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How People Learn:

Bridging Research and Practice

2

Key Findings

How People Learn provides a broad overview of research on learaedslearning and
on teachers and teaching. Three of those findirghighlighted here because they have
both a solid research base to support them andgsinaplications for how we teach. It is
not the committee's intention to suggest that tlaesehe only insights from research that
can beneficially be incorporated into practice.ged, a number of additional findings are
discussed itdow People Learn.

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

Research on early learning suggests thatrbeeps of making sense of the world

begins at a very young age. Children begin in fpreskyears to develop sophisticated
understandings (whether accurate or not) of theqinena around them (Wellman, 1990).
Those initial understandings can have a powerfelcébn the integration of new concepts
and information. Sometimes those understandinga@rerate, providing a foundation for
building new knowledge. But sometimes they arednaate (Carey and Gelman, 1991). In

M. Suzanne Donovan, science, students often have misconceptions ofigiysroperties that cannot be easily

John D. Bransford, and .. . . . . . .

James W. Pellegrino, editors observed. In humanities, their preconceptions dfietude stereotypes or simplifications,
as when history is understood as a struggle betgeed guys and bad guys (Gardner,
1991). A critical feature of effective teachinghst it elicits from students their
preexisting understanding of the subject mattdretéaught and provides opportunities to
build on--or challenge--the initial understandidgmes Minstrell, a high school physics
teacher, describes the process as follows (Mihsir@89: 130-131):

Students' initial ideas about mechanics are lik@nsis of yarn, some unconnected, some
loosely interwoven. The act of instruction can Ewed as helping the students unravel
individual strands of belief, label them, and terave them into a fabric of more
complete understanding. Rather than denying tleeaakty of a belief, teachers might do
better by helping students differentiate their presdeas from and integrate them into
conceptual beliefs more like those of scientists.

The understandings that children bring todlassroom can already be quite powerful
in the early grades. For example, some childrem teen found to hold onto their
preconception of a flat earth by imagining a roeadth to be shaped like a pancake
(Vosniadou and Brewer, 1989). This constructioa oew understanding is guided by a
model of the earth that helps the child explain lp@eple can stand or walk on its surface.
Many young children have trouble giving up the aotihat one-eighth is greater than
one-fourth, because 8 is more than 4 (Gelman afigsteh 1978). If children were blank
slates, telling them that the earth is round ot ¢time-fourth is greater than one-eighth
would be adequate. But since they already havesidbaut the earth and about numbers,
those ideas must be directly addressed in ordeansform or expand them.

Drawing out and working with existing understangs is important for learners of all
ages. Numerous research experiments demonstrapeitsistence of preexisting
understandings among older students even aftewanoglel has been taught that

Committee on Learning Research contradicts the naive understanding. For exampla,study of physics students from elite,

and Educational Practice technologically oriented colleges, Andrea DiSed€82) instructed them to play a
computerized game that required them to directnapeter-simulated object called a
dynaturtle so that it would hit a target and devétth minimum speed at impact.
Participants were introduced to the game and giveands-on trial that allowed them to
apply a few taps with a small wooden mallet toraig ball on a table before beginning
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the game. The same game was also played by elenmenteolchildren. DiSessa found
that both groups of students failed dismally. Sesagould have required demonstrating
an understanding of Newton's laws of motion. Desttieir training, college physics
students, like the elementary schoolchildren, aithednoving dynaturtle directly at the
target, failing to take momentum into account. Rertinvestigation of one college student
who participated in the study revealed that shevkiie relevant physical properties and
formulas, yet, in the context of the game, shelfalik on her untrained conception of how
the physical world works.

Students at a variety of ages persist in theliefs that seasons are caused by the
earth's distance from the sun rather than by theftihe earth (Schneps and Sadler, 1987),
or that an object that had been tossed in theaaibloth the force of gravity and the force
of the hand that tossed it acting on it, despaeing to the contrary (Clement, 1982). For
the scientific understanding to replace the nanaetstanding, students must reveal the
latter and have the opportunity to see where li¢ &ort.

2. To develop competencein an area of inquiry, students must: (a) have a deep
foundation of factual knowledge, (b) understand factsand ideasin the context of a
conceptual framework, and (c) organize knowledge in waysthat facilitate retrieval
and application.

This principle emerges from research that amepthe performance of experts and
novices and from research on learning and tranEfgrerts, regardless of the field, always
draw on a richly structured information base; they not just "good thinkers" or "smart
people.” The ability to plan a task, to notice @ats, to generate reasonable arguments
and explanations, and to draw analogies to othehl@ms are all more closely intertwined
with factual knowledge than was once believed.

But knowledge of a large set of disconnectadsf is not sufficient. To develop
competence in an area of inquiry, students must baportunities to learn with
understanding. Deep understanding of subject métesforms factual information into
usable knowledge. A pronounced difference betweaeents and novices is that experts'
command of concepts shapes their understandingvoimformation: it allows them to see
patterns, relationships, or discrepancies thahat@pparent to novices. They do not
necessarily have better overall memories than qteeple. But their conceptual
understanding allows them to extract a level of mmgafrom information that is not
apparent to novices, and this helps them selectemdmber relevant information.
Experts are also able to fluently access relevaotdedge because their understanding of
subject matter allows them to quickly identify wistelevant. Hence, their attention is
not overtaxed by complex events.

In most areas of study in K-12 education, stus will begin as novices; they will have
informal ideas about the subject of study, and vély in the amount of information they
have acquired. The enterprise of education caridweed as moving students in the
direction of more formal understanding (or gre@bguertise). This will require both a
deepening of the information base and the develapofea conceptual framework for that
subject matter.

Geography can be used to illustrate the maimnshich expertise is organized around
principles that support understanding. A studentlearn to fill in a map by memorizing
states, cities, countries, etc., and can compteteask with a high level of accuracy. But
if the boundaries are removed, the problem become more difficult. There are no
concepts supporting the student's information. Apeet who understands that borders
often developed because natural phenomena (likentaims or water bodies) separated
people, and that large cities often arose in looatthat allowed for trade (along rivers,
large lakes, and at coastal ports) will easily etfigrm the novice. The more developed
the conceptual understanding of the needs of citielsthe resource base that drew people
to them, the more meaningful the map becomes. Stsdan become more expert if the
geographical information they are taught is plaicetthe appropriate conceptual
framework.

A key finding in the learning and transfeef#ture is that organizing information into a
conceptual framework allows for greater "transféngt is, it allows the student to apply
what was learned in new situations and to leamtedlinformation more quickly (s@&»x
2.1). The student who has learned geographical infoomdor the Americas in a
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conceptual framework approaches the task of leghia geography of another part of the
globe with questions, ideas, and expectationsttbit guide acquisition of the new
information. Understanding the geographical impuré&aof the Mississippi River sets the
stage for the student's understanding of the gpbgral importance of the Nile. And as
concepts are reinforced, the student will trankfaring beyond the classroom, observing
and inquiring, for example, about the geographidifees of a visited city that help explain
its location and size (Holyoak, 1984; Novick andydak, 1991).

3. A "metacognitive" approach to instruction can help studentslearn to take
control of their own learning by defining lear ning goals and monitoring their
progressin achieving them.

In research with experts who were asked tbalee their thinking as they worked, it
was revealed that they monitored their own undeditey carefully, making note of when
additional information was required for understaggdiwhether new information was
consistent with what they already knew, and whalagies could be drawn that would
advance their understanding. These meta-cognit@toring activities are an important
component of what is called adaptive expertise ghiat 1990).

Because metacognition often takes the foranmadhternal conversation, it can easily be
assumed that individuals will develop the interialogue on their own. Yet many of the
strategies we use for thinking reflect culturalmsrand methods of inquiry (Hutchins,
1995; Brice-Heath, 1981, 1983; Suina and Smollk®¥®4). Research has demonstrated
that children can be taught these strategies, dintduthe ability to predict outcomes,
explain to oneself in order to improve understagdirote failures to comprehend, activate
background knowledge, plan ahead, and apportioa éind memory. Reciprocal teaching,
for example, is a technique designed to improvdesits' reading comprehension by
helping them explicate, elaborate, and monitorthederstanding as they read (Palincsar
and Brown, 1982). The model for using the meta-dognstrategies is provided initially
by the teacher, and students practice and disbhesstriategies as they learn to use them.
Ultimately, students are able to prompt themsearels monitor their own comprehension
without teacher support.

The teaching of metacognitive activities mausstincorporated into the subject matter
that students are learning (White and Frederick&888). These strategies are not generic
across subjects, and attempts to teach them as@ean lead to failure to transfer.
Teaching metacognitive strategies in context has lsdown to improve understanding in
physics (White and Frederickson, 1998), written position (Scardamalia et al., 1984),
and heuristic methods for mathematical problemisgl{Schoenfeld, 1983, 1984, 1991).
RESEARCH And metacognitive practices have been shown teas® the degree to which students
transfer to new settings and events (Lin and Lehnmapress; Palincsar and Brown, 1982;
Scardamalia et al., 1984; Schoenfeld, 1983, 198911

PRACTICE

Each of these techniques shares a strateggpciiing and modeling the process of
generating alternative approaches (to developindeenin writing or a strategy for
problem solving in mathematics), evaluating thedérits in helping to attain a goal, and
monitoring progress toward that goal. Class disoussare used to support skill
development, with a goal of independence and sejfiation.

IMPLICATIONS FOR TEACHING

The three core learning principles descrildgala, simple though they seem, have
profound implications for the enterprise of teaghémd teacher preparation.

1. Teachers must draw out and work with the preexigfinnderstandings that their
students bring with themThis requires that:

e The model of the child as an empty vessel to tedfilvith knowledge provided by
the teacher must be replaced. Instead, the teaulractively inquire into students'
thinking, creating classroom tasks and conditiamen which student thinking can
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be revealed. Students' initial conceptions thenigeothe foundation on which the
more formal understanding of the subject mattéuif.

e The roles for assessment must be expanded beyerdhtlitional concept of testing.
The use of frequent formative assessment helps stallents' thinking visible to
themselves, their peers, and their teacher. Tlogges feedback that can guide
modification and refinement in thinking. Given theal of learning with
understanding, assessments must tap understarmdimey than merely the ability to
repeat facts or perform isolated skills.

e Schools of education must provide beginning teacthdth opportunities to learn:
(a) to recognize predictable preconceptions ofesitalthat make the mastery of
particular subject matter challenging, (b) to diaw preconceptions that are not
predictable, and (c) to work with preconceptionshed children build on them,
challenge them and, when appropriate, replace them.

2. Teachers must teach some subject matter in deptbyioling many examples in
which the same concept is at work and providingirf foundation of factual
knowledge This requires that:

o Superficial coverage of all topics in a subjectamaust be replaced with in-depth
coverage of fewer topics that allows key concepthat discipline to be
understood. The goal of coverage need not be abaddmntirely, of course. But
there must be a sufficient number of cases of ptidstudy to allow students to
grasp the defining concepts in specific domainsiwit discipline. Moreover,
in-depth study in a domain often requires that sde= carried beyond a single
school year before students can make the trangitbom informal to formal ideas.
This will require active coordination of the cuuium across school years.

e Teachers must come to teaching with the experiehzedepth study of the subject
area themselves. Before a teacher can develop fidywedagogical tools, he or she
must be familiar with the progress of inquiry ahd terms of discourse in the
discipline, as well as understand the relationbleipveen information and the
concepts that help organize that information indtseipline. But equally important,
the teacher must have a grasp of the growth anelaj@went of students' thinking
about these concepts. The latter will be essetatidéveloping teaching expertise,
but not expertise in the discipline. It may therefeequire courses, or course
supplements, that are designed specifically farhees.

e Assessment for purposes of accountability (e.gtestide assessments) must test
deep understanding rather than surface knowledgge#sment tools are often the
standard by which teachers are held accountabieaéher is put in a bind if she or
he is asked to teach for deep conceptual underarulit in doing so produces
students who perform more poorly on standardizstbté&nless new assessment
tools are aligned with new approaches to teachimglatter are unlikely to muster
support among the schools and their constituerrpsr This goal is as important as
it is difficult to achieve. The format of standazed tests can encourage
measurement of factual knowledge rather than cdnakpnderstanding, but it also
facilitates objective scoring. Measuring depth nflerstanding can pose challenges
for objectivity. Much work needs to be done to miide the trade-off between
assessing depth and assessing objectively.

3. The teaching of metacognitive skills should be igtated into the curriculum in a
variety of subject areaBecause metacognition often takes the form ohgermal
dialogue, many students may be unaware of its itapoe unless the processes are
explicitly emphasized by teachers. An emphasis etaoognition needs to accompany
instruction in each of the disciplines, becausetype of monitoring required will vary. In
history, for example, the student might be askimgself, "who wrote this document, and
how does that affect the interpretation of eventdiereas in physics the student might be
monitoring her understanding of the underlying [itaisprinciple at work.

¢ Integration of metacognitive instruction with disiihe-based learning can enhance

student achievement and develop in students ttigyabilearn independently. It
should be consciously incorporated into curricudeoss disciplines and age levels.
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¢ Developing strong metacognitive strategies anchiegrto teach those strategies in
a classroom environment should be standard featdithe curriculum in schools of
education.

Evidence from research indicates that whesethleree principles are incorporated into
teaching, student achievement improves. For exartipgeThinker Tools Curriculum for
teaching physics in an interactive computer envirent focuses on fundamental physical
concepts and properties, allowing students tothest preconceptions in model building
and experimentation activities. The program inctude "inquiry cycle" that helps
students monitor where they are in the inquiry pssc The program asks for students'
reflective assessments and allows them to revievagisessments of their fellow students.
In one study, sixth graders in a suburban school wére taught physics using Thinker
Tools performed better at solving conceptual plgypioblems than did eleventh and
twelfth grade physics students in the same schetes taught by conventional methods.
A second study comparing urban students in grade®#ith suburban students in
grades 11 and 12 again showed that the youngegrgtithught by the inquiry-based
approach had a superior grasp of the fundameritadiples of physics (White and
Frederickson, 1997, 1998).

BRINGING ORDER TO CHAOS

A benefit of focusing on how people learnhattit helps bring order to a seeming
cacophony of choices. Consider the many possiblenieg strategies that are debated in
education circles and the mediagure 2.1depicts them in diagram format: lecture-based
teaching, text-based teaching, inquiry-based teachéchnology-enhanced teaching,
teaching organized around individuals versus cadper groups, and so forth. Are some
of these teaching techniques better than othelgetisring a poor way to teach, as many
seem to claim? Is cooperative learning effective?alempts to use computers
(technology-enhanced teaching) help achievementirit?

How People Learn suggests that these are the wrong questions. d\skiich teaching
technique is best is analogous to asking whichitobést--a hammer, a screwdriver, a
knife, or pliers. In teaching as in carpentry, seéection of tools depends on the task at
hand and the materials one is working with. Books lecturesan be wonderfully
efficient modes of transmitting new information fearning, exciting the imagination, and
honing students' critical faculties--but one wocitthose other kinds of activities to elicit
from students their preconceptions and level ofewustédnding, or to help them see the
power of using meta-cognitive strategies to mortieir learning. Hands-on experiments
can be a powerful way to ground emergent knowledgéitmey do not alone evoke the
underlying conceptual understandings that aid gdization. There is no universal best
teaching practice.

If, instead, the point of departure is a csgeof learning principles, then the selection
of teaching strategies (mediated, of course, bjestimatter, grade level, and desired
outcome) can be purposeful. The many possibilities become a rich set of
opportunities from which a teacher constructs atrirctional program rather than a chaos
of competing alternatives.

Focusing on how people learn also will hekcteers move beyond either-or
dichotomies that have plagued the field of educat@ne such issue is whether schools
should emphasize "the basics" or teach thinkingpnblem-solving skillsHow People
Learn shows that both are necessary. Students' abiiitiasquire organized sets of facts
and skills are actually enhanced when they areexied to meaningful problem-solving
activities, and when students are helped to uraledsivhy, when, and how those facts and
skills are relevant. And attempts to teach thinlshkijs without a strong base of factual
knowledge do not promote problem-solving abilitysapport transfer to new situations.
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DESIGNING CLASSROOM ENVIRONMENTS

How People Learn proposes a framework to help guide the design salliation of
environments that can optimize learnifiggre 2.2. Drawing heavily on the three
principles discussed above, it posits four inteesd attributes of learning environments
that need cultivation.

1. Schools and classrooms must be learner centefie@achers must pay close
attention to the knowledge, skills, and attitudest tearners bring into the classroom. This
incorporates the preconceptions regarding subjattemalready discussed, but it also
includes a broader understanding of the learnerekample:

e Cultural differences can affect students' comfewvel in working collaboratively
versus individually, and they are reflected in laekground knowledge students
bring to a new learning situation (Moll et al., B39

e Students' theories of what it means to be intailigan affect their performance.
Research shows that students who think that igegikie is a fixed entity are more
likely to be performance oriented than learningotéd--they want to look good
rather than risk making mistakes while learningedéstudents are especially likely
to bail out when tasks become difficult. In contrasudents who think that
intelligence is malleable are more willing to sglegwith challenging tasks; they
are more comfortable with risk (Dweck, 1989; Dwerld Legget, 1988).

Teachers in learner-centered classrooms algalpse attention to the individual
progress of each student and devise tasks thajparepriate. Learner-centered teachers
present students with "just manageable difficulti¢isat is, challenging enough to
maintain engagement, but not so difficult as talleadiscouragement. They must
therefore have an understanding of their studkntsvledge, skill levels, and interests
(Duckworth, 1987).

2. To provide a knowledge-centered classroom environinattention must be given
to what is taught (information, subject matter), whit is taught (understanding), and
what competence or mastery looks liks mentioned above, research discussédbin
People Learn shows clearly that expertise involves well-orgadiknowledge that
supports understanding, and that learning with tstdeding is important for the
development of expertise because it makes newitepeasier (i.e., supports transfer).

Learning with understanding is often hardea¢oomplish than simply memorizing,
and it takes more time. Many curricula fail to sagggearning with understanding because
they present too many disconnected facts in tod shiime--the "mile wide, inch deep"
problem. Tests often reinforce memorizing rathantbnderstanding. The
knowledge-centered environment provides the nepedsath of study, assessing student
understanding rather than factual memory. It inocates the teaching of meta-cognitive
strategies that further facilitate future learning.

Knowledge-centered environments also look bdyengagement as the primary index
of successful teaching (Prawaf et al., 1992). Sitelinterest or engagement in a task is
clearly important. Nevertheless, it does not gumthat students will acquire the kinds
of knowledge that will support new learning. Thare important differences between
tasks and projects that encourage hands-on dothtghase that encourage doing with
understanding; the knowledge-centered environmaphasizes the latter (Greeno, 1991).

3. Formative assessments--ongoing assessments designedke students' thinking
visible to both teachers and students--are essénlibey permit the teacher to grasp the
students' preconceptions, understand where the stitd are in the "developmental
corridor" from informal to formal thinking, and desgn instruction accordingly. In the
assessment-centered classroom environment, forneagissessments help both teachers
and students monitor progress.

An important feature of assessments in thiessimoms is that they be
learner-friendly: they are not the Friday quiz Wdrich information is memorized the night
before, and for which the student is given a gthdé ranks him or her with respect to
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classmates. Rather, these assessments shouldepstwitents with opportunities to revise
and improve their thinking (Vye et al., 1998b),setudents see their own progress over
the course of weeks or months, and help teachengiig problems that need to be
remedied (problems that may not be visible withbetassessments). For example, a high
school class studying the principles of democraighirbe given a scenario in which a
colony of people have just settled on the moonranst establish a government. Proposals
from students of the defining features of such\eegument, as well as discussion of the
problems they foresee in its establishment, caealew both teachers and students areas
in which student thinking is more and less advan@&e exercise is less a test than an
indicator of where inquiry and instruction shoutddis.

4. Learning is influenced in fundamental ways by themtext in which it takes place.
A community-centered approach requires the devel@ptof norms for the classroom
and school, as well as connections to the outsidegly that support core learning
values.

The norms established in the classroom hawvegeffects on students' achievement. In
some schools, the norms could be expressed ag fdrcaught not knowing something.”
Others encourage academic risk-taking and oppadiesrio make mistakes, obtain
feedback, and revise. Clearly, if students areteal their preconceptions about a subject
matter, their questions, and their progress towankrstanding, the norms of the school
must support their doing so.

Teachers must attend to designing classrodivitas and helping students organize
their work in ways that promote the kind of inteligal camaraderie and the attitudes
toward learning that build a sense of communitysuoh a community, students might
help one another solve problems by building on exdbbr's knowledge, asking questions
to clarify explanations, and suggesting avenueiswbald move the group toward its goal
(Brown and Campione, 1994). Both cooperation irbfgm solving (Evans, 1989;
Newstead and Evans, 1995) and argumentation (Goldb®®4; Habermas, 1990; Kuhn,
1991; Moshman, 1995a, 1995b; Salmon and Zeitz, ;1886niss and Damon, 1992)
among students in such an intellectual communihaane cognitive development.

Teachers must be enabled and encouragedataiskta community of learners among
themselves (Lave and Wegner, 1991). These comraar@éin build a sense of comfort
with questioning rather than knowing the answer eam develop a model of creating new
ideas that build on the contributions of individnambers. They can engender a sense of
the excitement of learning that is then transfetcethe classroom, conferring a sense of
ownership of new ideas as they apply to theoryadtice.

Not least, schools need to develop ways todlassroom learning to other aspects of
students' lives. Engendering parent support foctre learning principles and parent
involvement in the learning process is of utmogténtance (Moll, 1990; 1986a, 1986b).
Figure 2.3shows the percentage of time, during a calendar, yeat students in a large
school district spent in school. If one-third oéithtime outside school (not counting
sleeping) is spent watching television, then sttglapparently spend more hours per year
watching television than attending school. A foonl/ on the hours that students
currently spend in school overlooks the many opputies for guided learning in other
settings.

APPLYING THE DESIGN FRAMEWORK TO ADULT LEARNING

The design framework above assumes that #iades are children, but the principles
apply to adult learning as well. This point is partarly important because incorporating
the principles irHow People Learn into educational practice will require a good defal
adult learning. Many approaches to teaching adoltsistently violate principles for
optimizing learning. Professional development paogs for teachers, for example,
frequently:

e Arenot learner centered. Rather than ask teachers where they need helpatie
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simply expected to attend prearranged workshops.

¢ Are not knowledge centered. Teachers may simply be introduced to a new tegheni
(like cooperative learning) without being given tgportunity to understand why,
when, where, and how it might be valuable to thEspecially important is the need
to integrate the structure of activities with tlmmtent of the curriculum that is
taught.

¢ Are not assessment centered. In order for teachers to change their practitiesy
need opportunities to try things out in their ctassns and then receive feedback.
Most professional development opportunities dopmovide such feedback.
Moreover, they tend to focus on change in teachmagtice as the goal, but they
neglect to develop in teachers the capacity togulgcessful transfer of the
technique to the classroom or its effects on studehievement.

¢ Are not community centered. Many professional development opportunities are
conducted in isolation. Opportunities for continwestact and support as teachers
incorporate new ideas into their teaching are Bohityet the rapid spread of Internet
access provides a ready means of maintaining surdiact if appropriately designed
tools and services are available.

The principles of learning and their implicets for designing learning environments
apply equally to child and adult learning. Theyyide a lens through which current
practice can be viewed with respect to K-12 teaghid with respect to preparation of
teachers in the research and development agendarifitiples are relevant as well when
we consider other groups, such as policy makergtengublic, whose learning is also
required for educational practice to change.
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