (Appendix A provides more detail about
HPL | and associated reports and how they have been used.)

learning environments, teaching strategies, the education of teachers, and the
use of technology to support learning. Among the committee’s major points
were several that are important for educators:

* Learning and development in childhood are influenced by the inter-
actions between each child’s early competencies and environmental
supports and experiences, as well as by the individuals who care for
them.

* Learning is promoted and regulated by both the biology and ecology
of the child.

* Learning in itself changes the physical structure of the brain, and the
changing structure in turn organizes and reorganizes how the brain
functions. Thus, different parts of the brain may be ready to learn at
different times.
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HPL I has had wide influence, particularly as a text used in teacher prepa-
ration programs and other educational settings; nearly two decades after its
publication, the report remains the third most popular report published by the
National Academies. Since 2000, however, there have been significant devel-
opments in research on learning. Users of HPL [ have noted the importance
of topics that were not emphasized in that report and areas in which there
have been notable developments since 2000, including the role of culture in
learning, out-of-school learning, how learning changes from childhood through
adulthood, and the learning skills needed for college and work.

Interpreting the Charge

The committee was not asked to answer a specific question but to provide
an update on a wide and diverse body of work. We needed to consider learn-
ers’ developmental needs and interests throughout the life span, from birth
through old age. A more fundamental shift in focus from HPL I was indicated
by the charge to address learning settings outside of school, often referred to
as informal settings.

In addition, although the authors of HPL I recognized the importance
of culture and context for learning, they concentrated on specific ways that
cultural variation influences learning in school and ways educators can take
that into account. Since HPL I was published, there has been a growing appre-
ciation for the fundamental role that culture plays for every individual learner
in every learning context, for every learning purpose. Navigating the differ-
ent underlying assumptions and goals associated with the infinitely variable
challenges and circumstances people encounter is a critical part of learning.
Thus, we needed to explore how people learn as they move through all the
varied settings and activities that make up human experience.

We discuss developments in understanding the cultural nature of learning
in greater detail in Chapter 2, but the committee was mindful that learning
occurs in a complex and dynamic ecosystem. Our investigation encompassed
what is known about the individual learner both as a biological organism,
with needs such as adequate sleep and nutrition, and as a social being. The
very long list of factors that influence learning begins at the microscopic level
(the level of lead in the learner’s blood is just one of many such factors) and
extends to the macro level (e.g., the impact of the qualities of the learner’s
neighborhood, society, and culture).

Gathering Evidence to Address the Charge

There was a wide range of research for the committee to consider. We
sought to provide a flavor of the varied and creative research going on in
diverse disciplines but without attaching too much weight to findings from
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individual studies. Our goal is to give the reader a sense of the principal findings
and prevailing themes in recent research without oversimplifying sometimes
extremely subtle and complex work.

Certainly it was not possible to explore every avenue relevant to the
science and practice of learning. Moreover, other reports of the National
Academies have already explored related topics from the vast literature on
learning, including some that fall under our charge (see Appendix B for a
partial list of relevant reports).?

Our goal was to report on research-based findings that would be of most
use to audiences who have relied on HPL I and to all readers eager to know
about strategies for applying the research to support and foster their own and
others’ learning. Two lenses for understanding learning guided our search for
relevant research findings.

First, understanding learning as a developmental process requires many
levels of analysis. This means that knowledge relevant for understanding learn-
ing comes from diverse disciplines that address neurological and biological
processes, as well as social and cultural phenomena and contexts. Thus, we
explored evidence about learning as a developmental process that undergoes
changes over time across the life span. We sought to understand how learning
occurs as people age, and we sought new insights into learning disabilities.
‘We looked beyond the neuroscience literature to explore research on how
cognitive processes such as executive function and reasoning change across
the life span and how affective states such as emotion and motivation, social
relationships, systems, and culture influence learning.

We drew on research from diverse fields in order to examine learn-
ing at different levels of analysis—from the molecular and cellular to the
sociocultural—and thereby to demonstrate the complex systems involved in
learning. We sought to accentuate the interdependencies among these levels
and domains because we believe that learning is a complex process to be un-
raveled by analyses that span interdependent biological, cognitive, affective,
interpersonal, and sociocultural conditions.

Second, our charge explicitly directed us to consider a wide variety of
settings across the life span. People are engaged within formal learning environ-
ments such as school for only a small portion of their waking lives, and they
learn in many other types of settings throughout their lives. Basic knowledge
and skills (reading comprehension, literacy, mathematics, science, geography,
oral and written communication, etc.) gained in formal educational settings
remain important. But the importance of other kinds of learning, such as
those often referred to as 21st century skills (e.g., flexibility and adaptability;

2For example, our charge mentions “supporting students learning English as a second lan-
guage,” but this topic is addressed in depth in a new National Academies report, Promoting the
Educational Success of Children and Youth Learning English: Promising Futures (National
Academies of Sciences, Engineering, and Medicine, 2017).
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teamwork and collaboration; inventive thinking; digital literacy; and deep,
motivated, and self-regulated learning), is now well established (Rader, 2002).
The committee also recognized the importance of rich knowledge and compe-
tencies that people develop in the context of their families and communities
outside of formal schooling.

The committee met six times in person for closed-session meetings and
held three public information-gathering sessions. Our information-gathering
process also included discussion sessions with researchers on the following
topics:

* Thought and language in the bilingual infant

* Understanding cultural differences that influence how, why, and where
most people learn

* The neuroscience of reading and reading disabilities

¢ Cognitive and developmental factors affecting learning in context

e Assessment challenges in learning contexts related to developments
in psychology and technology

* Learning in informal settings

* Learning in adulthood and the use of technology for learning in
adulthood

* Learning disabilities, universal design for learning, and assistive
technology

Although the idea that learning occurs across the life span is not new,
the increased focus on learning that takes place outside of and beyond K-12
education helped us shape our report, which is designed to provide informa-
tion useful to multiple audiences: teacher-educators; persons preparing for
an education profession; new teachers; and others connected to the world of
education, including those who make policies that affect or direct education,
as well as individuals.

TREATMENT OF EVIDENCE

Much of the research described in HPL I is still supported empirically;
we have drawn on this body of evidence, but our task was to review new
research. We therefore primarily confined our attention to material published
after 2000, although in some cases we included older work that had not been
addressed by HPL I. Addressing our charge required us to explore numerous
fields of study and therefore to draw on research that varied in both methodol-
ogy and standards of evidence. A few broad principles guided us in assessing
the material we collected:

First, we placed greatest credence in evidence from those controlled stud-
ies that (1) included subjects who varied in key characterisitics, (2) drew on
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the methodologies of multiple disciplines, and (3) targeted multiple learning
outcomes. However, there was not an extensive array of studies of this type
for every important subject we hoped to address. Therefore, we also reviewed
other types of studies, including case studies, exploratory research examining
correlational relationships among variables, design and development research,
small and large quasi experiments, small and large random-assignment experi-
ments, studies that document promising practice (or “hot-house” studies), and
research reports and online publications not presented in refereed publica-
tions. (See Moss and Haertle [2016] for discussion of the value of methodologi-
cal pluralism in the conduct of research on teaching and learning.)

We recognize that these varied sources offer different sorts of evidence
and note that blending findings from different perspectives and disciplines
is not easily accomplished. Study designs, samples, and analytical techniques
are not always comparable, and findings from laboratory-based studies often
prove difficult to reconcile with those from classrooms, workplaces, or other
settings. We characterize the nature of the available evidence we relied on
for the main areas we explored within each chapter. We also gave greater
credence to findings that are replicated and reported in meta-analyses and
research syntheses than to empirical findings confined to a single study.

One problem that affects a variety of research on human behavior com-
plicated our capacity to draw firm conclusions from some of the available
research. As documented by Henrich and colleagues and by others (Henrich
et al., 2010a; Nielsen et al., 2017), the social and behavioral sciences have
relied very heavily on study subjects from cultures that are Western, educated,
industrialized, rich, and democratic, or “WEIRD” (thus, this issue of potential
sample bias is known as the WEIRD problem). These researchers also noted
that a substantial proportion of research subjects are college students and thus
are also disproportionately younger as a group than adults in general. This
issue is a particular challenge with laboratory-based research. Field research
in real-world settings can much more readily include diverse populations.
Findings based only on research with WEIRD subjects cannot be assumed to
characterize human beings in general because this population is not repre-
sentative of the entire human population.

‘We note that this caveat must be considered with respect to many research
studies, although in other cases the composition of the study population is
less relevant (e.g., in neurobiological studies of brain structures). Identifying
a way to resolve the WEIRD problem was beyond the scope of our charge,
but we note particular areas where it is most pertinent as they arise. Appen-
dix C provides a more detailed discussion of the WEIRD problem and related
concerns regarding study populations in learning research.

‘We also note that over the past several decades, attention to the evidence
underpinning education research has increased (Lodge, 2013; Slavin, 2008).
For example, the U.S. Department of Education has stressed the importance of
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rigorous scientific evidence that includes findings from randomized, controlled
trials (U.S. Department of Education, 2001) and offers practice guides and
other resources through its What Works Clearinghouse Website.? Research-
ers have also pointed out that the research design and methodology used in
laboratory-based cognitive psychology and neuroscience research often cannot
be practically applied to classroom settings (Oliver and Conole, 2003; Smeyers
and Depaepe, 2013). In other words, one of the major ongoing challenges for
educational research is that findings from the studies examining fundamental
learning processes require substantial translation and interpretation in order
to be applicable to practice.

GUIDE TO THIS REPORT

The report begins with an overview of the landscape of current research
on learning. In Chapter 2, we elaborate on the heightened interest in and
more nuanced understanding of the cultural nature of learning. That chapter
describes the committee’s understanding that learning is situated and why
learning must be understood not as a phenomenon that occurs in predictable
ways within individuals’ brains but rather as a function of dynamic processes
that occur within a dynamic system that depends on people, time, and context.

In Chapter 3, we provide an overview of types of learning and of the key
brain processes through which learning takes place. In Chapter 4, we describe
two key cognitive processes that support learning: the means by which an
individual orchestrates his learning and a key element of almost all learning,
memory. Chapter 5 discusses the dynamic interplay between knowledge de-
velopment and reasoning. Chapter 6 examines the roles of motivation, beliefs,
goals, and values in learning outcomes.

In the last portion of the report, the committee turns to specific impli-
cations of the research we have reviewed for learners at different stages of
life and educators. Chapter 7 revisits key findings presented throughout the
report and elaborates on their implications for learning in school. Chapter 8
considers the potential for digital technology to support learning. Chapter 9
examines learning in adulthood and into old age, as well as learning disabilities
that affect learners of all ages. We close in Chapter 10 with a brief synthesis
of the primary themes in this complex body of work and offer an agenda for
further research to support sound policy and practice.

3 See https://ies.ed.gov/ncee/wwc/PracticeGuides [November 2017].
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An individual’s development is affected by the environment in which she
lives—including not only the family and other close relationships and circum-
stances but also the larger contexts in which families and communities are
situated. This idea is not new, and debates about the relative contributions of
“nature” and “nurture” to people’s characteristics and abilities date at least to
the 19th century. Since the 1970s, many scholars have explored ideas about
culture and context and have also asked questions about the act of investigat-
ing such things. Understandings of race and ethnicity, cultural values, histori-
cal perspectives, modes of communication, and the importance attached to
different kinds of knowledge and skill are just a few of the topics that have
been examined and reexamined as researchers have sought to understand the
complex dynamics between culture, context, and learning.

The authors of HPL I' acknowledged the importance of culture but con-
fined their attention to specific ideas for educators. For example, that report
noted the following:

e Experts have knowledge that is “conditionalized”; that is, they under-
stand the contexts in which their knowledge can be useful and how
to apply it.

* Schoolfailure may be partly explained by the mismatch between what
students have learned in their home cultures and what is required of
them in school.

! As noted in Chapter 1, this report uses the abbreviation “HPL I” for How People Learn: Brain,
Mind, Experience, and School: Expanded Edition (National Research Council, 2000).
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* Because learning is influenced in fundamental ways by the context in
which it takes place, schools and classrooms should be learner and
community centered.

‘What has become far clearer since HPL I was published is that every indi-
vidual’s learning is profoundly influenced by the particular context in which
that person is situated. Researchers have been exploring how all learners
grow and learn in culturally defined ways in culturally defined contexts. While
humans share basic brain structures and processes, as well as fundamental
experiences such as relationships with family, developmental stages, and
much more, each of these phenomena is shaped by the individual’s precise
experiences. Learning does not happen in the same way for all people because
cultural influences pervade development from the beginning of life.

We focus on the rich cultural, contextual, historical, and developmental
diversity of learning itself and how understanding of this diversity offers ways
to improve learning and create optimal learning environments. We recognize
that learning is the product of a complex, interactive system of physical pro-
cesses, which also interact with the complex systems and environments in
which individuals live.

This chapter sets the stage by providing a brief overview of developments
in thinking about culture and learning since HPL I. We examine how the word
“culture” is used, explain why the committee has approached its work from
a sociocultural perspective, and briefly describe some key ways that culture
is an integral part of development and learning.

THE CULTURAL NATURE OF LEARNING

The committee has taken a sociocultural view of learning. Because our
concern is with how people learn (not, say, with how computers learn), we
viewed our charge as including the social, emotional, motivational, cognitive,
developmental, biological, and temporal contexts in which learning occurs.
This stance derives from our understanding of what culture is, a subject about
which much has been written.

Defining Culture

In its broadest sense, culture is the learned behavior of a group of people
that generally reflects the tradition of that people and is socially transmitted
from generation to generation through social learning; it is also shaped to fit
circumstances and goals (Dirette, 2014; Hofstede, 1997; see also Nasir et al.,
2000).

Culture is reflected in the behavior and beliefs of a single individual, but it
is also fundamentally social. Culture is a product of the way individuals learn
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to coordinate desirable and useful activities with others, and it is expressed
in many ways, including through the actions, expectations, and beliefs of in-
dividual persons; physical elements such as artifacts, tools, and the design of
physical spaces; norms for interacting with others, both verbally and nonver-
bally; and beliefs and ways of looking at the world that are shared with others.

Integrating different cultural practices is a key learning challenge, and
culture is a matter not only of what people learn but also how they learn.
Culture is also reflected in the historical time period and society in which
someone lives. The dynamic nature of culture is evident in the fact that people
who make up a cultural community maintain cultural practices acquired from
previous generations, while also adapting practices over time to fit changing
circumstances or even transforming them altogether (Cole and Packer, 2005;
Lave and Wenger, 1991; Super and Harkness, 1986; Tomasello, 2016). In this
way, a culture is a living system. People living now are the bearers of the culture
they received from the prior generation, but they also become the genera-
tors and carriers of culture, as they have adapted it, into the future. Culture
refers not only to the manifestations of membership in a group; it also refers
to something much less static: a way of living that sustains a particular com-
munity (Nasir et al., 20006; Rogoff, 2016). People live in, reflect, and transform
their culture (Gauvain, 2009). Yet within each cultural community, there is
great diversity, as people take on different roles, employ different tools, and
engage in varied practices.

All settings for learning, including schools, are socially constructed con-
texts shaped by culture. School is designed to provide young people with
the experiences necessary to adapt to the demands of modern society by
providing a broad array of cultural knowledge of specific topics (e.g., reading,
mathematics, and science) but also knowledge of how people interact with
one another. The social practices of school, such as coordinated activities
and routines, reflect the culture of that school and the goals and values of the
larger society in which the school is embedded. Individuals learn to navigate
that culture and may do so in different ways that reflect their own unique
experiences within their homes and communities. Within classrooms and in
all learning contexts, the learner may embody and express the culture of his
own family and group in many ways, for example by using particular speech
patterns or gestures, or averting his gaze from the teacher out of respect.

An important point is that although questions of race and ethnicity
frequently arise in the context of examinations of culture, these are distinct
constructs. The terms “race” and “ethnicity” do not have generally agreed
upon definitions. “Ethnicity” is often used to refer to a person’s group and
cultural identification, including nationality and ancestry (Sue and Dhinsda,
20006). While the concept of race has often been used in Western societies
to create taxonomic categories based on common hereditary traits related to
an individual’s physical appearance (such as skin and eye color and hair tex-
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ture), both concepts—ethnicity and race—carry complex implications that
reflect culture, history, socioeconomics, political status, and connections to
geographic origins of ancestors (Collins, 2004). Research on genetic differ-
ences among population groups has established that there are not scientifi-
cally meaningful genetic differences among groups commonly identified as
belonging to different races (Smedley and Smedley, 2005). It has long been
recognized by social scientists that race is a social construction and that
criteria for inclusion in a racial category or definition of particular groups as
racial ones have varied over time (see, e.g., Figueroa, 1991; Kemmelmeier and
Chavez, 2014; Lopez, 2000).

The Role of Culture in Learning and Development

Perspectives on what constitutes culture and how it relates to learning
have changed over time. There are also differences in how the dynamic relation
between culture and learning is conceptualized across fields of study. At least
four disciplines—anthropology, education, linguistics, and psychology—have
contributed to the evidence the committee discusses regarding the role of
culture in learning, particularly learning that occurs during childhood and
adolescence. We do not discuss the full range of culturally shaped differences
in children’s developmental environments in depth, as these have been well
documented (see, e.g., Bornstein, 2010; Rogoff, 2003; Super and Harkness,
2010). Rather, we focus on examples that illustrate the ways early experiences
in childhood can influence learning.

Perhaps two of the most important and longstanding insights gained from
early work in these disciplines are that caregiver practices vary across cultures
and that these variations influence learners. A large body of work published
before HPL I (but not addressed there) established that socialization practices—
caretakers’ ways of interacting with children—shape how children learn, what
they learn, how quickly they learn, and even what the developmental end point
of that learning is (for everything from walking to how they interact socially).
More recent work has explored how ideas of what is desirable to learn may
vary across cultures. For example, a study that compared parental expectations
in the United States and Vanuatu suggested that whereas U.S. parents tend to
consider deviation from a model as showing creativity, parents in Vanuatu tend
to equate precise imitation with intelligence (Clegg et al., 2017).

Another major contribution to understanding of the interplay between
culture and learning arose out of efforts to establish developmental norms:
benchmarks against which children could be compared to assess whether they
were developing normally. Arnold Gesell—considered a pioneer for systemati-
cally mapping motor development using large samples of children—inspired
many researchers to explore what children were able to physically do, in what
order, and at what age, across a wide variety of cultural contexts (Gesell, 1934).
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Subsequent work revealed surprising differences in rates of motor de-
velopment across cultures in different countries, regardless of poverty status
(Karasik et al., 2010). For example, studies with children from African coun-
tries showed infants holding their necks up and walking earlier than average
European American children. Most important, this work showed that precoc-
ity was most likely to be noted in cultural groups in which parents expected
their children to acquire the milestones at earlier ages or adopted child-rearing
practices that facilitated accelerated growth, such as formalized massage and
stretching of children’s limbs during daily baths (for a summary of this work,
see Karasik et al., 2010).

Similarly, work on social and moral development reveals that cultural
groups differ in their conceptualization of the relationship between “self” and
“others.” Even early in life, community expectations regarding this relation-
ship strongly influence how children go about learning, how they think about
themselves, and the ways in which they socially engage (Keller et al., 2009).

There is a large body of work on culture and cognition that has examined
how children and adults across different cultural groups and societal contexts
(remote, urban, rural) perform on cognitive tasks (see Cole and Scribner, 1974,
for an influential early example). This work was designed to assess whether
developmental milestones on problem-solving tasks were universal or varied
across cultures and to try to uncover processes that could account for any
observed differences in the rate of development or in the highest level of
development obtained (Cole, 1995; Rogoff and Chavajay, 1995). These and
other studies strongly suggest that culture plays a role in basic cognitive pro-
cesses that help learners understand and organize the world, such as memory
and perception.

A classic example that illustrates culture’s influence on basic developmen-
tal processes is the illusion susceptibility study by Segall and colleagues (1966).
This work challenged the assumption that people everywhere, regardless of
their backgrounds, see the world in the same way because they share the
same perceptual system. It showed that people living in urban, industrialized
environments are more susceptible to the Muller-Lyer illusion (the perception
that a set of lines of the same length, but flanked by angles pointing inward
(<) or outward (>) are actually different lengths) than people who live in
physical environments in which straight lines and right angles are not often
seen. Work on these kinds of cross-cultural differences demonstrates that
the environment in which a person lives matters and that people construct
their perceptions by drawing on their prior learning experiences, including
cultural ones. More recent work has explored cultural differences in attention
and other cognitive processes (e.g., Chua et al., 2005).

Culture also affects the cognitive processes that shape learning (Markus
and Kitayama, 1991; Nisbett et al., 2001; see also Gelfand et al., 2011;
Kitayama and Cohen, 2007; Kronenfeld et al., 2011; Medin and Bang, 2014).
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Researchers have identified many examples of cultural differences in what are
considered “basic” cognitive processes once assumed to be universal (Henrich
et al., 2010a; see also Ojalehto and Medin, 2015b). This work illustrates the
important point that by taking cultural processes into account, researchers
can develop a more complete understanding of processes that underlie devel-
opmental change and of the course and end points of development (Henrich
et al., 2010b).

Learning as Social Activity

Another body of work in psychology that explores the role of culture in
shaping psychological processes has focused on learning as a dynamic system
of social activity. Many of these researchers draw from a set of ideas about
development advanced by Lev Vygotsky, Alexander Luria, and Aleksei Leontiev:
the “troika” of pioneers in what is variously known as the sociocultural, social
historical, or cultural-historical theory of development (Cole, 1998; Wertsch,
1991): the idea that social, cultural, and historical contexts define and shape
a particular child and his experience (John-Steiner and Mann, 1996).

The underlying principle in this body of work is that cognitive growth
happens because of social interactions in which children and their more ad-
vanced peers or adults work jointly to solve problems. Adults help children
learn how to use their culture’s psychological and technical tools (e.g., number
and writing systems, calculators, computers). These types of tools have skills
and ideas built into them, and learning how to use them is a critical aspect
of cognitive development. Each child does not reinvent these tools; they are
passed on across generations and adapted (Wertsch, 1991).

The use of this theory to understand the cultural nature of learning
emerged among cross-cultural psychologists who began their work testing
Piagetian cognitive tasks in different societies. Researchers who adopt the
sociocultural-historical perspective in examining learning do so within the
cultural context of everyday life. This body of research illustrates through
rich and detailed examples how everyday cultural practices structure and
shape the way children think, remember, and solve problems (see Gauvain
and Monroe, 2012; Greenfield, 2004; Rogoff, 2003; Saxe, 2012a, 2012b). For
example, Saxe’s work among the Oksapmin people in Papua New Guinea
documented a body-counting practice that shapes mathematical thinking and
problem solving in that community. Rogoff’s work demonstrates how, among
the Mayan people, aspects of family life and community practice promote
learning by keen observation.

These in-depth studies demonstrate that approaches to learning are embed-
ded in the practices of communities and that as these communities change over
time, cultural adaptation happens (Greenfield, 2009). This adaptation, in turn,
transforms how people within these communities learn and solve problems
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(Gauvain and Munroe, 2009; Greenfield, 2009). Many of these ethnographic
research studies address learning in countries and cultural settings that may
seem very distant from a U.S. context. However, the same principles can be
applied in examining cultural practices and tools everywhere, including urban
metropolitan areas. Consider, for example, how the emergence of cultural
tools, such as calculators, the Internet, and Twitter, has transformed not only
expectations about what people learn but also how they learn (these issues
are discussed further in Chapter 6).

Not surprisingly, embrace of sociocultural theory led to one of the most
important recent theoretical shifts in education research: the proposition that
all learning is a social process shaped by and infused with a system of cultural
meaning (Nasir and Hand, 2006; National Research Council, 2009; Tomasello,
2016). This work bridges the worlds of home and school. It examines how
culturally defined expectations and the ways caregivers in a community engage
with their children interact with school learning: the context and the content
of what one learns in the structured setting of a school. Some of this work
was described in HPL [; it addresses issues of congruence or match between
expectations and practices children learn at home or in their cultural com-
munities and the expectations embedded in the culture of school. Examples
include variations between how language is used at home and how it is used
in the classroom (Cazden, 1988), including expectations about whether a
child should learn by observing or through directed individualized verbal in-
struction (Cajete, 1999; Correa-Chavez and Rogoff, 2009); how conceptions
of time influence how children differentially adapt to expectations and the
pace set in the classroom (Levine, 1997); whether instructional practices pro-
mote individual or collaborative learning (Swisher, 1990; Tyler et al., 20006);
or even what skills—for example, “book” knowledge or socially responsible
behavior—children need to demonstrate to be considered intelligent (Serpell
and Boykin, 1994).

These studies documenting the cultural nature of learning have largely
been ethnographbic: systematic descriptions of the culture of a particular set
of people at a particular point in time. And they often were conducted with
small study samples. However, as with the early cross-cultural work on cogni-
tive development, these studies yielded significant insights about learning that
are relevant for understanding all people, from infancy to old age: Namely,
that everyone brings to their opportunities to learn the experiences they have
acquired through participation in cultural practices in their communities.

THE DYNAMIC INTERACTION OF CULTURE,
BIOLOGY, AND CONTEXT

Learning is a dynamic process that requires coordination of multiple sys-
tems within the individual and occurs within a dynamic system encompassing
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the changing contexts and people that surround an individual throughout life.
Recognizing this principle is essential to understanding the forces that help
shape learning over the life span. Human development, from birth throughout
life, takes place through processes of progressively more complex recipro-
cal interactions between the human individual (an active, biopsychological
organism) and that individual’s immediate physical and social environments.
Through these dynamic interactions, culture influences even the biological
aspects of learning.

In the 1970s, Urie Bronfenbrenner offered a formal model to illustrate the
complex and diverse influences of context on the development of individuals
(Bronfenbrenner, 1977, 1994; Bubolz and Sontag, 2009). His model is a set of
concentric rings representing the different systems in which the individual
develops, moving from family, school, peer groups, and workplaces outward
to broader social and institutional settings, ideologies, value systems, laws,
and customs. The model also depicts change and consistency in all of these
elements over time, representing the cumulative experiences in an individual’s
lifetime.

Similarly, learning at the individual level involves lasting adaptations of
multiple systems to the changing external and internal environment, includ-
ing changes in the biology of the brain. The biology of the brain provides the
physiological platform for learning and is shaped by the social and cultural
influences outside of the individual. For example, there is evidence that
individuals’ brains are critically shaped by social relationships and that the
information people learn through these relationships supports not only their
knowledge about facts and procedures but also their emotions, motivations,
and interests (Immordino-Yang et al., 2014; Nelson et al., 2007).

Culture coordinates the biological systems involved in learning and is the
broader social context in which people engage in the experiences that enable
them to adapt to the world and learn. Study of the role of cultural adaptation
in learning, pioneered by Giyoo Hatano, has shown how cultural influences
may both promote and hamper learning. For example, a cultural context may
promote particular types of learning such as observation versus explanation
(Gutiérrez and Rogoff, 2003). It might convey expectations about exploration
and experimentation that foster or hinder adaptation and experimentation and
influence the ways learners apply what has been learned in novel situations
(see, e.g., Hatano and Inagaki, 1986; Hatano and Oura, 2003).

In the next two sections, we discuss two aspects of an individual’s en-
vironment that have an impact on individual’s learning and are shaped by
culture. The first aspect is the social and emotional interactions an individual
experiences. The second aspect comprises the factors related to an individual’s
physical well-being.
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Social and Emotional Influences

Brain development and functioning, like the learning it supports, is socially
contextualized. It happens in the context of experiences, social relationships,
and cognitive opportunities as subjectively perceived and emotionally expe-
rienced by the learner. Cultural norms and goals shape how and what people
think. This is true even when a person is working alone or independently.

The brain’s processing of emotional and social stimuli and experiences
has considerable influence on the development of brain networks (Goldin-
Meadow, 2000; Hackman and Farah, 2009; Leppinen and Nelson, 2009; Nobel
etal., 2015). Humans have evolved to be highly socially interdependent: From
birth through old age, no one can manage life without relying on many other
people (Rogoff, 2015; Tomasello, 2001). Individuals’ brains are critically
shaped by social relationships, and the information they learn through these
relationships supports both their emotions and their knowledge about facts,
procedures, motivation, and interests (Immordino-Yang et al., 2014; Nelson
et al., 2007).

Studies of institutionally raised Romanian children provide a tragic demon-
stration of the effects of social deprivation on brain and cognitive function (e.g.,
Nelson et al., 2014). Though children reared in Romanian government institu-
tions during the period studied had enough food, clothing, bedding, and other
material supplies, they had a rotating staff of caregivers and little opportunity
to develop a meaningful, stable relationship with a loving, committed adult.
The result was that these children did not simply fail to adequately develop
socially, emotionally, and cognitively; they also failed to develop biologically.
These children were stunted in physical growth and in brain development:
Both their brains and bodies were abnormally small.

Emotion plays a role in developing the neural substrate for learning by
helping people attend to, evaluate, and react to stimuli, situations, and hap-
penings. In the past, it was generally assumed that emotion interferes with
critical thinking and that knowledge and emotion are separate (Gardner,
1985). However, extensive research now makes clear that the brain networks
supporting emotion, learning, and memory are intricately and fundamentally
intertwined (Panksepp and Biven, 2012), even for experts in technical do-
mains such as mathematics (Zeki et al., 2014). Emotions are an essential and
ubiquitous dimension of thought, and emotional processing steers behavior,
thought, and learning (Damasio, 1994; Immordino-Yang and Damasio, 2007).

Quite literally, it is neurobiologically impossible to think deeply about
or remember information about which one has had no emotion because the
healthy brain does not waste energy processing information that does not
matter to the individual dImmordino-Yang, 2015). Emotions help learners set
goals during learning. They tell the individual experiencing them when to keep
working and when to stop, when she is on the right path to solve a problem

Copyright National Academy of Sciences. All rights reserved.

29


http://www.nap.edu/24783

How People Learp Il Learners, Contexts, and Cultures

30

How PeopLE LEarn 1

and when she needs to change course, and what she should remember and
what is not important.

People are willing to work harder to learn the content and skills they are
emotional about, and they are emotionally interested when the content and
skills they are learning seem useful and connected to their motivations and
future goals. Conversely, emotions like anxiety can undermine learning by
causing worry, which depletes cognitive resources and activates brain regions
associated with fear and escape rather than with academic thinking (Beilock,
2010; Schmader and Johns, 2003).

Physical Influences

The developing brain is sensitive to physical influences that also affect
other aspects of health and development, including nutrition, exposure to
environmental toxins, sleep, and exercise. These physical influences can
vary dramatically across context and are often shaped by cultural practices.

Nutrition

Sufficient, high-quality nutrition is necessary for health, development,
and learning for infants (who are affected by prenatal nutrition), children,
and adults. In particular, adequate protein, calories, and other nutrients are
needed for brain development and function. Because of the protracted course
of brain development, nutrition is especially important through the years of
adolescence. Deficiencies in protein, calories, and other essential nutrients
have been linked to negative effects on cognitive functioning (e.g., inhibitory
control and executive function) and emotional functioning (Bryan et al., 2004).

Iron deficiency, for example, is relatively common in the United States;
9 percent of U.S. children ages 1-3 during the period 1999-2002 were iron
deficient (Baker and Greer, 2010), as were 2-3 percent of adult males and
9-22 percent of adult females (Gupta et al., 2016). Iron deficiency, which
can lead to iron-deficiency anemia, impairs learning, memory, and cogni-
tion. Lower test scores in early education have been correlated with infantile
iron-deficiency anemia. Further, severe iron-deficiency anemia in infancy has
effects that last through adolescence, resulting in lower test scores in motor
function, written expression, arithmetic achievement, spatial memory, and
selective recall (National Research Council and Institute of Medicine, 2000). It
is unclear whether iron deficiency without anemia leads to similar outcomes
(Taras, 2005). Iron supplementation has been shown to reverse some of the
effects of anemia, but the degree of improvement may vary with socioeconomic
status (Lozoff, 2007, 2011; Lozoff et al., 2014).
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Sleep

The cumulative long-term effects of sleep loss and sleep disorders have
been associated not only with health problems (e.g., increased risk of diabetes,
obesity, depression, heart attack, and stroke) but also with performance defi-
cits in occupational, educational, and other settings (Institute of Medicine,
20006). As sleep deficiency accumulates, the cognitive functions associated
with learning (e.g., attention, vigilance, memory, and complex decision
making) deteriorate proportionately and substantially (Jackson et al., 2013).
For instance, one study reported that 36 hours of sleep deprivation (one “all-
nighter”) resulted in a 40 percent loss in the ability to form new memories
(Walker, 20006).

For adults, work schedules that impede sleep, such as shift work, will
exacerbate the effect of sleep deprivation on memory formation (Mawdsley
et al., 2014). For young children, sleep plays an important role in the consoli-
dation of memories in infancy and early childhood (Henderson et al., 2012;
Seehagen et al., 2015), and insufficient sleep dramatically decreases memory
for previously acquired knowledge (Darby and Sloutsky, 2015). In adolescents,
insufficient sleep can be related to attention problems both in and out of
school, general cognitive functioning, emotional regulation, mood disorders,
engaging in risky behaviors, and academic outcomes (Wahlstrom et al., 2014).

The amount of sleep considered biologically normal or optimal varies
across the life span: the National Sleep Foundation recommends 14 to 17 hours
for newborns and 7 to 8 hours for older adults (Blunden and Galland, 2014;
Hirshkowitz et al., 2015). However, adults are averaging 1 to 2 hours less daily
sleep than they did in the mid-20th century, and 39 percent currently get less
than 7 hours of sleep, as compared with 15 percent in the mid-20th century
(Institute of Medicine, 2011; National Sleep Foundation, 2008). Average
sleep duration for infants, children, and adolescents has decreased by 30 to
60 minutes over the past 20 years, largely because of late bedtimes (Dollman
et al., 2007; Iglowstein et al., 2003). Many young children also experience
compromised sleep quality, and few outgrow the problem as adults (Centers
for Disease Control and Prevention, 2009; Kataria et al., 1987; Lauderdale
et al., 2006; National Sleep Foundation, 2006; Nevarez et al., 2010; Pollock,
1994; Spilsbury et al., 2004).

Exercise

The strong association between physical exercise and positive outcomes
in physical health and disease prevention is well established (U.S. Department
of Health and Human Services and Administration for Children and Families,
2010), but exercise can also be beneficial for learning and cognition.

Because exercise varies considerably in form, duration, and frequency,
researchers focus separately on its acute and enduring effects on cognition,
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emotion, and behavior. Acute effects of exercise on learning are evident in
tests given immediately following the physical activity, while enduring effects
are cognitive changes that are evident over a period of numerous exercise ses-
sions. These studies help to clarify when and how exercise is most beneficial
to people’s mental development and emotional well-being at different ages.

There are many neurochemical changes that follow intense exercise and
may cause the brain to be primed for better skill attainment and greater learning
immediately following a workout (Meeusen et al., 2001). Older studies of chil-
dren who have just exercised have identified improvements in mathematical
computation (Gabbard and Barton, 1979; McNaughten and Gabbard, 1993),
psychomotor performance (Raviv and Low, 1990), and stimulus-matching
performance (Caterino and Polak, 1999). More recent studies have found
improvements in children’s abilities to concentrate and complete complex
tasks including reading comprehension, inhibition (impulse control), and at-
tention (Hillman et al., 2009).

Improvements in cognition and academic performance, particularly in-
tegrative tasks that involve self-monitoring and executive function, as well as
higher-order cognition, have also been associated with consistent exercise
training in children (Keeley and Fox, 2009; Tomporowski and Ellis, 1984, 1985;
Tomporowski et al., 2011). Beneficial relationships between physical exercise
and cognition have been shown in the domains of perceptual skills, verbal tests,
math tests, academic readiness and achievement (among children ages 4-18,
Sibley and Etinier, 2003), and executive functioning tasks (Davis et al., 2011).

Some research has suggested that the degree to which exercise affects
higher-level thinking skills may differ depending on the nature of the exercise
and on developmental age (Best, 2010). Exercise that is more challenging—for
example, involving attention and learning of new motor skills and patterns,
more coordinated activity, and social interaction—may lead to stronger im-
mediate cognitive benefits among adolescents (Budde et al., 2008; Pesce et
al., 2009; Stroth et al., 2009).

There is also evidence of a relationship between exercise and cogni-
tive performance in older adults. The positive effects of physical activity on
cognitive ability are seen in both cognitively normal adults and those with
beginning signs of cognitive impairment (Colcombe and Kramer, 2003; Etnier
et al., 2006; Heyn et al., 2004). Although these effects have been seen across
all domains, Hillman and colleagues (2008) found that particularly marked
benefits are evident in executive control, defined as the cognitive ability for
planning, organizing, and thinking flexibly.

Environmental Toxins

Exposure to environmental neurotoxins also can have significant impacts,
particularly for developing fetuses and young children. For example, mothers
exposed to higher levels of environmental neurotoxins (such as pesticides
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and lead) tend to bear children who have poorer developmental outcomes
compared with the children of equally disadvantaged mothers who have lower
degrees of exposure (Institute of Medicine and National Research Council,
2015). Young children are especially vulnerable for two reasons: They tend to
absorb more of a toxin relative to their body weight because their metabolisms
are faster than those of older people, and their rapidly developing brains are
more sensitive to toxins (National Scientific Council on the Developing Child,
2006; Rauh and Margolis, 2016).

Although lead toxicity levels in American children have declined mark-
edly since legislation prohibiting the use of leaded paint (1971) and leaded
gasoline (1984), lead poisoning has returned to public attention through news
reports of contaminated drinking water in Flint, Michigan, and elsewhere.
Even very low blood-lead levels have been shown to reduce children’s scores
on reading, writing, and IQ tests. Indeed, according to current guidance from
the Centers for Disease Control and Prevention, no blood-lead level is safe
and the consequences of lead exposure are irreversible.? However, cognitive
decline associated with lead exposure is estimated to account for a far smaller
degree of variance in IQ levels (1-4%) than social and parenting factors and
institutional resource quality, such as early child care and preschools (40% or
more) (Koller et al., 2004, p. 987).

CONCLUSION

We have emphasized that each individual learner occupies a unique place
in time and space and responds throughout life to a set of circumstances, influ-
ences, and experiences that shape both what and how he learns. We examine
specific implications of this principle in the chapters that follow, and we return
to its implications for education in Chapter 7. But an implication necessary to
note from the start is that what were once called “cultural differences” may be
better characterized as variation in learners’ involvement in common practices
of particular cultural communities (Gutiérrez and Rogoff, 2003).

CONCLUSION 2-1: Each learner develops a unique array of
knowledge and cognitive resources in the course of life that
are molded by the interplay of that learner’s cultural, social,
cognitive, and biological contexts. Understanding the develop-
mental, cultural, contextual, and historical diversity of learners
is central to understanding how people learn.

2 See http://www.cdc.gov/nceh/lead/acclpp/blood_lead_levels.htm [November 2017].
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Types of Learning and the
Developing Brain

Learning involves a complicated interplay of factors. Chapter 2 discussed
the importance of focusing on the cultural factors that influence learning.
The committee explained new ways of understanding what culture is and the
complex ways it influences development and learning. In this chapter, we
examine different types of learning in order to understand the variety of com-
plex processes involved. We then discuss brain development through the life
span and changes in the brain that both support learning and occur as a result.

In this discussion, we draw on research in education and in social, cultural,
and cognitive neuroscience. We build on what was discussed in HPL I and
other reports that have contributed to a neurobiological account of how brains
develop. These sources have explored how both experience and supportive
environments can fundamentally alter developmental trajectories—both nor-
mative and maladaptive—across the life span.

TYPES OF LEARNING

It may seem obvious to say that there are many types of learning, but re-
searchers have explored this multifaceted construct from a variety of angles.
People learn many different kinds of things and use different learning strategies
and brain processes in doing so. Consider three scenarios that highlight the
wide range of activities and accomplishments that all can be called “learning.”

' As noted in Chapter 1, this report uses the abbreviation “HPL I’ for How People Learn: Brain,
Mind, Experience, and School: Expanded Edition (National Research Council, 2000).
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Three Learning Scenarios

In scenario 1, Kayla is learning about the Pythagorean theorem in her
geometry class. Her immediate motivation is to do well on a math exam, but
she may have other motivations, such as impressing her parents, teachers,
and friends, or at least not losing face; maintaining the grade-point average
needed for a competitive college application; appreciating that this material
is a prerequisite for learning advanced topics in math and science; seeing the
application of the Pythagorean theorem to her interests in computer graphics
and game programming; and seeing beauty and timelessness in the elegant
and definitive proofs of the theorem.

As she works, Kayla is likely to engage in several types and applications
of learning. She will probably learn both key terms and rules: for she will
learn that “hypotenuse” is the term for the longest side of a right triangle and
how to find the length of any hypotenuse using a formula. She will encode
the formula in words or a picture so that she can later retrieve the rule for
a test. She may learn to create and transform a spatial model that provides
an intuitively compelling justification for the theorem. She may learn to link
the spatial model to algebraic notation, and she may learn procedures to ma-
nipulate this symbolic notation to provide a formal proof of the theorem.
She will learn to apply the Pythagorean theorem to closely related problems
like finding the distance between two coordinates on a computer screen. She
may even learn how to transfer the bigger concept to other contexts such as
analyzing a communication network (Metcalfe, 2013).?

In scenario 2, Martina is developing her abilities on the guitar. Her moti-
vations are very different from Kayla’s. She began playing the instrument so
that she could accompany her own singing, but after some years of experi-
ence, she has become interested in learning more sophisticated skills, such
as using new chord progressions and picking styles to better reproduce her
favorite musicians’ performances and craft her own compositions. She has
engaged in motor learning to improve her finger work, perceptual learning
to pick out chord progressions from recordings, and observational learning
by watching others’ live and recorded performances. Practice and regimenta-
tion figure prominently in her training. Her playing has improved considerably
with individual lessons and her accompanying efforts to use both verbal and
example-based instruction to improve.

The third scenario is Foldit,> a computer-based game in which players
learn to find solutions to the notoriously difficult problem of protein folding.
(Figure 3-1 is an illustration of what a Foldit learner-player sees.) Foldit is an

2 According to Metcalfe’s law, the usefulness of a communications network increases propor-
tionally to the square of the number of connected users because each person can connect to
each of the other users (Metcalfe, 2013).

3 Information about Foldit can be found at https://fold.it/portal [November 2016].
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Rank: 317 Score:

FIGURE 3-1 User interface for the Foldit game.
SOURCE: Adapted from Cooper et al. (2010).

example of a “serious game”: one designed not only to entertain but also
to educate or train users to solve real-world problems (Mayer, 2014). Foldit
challenges its players to fold proteins into as low an energy state as possible,
a difficult problem even for the most sophisticated artificial intelligence sys-
tems available (Cooper et al., 2010). Scientists can analyze the best solutions
found by players to determine whether they can be applied to understanding
or manipulating proteins in the real world. For example, in 2011, Foldit play-
ers, who include retirees and citizens of more than 13 countries, as well as
science students, uncovered the crystal structure of a virus that causes AIDS
in monkeys, producing a solution that had eluded professional scientists for
15 years (Khatib et al., 2011).

In 2012, using a version of the game that allows for the creation of new
proteins, game players constructed an enzyme that can speed up a biosyn-
thetic reaction used in a variety of drugs, including cholesterol medications,
by 2,000 percent (Hersher, 2012). Khatib and colleagues (2011) studied the
strategies that 57,000 Foldit players used to achieve these successes and found
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that a key to these players’ results is that they create new tools, in this case
computer software “recipes.” They also learn collaboratively by forming
teams, sharing specific solutions and general software recipes, distributing
tasks among the team members, and regularly updating one another on their
failures and successes.

These scenarios give a sense of the range of functions and processes
involved in learning; they illustrate the complexity of learning to solve even
fairly straightforward challenges. Contexts matter, as do the variety of factors
that influence learners’ motivations and approaches and the range of strate-
gies and processes learners can recruit. We explore these issues further in
this and later chapters.

We will return to these three scenarios to illustrate some of the basic
universal types of learning researchers have investigated. We emphasize that
these are not discrete functions that operate independently but are aspects
of complex, interactive learning processes.

Basic Types of Learning

There are many types of learning, and as the scenarios illustrated, they
often operate in concert. In this section, we describe several important types,
chosen to acquaint the reader with the range, diversity, and dynamic nature
of learning, rather than to provide a comprehensive taxonomy of learning
types. We begin with forms of learning that may be considered “knowledge
lean” such as the learning of habits and patterns and move toward more
complex, “knowledge-rich” forms of learning such as inferential learning.
The knowledge-rich types may be implicit, occurring outside the learners’
conscious awareness and requiring limited verbal mediation. More explicit
learning would include learning with models and learning executed with the
learner’s intention.

Research on types of learning is often conducted in laboratory settings
where an effort is made to simplify the learning task and “strip away” nuances
that reflect specific contexts. Often, participants in these studies are from
cultures that are Western, educated, industrialized, rich, and democratic,
which may limit the generalizability of findings to people who live in different
cultural contexts (see Chapter 1 and Appendix C on the WEIRD problem).
In the real world, learning situations almost always involve multiple learning
processes and always are influenced by context and by the learner’s own
characteristics and preferences.

Habit Formation and Conditioning

Habits are behaviors and thought patterns that become engrained and feel
fluent in particular contexts (Wood et al., 2002). Habits can be positive (e.g.,
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making healthy snack choices or double-checking one’s math homework), or
they can be harmful (e.g., skipping meals and instead grabbing a candy bar
from the vending machine, or giving up when one’s math homework seems
difficult). Both learning and unlearning of habits occur gradually and usually
unconsciously, though one can become aware of one’s habits and work to
reinforce or change them mindfully. Habits tend to be self-reinforcing; because
they achieve some short-term goal and are enacted relatively automatically,
bad habits especially are notoriously hard to unlearn. Good habits, once estab-
lished, can grow into rich patterns of behavior that help the learner succeed.

The gradual learning and unlearning of habits follows principles of condi-
tioning, a nonconscious form of learning in which one automatically adjusts
one’s decisions and behaviors when particular and familiar contextual cues
or triggers are present. These decisions and behaviors can be strengthened
when they are closely followed by rewards; for example, when the candy bar
tastes good and gives an energy rush (even if the rush is followed by an energy
crash) or the homework-checking habit reveals a careless error. The rewards
might be external, but they can also be generated by the learner, as when
Martina, the guitar student, realizes that her playing has improved because
she has made a habit of practicing every day before bed.

The probability and time horizon of rewards also matters. For example,
Martina may not notice any difference in her playing right away after she starts
practicing regularly, and she may be tempted to give up before she experiences
the reward. Or, the diligent student checking her math homework may not
perceive the reward for her extra effort if homework is graded for completion
so careless errors do not count. It might be thought that habits will become
strongest when the behavior is always rewarded—when Martina’s progress
is steady and the math student always earns praise—but predictable rewards
actually reduce the durability of habits. That is, bad habits are often harder
to extinguish when they are only intermittently rewarded, and the benefits
of good habits may seem unclear when one takes the reward for granted. For
example, if a child’s tantrums are occasionally rewarded by a parent who
“caves in,” then the tantrum habit may resist extinction. The child learns that
she might possibly be rewarded for a tantrum and so becomes more persistent.
Similarly, though Martina may need to push herself to continue practicing
nightly, on the night when she suddenly makes a breakthrough, the effort
she put in will make the reward feel even sweeter.

People often think that they are in rational control of their behaviors
and that they act the way they do because they have made a conscious deci-
sion. However, the prevalence of habit-driven acts shows that much of our
behavior is not consciously chosen. Both negative habits such as obsessively
checking one’s cell phone for messages and positive habits such as morning
exercises are frequently initiated without a conscious decision to engage in the
activity: one begins before fully realizing a habit is being formed. This means
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that establishing a new, good habit might initially take effort and significant
application of will power. As Martina works on her guitar playing, she devel-
ops good habits for holding the guitar with the neck pointed up rather than
down, sitting with a straight back, and holding the pick loosely enough for
it to have some play, habits that are critical for her growth in skill. Over time
these behaviors need to become automatic, rather than deliberate, if she is to
have sufficient mental resources left over to learn new pieces and techniques.

It is easy to be impatient with learners who have not yet instilled successful
learning habits, such as listening attentively, creating outlines before writing,
or periodically summarizing material that is read, and jump to the conclusion
that they are not trying hard to learn. But these habits of learning take effort
initially and only gain momentum over time. Once acquired, they can become
second nature to the learner, freeing up attentional resources for other, more
cognitively demanding aspects of a task.

There are many ways to establish a habit, such as classical conditioning.*
Ivan Pavlov’s research on classical conditioning is so well known that it
appears in cartoons: Pavlov noticed that a dog automatically salivates when
it is presented with food. Cleverly, he began playing a bell whenever he pre-
sented the dog with food. Soon he observed that the dog salivated when it
heard the bell, even when no food was present. Classical conditioning such
as this can be viewed as a form of adaptation to the environment, in the sense
that salivation aids the digestion of food.

Although conditioning is an adaptive learning process, sometimes it can
lead to undesirable consequences, as in some acquired taste aversions, or
in the case of abused children who learn antisocial strategies for protecting
themselves. For example, cancer patients who become nauseated from che-
motherapy drugs may begin to feel nauseated even when thinking about the
drugs or when eating a food they had previously eaten before a treatment
(Bernstein et al., 1982).

Conditioned learning is so basic to survival and adaptation that it extends
beyond just mental processing to also include adaptive patterns of process-
ing in the body. For example, there is evidence that the immune system is
subject to classical conditioning. Researchers have found that reactions of
the immune system can be suppressed or enhanced as a learned response to
a taste stimulus (Ader et al., 2001; Schedlowski et al., 2015). This work has
given rise to the new interdisciplinary field known as psychoneuroimmunol-
ogy, which explores possibilities for using conditioning of the immune system
to fight disease. For our purposes, it highlights that learning is a fundamental

4 One of the characteristics of habit learning is that it is gradual. However, classical condition-
ing is not always gradual. Even a single exposure to a taste that later results in a stomach ache
may result in avoidance of that flavor (Garcia et al., 1955). We nonetheless include classical con-
ditioning in this section on habit formation because it is one of the major mechanisms through
which habits are formed.
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property of humans and of all animals. It is not only our minds that are shaped
by experience; even our bodies are.

Observational Learning

People also learn by observing and modeling others’ behavior, attitudes,
or emotional expressions, with or without actually imitating the behavior or
skill. Humans’ talent, rare among animals, for observational learning has been
called “no-trial learning” (Bandura, 1965) because it is even faster than the
one-trial learning observed in animals that have a strong built-in tendency to
form certain associations (e.g., between the taste of a food and a subsequent
stomach ache). Learning by observation allows the learner to add new behav-
iors to his repertoire while minimizing the costs of trial-and-error learning,
and it often can proceed without any explicit feedback.

Learning by observation is a sophisticated skill requiring advanced cogni-
tive capacities for imitation, interpretation, and inference (Blackmore, 2000).
It requires the learner to observe something that may not be immediately
visible (such as an attitude or recipe), and figure out how to reproduce what
she has observed. Martina likely learns about how to improve aspects of her
guitar playing through watching and listening carefully as her teacher plays,
even if neither she nor the teacher could describe in words every aspect of
what she is learning.

The human penchant for learning by observation underscores the
importance of the social milieu of the learner, a connection that has long
been established. Studies by Bandura and colleagues beginning in the 1960s
established the role of observational learning and social modeling in learning
and motivation (Bandura, 1989; Bandura et al., 1961, 1963). The researchers
found that for modeling to be a successful learning method, learners must not
only pay attention to the critical components of the modeled behavior but
also ignore irrelevant features of the behavior or skill; they must also be able
to remember and replicate what they have observed. The Foldit players in
our third learning scenario benefit from observational learning as they follow
both general strategies and particular solutions they see their peers do. They
organize teams, online forums, and recipe repositories specifically to promote
their own observational learning.

Various factors may influence observational learning. For example, an
individual’s perception of his own potential role and goal with respect to the
behavior being observed influences how well he reproduces the learning be-
havior (Lozano et al., 2006; Zacks et al., 2001). But, it has long been known
that people readily take cues for how to behave from others, particularly from
authority figures such as teachers or parents but also from peers (Schultz et
al., 2007). Peer observation is a key source of information about descriptive
norms: standards for conduct among socially related people, which are ac-
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quired by seeing how peers actually do behave. By contrast, injunctive norms
describe how people should behave and are traditionally provided by higher
authorities. Both descriptive and injunctive norms contribute to learning in
social settings.

Descriptive norms are especially influential to learning (Cialdini, 2007).
For example, people are more likely to litter when they observe a lot of other
litter on the ground, even though they know that littering is against the official
rules. Messages such as “Many people litter. Don’t be one of them!” may have
the paradoxical effect of increasing littering because it suggests a descriptive
norm that littering is commonly tolerated (Cialdini et al., 1990). Teachers and
parents frequently lament that students seem to pay more attention to what
their peers do than to advice given by more authoritative voices. However, this
tendency to favor descriptive norms has been harnessed by the “peer learning”
approach, which encourages learners to interact with and teach each other
(Crouch and Mazur, 2001; Slavin, 2016). Understanding of descriptive norms
highlights the need to establish classroom cultures that promote high-quality
peer learning, especially through descriptive norms (Hurley and Chater, 2005).

Empirical studies also illustrate cultural differences in observational learn-
ing. For example, working with pairs of American and Mayan children ages 5
to 11, Correa-Chavez and Rogoff (2009) showed one child how to construct
a novel toy while the other child was nearby doing a similar activity inde-
pendently, without explicit instruction. They then asked the second child to
attempt the task in the structured teaching situation. The researchers found
that the children who first worked independently had learned from observing
the other children. They also noted that the children’s observational learning
differed, depending on their cultural community as well as their degree of
exposure to Western schooling (in the case of the Guatemalans). In this study,
the Mayan children were more likely to watch intently as the other child was
given instruction, while the American children, and the Mayan children with
more exposure to Western education, were more likely to focus exclusively
on their own task rather than watching. The children who learned the most
during the waiting period were from families with the most traditional Mayan
practices.

Implicit Pattern Learning

Observational learning is not the only way a person can learn without
receiving external feedback or rewards. Implicit pattern learning, also called
statistical learning, involves the learning of regular patterns in a particular
environment without actively intending to do so. This kind of learning re-
quires extended exposure to a pattern sufficient for unconscious recognition
of regularities in an otherwise irregular context, without conscious attention
and reflection (Willingham et al., 1989). Statistical learning is observed in
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many species and across age groups in humans, and it is relatively unrelated
to IQ; even infants can do it (Cleeremans, 1996). In a 1996 study, researchers
exposed 8-month-old infants to a 2-minute, continuous, monotone stream of
speech that was random except for a repeated pattern of several nonsense
words made up of three syllables (e.g., “bi-da-ku”) (Saffran et al., 1996). Even
though there was no gap between the words, the infants showed a novelty
preference after this exposure, listening longer to new nonsense words than
the nonsense words they had already encountered.

Language learning is a good example of statistical learning because people
spontaneously and without conscious effort use the regularities that language
contains to produce their own utterances (Bybee and McClelland, 2005).
Imagine hearing a new verb, “sniding,” which means, “to try to humiliate
somebody with a disparaging remark.” To use the verb in the past tense you
might say, “he snided his cousin,” applying the regular “+ed” way of forming
a past tense, or, “he snid his cousin,” basing your verb form on other similar
irregular verbs such as “hide—hid,” “slide—slid” and “bite—bit.” You might
even say, “he snode his cousin,” but you probably would not say “snood,”
“snade,” or “snud” because without realizing it you have learned the rules for
indicating past tense in English.

Learning patterns without feedback generally requires extended experi-
ence with an environment and is gradual. The regularities learned in this
fashion may not be easily verbalized because they are not the result of explicit
hypothesis formation and testing. Figure 3-2 shows how a learner can extract
patterns from an environment without a teacher or parent providing feedback.
In this environment, 80 circles varying in size and color are distributed in
distinctive clusters. Even if none of the circles is categorized or given a label,
it is possible to see that they fall into four clumps. Many real-world categories
are clumpy in exactly this way. For example, the category bird encompasses
several properties that are correlated with each other, such as nesting in
trees, laying eggs, flying, singing, and eating insects. Other categories such as
snakes and fish have different constellations of correlated properties (Rosch
and Mervis, 1975). Learners often come to recognize which attributes define
categories simply through observation over time; even very young children
recognize, for example, that it would be a strange, improbable animal that
borrows hissing and scales from snakes but feathers and chirping from birds.

Perceptual and Motor Learning

We have seen that some types of learning are unconscious and some
require deliberate intention. Perceptual and motor learning are ways that an
individual learns skills primarily through sensory experiences. This type of
learning may take place without the learner being able to put into words how
it occurred, but it may be deliberately pursued. Learning to hear the difference
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FIGURE 3-2 Fatfern recognition.

NOTE: Imagine a world that contained these 80 circles that vary in iheir size and color.
Individuals are able to assign clusters to the circles without receiving any feedback. For example,
they may cluster the circles by their location in the graph, by color, by size, efc.

between major and minor chords, practicing a golf or tennis swing, improving
one’s skill at smoothly maneuvering a car, or learning (as a dermatologist) to
distinguish between benign and malignant skin growths are all examples of this
type of learning. Skills learned this way gradually increase over a protracted
course of years, or decades, of practice. Different training regimes may acceler-
ate skill training, but there is usually no simple shortcut that will yield skilled
performance without long hours of practice; it is doing the activity, not being
explicitly instructed, that brings the gains (Ericsson, 1996).

Motor learning, such as learning how to swim, ride a bicycle, or play a
guitar chord without a buzzing sound, is often highly specific. That is, if a per-
son who has learned to play guitar is asked to switch which hand strums and
which hand fingers the chords, she will suddenly regress to a nearly novice
level (Gilbert et al., 2001). This high degree of specificity has been associated
with changes to brain areas that are activated rapidly after an object is shown
and are specialized for perception. It is easy to forget how dramatically people’s
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perceptions and actions can be changed by experience because once they
have changed, the individual no longer has access to the earlier perception.

People learn from the world through their senses, but these same senses
are changed by that learning. Both perceptual and motor learning can lead to
surprisingly robust changes in the perceptual system. A striking demonstra-
tion of this is a phenomenon known as the McCollough Effect (McCollough,
1965), in which a very brief exposure to some objects can have a relatively
long-lasting influence on the continued experience of other objects.

As an example, look at the pattern in Figure 3-3 and confirm that the
vertical and horizontal striped quadrants appear black and white. Then,
alternate between looking at the red and green stripe patterns in Figure 3-4
for 3 minutes, looking at each pattern for 2 to 3 seconds at a time. Now look
back at the pattern of four quadrants in Figure 3-3. The quadrants with the
vertical lines should appear red-tinged, and the quadrants with the horizontal
lines should appear green-tinged. Celeste McCollough’s explanation, which
continues to receive empirical confirmation, is that there is adaptation in early
stages of visual processing in the brain to combinations of orientation and

FIGURE 3-3 The McCullough effect, part 1. See instructions in text for viewing these patterns
before turning the page fo view Figure 3-4.
SOURCE: Adapted from McCullough (1965).

R
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FIGURE 3-4 The McCullough effect, part 2. Before studying these images, see the instructions

in the text for viewing Figure 3-3 first.

SOURCE: Adapted from McCullough [1965).

color. This adaptation, which creates orientation-specific reference points to
which subsequent colored bars are compared, is surprisingly robust. As little
as 15 minutes of exposure to the red and green stripes can make people see
color differences in the quadrants lasting for 3.5 months (Jones and Holding,
1975). If you followed the viewing instructions above, your experience of
the world in just 3 minutes has had a durable and hard-to-suppress influence
on how you see it.

Figures 3-5 and 3-6 show another example of how a very brief experience
can rapidly alter future perceptions. Look at Figure 3-5 first, before you view
Figure 3-6. If, like most people, you are not able to identify all four of the ob-
jects in the images shown in Figure 3-5, you may experience the frustrating
but gripping phenomenon of not being able to form a coherent interpretation
of your visual world. Now look at Figure 3-6. The images in this figure provide
hints that will make the images in Figure 3-5 readily interpretable. If you now go
back to view the images in Figure 3-5, you will most likely not be able to return
to your naive state of incomprehension. The striking difference between how
the images in Figure 3-5 appeared to you before and after the clarifying experi-
ence of seeing Figure 3-6 provides a compelling, rapid analog for the greater,
often gradually accumulated, power of experience to change what we see.

Perceptual-motor learning can also play a large role in the development of
academic knowledge. Not only does it support abilities to see and discriminate
letters for reading, it also supports what Goodwin (1994) called “professional
vision.” Goodwin described the ways in which training in archeology involves
changes to how one perceptually organizes objects of inquiry, such as the
texture and color of dirt found at an excavation site.
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FIGURE 3-5 Unaided pattern interprefation.

NOTE: Can you identify the object hidden in the upperleft image and the animals in the
three black and white images@ Try for a few moments, and if you cannot, look at Figure 3-6
for hints. Once you see the Figure 3-6 images, then see the objects in the images here, you
probably will never be able to “unsee” the objects, so savor the moment of incomprehension
before looking at the hints.

SOURCES: The photographer for the upperleft image is unknown (see, for example, hitp://
www.slate.com/blogs,/bad_astronomy,/2016,/05,/'18/sometimes_a_cigar_isn_t_just_a_
cigar.html), but one of the early sources for it is Arron Bevin's Facebook page: hifps://www.
facebook.com,/Bevvoo,/ posts/4879210180,704/8). The remaining three images are
committee-generated.

It is possible to organize instructional experiences that maximize people’s
abilities to leverage perceptual learning. Kellman and colleagues (2010)
developed brief online modules to support perceptual learning in mathemat-
ics. Students using the modules make quick decisions for 120 problems. For
instance, they have to decide which of three equations, all using similar num-
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FIGURE 3-6 Hints for pattern inferpretation in previous figure.

NOTE: Once you see the clear cigar, frog, zebra, and penguin in these images, you will easily
see them in Figure 3-5. In fact, it may be impossible for you not fo see them.

SOURCE: Images are from htfps:/ /' www.flickr.com/creativecommons and are available under
a public domain creative commons license. The photographers are Gabriel Gonzdlez (frog),
Llaura Wolf (zebra), and nchans (penguin).

bers but differing in operators (e.g., 3X + 5 versus -3x + 5), goes with a given
graph and which of three graphs goes with a given equation. After choosing
an answer, students simply see the correct answer without explanation. The
goal is to have the students see the structure, not explain it. The juxtaposi-
tions of the similar equations and similar graphs create contrasting cases as
in wine tasting, exploring near contrasts helps people learn to perceive the
distinctive features. Twelfth-grade students who completed the module nearly
tripled their abilities to translate between graphs and equations, even though
they had previously completed algebra.

The importance of perceptual learning for academic topics can easily be
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underestimated. One reason is that experts may not realize how much of their
understanding stems from perceptual learning. As mentioned previously, once
one has learned how to see something, it is hard to remember what it looked
like when one was a novice. Experts may not realize that novices cannot see
what they themselves see because it seems so self-apparent to their perception.

Learning of Facts

Humans have many reasons to learn facts and information, such as the
elements of the periodic table or the factors that ushered in the industrial
revolution, and they may do so intentionally or without realizing it. A single
exposure to a striking fact, such as that human and koala bear fingerprints are
highly similar, could be sufficient for a listener to remember and subsequently
recall it, though he may forget when and where he learned it.

Although fact learning may seem mundane and highly restrictive in
what it can mobilize a learner to do, it is a kind of learning at which humans
excel, compared to other animals. It allows educators to impart information
efficiently to learners by harnessing the power of language. The power and
convenience of being able to simply say something to somebody and have it
change their behavior is undeniable. A naturalist who tells a hiker about the
likely consequences of eating the mushroom Amanita pballoides conveys
information that would be impractical, if not deadly, for the hiker to learn
from experience.

Although a fact might be learned in a single exposure or from being told, it
is important to note that this apparent efficiency and directness can be mislead-
ing. Facts are rarely learned in a single instance, and accurate generalizations
are rarely learned from a single example. It is generally only in cases where
learners have substantial background knowledge already that one example or
one instance of exposure can suffice (e.g., the hiker would need to already
know a lot about poison and mushrooms to appreciate the information about
Amanita phalloides). Moreover, a considerable body of research on memory
shows that repeated opportunities to retrieve facts strengthen memory, par-
ticularly if they are spread over time, location, and learning contexts (Benjamin
and Tullis, 2010; see Chapter 6).

Fact learning need not be rote: It is promoted when learners elaborate
by connecting the information to be learned with other knowledge they al-
ready have (Craik and Tulving, 1975). One could simply try to memorize that
Christopher Columbus was born in 1451, or one could connect this fact to
others, such as that the Eastern Roman Empire (Byzantium) fell 2 years after
Columbus was born (with the fall of Constantinople in 1453), a connection
that adds meaning to both facts. Organizing items to be remembered into
related groups makes them easier to retain (Bower et al., 1969), as does form-
ing strong mental images of the information (Sadoski and Paivio, 2001). Taxi
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drivers have better memory for street names when they are part of a continu-
ous route than if the street names are presented in random order (Kalakoski
and Saariluoma, 2001). All of these results are unified by the notion that facts
that are placed into a rich structure are easier to remember than isolated or
disconnected ones.

Learning by Making Inferences

To make sense of their world, people often have to make inferences that
while not certain to be correct, are necessary to move forward. The philoso-
pher Charles Sanders Peirce used the term “abductive reasoning” to describe
this type of inference. He described it as forming a possible explanation for a
set of observations. As an example of this type of reasoning, John Couch Adams
and Urbain Jean Joseph Leverrier inferred that a previously undetected planet
of a particular mass must be located beyond Uranus, based on observations of
Uranus’ deviations from its predicted orbit. Following up on this prediction,
Johann Gottfried Galle discovered Neptune in 1846.

Chemistry students inferring that substances are “acid” or “base” and
hypothesizing possible electrostatic interactions between them is another
example of abduction (Cooper et al., 2016). However, abduction is not only
practiced by scientists. The dog owner who sees dog footprints on the dining
room tablecloth, a spilled glass of wine, and an empty hotdog bun is using
abduction when she assumes the worst. Even modern machine-learning sys-
tems have shown that abductive inference is important for making efficient
learning possible. Such systems can inspect their world and infer in human-like
ways which processes created the objects they see. When they use abduc-
tive reasoning, they can learn more from less data and better generalize what
they have learned to new situations (see Figure 3-7; Lake et al., 2015, 2017;
Tenenbaum et al., 2011).

Model building is an important special case of abductive inference that
people use when seeking to understand complex phenomena. Educators and
others often use models to teach and explain. A three-dimensional pictorial,
diagrammatic, or animated model of the Earth, Moon, and Sun can help stu-
dents grasp how night-day, tidal, and seasonal cycles are generated. Adults may
often rely on established models such as the circle of fifths in music theory,
but people also develop their own models in many circumstances, for example
to try to understand the most economical way to manage their home heating
system. Models are powerful tools for making inferences in novel situations,
but almost all models can yield incorrect predictions in circumstances that do
not fit, so it is important to consider the purposes for which they are used.
For example, the Newtonian laws of physics are adequate for predicting the
movement of planets in the solar system, but they fall short of accurately
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FIGURE 3-7 Abductive reasoning in a machine-learning system.

NOTE: When a new character (the welldrawn black character in the upper leff) is shown
fo a mochine—/eorning system, the system infers which hondwrm'ng strokes were involved in
producing the character—the red, green, and blue strokes on the left. By inferring these strokes,
the system is able fo both produce new instances of a character (shown on the upper right)
when shown only a single example and correctly categorize new instances of the character
(imperfect instances shown in lower right].

SOURCE: lake et al. (2015, Fig. 1).

predicting black holes (which are much more massive than anything Newton
knew) or subatomic particles.

The primary advantage of model-based learning is that the learner who is
equipped with an apt model can make good predictions about new situations
that go well beyond the originally experienced situations. For example, if a
learner has a model of water as being composed of molecules whose random
movements increase with the water’s temperature, then he might be able to
predict that a drop of food coloring will diffuse faster in hot water than cold;
a bit of experimentation will reveal that he is correct (Chi et al., 2012).

Overcoming model-based misconceptions is a major goal in formal edu-
cation (Clement, 2000). Figure 3-8 illustrates how students may reconcile
their visual experience of the Earth as flat with their teacher’s instruction
that the Earth is spherical, by concluding that Earth is shaped like a pancake
(or disc): people do not fall off the round (flat) Earth because they live on
the top portion of the pancake! A typical strategy for addressing this sort of
misconception is to first understand what the students’ model is (Osbourne

Copyright National Academy of Sciences. All rights reserved.

51


http://www.nap.edu/24783

How People Learp Il Learners, Contexts, and Cultures

52 | How PeopLe Learn Il

Sphere

Flattened Sphere

Hollow Sphere @ @
(@) (o)

Dual Earth

Disc Earth

Rectangular Earth

FIGURE 3-8 Children’s mental models of the Earth.

NOTE: Elementary schoolage children were asked a series of questions about the shape of
the Earth. Their responses fo these questions were inconsistent: Many children said that the
Earth is round but also stated that it has an end or edge from which people could fall. In these
responses, it seemed that the children used a mental model of the Earth other than the spherical
Earth model. Five alternative mental models of the Earth were identified: the rectangular Earth,
the disc Earth, the dual Earth, the hollow sphere, and the flattened sphere.

SOURCE: Vosniadou and Brewer (1992, Fig. 1, p. 549).
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and Freyberg, 1985), then to present challenges to that model by raising analo-
gies and special cases, and eventually to offer improved models (Brown and
Clement, 1989; Chi, 2009).

Because the models that people use to help them reason and act are often
implicit, children and adults rarely critique their own models. People may
only discover that alternative models for a situation are even possible when
they encounter one. For example, two common but incompatible models for
home heat control are the “valve model” and the “feedback model” (Kempton,
1986). According to the valve model, the temperature at which the thermostat
is set determines how hard the furnace works to produce heat. That is, higher
temperature settings make the furnace run harder, much as further depress-
ing a gas pedal on a car makes the engine rev up more and more. According
to the feedback model, the thermostat sets the threshold below which the
furnace turns on, but the furnace runs at a constant rate.

These different models drive very different home heating behaviors. If
two people come home to a 55 °F home and would like it to be 65 °F, the
valve theorist might set the thermostat to 75 °F because she wants the house
to warm up quickly, whereas the feedback theorist would set it to exactly
65 °F, realizing that setting the thermostat higher than 65 °F will not make
the house warm up to 65 °F any faster. Applying the common but inaccurate
valve model wastes both energy and money.

In other cases, different models exist not because some people are wrong
but because of culture differences. What is considered rude behavior in a
business meeting, which direction to push or pull a saw, and conceptions of
time reflect varying models that are neither correct nor incorrect. A study that
illustrates this point examined views of the future among U.S. residents and
members of the Aymara people of the Andes region (Nufiez and Cooperrider,
2013). The researchers found that whereas the U.S. residents tended to
conceive of the future as spatially in front of them, the Aymara participants
conceived of it as spatially behind them (perhaps because it is invisible).
Such differences can cause misunderstanding and miscommunications when
a member of one culture comes to a new culture; these problems occur not
because of weak cognitive capabilities but because of a cultural mismatch of
models. Learners and instructors may not recognize the extent to which their
models are not shared (Pronin et al., 2002).

Despite the potential for misunderstanding, it is difficult to imagine an
area of advanced human creative or scholarly pursuit that does not involve
models: the artist’s model of complementary and analogous colors, the medi-
cal model of blood sugar-insulin regulation, the historian’s use of Marxist ac-
counts of class struggles, the double helix model of DNA, and the physicist’s
model of atomic and subatomic particles are just a few examples. The power
of model-based learning in education has been showcased in the Next Genera-
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tion Science Standards and Common Core Mathematics standards® because
models make it easier for learners to describe, organize, explain, predict, and
communicate to others what they are learning.

‘While experts in virtually all domains see the value of hypothesizing mod-
els because they are trying to organize a wealth of observations, sometimes
early learners are not as convinced of the value of models because they may
seem speculative, indirect, and invisible. This student resistance can be re-
duced by facilitating better learning of and with models through use of spatial
representations, diagrams, animations, and interactive computer simulations
(see Chapter 0).

Creating models for themselves, rather than simply using models suggested
by others, can be a beneficial activity for learners (VanLehn et al., 2016). The
value of constructing models for understanding and organizing material has
been associated with specific learning approaches, including discovery learn-
ing, inquiry-based learning, problem-based learning, learning by invention,
learning by doing, and constructivism. In each of these approaches learners
are encouraged to either discover for themselves or explore with guidance the
applicable rules, patterns, or principles underlying a phenomenon (Bruner,
1961). Foldit players demonstrate remarkable learning by creating models
when they program (code) new computer algorithms to help in their efforts
to fold proteins, sometimes learning how to program just so that they can
create tools to help them play the game better (Khatib et al., 2011). Likewise,
Schwartz and colleagues (2005) showed that if children are prompted by a
teacher to use mathematics, they could use their mathematical knowledge
to model the complex causal relationship between distance and weight to
determine balance on a scale.

Inferential learning is likely most effective when the learner receives some
guidance. For example, someone making yogurt for the first time might want
to determine experimentally how the fat content of milk affects the firmness,
acidity, and smoothness of the yogurt. In a pure case of discovery learning,
this cook would develop the question, experimental methods, measures,
and analyses. However, without some guidance, beginning learners may not
know enough to ask good questions or identify critical variables, and they may
become frustrated because of lack of progress (Mayer, 2004; Spencer, 1999).
Research has shown that allowing learners to experiment on their own, with
no guidance (unassisted discovery), does not improve learning outcomes
(Alfieri et al., 2011).

Guided, or assisted, discovery learning is an approach in which the
educator provides a level of guidance tailored so that the task is at a level
of difficulty that fits the learner. (This approach builds on the notion of the

5 See http://www.nextgenscience.org/fags [December 2016] and http://www.corestandards.
org [May 2017].
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“zone of proximal development,” or “sweet spot,” proposed by Vygotsky in
the 1930s). Ways to do this include providing just-in-time access to critical
knowledge, worked-out examples, assistance with hypothesis generation,
and advice as needed. This approach allows learners to take ownership of
the construction of their own knowledge. Evidence suggests that learners
who engage with these types of learning resources, rather than learning by
rote, are more likely to retain the knowledge beyond the original context of
instruction (Lee and Anderson, 2013).

Integrating Types of Learning

Most learning experiences involve multiple types of learning, not just
one. For example, collaborative learning and problem solving in teams would
engender learning by observation, feedback, facts, rules, and models, as well
as possibly other types of learning. At the same time, research supports the
principle that different situations and pedagogical strategies promote differ-
ent types of learning. Before a teacher or learner can design an ideal learning
situation, she has to decide what kind of learning she is trying to achieve.
For example, one generalization that has emerged from decades of research
is that promoting memory for specific facts requires different learning ex-
periences than promoting knowledge that is transferable to new situation
(Koedinger et al., 2013). Techniques focused on improving memory include
spacing practice over time, rather than massing all practice at a single time;
practicing retrieval of memorized information, rather than just studying the
information again; and exposing learners to materials in different settings. By
contrast, techniques focused on promoting transfer to new situations include
comparing and contrasting multiple instances of concepts; having students
reflect on why a phenomenon is or is not found; and spending time develop-
ing powerful models, rather than asking learners to simply repeat back what
they are told. Chapter 5 discusses in more detail techniques for supporting
different types of learning.

LEARNING AND THE BRAIN

One of the most striking advances in learning sciences in the past 15 years
has been in understanding the protracted course of brain development, which
begins in utero and continues well into adulthood. Several reports have exam-
ined the research on brain development and the implications for learning. From
Neurons to Neighborboods: The Science of Early Childbood Development
(National Research Council and Institute of Medicine, 2000) drew attention
to evidence that infants are born able and ready to learn, that early childhood
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experiences and relationships are critical to development, and that individual
biology and social experiences are equally influential in determining develop-
mental outcomes. Transforming the Workforce for Children Birth Through
Age 8: A Unifying Foundation (Institute of Medicine and National Research
Council, 2015) and a review of the literature by Leisman and colleagues (2015)
identified key findings from recent research on early brain development as it
affects lifelong learning. Among these findings are the following:

* Experience and genetics both contribute to observed variability in
human development.

* The human brain develops from conception through the early 20s
and beyond in an orderly progression. Vital and autonomic functions
develop first, then cognitive, motor, sensory, and perceptual processes,
with complex integrative processes and value-driven and long-term
decision making developing last.

* Early adversity can have important short- and long-term effects on the
brain’s development and other essential functions.

Prenatal and Lifelong Brain Development and
Maturation

The prenatal period is marked by an astounding rate of formation of new
neurons, synapses, and myelinated axons—with the result that the brain has
more of these structural elements than it needs. This development continues
after birth: the brain increases fourfold in size during the preschool years and
reaches approximately 90 percent of adult brain volume by age 6 (Lenroot
and Giedd, 20006). Beginning in early childhood, this explosion in growth,
which continues until adolescence, is the result of the dramatic increase in
synaptic connections among neurons (gray matter) and in the myelination of
nerve fibers (white matter) (Craik and Bialystok, 2006).

Although vigorous growth continues, the synapses and neurons are also
pruned, a process that continues until after puberty. This pruning occurs in
a specific way: the synapses that are continually used during this period are
retained, while those that are not used are eliminated (see Low and Cheng,
2000, for more on synaptic pruning). The removal of unnecessary or unused
synapses and neurons improves the “networking” capacity of the brain and
the efficiency of the cortex (Chechik et al., 1999). Because this pruning is
influenced by environmental factors, the developing child’s experiences deter-
mine which synapses will be strengthened and which will not, laying a critical
foundation for future development and learning (see Box 3-1). Just as strategic
placement and pruning of plants yields a healthy garden, a balance between
strengthening of some connections and pruning of others fosters healthy
brain development: having more neurons left alive is not a better outcome.
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Box3-1 Critical and Sensitive Periods in Development

Landmark vision studies by Wiesel and Hubel (1965) helped to define
and differentiate the concepts of critical and sensitive periods for early
cognitive development. These studies defined critical periods of develop-
ment as times in which the brain requires certain environmental stimuli
to organize its physical development. The best-known example of a criti-
cal period is that for development of vision: without the opportunity for
sight during certain periods of infancy, the brain will forever be visually
impaired. Sensitive periods are similar to critical periods but less fixed. For
example, it is thought that both a loving relationship with a caretaker early
in infancy and throughout toddlerhood and early exposure to language are
essential for healthy brain development. Yet the boundaries are fuzzier for
the developmental time periods in which exposure to strong relationships
and good language are essential; the effects of deprivation and possibili-
ties for catching up later are imprecise. There is also mounting evidence
that adolescence is a second sensitive period for exposure to high-quality
social relationships (Crone and Dahl, 2012).

Both critical and sensitive periods influence later development: an
interruption (e.g., insufficient or inappropriate stimulation) during these
times leads to difficulty (or even inability) to process in the affected domain
later in life. The importance of these periods is further evidence for the
vital importance of high-quality early childhood education, particularly for
children who are at risk (Chaudry et al., 2017).

Sensitive periods can also be associated with negative outcomes. For
example, research with animals (usually rats) has consistently shown that
exposure to alcohol in adolescence greatly increases the risk for alcohol
overconsumption in adulthood and that this effect is exacerbated under
conditions of social isolation. In rats with genetic predispositions to mental
disorders similar to schizophrenia in humans, both alcohol consumption
and social isolation increase the risk of developing the disorder. Though
these effects cannot be explored through causal experiments on humans
for ethical reasons, the evidence points strongly to the same adolescent
sensitivity in humans: those who begin drinking alcohol in adolescence
are more likely to abuse substances later in life, and among people with
predispositions to mental iliness, social isolation and substance abuse in
adolescence can be triggers (see Silveri, 2012).
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Environmental stimulation and training can affect brain development
throughout the life span (Andersen, 2003; Diamond et al., 1964; Leisman,
2011). The organization of cortical and subcortical signaling circuits, which
are integrated into networks with similar functions, also occurs during this
period. In other words, as the learner acquires new knowledge, regions of
the cortex develop specialization of function. This is known as experience-
dependent learning (see Andersen, 2003; Greenough et al., 1987; Leisman
et al., 2014). These structures and associated circuits underlie the neural
systems for complex cognitive and socioemotional functions such as learning
and memory, self-regulatory control, and social relatedness, as discussed in
a 2009 National Academies report (National Research Council and Institute
of Medicine, 2009).

Beginning in the fourth decade of life, changes occur in both cortical thick-
ness and connectivity that seem to be the start of the cognitive decline often
observed in aging adults. These changes occur after a period during which
the parts of the brain that support learning seem to be stable with respect to
gross physiological features. The changes are illustrated in Figure 3-9, in which
warm colors (red, orange, yellow) indicate greater cortical thickness. As the
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FIGURE 3-9 Mean cortical thickness across the adult life span.
NOTE: The figure shows the mean cortical thickness in the right and left hemispheres for three

age groups (individual participant data pooled into respective age groups).

SOURCE: Fiell et al. (2009, Fig. 2).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24783

How People Learn Il Learners, Contexts, and Cultures

Tvpes oF LEARNING AND THE DEVELOPING BRAIN

figure shows, the brains of healthy middle-aged adults (40-60 years) have less
cortical thickness compared to the brains of healthy individuals under 40 years
of age, though it is not clear whether this is the result of decreases in brain
tissue or, for example, lower hydration levels. These effects are found across
the cortex, although they are larger in some areas (e.g., the prefrontal cortex)
t