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Introduction

M. Suzanne Donovan and John D. Bransford

More than any other species, people are designed to be flexible learners
and, from infancy, are active agents in acquiring knowledge and skills. People
can invent, record, accumulate, and pass on organized bodies of knowledge
that help them understand, shape, exploit, and ornament their environment.
Much that each human being knows about the world is acquired informally,
but mastery of the accumulated knowledge of generations requires inten-
tional learning, often accomplished in a formal educationsl setiing.

Decades of work in the cognitive and developmental sciences has pro-
vided the foundation for an emerging science of learning. This foundation
offers conceptions of learning processes and the development of competent
performance that can help teachers support their students in the acquisition,
of knowledge that is the province of formal education. The research litera-
ture was synthesized in the National Research ‘Council report How People
Learn: Brain, Mind, Experience, and School! In this volume, we focus on
three fundamental and well-established principles of learning that are high-
lighted in How People Learn and are particularly important for teachers to
understand and be able to incorporate in their teaching:

1. Students come to the classroom with preconceptions about how the
world works. If their initial understanding is not engaged, they may fail to
grasp the new concepts and information, or they may learn them for pur-
poses of a test but revert to their preconceptions outside the classroom.

2. To develop competence in an area of inquiry, students must (a) have
a deep foundation of factal knowledge, (b) understand facts and ideas in '
the context of a conceptual framework, and (¢) organize knowledge in ways
that facilitate retrieval and application.
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3. A “metacognitive” approach to instruction can help students learn to
take control of their own learning by defining learning goals and monitoring
their progress in achieving them.

A FISH STORY

The images from a children’s story, Fish Is Fish? help convey the es-
sence of the above principles. In the story, 2 young fish is very curious about
the world outside the water. His good friend the frog, on returning from the
land, tells the fish about it excitedly:

#) have been about the world—hopping here and there,”
said the frog, “and | have seen extraordinary things.”

[ ike what?” asked the fish.

“Birds,” said the frog mysteriousty. “Birds!” And he told the
fish about the birds, who had wings, and two legs, and
many, many colors. As the frog talked, his friend saw the
birds fly through his mind like large feathered fish.

The frog continues with descriptions of cows, which the fish imagines
as black-and-white spotted fish with horns and udders, and hmmans, which
the fish imagines as fish walking upright and dressed in clothing. Hlustra-
tions below from Leo Lionni's Fish Is Fish © 1970. Copyright renewed 1998
by Leo Lionni. Used by permission of Random House Children’s Books, a
diviston of Random House, Inc.
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Principle #1: Engaging Priof Understandings

What Lionni's story captures so effectively is a fundamental insight about
learning: new undersiandings are constructed on a foundation of existing
understandings and experiences. With research techniques that permit the
study of learning in infancy and tools that allow for observation of activity in
the brain, we understand as never before how actively humans engase in
learning from the earliest days of life (see Box 1-1). The understandings
o the classroom, even before the start of formal

children carry with them int
schooling, will shape significantly how they make sense of what they are

BOX 1-1 The Development of Ph

P
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taught. Just as the fish constructed an image of a human as a modified fish,
children use what they know to shape their new understandings.

While prior learning is a powerful support for further learning, it can
also lead to the development of conceptions that can act as barrders to learn-
ing. For example, when told that the earth is réund, children may lock to
reconcile this information with their experience with balls. It seems obvious
that one would fall off a round object. Researchers have found that some
children solve the paradox by envisioning the earth as a pancake, a “round”
shape with a surface on which people could walk without falling off.s

How People Learn summarizes a number of studies demonstrating the

active, preconception-driven learning that is evident in humans from infancy

through adulthood.” Preconceptions developed from everyday experiences
are often difficult for teachers to change because they generally work well
enough in day-to-day contexts. But they can impose setious constraints on
understanding formal disciplines. College physics students who do well on
classroom exams on the laws of motion, for example, often revert to their
untrained, erronecus models outside the classroom. When they are con-
fronted with tasks that require putting their knowledge to use, they fail to
take momentum into account, just as do elementary students whe have had
no physics training (see Box 1-2). If students’ preconceptions are not ad-
dressed directly, they often memorize content (e.g., formulas in physics), yet
still use their experience-based preconceptions to act in the world.

5
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Principle #2: The Essential Role of Factual Knowledge -
and Conceptual Frameworks in Understanding

The Fish Is Fish story also draws attention to the kinds of knowledge,
factual and conceptual, needed to support learning with understanding. The
frog in the story provides information to the fish about humans, birds, and
cows that is accurate and relevant, yet clearly insufficient. Peathers, jegs,
udders, and sport coats are surface features that distinguish each species.

But if the fish (endowed now with human thinking capacity) is to under-

stand how the land species are different ¢rom fish and different from each
be of much help. Some additional,

other, these surface features will not
critical concepts are needed—for example, the concept of adaptation. Spe-
cies that move through the medium of ais rather than water have a different

mobility challenge. And species that are warm-blooded, unlike those that
are cold-blooded, must maintain their body temperature. It will take more
explaining of course, but if the fish is to see a bird as something other than
2 fish with feathers and wings and a human as something other than an
upright fish with clothing, then feathers and clothing must be seen as adap-
tations that help sotve the problem of maintaining body temperature, and
upright posture and wings must be seen as different solutions to the prob-
lem of mobility outside water.

Conceptuzl information such as 2 theory of adaptation represents a kind

of knowledge that is unlikely to be induced from everyday experiences. It

typically takes generations of inquiry to develop this sort of knowledge, and
ctions with “knowledgeable oth-

people usually need some help (e.g., intera
ers”) to grasp such organizing concepts.?

Lionni's fish, not understanding the described features of the land ani-

mals as adaptations to 2 terrestrial environment, leaps from the water to
experience life on land for himself. Since he can neither breathe nor maneu-
ver on land, the fish must be saved by the amphibious frog. The point is well
{llustrated: learning with understanding affects our ability to apply what is
Jearned (see Box 1-3). ‘

This concept of learning with understanding has two parts: (1) factaal
knowledge (e.g., about characterisics of different species) must be placed
in a conceptual framework (about adaptation) to be well understood; and
(2) concepts are given meaning by multiple representations that are rich in
factual detail. Competent performance is built on neither factual nor concep-
tual understanding alone; the concepts take on meaning in the knowledge-
sich contexts in which they are applied. In the context of Lionni’s story, the
general concept of adaptation can be clasified when placed in the context of
the specific features of humans, cows, and birds ‘that make the abstract

concept of adaptation meaningful.
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gox1-3 Learning with Understanding Supports Knowledge
Use in New Situations

This essential link between the factual knowledge base and a concep-
cual framework can help illuminate a persistent debate in education: whether
we need to emphasize “big ideas” more and facts less, or are producing
graduates with a factual knowledge base that is unacceptably thin. While
these concerns appear to be at odds, knowledge of facts and knowledge of
important organizing ideas are mutually supportive. Studies of experts and
novices—in chess, engineering, and many other domains—demonstrate that
experts know considerably more relevant detail than novices in tasks within
their domain and have better memory for these details (see Box 1-4). But the
reason they remember more is that what novices see as separate pieces of
information, experts see as organized sets of ideas.

Engineering experts, for example, can look briefly at a complex mass of
circuitry and recognize it as an amnplifier, and so can reproduce many of its
circuits from memoty using that one idea. Novices see each circuit sepa-
rately, and thus remember far fewer in total. Important concepts, such as
that of an amplifier, structure both what experts notice and what they are
able to store in memory. Using concepts to organize information stored in
memory allows for much more effective retrieval and application. Thus, the
issue is not whether to emphasize facts or “big ideas” (conceptual knowl-
edge); both are needed. Memory of factual knowledge is enhanced by con-
ceptual knowledge, and conceptual knowledge is clarified as it is used to
felp organize constellations of important details. Teaching for understand-
ing, then, requires that the core concepts such as adaptation that organize
the knowledge of experis also organize instruction. This does not mean that
that factual knowledge now typically taught, such as the characteristics of
fish, birds, and mammals, must be replaced. Rather, that facmual information
is given new meaning and a new organization in memory because those
features are seen as adaptive characteristics.
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Principle #3: The Importance of Self-Monitoring

Hero though he is for saving the fist’s life, the frog in 1jonni's story gets
poor marks as a teacher. But the burden of learning does not fall on the
teacher alone. Even the best instructional efforts can be successful only if the
srudent can make use of the opportunity t0 learn. Helping stadents become
effective learners is at the heast of the third key principle: a “metacognitive”
or self-monitoring approach can help students develop the ability to take
control of their own learning, consciously define learning goals, and moni-
tor their progress in achieving them, Some teachers introduce the idea of
metacognition to their students by saying, “You are the owners and opera-
tors of your own brain, but it came without an instruction book. We need 10
learn how we learn.”

“Meta” is a prefix that can mean after, along with, of peyond. In the
psychological literature, “metacognition” is used to refer 1o people’s knowl-
edge about themselves as information processors. T his includes knowledge
about what we need to do in order to learn and remember information (e.g.
most adults know that they need to rehearse an unfamiliar phone number to
keep it active in short-term memory while they walk across the room to dial
the phone). And it includes the ability to monitor out current understanding
1o make sure we understand (see Box 1-5). Other examples include moni-
toring the degree to which we have been helpful to a group working on 2
project.*®

gox1-5 Metacognitive Monitoring: An Example

e~ ]
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In Lionni’s story, the fish accepted the information about life on land
rather passively. Had he been monitoring his understanding and actively
comparing it with what he already knew, he might have noted that putting
on a hat and jacket would be rather uncomfortable for a fish and would slow
his swimming in the worst way. Had he been more engaged in figuring out
what the frog meant, he might have asked why humans would make them-
seives uncomfortable and compromise their mobility. A good answer to his
questions might have set the stage for learning about differences between
humans and fish, and ultimately about the notion of adaptation. The con-
cept of metacognition includes an awareness of the need to ask how new
knowledge relates to or challenges what one already knows—questions that
stimulate additional inquiry that helps guide further learning

- The early work on metacognition was conducted with young children
in laboratory contexts.? In studies of “metamemory,” for example, young
children might be shown a series of pictures (e.g., drum, tree, cup) and
asked to remember them after 15 seconds of delay (with the pictures no
longer visible). Adults who receive this task spontaneously rehearse during
the 15-second interval. Many of the children did not. When they were ex-
plicity told to rehearse, they would do so, and their memory was very good.
But when the children took part in subsequent trials and were not reminded
to rehearse, many failed to rehearse even though they were highly motj-
vated to perform well in the memory test. These findings suggest that the
children had not made the “metamemory” connection between their re-
hearsal strategies and their short-term memory abilities.?

Over time, research on metacognition (of which metamemory is consid-
ered a subset) moved from laboratory settings to the classroomn. One of the
most striking applications of a metacognitive approach.to instruction was
pioneered by Palincsar and Brown in the context of “reciprocal teaching.”
Middle school students worked in groups (guided by a teacher) to help one
another learn to read with understanding. A key to achieving this goal in-

volves the ability to monitor one’s ongoing comprehension and to initiate’

strategies such as rereading or asking questions when one’s comprehension
falters, (Box 1-5 illustrates this point.) When implemented appropriately,
reciprocal teaching has been shown to have strong effects on improving
students’ abilities to read with understanding in order to leam.

Appropriate kinds of self-monitoring and reflection have been demon-
strated to support learning with understanding in a variety of areas. In one
study,”® for example, students who were directed to engage in self-explana-
tion as they solved mathematics problems developed deeper conceptual
understanding than did students who solved those same problems but did
not engage in self-explanation. This was true even though the common time
limitation on both groups meant that the self-explaining students sclved
fewer problems in total.

i
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Helping students become more metacognitive about their own thinking
and learning is closely tied to teaching practices that emphasize self-assess-
ment. The early work of Thorndike' demonstrated that feedback is impor-
tant for learning. However, there is a difference between responding to
feedback that someone else provides and actively seeking feedback in order
to assess one’s current levels of thinking and understanding. Providing sup-
port for self-assessment is an important component of effective teaching.
This can include giving students opportunities to test their ideas by building
things and seeing whether they work, performing experiments that seek to
falsify hypotheses, and so forth. Support for self-assessment is also provided
by opportunities for discussion where teachers and students can express
different views and explore which ones appear to make the most sense.
Such questioning models the kind of dialogue that effective learners inter-
nalize. Helping students explicifly understand that 2 major purpose of these
activities is to support metacognitive learning is an important component of
successful teaching strategies.”

Supporting students to become aware of and engaged in their own
learning will serve them well in all learning endeavors. To be optimally
effective, however, some metacognitive strategies need to be taught in the
contexi of individual subject areas. For example, guiding one’s learning ina
particular subject area requires awareness of the disciplinary standards for
knowing. To illustrate, asking the question “What is the evidence for this
claim?” is relevant whether one is studying history, science, or mathematics.
However, what counts as evidence often differs. In mathematics, for ex-
ample, formal proof is very important. In science, formal proofs are used
when possible, but empirical observations and experimental data also play a
major role. In history, multiple sources of evidence are sought and attention
to the perspective from which an author writes and to the purpose of the
wiiting is particularly important. Overall, knowledge of the discipline one is
studying affects people’s abilities to monitor their own understanding and
evaluate others’ claims effectively.
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