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Steven Yussen has a 35 year history in higher education, spanning work as a professor of
Educational Psychology, Psychology, and Child Development at the Universities of
Wisconsin-Madison, the University of Towa, and the University of Minnesota. At two of
these Universities he also served for 16 years as dean of their Colleges of Education,
from 1991-98 (Iowa) and 1998-2006 (Minnesota). As dean, he hired more than 100
faculty, raised $30 million in private fundraising efforts and (at Minnesota) led a unit
with 500 faculty and staff; at Wisconsin, he also served as chairperson of the Department
of Educational Psychology (1984-87). Dr. Yussen has published more than 70 scholarly
research articles, book chapters, and books in the fields of developmental and educational
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two major journals, Child Development and the Journal of Educational Psychology;
selection as a Guggenheim Fellow; appointment as a Fulbright Fellow at the Hebrew
University; selection as a Spencer Fellow; election to the Iowa Academy of Education;
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SUMMARY OF THE CASE

John Bransford is likely the leading “learning scientist”
in the United States today, applying his knowledge and
skills to advance student learning. For four decades, John
has been a leading figure in the study of student learning,
offering new paradigms for thinking about the nature of
human memory, the transfer of learning to new situations,
" learning as rooted in knowledge rich understanding, how to
use technology to design powerful learning opportunities,
and new models for assessing learning. Along the way, he
has led the development of creative new learning tools such
as the Jasper Problem Solving Series, the Scientist in
Action Series, and the Legacy Framework of “challenge based
learning” . Most recently, he has authored a series of 3
highly influential books on the nature of human learning
which synthesize many of these ideas along with those of
other leading scholars and practitioners of human learning.

On every dimension one typically seeks out evidence for
positive impact in education, his work and legacy are
extraordinarily far reaching. His seminal work defining
“learning science” impacts all educational researchers
studying topics such as those listed above. Every student
preparing for a teaching career is impacted by the ideas,
models, and examples of curriculum innovation and teaching
techniques embedded in the tools and models he’s developed.
And those responsible for guiding our educational system
and spurring innovation repeatedly turn to John for help-at
the school district level, at the state level, at the
national policy level, and in the technology innovation
gsector.

He is that rare breed of intellectual and doer in education
who is simultaneously a first rate theoretical thinker, a
creative empirical research scientist, a teacher tuned in
to the broad, interdisciplinary perspective needed to
understand student learning in its full complexity, a
practical innovator of curricula and technology tools, and
a boundlessly energetic collaborator.







July 30, 2007

Dr. Trent Gabert

Brock International Education Award Committee
University of Oklzhoma

1610 Asp Avenue, Ste. 108

Norman, Oklahoma 73072-6405

Dear Dr, Gabert:

It is with great pleasure that I nominate Dr. John D. Bransford,
currently James W. Mifflin Professor of Education and Psychology at the
University of Washington, for the Brock International Prize in
Fducation, for 2008

John Brock has said: “"The most important thing to do in this life is to
educate our children. The purpose of the Brock Prize is to identify
the best ideas on education in the weorld and to expose them to ocur
educators, teachers, administrators, and politicians.”

and from my perspective, the most important way we can improve the
education of our children, is to have a comprehensive and sound view of
how they learn., For almost 4 decades, now, John Bransford has
systematically advanced our understanding of student learning through
his creative and paradigm changing ideas about the nature of memory;
how we transfer our learning (learn to learn); how we learn and
understand ideas in diverse fields such as mathematics, science,
history, and the language arts; how we develop expertise; and how these
lessons can be applied to the real world design of classroom curriculum
and instruction, smart use of technology tools, the preparation of
teachers and school leaders, and the assessment of high level learning.

John'’s contributions are seminal in the efforts of educators, during
this period, to: focus on “understanding” as the foundation for
learning, develop curricula that are “problem based”, develop extended
learning cycles through “projects”, examine new ways to document how
learning-as-understanding transfers across time, consider new ways to
assess students’ understanding following learning experiences, and to
develop creative technology foocls to advance these goals.

There is simply no other contemporary figure in education who has
matched John Bransford’s scope and impact on our current thinking about
the nature of student learning. His theoretical writing, his empirical
research, his design projects in science, mathematics, and other
curriculum areas, and the hundreds of collaborations he’s fostered
among school districts, leading technology innovators {e.g., IBM,
Microsoft, and Boeing), and professional educators (e.g., in Tennessee,
North Carolina, and Washington) are simply staggering.

The evidence for these claims comes from three sources.

First, a close reading of his curriculum vitae shows that: he has been
a prolific scholar with a range of nearly 200 published research
articles, book chapters, essays, and books; that his work has been
honored in various ways by esteemed Universities and educational
organizations such as Vanderbilt, the U of Washington, the National




Academy of Education, the American Educational Research Association,
the Carnegie Foundation, the National Science Foundation, and the
National Academy of Science; that he has authored or co-authored widely
adopted, state-of-the-art, technologies for learning such as the Jasper
Prcblem Solving Series and the Legacy framework for “challenge-based”
learning; that he is the “go-to” person for some of the most ambitious
and smart organizations looking for help in using contemporary Learning
Science to impact student learning—school districts such as Nashille,
Tennessee, the state of North Carolina, Bellvue, Washington, Little
Planet Learning, Microsoft, Boeing, the National Science Foundation,
and many more. The number and depth of his generous collaborations to
improve student learning is extraordinary.

Second, John has beccme the central, contemporary figure in education,
to define the nature of human learning, through his lead authorship of
three books, listed just below, during the past 8 years. The books
offer a creative synthesis of ideas, research evidence, and the wisdeom
of practice, from a range of fields, and address both pre K-12
education and higher education,

Bransford, Brown, and Cocking (1998, also 2000) How people learn;
Brain, mind, experience, and school. Washington,DC: National Academy
Press,

Bransford & Donovan (2005). How students learn; History, mathematics,
and science in the classroom. Washington,DC: National Academies Press,

Bransford & Darling-Hammond {(2005). Preparing teachers for a changing
world: What teachers should learn and be able to do. San Francisco,
CA: Jossey-Bass.

These National Academy and Jossey Bass sponsored books now define the
consensus framework among scholars and educators across the United
States on the nature of school based human learning, and stand as the
central, driving, force behind efforts of scholars and researchers,
policy makers, schocls, and technology innovators to improve public
education.




As a third and final source of evidence, I offer a sample of comments
from selected peers, educational leaders, and collaborators, when asked .
to evaluate John’s work and contributiong. These comments appear below
and in the pages which follow.

a
“For geveral decades John has been a visionary innovator in education.
As a result of his unique ability to formulate ground breaking learning
concepts that he then transforms into practical applications, he has
become an internationally recognized leader in the development of 21%
century teaching and learning.

During his long tenure at Vanderbilt University, John conducted
regearch in learning and cognition that was ultimately published in How
People Learn: Brain, Mind, Experience and School. This book has had a
revolutionary impact on the preparation of teachers and the
organization of schools.

Building on his learning research, John led the development of award
winning curriculum and instruction projects, such as the Jasper -
Woodbury Mathematics series, the Scientists in Action Series, and the
Little Planet series. These widely acclaimed instructional innovations
are being used across the country and around the world.

In his current position as the leader of the University of Washington
LIFE Center, John is spearheading a national alliance of cutting edge
researchers and educators who are inventing new technologies that will
meet the needs of 21°" century learners.

In view of his visionary leadership and innovative application of his
state-of-the art research, John Bransford is an ocutstanding candidate
for the Brock International Prize in Education.”

Thomas G. Carroll, President, National Commission on TPeaching and
America’'s Future

“John ig that rare bird in American education. He possesses a truly
first rate mind; yet he expresses himself in terms the layman can
eagily understand. He is a gifted researcher, and orxiginal and
independent thinker, a humanist of the first rank and an educator to
the .core. I know of no other educational theorist currently practicing
at the peak of his intellectual capacity who has contributed more to
our awareness and understanding of how people learn. His seminal
writing and field research in this area have made a deep and lasting
contribution to all those who aspire to teach and to learn. If he
didn‘t coin the phrase ‘learning scientist’, he certainly is emblematic
of that phrase. Like a gifted musician, John's work combines the
technical skills of a master craftsman with the artistry of one who was

born to play.”

Richard Bell, National Executive Director, Young Audiences, Inc., New
York, NY.




Academy of Education, the American Educational Research Association,
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*aAt Little Planet Learning, we develop educational programs for
students and training programs for adults in the workplace. 1In the
course of our work we have relied on the wisdom of many learning
scientists, and top experts in a variety of fields. John Bransford is
clearly at the forefront of experts on the subject of ‘how people
learn’. He has been able to apply his knowledge to many diverse
subject areas, as well as many diverse audiences. He accomplishes this
because he combines a vast knowledge of the science with a powerfully
active imagination, astounding intuition, great empathy for the
learner, a wonderful sense of humor—all guided by strong values of
courage, honesty, and fairness. It has been my honor and pleasure to
collaborate with John in applying his wisdom te many practical. efforts
over the last twenty years.”

Bill Nelson, President, Little Planet Learning

"John Bransford’s impact on the Bellevue School District Pegan with the
publication of How People Learn in 1999. .While I began sharing the
book's ideas with our staff almost immediately, it wasn'’t until John
moved from Vanderbilt to the University of Washington that his
influence became both widely and deeply felt within the school
district. 1In the 2005-06 school year, John and Y had a number of
conversations about the goals of the school district and the role
learning theory might play in making our work more coherent. He also
agreed to present his ideas to our leadership team- a group of about
100 principals, curriculum developers and coaches, student service
administrators, and others who shape and supervise our instructional
program. ..he was a great hit with our team, inspiring them with his
blend of intellectual power and personal humility.

Knowing that John’s expertise could play a significant role in
improving our work as a school system, I started to explore ways of
partnering with him. .Given our experiences with John, we knew his
work could greatly enhance the guality of our curriculum., He was
excited, I believe, about the possibility of infusing learning theory
into the entire curriculum of a school district so that its influence
would be felt everywhere and all at once. Gates (the Gates Foundation)
agreed and we have been working very closely for the past twelve

months.

John and his team at the Life Center are studying our K-12 scilence
curriculum by examining what we have posted on the Curriculum Web,
along with our classroom based district assessments (roughly one for
every unit we teach) and our student performance data; observing
classroom instruction; conducting focus groups with teachers; and
conducting study sessions with our science curriculum leaders. Their
review has been intensive and thorough, and now in combination with
John'‘s team, we are experimenting with various approaches to curriculum
development and staff training that are in concert with the principles
spelled out in How People Learn. Our goal is to create a model in K-12
gcience that will guide our work in all disciplines.

while the study of our science program was taking place during the
2006-07 school year, John also led a class in learning theory for our

v




leadership team. We met several times throughout the school year in
full-day sessions, first focusing on the components of the theory
itself, and then moving to the ways our practice might be reformed. As
we prepare for the 2007-08 school year, we are much better equipped to
disseminate information to teachers, students, and parents about how we
all learn and how to make the most of our ability to learn.

.. John is very generous with his time and talent, It is clear to
anyone who spends time with him that he is dedicated to the profession,
completely focused on the well being of children, and tireless about
doing his part in advancing the cause.

It is an honor and privilege to work with him.

Mike Riley, Superintendent, Bellevue{Washington} Schools

. e e

"It has been my great pleasure and privilege to work with Jchn
Bransford in the application of his research and theories of human
learning to the transformation of secondary career and technical
education and post-gecondary technical and technician education across
the United States. Too Long ignored or in the shadow of traditional
academic disciplines, both areas of education are now recognized as
critical for development of the emerging workforce and the nations’s
continued economic vitality in the 21%% century.

Funded by NSF's Advanced Technological Education Program, Professor
Bransford’s work in shaping the professional development of these
educators has grown from conducting local and regional workshops on
this topic to the establishment of a recurring series of national
conferences for high school and community college educators and
stakeholders from across the United States. The format of these
conferences is built on and incorporates his principles of “How People
Learn” and “STAR Legacy Cycle” of challenge based instruction. The
resulting transformation of conference participants in their
understanding and practice of effective teaching and learning has
subsequently affected fellow faculty members and programs of
instruction throughout the United States.”

pavid C. McNeel, Director, Center for Innovation in Technological
Education, Nashville State Community College

£
*I have worked with Dr. John Bransford for the past four years on a
variety of programs withing Microsoft’s Partners in Learning
initiative. Under Partners in Learning, Microsoft is working with
governments, ministries of education, and cother key stakeholders in 101
countries to offer a spectrum of resources for primary and secondary
education including tools, programs, and practices. The fundamental
premise of the Partners in Learning vision is that technology in
education can be a powerful catalyst to promote learning and that
education changes lives, families, communities and ultimately nations.
wwiw ,microsoft,com/partnersinlearning




g
“John Bransford has positioned his work to lead the way in a “break

through” movement that will reshape the assessment world in such a
fashion to move education into the 21% century. Evidence indicates
that one of the most powerful ways to change teacher behavior is to
change the assessment model used to determine student performance.
John has been working in North Carolina to develop a “cutting edge”
multi media assessment/instructional tool- an electronic arena that
will allow for continuous bhenchmarking of student understanding of
content and theory than can lead to the elimination of snapshot
‘testing. I think his work- present and past- has influenced
educational theory in a greater fashion.than yet understood and is
worthy of recognition.”

Sam Houston, President and CEO, North Carolina Science, Mathematics,
and Technology Education Center.

wJohn Bransford has made significant contributions to the development
of new methods in bioengineering education. His work in this area
stems from his collaboratién with me and the other members of the
vVanderbilt -Northwestern-Texas-Harvard/MIT Engineering Research Center..
in Bioengineering Educational Technologies. This project was a
National Science Foundation funded Engineering Research Center focused
on bioengineering education. It began in 1999 and is still funded by
NSF for research in bioengineering education. It was aimed at applying
the principles from the book co-edited by John, “How People Learn”.
John developed the ideas in learning science that led to his direction
of the Learning Science Thrust of this Center and the formulation of
new and effective methods for the teaching of biocengineering. His
basic ideas of student-centered, knowledge-centered, assessment-
centered, and community-centered emphases for new instructional designs
was shown to be highly effectivé in controlled educational studies of
bioengineering classrooms. This represents a major breakthrough in the
reform of bicengineering education and the improvement of ite
effectiveness. These methods have been show to be especially important
in improving the adaptive expertise of engineering students and thus
addressing a national concern on competitiveness of American innovation
in the global market.” '

Thomas Harris, M.D., Ph.D., Orrin Henry Ingram Distinguiéhed Profesor
of Engineering, Professor of Biomedical Engineering, Medicine, and
Chemical Engineering, Vanderbilt University

i .
sDr. John Bransford has made a profound impact within the training
community at the Boeing Company. His publication of How veople Learn,
was the basis of several studies performed with groups of Boeing
engineers taking Composite and Product Lifecycle Management courses.
He, along with his research team at the UW LIFE center, helped in
analyzing the results of these studies over the past Etwo years. LHith
his leadership and innovations within the academic community, he has
continued to be a highly respectable and influential figure within the
training department at the Boeing Company.” :

- Michael €. Richey, the Boeing Company




Dr. Bransford is part of our Partners in Learning international
advisory council, influencing the overall design and implementation of
the program, which has now reached over 68 million teachers and
students around the world. He has spoken at many events and conferences
for Partners in Learning, sharing his thinking on innovation,
leadership, assessment and 21°° century learning with ministry of
education and other senior government and organizational leaders from
nearly 100 countries.

But it is Dr. Bransford's work leading the development of curriculum
and training for school leaders around the world that has had the most’
infiuence on schools as they rethink the teaching and learning
processes. Dr. Bransford’s expertise in the areas of human learning as
it applies to a school setting was put into play in the development of
two curricula: School Leader Development: Building 21°° Century Schools,
and School Leader Development: Assessing 217 Century Learning.

These unique online courses combine video challenge questions,
discussion and expert resources to focus on issues facing school
leaders as they try to prepare their students for life and work in the
21%° century. The scenario-based courses are not pasgive, but intended
to gdirectly engage participants through interactive materials. First
the “Master Challenge” facing a school is presented, followed by four
modules that allow the educator to explore sclutions to this challenge
through individual work and through productive discussion with their
peers. Each module has a “Challenge Cycle” that takes the learner
through initial thoughts, resources, revised thinking, and group work.
After all four modules are presented, there’s an opportunity to put the
insights gained from this intensive work to solve the Master Challenge.
Although this approach shows the example of just one school, it
discusses education issues that are universal. The model relies on the
knowledge and expertise of the participants, who share their insights
and learn from each other. The end goal of the training is for
educators to learn new practices and points of view on topics that they
can then take and implement in their own institutions.

Dr. Bransford not only led development of these curricula, but he led
Microsoft’s international trainings for these materials as well. To
date, Microsoft has conducted 4 regional master trainings for these
curricula, training approximately 150 master trainersg in 38 countries
around the world. These trainers have then taken the curriculum back
to their own countries, localized the materials into languages as
diverse as Bulgarian, Korean, and Swedish, and have continued training
school leaders on a local level. What is most impressive and impactful
for Microsoft is that the challenge cycle model developed by Dr.
Bransford and employed in these curricula is adaptable for virtually
any culture or local education context around the world. This enables
us to reach tens of thousands of school leaders from South Africa to
Massachusetts, introducing them to the principles of how people learn
and assessing adaptive expertise in students.”

Kristen Weatherby, Academic Programs Manager, Partners in Learning,
Microsoft Corporation




In summary, John Bransford is arguably the leading “learning scientist”
in the United States today, applying his knowledge and skills to
synthesize theory, develop models for instruction and teaching, create
new technology tools and frameworks, and collaborate generously and
effectively with a large and extensive range of partners and
organizations, to improve student learning. As one collaborator noted,
the impact of his work likely extends to tens of millions of school
children, teachers, and leaders, throughout the world.

I cannot think of anyone more deserving of the Brock award.

Sincerely,

Y /”L’! A a
Steven ﬁ. Yussen
Professor, Institute of Child Development
Former dean, College of Education & Human Development
The University of Minnesota '
syussen@umn.edu







John D. Bransford

CURRICULUM VITA
Title: James W. Mifflin Professorship and Professor of Education and Psychology
Personal Information:
Mailing Address: Shipping Address:
College of Education College of Education
University of Washington University of Washington
Box 353600 210 Miller Hall, Mail Drop 353600

Seattle, Washington 98195-3600
Phone: (206) 616-4480

Fax: (206) 616-6311
Email: bransj@u.washington.edu

URL: http://LIFE-SLC.org

Education

B.A., Hamline University, Psychology, 1966
Major: Psychology

Seattle, Washington 98195-3600

Ph.D., University of Minnesota, Cogniﬁve Psychology, 1970

Major: Cognitive Psychology

Minor: Child Psychology and Linguistics

Professional Experience

2004 - Present Principal Investigator, “LIFE Center” '

2003 - Present Microsoft Partners in Learning International Advisory Council Member

2003 - Present Microsoft Partners in Learning National Advisory Council Member

2003 - Presént James W. Mifflin University Professorship and Professor of Education, University of

Washington

1984 - 2003  Co -Director, Learning Technology Center, Vanderbilt University
1989-2003  Centennial Professor of Psychology, Vanderbilt University

1983 -2003  Professor of Education, Department of Teaching and Learning, George Peabody College at Vanderbilt

1080 - 2003  Senior Scientist, Kennedy Center, George Peabody College at Vanderbilt '
1979 - 1989  Professor, Vanderbilt University, Department of Psychology
1972 - 1978  Associate Professor, Department of Psychology

Honors

. Centennial Professor of Psychology

. Emmonds Distinguished Scholar, Ball State University
. Peabody Roundtable Honoree

. Co-author: on three “Article of the Year” Awards

* Honorable Mention: Creative Talents Award for Ph.D. Thesis



NIMH Predoctoral Fellow

Magna Cum Laude with Special Honors in Psychology

President, Torch & Cycle Honor Society

President, Theta Chi Fraternity

1997 Recipient of the Sutherland Award for Research Excellence

National Academy of Education

Inaugural Speaker: Peabody’s Distinguished Speaker Series

President’s Committee of Advisors on Science and Technology, Panel on Educational Technology
Co-chair: Three Committees on Developments in the Science of Learning, National Academy of Science
Board of Advisors, NSF’s Division of Education and Human Resources (EHR)

Recipient of the Thorndike Award, 2001

National Academy of Science 2000: Lifetime Associate as advisor to the Nation in matters of science,
engineering, and health :

* Visiting Scholar at the Carnegie Foundation for the Advancement of Teaching 2001

- L] L] L] - - - - L] L]

Selected Research and Grant Support
2004 - Present Principal Investigator, “LIFE Center”. Funded by National Science Foundation

2004 - Present Principal Investigétor, “Building 21* Century School Leaders” curricula project, Funded by
Microsoft Partners in Learning

2001 - Present Principal Investigator, "Designing Arts Enhanced Literacy Curriculum and Instruction”. Funded
by Young Audiences, Inc. :

1996 - 2000  Co-Principal Investigator, "American School Directory (ASD)". Funded by
Amgerican Schools Directory ' .

1996 - 2000  Co-Principal Investigator, “Contrasting cases in a Context of Anchored
Inquiry.” Funded by OERL

1996 -2000  Co-Principal Investigator, “Studying Achievement for a Whole Day Whole
Year (WDWY) Perspective.” Funded by OERL

1996 - 2000  Co-Principal Investigator, "Whole Day Whole Year. ..

1999 -2001  Co-Principal Investigator, Teachable Agents; Computer Environments for Supporting
' High Achievement in Science and Mathematics”. Funded by NSF.

1997 - 2001  Co-Principal Investigator, "The Challenge Zone: Using the Internet to Support High
Standards in Mathematics and Science". Funded by NSF.

1999 — 2002 Co—Principal Investigator, "Information Technology & Teacher Education: Leveraging
the Power of Learning Theory and Technology". Funded by U.S. Department of Education.

1996 -- 2001 Principal Inve!stigator, "Center for Innovative Learning Technologies (CILT)", Funded
by NSF through SRI

1996 -2001  Co-Principal Investigator, “Multimedia-Schools for Thought.” Funded by McDonnell
Foundation




1996 - 1997

1996 - 1990
1995 - 1997
1993 - 1996
1993 - 1996
1993 - 1994
1992 - 1996

1992 - 1995

1991 - 1996
1991 - 1994
1990 - 1993
1990 - 1992
1990 - 1992
1990 - 1992
1990 - 1991
1987 - 1990
1987 - 1990
1987 - 1990
1987 - 1990
-1986-1989
1992 - 1995
1985
1984 - 1987
1984 - 1986

1983 - 1986

Co-Principal Investigator, “Metro Evaluation and Assessment.” Funded by Metropolitan
Nashville Public Schools.”

Co-Principal Investigator, McDonnell Foundation Grant for SFT.

Co-Principal Investigator, ONR.Grant on Cognitive Analysis

Co-Principal Investigator, Mellon Foundation

Investigator, NSF Grant for Scientists in Action

Co-Principal Investiga{of, Mc]joﬁnell Foundation grant for Classroom Implementation
Investigator, NSF Grant on Assessment

Principal Investigator, NSF - Extér;sion of the Jasper Series: A Generative Approach to
Improving Mathematical Thinking

Principal Iiwestigator, NICHD Grant, At-Risk of School Failure

Co-Principal Investigator, McDonnell Foundation Award

Investigator, Office of Naval Research

Principal Investigator, National Science Foundation Material Development Grant
Co-Principal Investigator, NSF grant on Jasper series

Investigator, U. S. Department of Education, Multimedia

Investigator, U. S. Department of Education, Personal Advisor

Co-Principal Investigator, McDonneli Foundation award

Co-Principal Investigator, U.S. Department of Education Grant

Investigator, U.S. Department of Education Grant

Co-Principal Investigator, McDonnell Foundation award

Co-Principal Investigator, U.S. Department of Education Grant

Co-Principal Investigator, iBM Grant; Computer Museum Project, Phase Il
Co-Principal Investigator, IBM Grant: Computer Museum Project, Phase I
Co-Principa;l Investigator, Army Research Institute Grant

CowPrincii)al Investigator, IBM Grant: Prograras for Teaching Problem Solving

Co-Principal Investigator, National Institute of Mental Health Research Grant



1983 - 1986 Co-Principal Investigator, Department of Education Research Grant

1980 - 1983  Co-Principal Investigator, National Institute of Education Research

1979 - 1982 Co-Principal Investigator, National Institute of Education Research

1978 - 1979  Principal Investilgator, Van&erbilt University Research Council Fellowship

1977-1979  Co-Principal Investigator, National Science Fqundation

1973 - 1976 Co-Principa.l Investigator, National Institute of Education Research Grant

1972 -1972  Postdoctoral Fellow, University of Minnesota, Center for Research in Human Leaming
1971-1971  Principal Investigator, State University.of New York at Stony Brook, Summer Research Grant |
1967 - 1970  Pre-doctoral Fellow, University of Minnesota, Center for Research in Human Leamning
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Franks, J.J. & Bransford, J.D. (1972). The acquisition of abstract 1dcas Journal of Verbal Learning and Verbal Behavior,
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Johnson, M.K., Bransford, J.D., Nyberg, S.E. & Cleary, 1.J. (1972). Comprehension factors in interpreting memory for
abstract and concrete sentences. Journal of Verbal Learning and Verbal Behavior, 11, 451-454.

Bransford, J.D. & Johnson, M.K. (1973). Cousiderations of some problems of comprehension. In W.G. Chase (Ed.),
Visual information processing (pp. 383-438). New York: Academic Press.

DoH, T.J., Tweedy, L.R., Johnson, M.X., Bransford, J.D. & Flatow, C. (1973). Semantic memory and sentence verification
time. Journal of Experimental Psychology, 100, 429~431
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Experimental Psychology, 98, 203-205.
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Ongoing Activities

Co-Chair of three different National Academy of Science Committees that have explored
different aspects of How People Learn (two are completed, one is ongoing).

Co-Chair (with Dr. Deborah Stipek) of a MacArthur planning grant for a research network
on enhancing early education and restructuring high schools.

One of the founding co-directors of CILT, the Center for Innovative Learning Technologies

Head of the Leaming Sciences thrust for an Engineering Research Center on Resfructuring
Bioengineering Education based on principles of How People Leam

Co-developer of a number of award-winning technology-based programs and tools such as
the Jasper Woodbury Problem Solving Series, The Little Planet Literacy Series, Scientists in
Action, StarLegacy, Teachable Agents

Co-Developer of an on-line course on How People Leam.

18




Co-Director of a new web-based-enhanced projéct to link leadership and learning.

Co-Chair (With.Linda Darling-Hammond) of a National Academy of Education project to
identify Key Knowledge and Skills for future teachers.

Videodiscs, CD-ROM and Related Software (Co-Executive Producer)

The Adventures of Jasper Woodbury Problem Solving Series

Complex Trip Planning
s Journey to Cedar Creek
» Rescue at Boone's Meadow
* Get Out the Vote '

Statistics and Business Planning
+ The Big Splash
+ A Capital Idea
» Bridging the Gap

Geomeiry
* Blueprint for Success
* The Right Angle
+ The Great Circle Race

Introduction to Algebra
+ Working Smart
« Kim's Komet
« The Great Algebra Mystery

Young Children's Literacy Series
« The Little Planet and the Magic Hats
» The Little Planet and Glowbird
*» Rules of the Game

 Scientists in Action Series
» Overturned Tanker
« Mystery at Stones Rivers
« Return to Rochester
» The Lost Letters of Lazlo Clark

Co developer of the STAR Legacy Cycle and a number of programs that use that cycles as a framework for
enhancing learning, seif assessment and transfer
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L eaming:
From Speculation to Science

The essence of matter, the origins of the universe, the nature of the
human mind—these are the profound questions that have engaged thinkers
through the centuries. Until quite recently, understanding the mind—and
the thinking and learning that the mind makes possible—has remained an
elusive quest, in part because of a lack of powerful research tools. Today,
the world is in the midst of an extraordinary outpouring of scientific work
on the mind and brain, on the processes of thinking and learning, on the
neural processes that occur during thought and learning, and on the devel-
opment of competence. '

The revolution in the study of the mind that has occurred in the last
three or four decades has important implications for education. As we illus-
trate, 2 new theory of leaming is coming into focus that leads to very differ-
ent approaches to the design of curriculum, teaching, and assessment than
those often found in schools today. Equally important, the growth of inter-
disciplinary inquiries and new kinds of scientific collaborations have begun
to make the path from basic research to educational practice somewhat
more visible, if not yet easy to travel, Thirty years ago, educators paid little
attention to the work of cognitive scientists, and researchers in the nascent
field of cognitive science worked far removed from classrooms. Today,
cognitive researchers are spending more time working with teachers, testing
and refining their theories in real classrooms where they can see how differ-
ent settings and classroom interactions influence applications of their
theories.

What is perhaps currently most striking is the variety of research ap-
proaches and techniques that have been developed and ways in which evi-
dence from many different branches of science are beginning to converge.
The story we can now tell about learning is far richer than ever before, and
it promises to evolve dramatically in the next generation. For example:
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« Research from cognitive psychology has increased understanding of
the nature of competent performance and the principles of knowledge orga-
nization that underiie people's abilities to solve problems in a wide variety
of areas, including mathematics, science; literature, social studies, and his-
tory. , _
« Dévelopmental researchers have shown that young children under-
stand a great deal about basic principles of biology and physical causality,
about number, narrative, and personal intent, and that these capabilities
make it possible to create innovative curricula that introduce important con-
cepts for advanced reasoning at early ages.

¢ Research on learning and transfer has uncovered important principles
for structuring leaming experiences that enable people to use what they
have leamed in new settings.

» Work in social psychology, cognitive psychology, and anthropology
is making clear that all leaming takes place in settings that have particular
sets of cultural and social norms and expectations and that these settings
influence learning and transfer in powerful ways. -

» Neuroscience is beginning to provide evidence for many principles
of learning that have emerged from laboratory research, and it is showing
how learning changes the physical structure of the brain and, with it, the
functional organization of the brain.

» Collaborative studies of the design and evaluation of learning envi-
ronments, among cognitive and developmental psychologists and educa-
tors, are yielding new knowledge about the nature of learning and teaching
as it takes place in a variety of settings. In addition, researchers are discov-
ering ways (o learn from the “wisdom of practice” that comes from success-
ful teachers who can share their expertise.

» Emerging technologies are leading to the development of many new
opportunities to guide and enhance learning that were unimagined even a
few years ago.

All of these developments in the study of learning have led to an era of new
relevance of science to practice. In short, investment in basic research is
paying off in practical applications. These developments in understanding
of how humans learn have particular significance in light of changes in what
is expected of the nation’s educational systems.

in the early part of the twentieth century, education focused on the
acquisition of literacy skills: simple reading, writing, and calculating. It was
not the general rule for educational systems to train people to think and read
critically, to express themselves clearly and persuasively, to solve complex
problems in science and mathematics. Now, at the end of the century, these
aspects of high literacy are required of almost everyone in order to success-
fully negotiate the complexities of contemporary life. The skill demands for
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work have increased dramaticaily, as has the need for organizations and
workers to change in response to competitive workplace pressures. Thought-
ful participadon in the democratic process has also hecome’ increasingly
complicated as the locus of attention has shifted from local to national and
global concerns, :

Above all, information and knowledge are growing at a far more rapid
rate than ever before in the history of humankind. As Nobel laureate Herbert
Simon wisely stated, the'meaning of “knowing” has shifted from being able
to remember and repeat information to being able to find and use it (Simon,
1996). More than ever, the sheer magnitude of human knowledge renders
its coverage by education an impossibility; rather, thé goal of education is
better conceived as helping students develop the intellectual tools and learning
strategies needed to acquire the knowledge that allows people to think

- productively about history, science and technology, social phenomena, math-
ematics, and the arts. Fundamental understanding about subjects, including
how to frame and ask meaningful questions about various subject areas,
contributes to individuals’ more basic understanding of principles of ieamn-
ing that can assist them in becoming self-sustaining, lifelong learners.

'FOCUS: PEOPLE, SCHOOLS, AND THE
POTENTIAL TO LEARN

The scientific literatures on cognition, learning, development, culture,
“and brain.are voluminous. Three organizing decisions, made fairly early in
the work of the committee, provided the framework for our study and are
reflected in the contents of this book.

* First, we focus primarily on research on human learning (though the
study of animal leaming provides important collateral information), includ-
ing new developments from neuroscience.

* ‘Second, we focus especially on learning research that has implica-
tions for the design of formal instructional environments, primarily preschools,
kindergarten through high schools (K-12), and colleges.

+ Third, and felated to the second point, we focus on research that
helps explore the possibility of helping all individuals achieve their fullest
potential,

New ideas about ways to facilitate learning—and about who is most
capable of learning-—can powerfully affect the quality of people’s lives. At
different points in history, scholars have worried that formal educational
environments have been better at selecting talent than developing it (see,
e.g., Bloom, 1964). Many people who had difficulty in school might have
prospered if the new ideas about effective instructional practices had been
available. Furthermore, given new instructional practices, even those who
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did well in traditional educational environments might have developed skills, -
knowledge, and attitudes that would have significantly enhanced their achieve-
ments.

Learning research suggests that there are new ways to introduce stu-
dents to traditional subjects, such as mathematics, science, history and litera-

_ ture, and that these new approaches make it possible for the majority of

individuals to develop a deep understanding of important subject matter.
This committee is especially interested in theories and data that are relevant
to the development of new ways to introduce students to such traditional
subjects as mathematics, science, history, and literature. There is hope that
new approaches can make it possible for 2 majority of individuals to de-
velop a moderate to deep understanding of important subjects.

DEVELOPMENT OF THE SCIENCE OF LEARNING

This report builds on research that began in the latter part of the nine-
teenth century—the time in history at which systematic attempts were made
to study the human mind through scientific methods. Before then, such
study was the province of philosophy and theology. Some of the most
influential early work was done in Leipzig in the laboratory of Wilhelm
Wundt, who with his colleagues tried to subject human consciousness to
precise analysis—mainly by asking subjects to reflect on their thought pro-
cesses through introspection.

By the turn of the century, a new school of behaviorism was emerging.
In reaction to the subjectivity inherent in introspection, behaviorists held
that the scientific study of psychology must restrict itself to the study of
observable behaviors and the stimulus conditions that control them. An
extremely influential article, published by John B. Watson in 1913, provides

a glimpse of the behaviorist credo:

.. . all schools of psychology except that of behaviorism claim that “con-
sclousness” is the subject-matter of psychology. Behaviorism, on the con-
trary, holds that the subject matter of human psychology is the behavior or
activities of the human being. Behaviorism claims that “consciousness” is
neither a definable nor a useable concebt; that it is merely another word for
the “soul” of more ancient times. The old psychalogy is thus dominated by
a kind of subtle religlous philosophy (p. 1.

Drawing on the empiricist tradition, behaviorsists conceptualized learning as
a process of forming connections between stimuli and responses. Motiva-
tion to learn was assumed to be driven primarily by drives, such as hunger,
and the availability of external forces, such as rewards and punishments
(e.g., Thorndike, 1913; Skinner, 1950).

In a classic behaviorist study by Edward L. Thorndike (1913), hungry
cats had to learn to pull a string hanging in a “puzzle box” in order for a
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door to open that let them escape and get food. What was involved in
learning to escape in this manner? Thorndike concluded that the cats did
not think about how to escape and then do it; instéad, they engaged in trial-
and-error behavior; see Box 1.1, Sometimes a cat in the puzzle box acciden-
tally pulled the strings while playing and the door opened, allowing the cat
to escape. But this event did not appear to produce an insight on the parst of

Box 11 A Cat's Learning

el

o———
J w—

"Whén put into the box, the cat would show evident signs of discomfort and
impulse 1o escape from confinement. |t tries to squeeze through any opening; it
claws and bites at the wire; it thrusts its paws out through any opening and claws
at everything it reaches. . . . It does not pay very much attention to the foad
outside but seems simply to strive instinctively to escape from confinement. . . .
The cat that is clawing all over the box in her impulsive struggle will probably claw
the string or foop or button so as to open the door. And gradually alt the other
unsuccessful impulses will be stamped out and the particular impuise leading to
the successful act will be stamped in by the resulting pleasure, until, after many
trials, the cat will, when put in the box, immediately claw the button or loop in a2
definite way™ {Thorndike, 1813:13).
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the cat because, when placed in the puzzle box again, the cat did not-imme-
diately pull the string to escape. Instead, it took a number of trials for the
cats to learn through trial and error. Thorndike argued that rewards (e.g.,
food) increased the strength of connections between stimuli and responses.
The explanation of what appeared to be complex problem-solving phenom-
ena as escaping from a complicated puzzle box could thus be explained
without recourse to unobservable mental events, such as thinking.

A limitation of early behaviorism stemmed from its focus on observable
stimulus conditions and the behaviors associated with those conditions. This
orientation made it difficult to study such phenomena as understanding,
reasoning, and thinking—phenomena that are of paramount importance for
education, Over time, radical behaviorism (often called “Behaviorism with a
Capital B") gave way to 2 more moderate form of behaviorism (“behavior-
ism with a small b”} that preserved the scientific rigor of using behavior as
data, but aiso allowed hypotheses about internal “mental” states when these
became necessary to explain various phenomena {e.g., Huil, 1943; Spence,
1942). , : .

In the late 1950s, the complexity of understanding humans and their
environments became increasingly apparent, and a new field emerged—
cognitive science. From its inception, cognitive science approachéd learn-
ing from a multidisciplinary perspective that included anthropology, linguis-
tics, philosophy, developmental psychology, computer science, neuroscience,
and several branches of psychology (Norman, 1980,1993; Newell and Simon,
1972). New experimental tools, methodologies, and ways of postulating
theories made it possible for scientists to begin serious study of mental
functioning: to test their theories rather than simply speculate about think-
ing and learning (see, e.g., Anderson, 1982, 1987; deGroot, 1965,1969; Newell
and Simon, 1972; Ericsson and Charness, 1994), and, in recent years, to
develop insights into the importance of the social and cultural contexts of
learning (e.g., Cole, 1996; Lave, 1988; Lave and Wenger, 1991; Rogoff, 1990;
Rogoff et al., 1993). The introduction of rigorous qualitative research meth-
odologies have provided perspectives on learning that complement and enrich
the experimental research traditions (Erickson, 1986, Hammersly and Atkinson,
1983; Heath, 1982; Lincoln and Guba, 1985; Marshall and Rossman, 1955;
Miles and Huberman, 1984; Spradley, 1979). '

Learning with Understanding

One of the hallmarks of the new science of learning is its emphasis on
learning with understanding. Intuitively, understanding is good, but it has
been difficult to study from a scientific perspective. At the same time, stu-
dents often have limited opportunities to understand or make sense of top-
ics because many curricula have emphasized memory rather than under-
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standing. Textbooks are filled with facts that students are expected to memo-
rize, and most tests assess students’ abilities (o remember the facts, When |
studying about veins and arteries, for example, students may be expected to |
remember that arteries are thicker than veins, more elastic, and carry blood I
from the heart; veins carry blood back 1o the heart. A test em for this ' |
information may look like the following: |

1. Aneries
a. Are more elastic than véeins
b. Carry blood that is pumped from the heart
¢. Are less elastic than veins
d. Bothaand b
e. Both b and ¢

‘The new science of learning does not deny that facts are impostant for
thinking and problem solving. Research on expertise in areas such as chess,
history, science, and mathematics demonstrate that experts’ abilities to think
and solve problems depend strongly on a rich body of knowledge about
subject matter (e.g., Chase and Simon, 1973; Chi et al., 1981; deGroot, 1965).
However, the research also shows clearly that “usable knowledge” is not the
same as a mere list of disconnected facts. Experts’ knowledge is connected
and organized around important concepts (e.g., Newton’s second law of
motion); it is “conditionalized” to specify the contexts in which it is appli-
cable; it supports understanding and transfer (to other contexts) rather than
only the ability to remember. '

For example, people who are knowledgeable about veins and arteries
know more than the facts noted above: they also understand why veins and
arteries have panticular properties. They know that blood pumped from the
heart exits in spurts and that the elasticity of the arteries helps accommodate
pressure changes, They know that blood from the heart nieeds to move
upward -(to the brain) as well as downward and that the elasticity of an
artery permits it to function as a one-way valve that closes at the end of each
spurt and prevents the blood from flowing backward., Because they under-
stand relationships between the structure and function of veins and arteries, -
knowledgeable individuals are more likely to be able to use what they have
learned to solve novel problems—to show evidence of transfer. For ex-
ample, imagine being asked to design an adtificial artery—would it have to
be elastic? Why or why not? An understanding of reasons for the properties
of arteries suggests that elasticity may not be necessary—perhaps the prob-
lem can be solved by creating a conduit that is strong enough to handle the
pressure of spurts from the heart and also function as a one-way valve. An
understanding of veins and arteries does not guarantee an answer to this
design question, but it does support thinking about alternatives that are not !
readily available if one only memorizes facts (Bransford and Stein, 1993).
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Ho

hitp:

e plﬁ é&%ﬁ&%ﬁm@smﬁw School: Expanded Edition

Pre-Existing Knowledge

An emphasis on understanding leads to one of the primary charactens-
tics of the new science of learning: its focus on the processes of knowing
(e.g., Piaget, 1978; Vygotsky, 1978). Humans are viewed as goal-directed
agents who actively seek information. They come to formal education with
a range of pdor knowledge, skills, beliefs, and concepts that significantly
influence what they notice about the environment and how they organize
and interpret it. This, in turn, affects their abilities to remember, reason,
solve problems, and acquire new knowledge.

Even young infants are active learners who bring a point of view to the
learning setting. The world they enter is not a “booming, buzzing confu-
sion” (James, 1890), where every stimulus is equally salient. Instead, an
infant’s brain gives precedence to certain kinds of information: language,
basic concepts of number, physical properties, and the movement of ani-
male and inanimate objects. In the most general sense, the contemporary
view of learning Is that people construct new knowledge and understand-
ings based on what they already know and believe (e.g., Cobb, 1994; Piaget,
1952, 1973a,b, 1977, 1978; Vygotsky, 1962, 1978) A classic children’s book
lllustrates this point; see Box 1.2,

A logical extension of the view that new knowledge must be constructed
from existing knowledge is that teachers need to pay attention to the incom-
plete understandings, the false beliefs, and the naive renditions of concepts
that learners bring with them to a given subject. Teachers then need to build
on these ideas in ways that help each student achieve a more mature under-
standing. If students’ initial ideas and beliefs are ignored, the understand-
ings that they develop can be very different from what the teacher intends.

Consider the challenge of working with children who believe that the
earth is flat and attempting to help them understand that it is spherical.
When told it is round, children picture the earth as a pancake rather than as
a sphere (Vosnladou and Brewer, 1989). If they are then told that it is round
like a2 sphere, they interpret the new information about a spherical earth
within their flat-earth view by picturing a pancake-like flat surface inside or
on top of a sphere, with humans standing on top of the pancake. The
children’s construction of their new understandings has been guided by a
model of the earth that helped them explain how they could stand or waik
upon its sutface, and a spherical earth did not fit their mental model. Like
Fish Is Fish, everything the children heard was incorporated into that pre-
existing view,

Fish Is Fish is relevant not only for young children, but for learners of all
ages. For example, college students often have developed beliefs about
physical and biological phenomena that fit their experiences but do not fit
scientific accounts of these phenomena. These preconceptions must be
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g8ox12 Fish Is Fish

Fish Is Fish {Lionni, 1970} describes a fish who is keenly interested in learning about
what happens on land, but the fish cannot explore land because it can only breathe
in water. |t befriends a tadpole who grows into a frog and eventually goes out onto
the land. The frog returiis to the ponda few weeks later and reports on what hs has
seen. The frog describes alf kinds of things like birds, cows, and pe'ople‘ The book
shows pictures of the fish's representations of each of these descriptions: each is
a fish-like form that is slightly adapted to accommuodate the frog's descriptions—
people are imagined {o be fish who walk on their tailfins, birds are fish with wings,
cows are fish with-udders. This tale illustrates both the creative opportunities and
dangers inherent in the fact that people construct new knowledge based on their
current knowledge. ‘

addressed in order for them to change their beliefs (e.g., Confrey, 1990;
Mestre, 1994; Minstrell, 1989; Redish, 1996).

A common misconception regarding “constructivist” theories of know-
ing (that existing knowledge is used to build new knowledge) is that teach-
ers should never tell students anything directly but, instead, should always
allow them to construct knowledge for themselves. This perspective con-
fuses a theory of pedagogy (teaching) with a theory of knowing.
Constructivists assume that all knowledge is constructed from previous knowl-
edge, irrespective of how one is taught {e.g., Cabb, 1994)—even listening to
a lecture involves active attempts to construct new knowledge. Fish Is Fish
(Lionni, 1970) and attempts to teach children that the earsth is round (Vosniadou
and Brewer, 1989) show why simply providing lectures frequently does not
work, Nevertheless, there are times, usually after people have first grappled
with issues on their own, that “teaching by telling” can work extremely well

- {e.g., Schwartz and Bransford, 1998). However, teachers still need to pay
attention to students’ interpretations and provide guidance when necessary.

‘There is a good deal of evidence that learing is enhanced when teach-
ers pay attention to the knowledge and beliefs that learners bring to a learn-
ing task, use this knowledge as a starting point for new instruction, and
monitor students’ changing conceptions as instruction proceeds. For ex-
ample, sixth graders in a suburban school who were given inquiry-based
physics instruction were shown to do better on conceptual physics prob-
lems than eleventh and twelfth grade physics students taught by conven-
tional methods in the same school system. A second study comparing sev-
enth-ninth grade urban students with the eleventh and twelfth grade subur-
ban physics students again showed that the younger students, taught by the
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inquiry-based approach, had a better grasp of the fundamental principles of
physics (White and Frederickson, 1997, 1998). New curricula for young
children have also demonstrated results that are extremely promising: for

* example, a new approach to teaching geometry helped second-grade chil-

dren learn to represent and visualize three-dimensional forms in ways that
exceeded the skills of a cotparison group of undergraduate students at a
leading university (Lehrer and Chazan, 1998). Similarly, young “children

‘have been taught to demonstrate powerful forms of early geometry generali- -

zations (Lehrer and Chazan, 1998) and generalizations about science (Schauble
et al., 1995; Warren and Rosebery, 1996).

Active Learning

New developments in the science of learning also emphasize the impor-
tance of helping people take contro! of their own learning. " Since under-
standing is viewed as important, people must learn to recognize when they
understand and when they need more information. What strategies might
they use to assess whether they understand someone else’s meaning? What
kinds of evidence do they need in order to believe particular claims? How
can they build their own theories of phenomena and test them effectively?

Many important activities that support active learning have been studied
under the heading of “metacognition,” a topic discussed in more detail in
Chapters 2 and 3. Metacognition refers to people’s abilities to. predict their
performances on various tasks (e.g., how well they will be able to remember
various stimul) and to monitor their current levels of mastery and under-
standing (e.g., Brown, 1975; Flavell, 1973). Teaching practices congruent
with a metacognitive approach to learning include those that focus on sense-
making, self-assessment, and reflection on what worked and what needs
improving. These practices have been shown to increase the degree to
which students transfer their leaming to new settings and events (e.g., Palincsar
and Brown, 1984; Scardamalia et al., 1984; Schoenfeld, 1983, 1985, 1991).

Imagine three teachers whose practices affect whether students learn to
take control of their own learning (Scardamalia and Bereiter, 1991). Teacher
A's goal is to get the students to produce work; this is accomplished by
supervising and overseeing the quantity and quality of the work done by the
students. The focus is on activities, which could be anything from old-style
workbook activities to the trendiest of space-age projects. Teacher B as-
sumes responsibility for what the students are learning as they carry out
their activities. Teacher C does.this as well, but with the added objective of
continually turning more of the learning process over to the students. Walk-
ing into a classroom, you cannot immediately tell these three kinds of teach-
ers apart. One of the things you might see is the students working in groups
to produce videos or multimedia presentations. The teacher is likely to be
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found going from group to group, checking how things are going and re-
sponding to requests. Over the course of a few days, however, differences
between Teacher A and ‘Teacher B would become evident. Teacher A’s fo-
cus is entirely on the production process and its producis—whether the
students are engaged, whether everyone is getting fair treatment, and whether
they are turning out good pieces of work. Teacher B attends to alt of this as
~well, but Teacher B is also attending to what the students are learning from
the experience and is taking steps to ensure that the students are processing
content and not just dealing with show. To see a difference between Teach-
ers B and C, however, you might need to go back into the history of the
media production project. What brought it about in the first place? Was it
conceived from the start as a learning activity, or did it emerge from the
students’ own knowledge building efforts? In one striking. example of a
Teacher C classroom, the students had been studying cockroaches and had
learned so much from their reading and observation that they wanted 1o
share it with the rest of the school; the production of a video came about to
achieve that purpose (Lamon et al., 1997).

The differences in what might seem to be the same learning activity are
thus quite profound, In Teacher A’s classroom, the students are learning
something of media production, but the media production may very well be
getting in the way of learning anything else. In Teacher B's classroom, the
teacher is working to ensure that the original educational purposes of the
activity are met, that it does not deteriorate into a mere media production
exercise. In Teacher C's classroom, the media production is continuous with
and a direct outgrowth of the learning that is embodied in the media pro-
duction. The greater part of Teacher C's work has been done before the
idea of a media production even comes up, and it remains only to help the
students keep sight of their purposes as they carry out the project.

These hypothetical teachers—A, B, and C—are abstract models that of
course fit real. teachers only partly, and more on some days than others.
Nevertheless, they provide important glimpses of connections between goals
for learning and teaching practices that can affect students’ abilities to ac-
complish these goals.

Implications for Education

Overall, the new science of learning is beginning to provide knowledge
to improve significantly people’s abilities to become active learners who
seek to understand complex subject matter and are better prepared to trans-
fer what they have learned to new problems and settings. Making this
happen is a major challenge (e.g., Elmore ¢t al., 1996), but it is not impos-
sible. The emerging science of learning underscores the importance of re-
thinking what is taught, how it is taught, and how learning is dssessed
These ideas are developed throughaut this volume,
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How
htip:

Pﬁé@MM&%ﬁmﬁE&m%ﬁd School: Expanded Edition

An Evolving Science

This volume synthesizes ihe sclentific basis of learning. The scientific
achievements include a fuller understanding of: (1) memory and the struc-
ture of knowledge; (2) problem solving and reasoning; (3) the early founda-
tions of leaming; (4) regulatory processes that govern learning, including
metacognition; and (5) how symbolic thinking emerges from the culture and
community of the learner.

These key characteristics of learned proficiency by no means plumb the

depths of human cognition and learning. What has been learned about the

principles that guide some aspects of learning do not constitute a complete
picture of the principles that govern all domains of learning. The scientific
bases, while not superficial in themsélves, do represent only a surface level
of a complete understanding of the subject. Only a few domains of leaming
have been examined in depth, as reflected in this book, and new, emergent

-areas, such as interactive technologies (Greenfield and Cocking, 1996) are

challenging generalizations from older research studies.

As scientists continue to study learning, new research procedures and
methodologies are emerging that are likely to alter current theoretical con-
ceptions of learning, such as computational modeling research. The scien-

tilic work encompasses a broad range of cognitive and neuroscience issues
in learning, memory, language, and cognilive development. Studles of par-,

allel distributed processing, for example (McClelland et al., 1995; Plaut et al,,
1996; Munakata et al., 1997; McClelland and Chappell, 1998) look at learning
as occurring through the adaptation of connections among participating neu-
rons. The research is designed to develop explicit computational models to
refine and extend basic principles, as well as to apply the models to substan-
tive research questions through behavioral experments, computer simula-
tions, functional brain imaging, and mathematical analyses. These studies
are thus contributing to modification of both theory and practice. New
models also encompass learning in adulthood to add an important dimen-
sion to the scientific knowledge base, '

Key Findings -

This volume provides a broad overview of research on earners and
learning and on teachers and teaching. Three findings are highlighted here
because they have both a solid research base to support them and strong
implications for how we teach.

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 that are
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taught, or they may learn them for purposes of a test but revert to
their preconceptions outside the classroom.

Research on early learning suggests that the process of making sense of
the world begins at a very young age. Children begin in preschool years to
develop sophisticated understandings (whether accurate or not) of the phe-
nomena around them (Wellman, 1990). Those initial understandings can

. have a powerful effect on the integration of new concepts and information.
Sometimes those understandings are accurate, providing a foundation for
building new knowledge. But sometimes they are inaccurate (Carey and
Gelman, 1991). In science, students often have misconceptions of physical
properties that cannot be'easily observed. In humanities, their preconcep-
tions often include stereotypes or simplifications, as when history is under
stood as a struggle between good guys and bad guys (Gardner, 1991). A
criticai feature-of effective teaching is that it elicits from students their pre-
existing understanding of the subject matter to be taught and provides
opportunities to build on—or challenge—the initial understanding. James
Minstrell, a high school physics teacher, describes the process as follows
(Minstrelf, 1989: 130-131):

Students’ initial ideas about mechanics are like strands of yarn, some
unconnected, some loosely interwoven, The act of instruction can be viewed
as helping the students unravel individual strands of belief, label them, and
then weave them into a fabric of more complete understanding, Rather
than denying the relevancy of a belief, teachers might do better by helping
students differentiate their present ideas from and integrate them into
conceptual beliefs more like those of scientists.

The understandings that children bring to the classroom can already be
quite powerful in the early grades. Por example, some children have been
found to hold onto théir preconception of a flat earth by imagining a round
earth to be shaped like a pancake (Vosniadou and Brewer, 1989). 'This
construction of a new understanding is guided by a modél of the earth that
helps the child explain how people can stand or walk on its surface. Many
young children have trouble giving up the notion that one-eighth is greater
than one-fourth, because 8 is more than 4 (Gelman and Gallistel, 1978). If
children were blank slates, telling them that the earth is round or that one-
fourth is greater than one-eighth would be adequate. But since they already
have ideas about the eanth and about numbers, those ideas must be directly
addressed in order to transform or expand them.

Drawing out and working with existing understandings is important for
learners of all ages. Numerous research experiments demonstrate the per-
sistence of preexisting vnderstandings among older students even after a
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new model has been taught that contradicts the naive understanding. For
example, in a study of physics students from elite, technologically oriented
colleges, Andrea DiSessa (1982) instructed them to play a computerized
game that required them to direct a computer-simulated object called a
dynaturtle so that it would hit a target and do so with minimum speed at
impact. Participants were introduced to the game and given a hands-on trial
that allowed them to apply a few taps with a small wooden mallet to a tennis
ball on a table before beginning the game. The same game was also played
by elementary schoolchildren. DiSessa found that both groups of students
failed dismally. Success would have required demonstrating an understand-
ing of Newton’s laws of motion. Despite their training, college physics
students, like the elementary schoolchildren, aimed the moving dynaturtle
directly at the target, failing to take momentum into account. Further inves-
tigation of one college student who participated in the study revealed that
she knew the relevant physical properties and formulas, yet, in the context
of the game, she fell back on her untrained conception of how the physical
waorld works.

Srudents at a variety of ages persist in their beliefs that seasons are
caused by the earth’s distance from the sun rather than by the tilt of the earth
(Harvard-Smithsonian Center for Astrophysics, 1987), or that an object that
had been tossed in the air has both the force of gravity and the force of the
hand that tossed it acting on it, despite training to the contrary (Clement,
1982). For the scientific understanding to replace the naive understanding,
students must reveal the latter and have the opportunity to see where it falls
short,

2. To develop competence in an area of inquiry, students musi:

~ (a) have a deep foundation of factual knowledge, (b) understand facts

and ideas in the context of a conceptual framework, and {c) organize
knowledge in ways that facilitate retrieval and application.

This principle emerges from research that compares the performance of
experis and novices and from research on learning and transfer. Experts,
regardless of the field, always draw on a richly structured information base;
they are not just “good thinkers” or “smart people.” The ability to plan a
task, 10 notice patterns, to generate reasonable arguments and explanations,
and to draw analogies to other problems are all more closely intertwined
with factual knowledge than was once believed.

But knowledge of a large set of disconnected facts is not sufficient. To
develop competence in an area of inquiry, students must have opportunities
to learn with understanding. Deep understanding of subject matter trans-
forms factual information into usable knowledge. A pronounced difference
between experts and novices is that experts’ command of concepts shapes

Copytight © National Academy of Sclences. All rights reserved.
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their understanding of new information: it allows them to see patterns,
relattonships, or discrepancies that are not apparent to novices. They do not
necessarily have better overall memories than other people. But their con-
ceptual understanding allows them to extract a level of meaning from infor-
mation that is not apparent to novices, and this helps them select and
remember relevant information. Experts are also able to fluently access
relevant knowledge because their understanding of subject matter allows
them to quickly identify what is relevant Hengce, their attention is not over-
taxed by complex events,

In most areas of study in K-12 education, students will begin as novices;
they will have informal ideas about the subject of study, and will vary in the
amount of information they have acquired. The enterprise of education can
be viewed as moving students in the direction of more formal understanding
(or greater expertise). This will require both a deepening of the information
base and the development of a conceptual framework for that subject matter.

Geography can be used to illustrate the manner in which expertise is
organized around principles that support understanding. A student can leamn
to fill in a map by memorizing states, cities, countries, etc., and can complete
the task with a high level of accuracy. But if the boundaries are removed,
the problem becomes much more difficult. There are no concepts support-
ing the student’s information. An expert who understands that borders often
developed because natural phenomena (like mountains or water bodies)
separated people, and that large cities often arose in locations that allowed
for trade (along rivers, large lakes, and at coastal ports) will easily outper-
form the novice. The more developed the conceptual undersianding of the
needs of cities and the resource base that drew people to them, the more
meaningful the map becomes, Students can become more expert if the
geographical information they are taught is placed in the appropriate con-
ceptual framework.

A key finding in the learning and transfer literature is that organizing

* information into a conceptual framework allows for greater “transfer”; that
is, it alows the student to apply what was learned in new situations and to
learn relatéd information more quickly (see Box 1.3). The student who has
learned geographicai information for the Americas in a conceptual frame-
work approaches the task of learning the geography of another part of the
globe with questions, ideas, and expectations that help guide acquisition of
the new information. Understanding the geographical importance of the
Mississippi River sets the stage for the studént’s understanding of the geo-
graphical importance of the Nile. And as concepts are reinforced, the student
will transfer learning beyond the classroom, observing and inquiring, for
example, about the geographic features of a visited city that help explain its
location and size (Holyoak, 1984; Novick and Holyoak, 1991).

Copyright © National Academy of Sciences. All rights reserved.
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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.

In research with experts who were asked to verbalize their thinking as
they worked, it was revealed that they monitored their own understanding
carefully, making note of when additional information was required for under-
standing, whether new information was consistent with what they already
knew, and what analogies could be drawn that would advance their under-
standing. These meta-cognitive monitoring activities are an important com-
ponent of what is called adaptive expertise (Fatano and Inagaki, 1986).

Because metacognition often takes the form of an internal conversation,
it can easily be assumed that individuals wilt develop the internal dialogue
on their own, Yet many of the strategies we use for thinking reflect cultural
norms and methods of inquiry (Hutchins, 1995; Brice-Heath, 1981, 1983;
Suina and Smotkin, 1994). Research has demonstrated that children can be
taught these strategies, including the ability to predict outcomes, explain to
oneself in order to improve understanding, note failures to comprehend,
activate background knowledge, plan ahead, and apportion time and memory.
Reciprocal teaching, for example, is a technique designed to improve stu-
dents’ reading comprehension by helping them explicate, elaborate, and
monitor their understanding as they read (Palincsar and Brown, 1984). The
model for using the meta-cognitive strategies is provided initially by the

gox13 Throwing Darts Under Water

In one of the most famous early studies comparing the effects of learning a procedurs
with learning with understanding, two groups of children practiced throwing darts at a
target under water (described in Judd, 1908; see a conceptual replication by Hendrickson
and Schroeder, 1941). One group received an explanation of the refraction of light, which
causes the apparent location of the targst to be deceptive. The other group only prac-
ticed dart throwing, without the explanation. Both groups did equally well on the practice
task, which involved a target 12 inches under water. But the group that had been in-
structed about the abstract principle did much better when they had to wransfer 1o a
situation in which the targst was under only 4 inches of water. Because they understood
" what they were doing, the group that had received instruction about the refraction of light

could adjust their behavior to the new task.

Copyright © Nationat Academy of Sciences. All rights reserved.
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teacher, and students practice and discuss the strategies as they learn to use
them, Ultimately, students are able to prompt themselves and monitor their
own comprehension without teacher support.

The teaching of metacognitive activities must be incorporated into the |
subject maiter that students are learriing (White and Frederickson, 1998). |
These strategies are not generic across subjects, and attempts to teach them - |
as generic can lead to failure to transfer. Teaching metacognitive strategies in
context has been shown to improve understanding in physics (White and
Frederickson, 1998), written composition (Scardamalia et al., 1984), and
heuristic methods for mathematical problem solving (Schoenfeld, 1983, 1984,
1991). And metacognitive practices have been shown to increase the degree
to which students transfer to new settings and events (Lin and Lehman, in
press; Palincsar and Brown, 1984; Scardamalia et al,, 1984; Schoenfeld,
1983, 1984, 1991).

Each of these techniques shares a strategy of teaching and modeling the
process of generating alternative approaches (to developing an idea in writ-
ing or a strategy for problem solving in mathematics), evaluating their merits
in helping to attain a goal, and monitoring progress toward that goal. Class
discussions are used to support skill development, with a goal of indepen-
dence and self-regulation,

Implications for Teaching -

The three core learning principles described above, simple though they
seem, have profound implications for the enterprise of teaching and teacher
preparation. '

1. Teackers must draw out and work with the preexisting un-
derstandings that their students bring with them. This requires that:

- = The model of the child as an empty vessel to be filled with knowi-
edge provided by the teacher must be replaced. Instead, the teacher must
actively inquire into students’ thinking, creating classroom tasks and conditions
under which student thinking can be revealed. Students' initizl conceptions
then provide the foundation on which the more formal undetstanding of the
subject matter is built.

» The roles for assessment must be expanded beyond the traditional
concept of testing. The use of frequent formative assessment helps make
students’ thinking visible to themselves, their peers, and their teacher. This
provides feedback that can guide modification and refinement in thinking.
Given the goal of learning with understanding, assessments must tap under-
standing rather than merely the ability to repeat facts or perform isolated
skills,

Copyright © National Academy of Sciences. All rights reserved.
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» Schools of education must provide beginning teachers with opportu-
nities to learn: (a) to recognize predictable preconceptions of students that
make the mastery of particular subject matter challenging, (b) to draw out
preconceptions that are not predictable, and (c) to work with preconcep-
tions so that children build on them, challenge them and, when appropriate,
replace them.

2. Teachers must teach some subfect maiter in depth, providing many
examples in which the same concept is at work and providing a firm
SJoundation of factual knowledge. This requires that: '

« Superficial coverage of all topics in a subject area must be replaced
with in-depth coverage of fewer topics that allows key concepts in that
discipline to be understood. The goal of coverage need not be abandoned
entirely, of course. But there must be a sufficient- number of cases of in-
depth study to allow students to grasp the defining concepts in specific
domains within a discipline. Moreover, in-depth study in a domain often
requires that ideas be carried beyond a single school year before students
can make the transition from informal to formal ideas. This will require
active coordination of the curriculum across schoo! years.

« Teachers must come to teaching with the experience of in-depth
study of the subject area themselves. Before a teacher can develop power-
ful pedagogical tools, he or she must be familiar with the progress of inquiry
and the terms of discourse in the discipline, as well as understand the rela-
tionship between infarmation and the concepts that help organize that infor-
mation in the discipline. But equally important, the teacher must have a
grasp of the growth and development of students’. thinking about these
concepts. The latter will be essential to developing teaching expertise, but
not expertise in the discipline. It may therefore require courses, or course
supplements, that are designed specifically for teachers.

¢ Assessment.for purposes of accountability (e.g., statewide assessments)
must test deep understanding rather than surface knowledge. Assessment
tools are often the standard by which teachers are held accountable, A
teacher is put in a bind if she or he is asked to teach for deep conceptual
understanding, but in doing so produces students who perform more poorly
on standardized tests. Uniess new assessment tools are aligned with new
approaches to teaching, the latter are unlikely to muster support among the
schools and their constituent parents. This goal is as important as it is diffi- .
cult to achieve. The format of standardized tests can encourage measure-
ment of factual knowledge rather than conceptual understanding, but it also
facilitates objective scoring. Measuring depth of understanding can pose
challenges for objectivity. Much work needs to be done to minimize the
trade-off between assessing depth and assessing objectively.

Copyright © National Academy of Sciences. All rights reserved.
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3. The teaching of metacognitive skills should be integrated into the
curriculum in a variety of subject areas. Because metacognition often
takes the form of an internal dialogue, many students may be unaware of its
importance unless the processes are explicitly emphasized by teachers. An
emphasis on metacognition needs to accompany instruction in each of the
disciplines, because the type of monitoring required will vary. In history, for
example, the student might be asking himself, “who wrote this document,
and how does that affect the interpretation of events,” whereas in physics
the student might be monitoring her understanding of the underlying physical
principle at work.

* Integration of metacognitive instruction with discipline-based learn-
ing can enhance student achievement and develop in students the ability to
learn independently. It should be consciously incorporated into curricuia
across disciplines and age levels,

* Developing strong metacognitive strategies and learning 1o teach

~ those strategies in a classroom environment should be standard features of
the curriculum in schools of education.

Evidence from research indicates that when these three principles are
incorporated into teaching, student achievement improves. For example,
the Thinker Tools Curriculum for teaching physics in an interaclive computer
environment focuses on fundamental physical concepts and properties,
allowing students to test their preconceptions in model building and experi-
mentation. activities. . The program includes an “inquiry cycle” that helps
students monitor where they are in the inquiry process. The program asks
for students’ reflective assessments and allows them to review the assess-
ments of their fellow students. In one study, sixth graders in 2 suburban
school who were taught physics using Thinker Tools performed beuter at
solving conceptual physics problems than did eleventh and twelfth grade
physics students in the same school system taught by conventional methods.
A second study comparing urban students in grades 7 to 9 with suburban
students in grades 11 and 12 again showed that the younger students taught
by the inquiry-based approach had a superior grasp of the fundamental
principles of physics (White and Frederickson, 1997, 1998).

Bringing Order to Chaos

A benefit of focusing on how people learn is that it helps bring order to
a seeming cacophony of choices. Consider the many possible teaching
strategies that are debated in education circles and the media. Figure 1.1
depicts them in diagram format: lecture-based teaching, text-hased teaching,
inquiry-based teaching, technology-enhanced teaching, teaching organized

Copyright © National Academy of Sclences. All rights reserved.
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FIGURE .1 With knowledge of how people leam, teachers
can choose more purposefully among techniques Io
accomplish specific goals.

around individuals versus cooperative groups, and so forth. Are some of
these teaching techniques betier than others? Is lecturing a poor way to
teach, as many seem to claim? Is cooperative learning effective? Do attempts
to use.computers (technology-enhanced teaching) help achievement or hurt it?

This volume suggests that these are the wrong questions. Asking which
teaching technique is best is analogous to asking which tool is best—a ham-
mer, a screwdriver, a knife, or pliers. In teaching as in carpentry, the selec-
tion of tools depends on the task at hand and the materials one is working
with. Books and lectures can be wonderfully efficient modes of transmit-
ting new information for learning, exciting the imagination, and honing stu-
dents’ critical faculties—but one would choose other kinds of activities to
elicit from students their preconceptions and level of understanding, or to
help them see the power of using meta-cognitive strategies to monitor their
learning. Hands-on experiments can be a powerful way to ground emergent
knowledge, but they do not alone evoke the underlying conceptual under-
standings that aid generalization. There is no universal best teaching practice.

Copyright © National Academy of Sciences, All rights reserved.
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If, instead, the point of departure is a core set of learning principles,
then the selection of teaching strategies (mediated, of course, by subject
matter, grade level, and desired outcome) can be purposeful. The many
possibilities then become a rich set of opportunities from which a teacher
constructs an instructional program rather than a chaos of competing
alternatives. 7 ‘ _

Pocusing on how people learn also will help teachers move beyond
either-or dichotomies that have plagued the field of education. One such
issue is whether schools should emphasize “the basics” or teach thinking
and problem-solving skills. . This volume shows that both are necessary.
Students' abilities to acquire organized sets .of facts and skills are actually
enhanced when they are connected to meaningfui problem-solving activi-
ties, and when students are helped to understand why, when, and how
those facts and skills are relevant. And attempts to' teach thinking skills
without a strong base of factual knowledge do not promote problem-solving
ability or support transfer to new situations.

Designing Classroom Environments

Chapter 6 of this volume proposes a framework to help guide the design
and evaluation of environments that can optimize learning. Drawing heavily
on the three principles discussed above, it posits four interrelated attributes
of learning environments that need cultivation.

1. Schools and classrooms must be learner centered, Teachers
must pay close attention to the knowledge, skills, and attitudes that learners
bring into the classroom. This incorporates the preconceptions regarding
subject matter already discussed, but it also includes a broader understand-
ing of the learner. For example: '

* Cultural differences can affect students’ comfort level in working
collaboratively versus individually;, and they are reflected in the background
knowledge students bring to a new learning situation {Moll et al., 1993).

¢ Students’ theories of what it means to be intelligent can affect their
performance. Research shows that students who think that intelligence is a
fixed entity are more likely to be performance oriented than learning
oriented—they want to look good rather than risk making mistakes while
learning. These students are especially likely to ball out when tasks become
difficuit. In contrast, students who think that intelligence is malleable are
more willing to struggle with challenging tasks; they are more comfostable
with risk (Dweck, 1989; Dweck and Legget, 1988).

Teachers in learner-centered classrooms also pay close attention to the
individual progress of each student and devise tasks that are appropriate.

Copyright © National Academy of Sciences. Alf rights reserved.
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Learner-centered teachers present students with “just manageable difficul-
ties"—that is, challenging enough t© maintain engagement, but not so difficult
2s to lead to discouragement. They must therefore have an understanding
of their students’ knowledge, skill levels, and interests (Duckworth, 1987).

2. To provide a knowledge-centered classroom environment,

_ attention must be given to what is taught (information, subfect tmalter),
-why it is taught (understanding), and what competence oy mastery

looks like. As mentioned above, research discussed in the following chap-
ters shows clearly that expertise involves well-organized knowledge that
supports understanding, and that learning with understanding is important
for the development of expertise because it makes new learning easier (i.e.,
supports transfer).

Learning with understanding is often harder to accomplish than simply
memorizing, and it takes more time. Many curricula fail to support learning
with understanding because they present too many disconnectéd facts in
too short a time—the “mile wide, inch deep” problem. Tests often reinforce
memorizing rather than understanding. The knowledge-centered environ-
ment provides the necessary depth of study, assessing student understanding
rather than factual memory. It incorporates the teaching of meta-cognitive
strategies that further facilitate future learning.

Knowledge-centered environments also look beyond engagement as
the primary index of successful teaching (Prawaf et al,, 1992). Students’
interest or engagement in a task is clearly important. Nevertheless, it does
not guarantee that students will acquire the kinds of knowledge that will
support new learning. There are important differences between tasks and
projects that encourage hands-on doing and those that encourage doing
with understanding; the knowledge-centered environment emphasizes the
latter (Greeno, 1991).

3. Formative assessments—ongoing assessments designed to
make students’ thinking visible to botb teachers and students—are
essential. They permit the teacher to grasp the students’ preconcep)-
tions, understand where the students are in the “developmental cor-
ridor” from informal to formal thinking, and design iustruction
accordingly. In the assessment-centered classroom environment, for-

. mative assessments help both teachers and students monitor

progress.

An important feature of assessments in these classrooms is that they be
learner-friendly: they are not the Friday quiz for which information is memo-
rized the night before, and for which the student is given a grade that ranks
him or her with respect to classmates. Rather, these assessments should

Copyright ® National Academy of Sciences. All rights reserved.
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provide students with opportunities to revise and improve their thinking
(Vye et al., 1998b), help students see their own progress over the course of
weeks or months, and help teachers identify problems that need to be rem-
edied (problems that may not be visible without the assessments), For.
example, a high school class studying the principles of democracy might be
given a scenario in which a colony of people have just settled on the moon
and must establish a government. Proposals from students of the defining
features of such a government, as well as discussion of the problems they
foresee in its establishment, can reveal to both teachers and students areas
in which student thinking is more and less advanced. The exercise is less a
test than an indicator of where inquiry and instruction should focus.

4. Learning is influenced in fundamental ways by the context in
which it takes place. A community-centered approach requires the
development of norms for the classvoom and school, as well as con-
nections to the outside world, that support core learning values.

The norms established in the classroom have strong effects on students’
achievement. In some schools, the norms could be expressed as “don’t get
caught not knowing something.” Others encourage academic risk-taking and
opportunities to make mistakes, obtain feedback, and revise. Clearly, if
students are to reveal their preconceptions about a subject matter, their ques-
tions, and their progress toward understanding, the norms of the school
must support their doing so. .

Teachers must attend to designing classroom activities and helping
students organize their work in ways that promote the kind of intellectual
camaraderie and the attitudes toward learning that buiid a sense of commu-
nity. In such a community, students might help one another solve problems
by building on each other's knowledge, asking questions to clarify explana-
tions, and suggesting avenues that would move the group toward its goal
(Brown and Campione, 1994), Both cooperation in problem solving (Evans,
1989; Newstead and Evans, 1995) and argumentation (Goldman, 1994;
Habermas, 1990; Kuhn, 1991; Moshman, 1995%a, 1995b; Salmon and Zeitz,
1995; Youniss and Damon, 1992) among students in such an intellectual
community enhance cognitive development.

Teachers must be enabled and encouraged to establish a community of
learners among themselves (Lave and Wegner, 1991). These communiiies
can huild a sense of comfort with questioning rather than knowing the answer
and can develop a model of creating new ideas that build on the contribu-
tions of individual members. They can engender a sense of the excitement
of learning that is then transferred to the classroom, conferring a sense of
ownership of new ideas as they apply to theory and practice.

Copyﬁght@ Naticnal Academy of Sciences. All righis reserved.
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FIGURE 1.2 Students spend only 14 percent
of their time in school.

Not least, schools need to develop ways to link classroom learning to
other aspects of students’ lives. Engendering parent support for the core
learning principles and parent involvement in the learning process is of
utmost importance (Moll, 1990; 1986a, 1986b). Figure 1.2 shows the per-
centage of time, during a calendar year, that students in a large school dis-
trict spent in school. If one-third of their time outside school (not counting
sleeping) is spent watching television, then students apparently spend more
hours per year watching television than attending school. A focus only on
the hours that students currently spend in school overlooks the many oppor-
tunities for guided learning in other settings.

Applying the Design Framework to Adult Learning

The design framework summarized above assumes that the learners are
children, but the principles apply to adult learning as well. This point is
particularly important because incorporating the principles in this volume
into educational practice will require a good deal of adult learning. Many
approaches to teaching adults consistently violate principles for optimizing
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learning. Professional development programs for teachers, for example,
frequently:

* Are not learner centeéred, Rather than ask teachers where they need
hielp, they are simply expected to attend prearranged workshops.

* Are not knowledge ceniered. Teachers may simply be introduced to
a new technique (like cooperative learning) without being given the oppos-
tunity to understand why, when, where, and how it might be valuable to
them. Especially imponant is the need to integrate the structure of activities
with the content of the curriculum that is taught.

s Are not assessment centered. In order for teachers to change their
practices, they need opportunities to try things out in their classrooms and

* then receive feedback. Most professional development opporunities do not
provide such feedback. Moreover, they tend to focus on change in teaching

" practice as the goal, but they neglect to develop in teachers the capacity to
judge successful transfer of the technique to the classroom or its effects on
student achievement. ,

» Arenot community centered. Many professional development oppor-
tunities are conducted in isolation. Opporntunities for continued contact and
suppott as teachers incorporate new ideas into their teaching are limited, yet
the rapid spread of Internet access provides a ready means of maintaining
such contact if appropriately designed tools and services are available.

The principles of learning and their implications for designing learning
environments apply equally to child and adult learning. They provide a lens
through which current practice can be viewed with respect to K-12 teaching
and with respect to preparation of teachers in the research and develop-
ment agenda. The principles are relevant as well when we consider other
groups, such as policy makers and the public, whose learning is also required
for educational practice to change.
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This volume is a thoughtful, practical exploration of how current research in learning theory might
translate into real classroom applications.

The Preface of the book provides a conclse tracing of the roots of this effort beginning with the
report of the Committee on Developments in the Science of Learning in 1999, through the follow-
up study examining how this material could best be communicated to practitioners and policy
makers, and culminating in the synthesizing volume, How People Learn (National Research
Coungcil, 2000}

The authors define the purpose. of the present work in the following
terms:

In the present book, the goal is to take the HPL work to the
next step: to provide examples of how the principles and
findings on learning can be used to guide the teaching of a set
of topics that commonly appear in the K-12 curriculum. As was
the case in the original work (1999), the book focuses on three
subject areas: history, mathematics, and science. Each area is
treated at three levels: elementary, middle, and high school.

HISTORY.
MATHEMATHSS,
ARD SCEHCE
#H e
Ry CLASEADOM

The editors make clear that the examples provided are only that -
examples, They represent the fypes of approaches, aclivities and
sequences most likely to bring the theory to life. Providing specific,
concrete illustrations of actual lessons allows the reader to envision
opportunities to develop similar lesson designs for other real-world
classrooms. )

The guiding principles for the ensuing lessons are articulated in the Introduction. They are stated,
explained and illustrated with remarkable clarity and make compelling reading for anyone involved
in teaching at any level. These principles are ones highlighted in the previously mentioned, How
People Learn (1999). They are vital for the understanding of the lessons presented. The
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principles, as stated on p 1, are:

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 purposes of a test but revert to their preconcep’uons
outside the classroom.

2. To develop competence in an area of Inquiry, students must (a) have a deep foundation of
factual knowiedge, (b) understand facts and ideas in the context of a conceptual framework,
and (c) organize knowledge in ways that facilitate retrieval and application.

3. A “metacognitive” approach to instruction can help students leamn to take controt of their
own learning by defining leaming goals and monitoring their progress in achieving them.

in addition {o the principles themselves, four implications drawn from the research base examined
in How People Leam are reported and discussed as background for the lessons. These *lenses”,
which can help us assess the effectiveness of the
teachingflearning experience, follow:Learner- centered
classrooms begin with what students know, think, believe,
and have experienced; no assumptions can be made here
and teachers must learn to truly listen fo their students in the
fullest sense of the word and fo challenge them in a manner
informed by the knowledge thus gained. Knowledge-
centered classrooms focus on the nature of what is taught —
what are'the organizing concepts, the essential skills? how
will we know when they have been mastered? how can
material be presented in a context allowing the student fo
percelve connections and meaning? Assessment-cenfered
classrooms aillow teachers and leamers {o monitor progress
: in an ongoing fashion and to reexamine and revise thinking;
M. Suzanne Donovan the student’s development of his or her own ability to assess
progress and to develop alternate strategies when needed is
highly valued. Community-centered classrooms create an atmosphere in which missteps and
errors are seen as a natural and an often fruitful part of learning, where mental risk taking is the
norm, and where the teacher moves gradually from modeling to supporting and encouraging
student initiatives.

After seiting the stage with the review of the principles developed in HPL, the balance of this
volume is devoted to the aforementioned examples of actual iessons. The editors explain their
purpose in these words:

The goal is to provide for teachers what we have argued above is critical fo effective
learning — the application of concepts (about leaming) in enough different, concrete
contexts to give them deeper meaning. {p. 21)

The lessons were contributed by a variety of researchers who had extensive teaching experience
of their own or who parinered with experienced teachers, Each deals with teaching a specific topic
commonly encountered at the grade level used for the sample lesson. Due to the different authors,
style varies greatly. However, the common theme is the itlumination of the principles being
exemplified. '

The first section, making up Chapters 2 through 4, deals with history.
Chapter 2 discusses the principles as they apply to the discipline of
history. The complex nature of the study of this subject is thoroughiy
explored. One of the principles of HPL states that students need both
factual knowledge and an understanding of the underlying structure,
which gives coherence to those facts. History provides a chalienge here,
since the “facts” to be dealt with cannot be tested against a fixed,
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present reality, It investigates the tracks of the past and such tralls can
be accidentally or deliberately misleading, and can be subject to various
human interpretations. The author asserts that students should, and can,
learn to question and assess the evidence used to create history. Certain
concepts give order and discipline to history. Among them are fime,
evidence, change, progress, and cause. If students are to truly learn John D. Bransford
history as opposed to memorizing a list of data fragments with-little

understanding of their meaning, validity or connectedness, then teachers must develop strategies
to scaffold students as they examine information in light of these underlying concepts. Knowledge
thus mastered must be organized in such a way that it itself becomes part of the scaffold
supporting the understanding of new material. '

To this end, Chapter 3 tackles the question of whether or not this approach can be undértaken in
an actual classroom, with real students, and topics determined by standards and curriculum
designers. The Pilgrim Fathers and Native Americans is set in a sixth grade and The Saint
Brendan Voyage Task was designed with fourth grade students in mind, The reader is able to see
some of the materials used in the class and to “listen” to some of the conversations between
students and teachers. These vignettes are enhanced by explanations of background details and
reflections on the events as they relate to the core concepts of history and the principles of How
People Leam. This same pattern of lesson study interspersed with analysis is employed in
Chapter 4 which presents a lesson for grade 9 on “They Thought the World Was Flat?” This
chapter also includes clear, pertinent sections entitled, Where to Begin? Transforming Topics and
Objectives into Historical Problems and Designing a “History-Considerate” Leaming Environment:
Tools for Historical Thinking. :

As the reader progresses through this book, the underlying principles become almost second
nature because they are explained in varied ways and are illustrated by so many different
examples. Some of the contributors chose to give explicit lesson descriptions including materials
and dialogues, while others present a more essay-like approach, examining topics and issues
within a discipline and how these can be enhanced by implementation of HPL principles. Even in
the latter instances, examples are plentiful and meaningful. Thus, the material becomes
increasingly accessible despite its weighty nature. This certainly is not a “quick read”, but it has
great internal consistency. For this reason, | have chosen to describe the nature of the material in
the first section in some detail and let that serve as something of a template for the remaining two
sections. »

The second section of the book deals with mathematics and encompasses Chapters 5 through 8.
Chapter 5 provides the introduction, analyzing the three principles of HPL as they apply to math in
general. Common preconceptions in math are examined, as are the types of approaches that can
help teachers to recognize these and to create a classfoom structure that lends itself to a positive
environment. The Interdependence between procedural skill and concepiual understanding is
addressed, as is the issue of helping students to make their thinking visible so it can be
continuously revisited and assessed as learning evolves.

Chapter 6 deals with the topic, Fostering Development of Whofe-Number Sense: Teaching
Mathematics in the Primary Grades. This broad issue is followed by sections clearly titled:
Deciding What Knowledge to Teach, Building on Children’s Current Understandings,
Acknowledging Teachers’ Concepts and Partial Understandings, Revisiting Question 2. Defining
the Knowledge That Should Be Taught, How Can This Knowledge Be Taught?: The Case of
Number Worlds, andWhat Sorts of Leaming Does This Approach Make Possible ? The salient
issues of developing number sense in young children are addressed thoroughly and with great
insight. The primary source for this chapter's examples is the Number Worlds program, a
commercial program authored by this chapter's author. This question of possible conflict at first
gave me pause but, in this reviewer's opinion, deeper examination of the examples and
connections offered make it evident that it would be difficult to find a better “fit” between lesson
strategles and HPL principles. Chapter 7 moves ahead to fourth, fifth, sixth grade issues and
examines how topics commonly encountered at these levels might be approached. The topics

http:/ fedrev.asu.edu/reviews/rev576.htm Page 3 of £




lucation Review. Book reviews In education. School Reform. Accountability. Assessment. £ducatlonal Policy. 07/14/2007 10:48 AM

addressed are: Pipes, Tubes, and Beakers: New Approaches to Teaching the Rational-Number
System, Rational-Number Leaming and the Principles of How People Leamn, Instruction in Rational
Number, and Conclusion: How Students Learn Rational Number. Chapter 8 is titled Teaching and
Leaming Functions and brings the reader to the high school level. The following issues are
included: Addressing the Three Principles, and Teaching Functions for Understanding.

The third section of the book addresses sclence. The first chapter in this part is Chapter 9, which
follows the example of the previous sections with an introduction, Scientific Inquiry and How
People Leam. Each of the HPL principles Is revisited in light of the nature of this discipline and,
again, the discussion is clear and the examples meaningful. Chapter 10 is tifled, Teaching fo
Promote the Development of Scientific Knowledge and Reasoning About Light at the Elementary
School Level, with sections entitied: The Study of Light, The Study of Light Through Inquiry, and,,
Supporting Leaming Through Cycles of Investigation, the Role of Subject-Specific Knowledge in
Effective Science Insfruction. This chapter retums to a more detailed examination of actual lessons
employed in a classroom and includes sample materiais and discussions with accompanying
reflection. Chapter 11 is Guided Inquiry in the Science Classroom and uses a unit on gravily in a
middie school classroom to demonstrate the HPL approach, followed by Chapter 12, which does
the same in the context of a high school lesson on genetics and evolution.

The book concludes with a revisiting of the principles. Anyone familiar with the thinking of Bruner

- is not surprised to see his-work frequently cited as foundational for many of these ideas. Having
been a classroom teacher in the 1960's and 1970's when the principles of Inquiry and Process
Learning were the subject of many a teacher development session, the echo of these ideas was
felt in a very visceral way as 1 read this book. I'had no difficulty connecting Bruner's emphasis on
seeking the organizing ideas within a discipline to Ma's findings that the Chinese teacher's
identification of core mathematical principles as the backbone of the mathematics curriculum is key
to the significant success of that system. The impact of Vygotsky is also evident in the emphasis
on the importance of student dialogue and the need to scaffold emerging abilities to grapple with
the underlying concepts of disciplines. The fundamentals of constructivism, with its emphasis on
the active role of the learner in building understanding, are infused throughout the volume. My own
experiences in trying to design and implement social studies and science lessons exemplifying
these approaches convinced me of the validity of the theories. More recent fraining in the 1980's
and 1990’s extended the concepts into the math area of my fifth grade classroom. in many ways
the evolving NCTM standards and approaches reinforced this commitment. As the value of these
principles became more and-more evident, | was increasingly eager to try to find ways to
understand and employ them more fully with my elementary students and to endorse the
effectiveness of the approach with my pre-service university students. The lesson examples in this
book would have been very helpfull There has also, of course, been a great deal of additional
research in this area resulting in ever greater insight into the leaming process and allowing more
strategic implementation of key concepts. The present book gathers and unifies this body of
research and extends it in a practical way. This volume offers a thoughtful, thorough, persuasive
argument that learning can be made more meaningful and valid. By providing concrete examples it
meets the challenge to move beyond the realm of theory and into the real world of the classroom.
For any teacher who might have been tempted to make the effort but feared that the goal might be
too idealistic, this work offers a helping hand and a good measure of inspiration,
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Guest Editorial

Preparing People for Rapidly Changing

Environments

JOHN BRANSFORD
Universify of Washington

The October 2006 issue of the Journal of Enginecering Education

describes a landmark set of activities called the National
Engineering Education Research Colloguies (NEERC) that
explored how rapid changes in the world require new ways to
educate future generations of engineers. The argument is not
simply that we need more engineers than we have had in the
past; instead we need a trangformation in how we educate future
engineers {1].

Many people in the fearning sciences have also been exploring
the need for educational transformattons, and it seems clear that
our different research communities have a great deal to learn from
one another. Opportunities I have had to work with the VaNTH
Bioengineering Center (VaNTH.org; {2]) convince me of the im-
mense value (to me at least) of collaborations such as these. ’

Currently, my cofleagues and I in the LIFE Center (Leaming in
Informal and Formal Environments (LIFE-SLC.org) are finding
it useful to juxtapose several research literatures that include:
(a) expertise and its development {3-5]; (b) transfer and its implica-
tions for assessment [6-7}; {c) change and innovation [8-11}; and
(d) design strategies for promoting and managing change [12-14].
The act of juxtaposing these different literatures has generated a
number of interesting questions. I discuss five that I hope are useful
to raise.

1.How % WorLp CHANGING?

An answer to this question is not simply that we now face
global competition and hence have to work harder to educate
more people. My reading of the innovation literature {8-11]
suggests that the major factor to address is the increasing rate of
change.

Not so many years ago, companies could come up with an inno-
vative idea for a product or service and gradually refine it for
25 years or more, People could develop particular kinds of expertise
and be successful for a lifetime, This made it possible for education-
al institutions (e.g., cornmunity colleges, four-year institutions) to
teach job-specific skills and knowledge and know that most of this
would still be useful in the workplace,

"Today, innovation cycles are oftén very short and educational
systems are often insufficiently nimble. As educators, we may end
up training students in specifics that are no longer useful once
they reach the workplace. Some suggest that preparing people
for change requires that we rethink our characterizations of
“expertise”. ’
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11. RETHINKING CHARACTERISTICS OF EXPERTISE

Itis often stated that experts are able to solve problems by apply-
ing previously leamned (e.g., schematized) skills and knowledge in
new settings. This is true, in part. If we encounter a problem that
scems similar to previously solved problems, we are much more ef-
ficient at solving it [4, 15]). Nevertheless, people who function in
rapidly changing environments must learn to navigate in situations
where they are at the edges of their existing knowledge. Following
the seminal work of Hatano and colleagues, a number of re-
searchers are beginning to explore the idea of “adaptive expertise” as
a concept worthy of in-depth study [16-24].

Many of the early studies of expertise [4}—while extremely
useful—did not focus on the thinking and behaviors of experts
when they encountered navel (for them) problems and innovations.
The early studics of expertise tended to compare experts with
novices, and the experts were often given problems that-—because
of their previous experiences—were well schematized and hence
relatively routine.

Ericsson’s work on world-class experts in chess and other do-
mains [25] provides an illuminating picture of the constant innova-
tion and restructuring needed to be successful at high levels. As they
developed their expertise, Ericsson’s experts resisted premature au-
tomatization of skills and procedures and continually pushed them-
selves to new heights. In contrast, others reached a plateau and
failed to make further major advances. Ericsson does not refer to his
world-class experts as adaptive experts, but I think it is a useful term
for describing them,; it highlights the process of intentionally seek-
ing new challenges and insights rather than resting on one’s laurels.

The term adaptive expertise also seems useful for characterizing
people who are not necessarily world-class in their fields but are still
highly adaptive and innovative [26). The value of exploring differ-
ent expressions of expertise is illustrated by opportunities to inter-
view leaders in technically-sophisticated workplaces. They have
told us that, over time, employees often become so efficient in their
jobs that they can do the work required of them in less time than
their eight-hour workday. Some reinvest their spare time by push-
ing themselves to Jearn more and find ways to improve [19]. Others
seem content to use their spare time in ways that are relaxing but
less productive for their company. Both groups are experts at their
particular jobs—but they seemn to behave in different ways.

I NEw UNITS OF ANALYSIS?
Should we assume that some of the workers noted ahove are
simply more motivated and adaptive than the others? Many theo-

rists (see {24] for examples) wisely emphasize the need to consider
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“people in sacial-cultural contexts” as the unit of analysis that we as
a field need to explore,

The idea is that all of us function within a variety of settings that
include social-cultural supports and barsiers, These are often invisi-
ble but can have major effects. For example, it is possible that a
worker who rests on his laurels during extra company time (see
above) may exhibit a very different attitude and behavior in different
social and organizational settings—especially those that provide
strong peer support for contributing to teams.

Similar sets of social constraints affect students. Researchers in the
LIFE center find that a student may look only mildly proficient in
school (e.g., chemistry class), yet may spring to life in informal settings
where there are opportunities to choose one’s own tasks that have real
consequences for the lives of family and friends (e.g., making perfumes
that are tailored for particular people in their lives {27]). In addition,
many students innovate in informal settings in order to pursue their
chosen activities, yet may not seemn innovative in school [28, 29].

Examples such as these suggest the need to study adaptive people
and adaptive organizations. The two go hand-in-glove, and sodial-
cultural analyses are important for understanding human action in set-
tings that range from schools to workplaces to after-school [24, 30].

V. How CAN WE HELP PEOPLE BECOME MORE
ADAPTIVE AND INNOVATIVE?

How can we help people move along trajectories toward adap-
tive expertise? It will not be sufficient to simply have people memo-
rize statements about different kinds of expertise, Still, knowledge
and its organization is important for flexibility, and one fruitful
strategy is to explore “mid-level” knowledge organizations (perhaps
systems theory and systems design) that can help people tic together
their knowledge in ways that support future flexibility.

Students also need to experience processes of inquiry and inno-
vation--including the struggles and doubts. Then it can be helpful
to make their experiences explicit by putting names to what they
went through, and helping them refine their innovations by con-
necting them to expert knowledge {31-33]. The hard part of being
adaptive and innovative is that it often forces us to change ourselves,
our environments, or both. These changes can evoke strong emo-
tions and take us away from our momentary efficiencies and com-
fort zones by forcing us to unlearn old skills, tolerate momentary
chaos and ambiguity in order to move forward, and-—at least occa-
sionally (and perhaps frequently}—be in positions where we must
take risks and be wrong {33].

Different configurations of social and organizational supports
and hindrances affect the motivation and risk-taking that often ac-
companies innovation. Helping students learn to sec how their
thoughits, emotions and behaviors are influenced by particular kinds
of organizational and cultural settings seems to be extremely impor-
tant, They will then be in a much better position to thoughtfully de-
sign effective environments that can help them and their colleagucs
do their best work [12—-14].

V. NEw METRICS FOR SUCCESS?

Exploring ways to prepare people for fast-changing environ-
ments also suggests the value of expanding our views of metrics for
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success. For example, several studies show that typical “one-shot”
assessments of peoples’ abifities to directly apply previously acquired
skills and knowledge is often too blunt an instrument to show signs
of being on a trajectory toward adaptive expertise [31-33].

1t is also useful to think about new metrics for judging our feaci,
ing successes. One might be as follows: 1f students are unable to show
at least some examples of innovative ideas and procedures that add
to our knowledge as teachers, we may be too constraining in how
we teach.

In engineering, many opportunitics exist beginning in the early
years of the program to assign students projects that help them
work—often collaboratively and ideally with clients under faculty
guidance—to develop innovations that are truly useful (e.g., see
Olin College, http://www.olin.edu/on.asp). These do not have to
be patentable innovations, of course; they merely need to be new for
the students involved in the classes [10]. Helping students explicitly
articulate the processes and struggles that led to their outcomes
should help prepare them to function more effectively in new envi-
ronments [33].

Another metric for successful course design might involve a
greater emphasis on the degree to which we truly prepare students
for future fearning. As an illustration, O’Mahony and colleagues
[34] redesigned workplace courses for engineers to learn about new
kinds of materials such as composites. The people in any particular
course often came from many different parts of the company and
did not know one another. One of the most positive outcomes of
course was the chance to form new social networks that they could
utilize later in the workplace {e.g., people knew whom to contact for
more information). During the course, these networks were estab-
lished by giving people chances to work collaboratively on jol
relevant problems to see how their particular sets of skills ana
knowledge complimented one another.

To make this collaboration happen, new approaches to instruction
had to be developed that supplemented the older “lecture only” in-
struction which~—while brilliantly taught—provided almost no op-
portunities for people to interact and learn from and about one anoth-
er so that they could use technology to continue to connect later on.

Overall, it seems clear that we could also do more in our classes
to prepare students for future learning. For example, we could help
them learn to innovate in order to work smarter [33], and we can
help them build digital suites of information, tools, and access to
networks of expertise {e.g., fellow students with particular sets of
skills) that they can draw upon and add to as they go through
school, and then use after they graduate.

SUMMARY

The work of the NEERC is exemplary and this journal is doing
an outstanding job of building a new, collaborative learning com-
munity. As a learning scientist, it is exciting to have the opportunity
to interact with this community and work on issues that can help us
alt succeed.
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Desigﬁ Methods for Instructional Modules in Bioengineering

Sean Brophy and John Bransford,
Department of Biomedical Engineering / The Learning Technology Center
Vanderbilt University, Nashville TN 37235

Abstract

The objective of this paper is to describe a design method and rational for creating
instructional modules in bioengineering. As part of a new Engineering Research Center
(ERC), called VaNTH, experts from learning sciences, biomedical engineering,
assessment, and learning technology have been collaborating to define a new method for
designing effective learning environments for bioengineering education. The design of
these modules is based on current research on human leaming and educational settings
detailed in a report from the National Academy of Science called How People Learn:
Mind, Brain, Experience and School'. The report provides insights into what is necessary
to design an effective learning environment and provides a framework that can be used to
evaluate a learning environment. This paper describes the method we use to apply these
criteria to the design of “instructional modules” for bivengineering education. The
VaNTH ERC is using a challenge based instructional method supported by a software
template called STAR.Legacy. This template has been used to create several modules
reported in these proceedings. This document expands on how these modules are
designed and the rational for the pedagogy for using these materials in a course. The
final results are learning modules that can be shared and refined by others in the ERC and
beyond.

Iniroduction

Many people are working on methods to share instructional resources with others that
teach similar content. For example, various web sites are collecting Java Applets and
other resources that are useful in a variety of different content areas. However, these
resources alone are not necessarily.used in ways that optimize people's abilities to leam.
We are designing a web-based method to organize learning activities and resources into
cohesive, pedagogically sound modules of instruction that can be shared by the members
of our VaNTH Engineering Research Center (ERC) (see vanth.org for more information)
and beyond. The objective is to create a method that allows these modules to be highly
integrated with other modules --with the ultimate goal being to formulate a cohesive
course. The VaNTH ERC has assembled a team of experts from the Learning Sciences,
Bioengineering domains, Assessment and Evaluation and Learning Technologies to work
together to define an effective learning environment that will optimize both instruction
and learning. One of our initial steps has been to share our expertise across disciplines
and discuss the implications on instruction. The Learning Scientists, Assessment
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specialists and Learning Technology people bring years of experience in research on how
people learn and research on classroom practices that work. The engineering domain
experts (both researchers and professors) bring a wealth of knowledge about their domain
and their classroom. The initial results of our collaboration have lead to one method of
thinking about how fo organize domain knowledge that promotes student learning and is
casily sharable with other instructors.

The goal of this paper is to outline some the critical factors we’ve identified and the

. method we’ve used to guide the design and delivery of our learning materials. By the
end of the article the reader should have a better understanding of our rational for ‘
organizing instruction around challenges and how these challenges lend themselves to a
modular design approach. Much of our methodology for designing leaming materials is
founded on the principles for designing effective learning environments discussed in a
recent report called How People Learn: Mind, Brain, Experiences and School (Bransford
et. al. 2000) Therefore we start with a quick summary of these principles. We are
using a “challenge based” approach to instruction as a method to achieve these principles
of an effective learning environment. Next, we explore the need to identify clear learning
objectives for a course and criteria for defining challenges that target these objectives,
Organizing learning activities around challenges can be a difficult design activity. We
have developed a software template called STAR.Legacy ?3 to organize instructional
materials around challenges. This template provides a structure and guidelines to help
think about how to apply the principles defined in the How People Learn report. We are
using these principles and methods to redesign several courses including introductory
biomechanics, biotechnology, and biooptics. Several papers in this proceeding provide-
explicit examples of how the principles are applied to these domains ™"

Principles for Designing Effective Leamning Environments

New principles of learning and instruction presented in the National Academy of Science
report calted How People Learn: Mind, Brain, Experience and School' provides
important insights into rethinking the design of a learning environment. One of the major
components of the report is the "How People Learn (HPL) Framework" which focuses
attention on four dimensions that can be used to evaluate the effectiveness of leaming
environments and criteria to improve the design of a learning environment. These
dimensions include the degree to which environments are knowledge centered (in the
sense of teaching for understanding in a way that supports transfer), learner centered,
assessment centered (especially opportunities for formative assessment, feedback and
revision) and community centered. Each of these dimensions has specific criteria a .
designer needs to consider when creating a learning environment. Obtaining a balance of
these criteria can lead to a learning environment with the potential to enhance students
learning with understanding. The following details some of the principles for each of
these dimensions, then we discuss how to implement these principles in the design of a
learning environment.

Every learning environment is inherently knowledge centered. The goal of instruction is
to teach students the domain knowledge and how to apply it. This knowledge includes
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the common representation experts in a field use to communicate with other experts.
This can include learning the nomenclature, equations and how to use analytical tools
such as graphs, and computer models to conduct investigations within a given domain.
Experts posses a highly organized set of knowledge that they use to make assumptions
and predictions about events in their domain. However, this knowledge is often tacit;
therefore, the subtly of the relationship between concepts in a domain is difficult to share
with young learners. One of the goals of instruction is to help students develop their own
organization of the concepts associated with a domain so they can apply these ideas to
new problems.

Learner centeredness focuses on building up the knowledge learners bring to any learning
environment. This requires identifying what conceptions or lack of knowledge students
have prior to instruction and identify how these conceptions relate to the goals of the
knowledge centeredness. The goal of instruction is to help students bridge the gap
between what they currently know toward a more thorough, well organized structure of
domain knowledge that they can operate on to solve problems. As we will discuss later,
students may not create a useful structure of their knowledge if the domain information is
presented as a desciiption of each concept and a string of examples demonstrating how to
solve problems, Learners need to understand the conditions in which the concepts apply
and how they apply.

Learning is a gradual process, therefore, we need to monitor students progress from what
they currently understand toward what we want them to know and be able to do at the
end of a course. Therefore, we need to center on assessment, specifically formative -
assessment. Students need multiple opportunities to understand how they are progressing
toward an ultimate goal, our outcome, of the instruction. Feedback on homework is one
method, however, there are many other opportunities where students can challenge their
understanding and reflect on what more they need to know. An important point to
remember is that assessments should be opportunities for students to learn and don’t
always need to be associated with a grade. Students should come to value these
apportunities and become less focused on getting a grade as a motivator for doing an
activity. As we will explore later some of these activities should occur more under the
supervision of the professor who can provide immediate feedback and answer students
questions. '

Finally, community centeredness encompasses a range of issues relative to how a
community is defined. Students need to learn how to use their peers as resources for their
own learning. This occurs as they work in small groups, participate in class discussions,
meet in professional group etc. An effective learning environment should strive to foster
a sense of community within a class. In addition to developing life long skills of working
with others, fostering community has great potential for facilitating instruction. For
example, students can draw on each other’s experiences to expand their own '
understanding. Also, large class projects can emulate industry by having students
develop specific expertise that they must bring to the group. It is the groups
responsibility to bring the ideas together.
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Identifying Domain Content and Course Learning Objectives

One of our first steps in designing a course is to clearly identify the learning objectives.
That is, what do we want to student to know and to be able to do by the end of the course.
We have explored several strategies to identifying these objectives. Wiggins and
1\_zi<:Tighe7 recommend identifying the major objects around specific outcomes students
need to display. For example, “describe three major classification of lever systems” or
“analyze the force on a knee joint walking up stairs”. These objectives can be prioritized
by how important the concepts are toward the goals of the course. They recommend that
these objectives be rank ordered with labels like “Familiar, Import or Fundamental”
concepts. This classification helps identify how much time should be spent on the
concept and how it could be assessed (e.g multiple choice for familiar versus and open
ended problem solving task for fundamental knowledge to be learned).
Bransford uses a similar approach for defining key objectives to help define a road map
for a course. Like Wiggins and McTighe’, he works backward in the design by defining
what students should know and do at the end of the course, then work to more specific
knowledge to design instructional material for students to use in and out of class time. In
other words, his approach is to identify a major outcome for the students to demonstrate
by the end of a course. Then define a series of learning objectives necessary to achieve
that goal. For example, in his Cognition and Instruction course, the major objective for
the students is to apply the principles of the HPL framework to evaluate the effectiveness
a leaming environment. In order for students to achieve this goal, they need to
understand the nature of expertise and how to achieve it, factors associated with good
classroom practice, the role of technology and methods for putting this together, The
result is a course outline designed to achieve this goal. He uses these lists of objectives
as a road map for what students will learn in the course, which inlcudes

¢ Introduction to HPL and designing Effective learning Environments

¢ The Nature of Expertise

» How to Develop Expertise

¢ Methods for Organizing Instruction
¢ The Role of Technology

Establishing Classroom Practice
*» Designing a Course (be able to understand the role of expertise in learning an
how to develop)

This course outline provides students with a set of goals and objectives they can use to
monitor their ability toward evaluating the effectiveness of a learning environment. Note
that this course outline provides a level of structure for understanding the domain of
Cognition and Instruction. This explicit representation is one of the elements that will
help students develop a deeper understanding of the domain. In each of these categories
of objectives is a sequence of challenges designed to help students explore fundamental
principles related to that objective. As students progress through the course they should
be continually refining their representation for how these pieces fit together. In fact, the
course outline is an explicit representation that they can use to think about the domain.
Also, he has special events (a formative assessment) where students can test their ability
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to evaluate a learning environment, If they keep up with their studies, then their
sophistication of evaluation should increase with each new opportunity.

This process of evaluating major course objects that relate to a higher goai is part of what
we are doing to rethink bioengineering education. As Roselli and Brophy?® point out,
traditional introductory biomechanics course design revolves around defining a taxonomy
of things students should know starting with basics, such as fundamental laws of
mechanics, vector operation, free body diagrams etc. Then, typically the content of the
instruction gradually increases the complexity of problems that target the application of
these fundamental laws as the course progress. One of the major concerns with this
approach is that students do now make connections between concepts and how to use
them to solve problems, Creating a clear course outline that provides a roadmap toward
achieving a desired goal can provide students with right tools they need to monitor their
progress and make connection between concepts. The next step is to define challenges
that target the concepts of a taxonomy and provides a context for how to apply the
concepts in novel situations.

Identifying Challenges to Target Outcomes.

The HPL framework provideés a structure for thinking about the critical issues related to
designing an effective learning environment. Many examples of problem based
instruction illustrate a balance of the four major dimensions of an effective learning
environment. *”'®!'" The VaNTH ERC is building on this experience to explore the use of
challenges to organize the instruction for students. Our goal is to identify challenges that
illustrate how the fundamental principles of a domain relate to each other and how they
can be used to interpret real world problems. This first step in this process is to clearly
identify the knowledge we want students to understand and how to apply it in multiple
applications.

Designing a good challenge requires careful consideration of the desired outcome, and
the background knowledge of the learners. The challenge is what establishes a goal for
the students that they will continually reflect on as they research the domain knowledge
they need to define potential solutions to the challenge. Also, as students explore domain
concepts to prepare them to solve the problem, they should easily make association
between the learning activities and the initial challenge. If they don’t, then the students
will view these as a series of isolated events and will become confused and not
understand the relevance of the task. Therefore, once the major learning objectives are
established, the designer needs to identify interesting challenges that will engage students
in meaningful problem solving and inquiry for néw information. We are still exploring
the critical dimensions for creating effective challenges, but there are several key things
to'keep in mind. First, the challenge should be relatively complex and require a sustained
period of time to sofve. However, a challenge must be comprehendible by the students.
A designer should provide enough background information within the statement so
students can generate some intuitions about challenge. These intuitions could include
potential solutions, theories about how something works or questions about what more
they need to know. This will ensure that the learners can get into the game. Also, this
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background information could be presented using a range of resources including text
description, movies, demonstrations, or interactive simulations. -

Another import concept we have determined is a course should have multiple challenges
defined to illustrate various dimensions of concepts in a domain and how they are
applied. Research has demonstrated the possibly for someone to do well on one
challenge, but have difficulty transferring this knowledge to a new context’. However,
by providing multiple contexts a learner can compare and contrast solutions allowing
them to pick up subtle difference in the each problem solution. This is very much like an
experts ability to notice important features of a problem which helps them retrieve
valuable information that will help solve that problem.

The art of defining an interesting challenge can be quite illusive. There are several
schools of thought on the “authenticity” of a challenge. For example, challenges need to
be actual real world cases versus crafting a believable scenario that helps make specific
points. We are of the view that challenges should be designed to help learners develop
the expertise (ie knowledge structure, or organization) that allows them to use the
knowledge in new context and learn how to do research when they don’t have sufficient
information. Therefore, challenges can come form real world experiences of instructors,
or published cases in newspapers or journals. The key principle in choosing a challenge
that targets the desired learning objectives and help students organize new concepts into a
their own knowledge structure. '

Sequencing Leamning Activities around Challenges.

Organizing the content around interesting challenges provides students with the
opportunity to enhance their problem solving and inquiry skills while exploring new
content, However, using complex challenges for instruction requires a systematic
approach that requires students to sustain their inquiry as they explore potential solutions.
One method for determining what to do and when to do it is to organize instruction using
a template called STAR.Legacy, often referred to as Legacy. The structure of Legacy is
founded on the principles of the How People Learn (HPL) Framework.

The Legacy framework uses a “learning cycle” (based on an inquiry cycle) to define
critical phases of exploring a complex challenge as part of learning activity. Figure lisa
visual representation of the learning cycle. This visual helps students, and professors,
keep track of where they are in their inquiry of a challenge. Briefly, the cycle begins
with the presentation of the Challenge Statentent using a variety of media formats
ranging from text to interactive simulations. Students view this challenge then go on to
Generate Ideas (or initial thoughts). This phase provides students with the opportunity

! Chris Reisbak, a colleague of ours at Northwestern, highlighted the necessity of choosing the right
challenge to meet the learning objectives. He mentioned a time when he was involved in designing an

“environment for student to learn about DNA sequencing. They created a mystery story around finding
evidence that someone was present at the scene of the crime using DNA matching. The difficulty is that
DNA matching requires identify the entire DNA unique to an individual where DNA sequencing focuses
on identifying all the DNA common to everyone. Therefore, this challenge was not well suited to the
desired learning objective.
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to explore what they currently know about the challenge. This includes their naive
concepts, or models, of the domain. Students cant work together and they should record
their ideas in a journal or online journal. They can use this later as an assessment of how
much they’ve learned. Next, they can compare their thoughts with those of experts in the
Multiple Perspectives phase of the cycle. Experts provide their thoughts about the
challenge based on their experiences. They never provide enough information to solve
the challenge directly, but they provide insights into ideas that need to be researched.
Once students have compared what they know with the experts, then they are ready to
research new information and revise their thinking. Research and Revise contains a
series of learning activities designed to help students focus on the important dimensions
of the challenge. These learning activities are designed to help students make a link to

~ the original “Challenge”. Test your Mettle provides students with the opportunity to
apply what they know and evaluate what they need to study more. This assessment
method helps students reflect on how well they’ve leamed the content of Research and
Revise and to evaluate whether they are ready to Go Public with what they know. If they
aren’t ready, then they can return to Research and Revise to review. Last, Go Public is
the final assessment of what students know at the end of the module. This assessment
could be a presentation of the content, a quiz or test, an essay or homework assignment,
etc. This is more of a summative assessment of what they’ve learned so far.

Home

The Challenge

Generate ldeas

Multiple
Perspectives

Research &
Revise

Figure 1- STAR.Legacy Software Reflection for Action and Reflection
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The elements of the learning cycle are designed to encourage students to take “action” on
their own learning and to “reflect” on their learning process. We feel this framework
provides a structure that designers can use to guide their creation of instructiona)
materials for a course.

Designing the Instructional Sequence of Learning Activities

Legacy provides a structure for defining and organizing learning activities relative to the
HPL framework, but does not necessarily define the actual timing of the instruction. A
traditional model of instruction makes some basic assumptions about how people learn
which we need to understand in order to define a new method. The traditional model for
instruction often follows a pattern of 1) students reading materials before class 2)
professor lectures in class 3) students apply and practice what they learned by doing
homework. In more general terms the process follows a pattern of determining

» How to prepare students for class? '

o What students do during class?

e What students do after class? _
This may seem obvious, but thinking through and prioritizing the learning activities can
be a complicated task.

We are experimenting with various methods for organizing in-class and out of class
activities using the Legacy Cycle. The major factors governing our decisions center on
the complexity of the challenges, the difficulty of specific concepts to comprehend and
overall flexibility of time. Some Cycles could be completed in a single class time, but the
complexity of some challenges may require weeks to explore. Therefore, students must .
become familiar with the Legacy Cycle, its organization and purpose. Then, they can use
the interface to navigate through the lessons. We have collaborated with several domain
leaders to develop examples of Legacy for Modular design. These examples include
challenges in the domains, biotechnology, biooptics and introductory biomechanics and
are included in these proceedings.*>® '

Modular Structure of Challenges

As we mentioned earlier, one of VaNTH’s goals is to create instructional materials that
can be shared by others within the VaNTH institutions and beyond. Each Legacy Cycle
can be independent of any other cycle making it a nature unit size for a modular unit of
instruction. However, there are multiple ways for decomposing or combining the
challenge based modules into sharable resources. For example, each phase of the Legacy
Cycle can be linked to a vast array of instructional resources that can be used for a variety
of applications. The resources could include text passages, movies, audio sounds,
interactive simulations, models etc. We call these general resources, granules and they
are the smallest unit of sharable resources. These granules are not tied to any domain or
specific utility. In fact, a granule’s instructional intent is not defined until it is
incorporated into a challenge.
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Alternatively, several challenges can be linked together to help students explore concepts
related to one of the course’s learning objectives. The clustering of modules formsa
Mosaic of Modules and takes on many forms. The juxtapositions of modules could be to
* provide students with multiple contexts in which to explore the subtle difference in the
application of certain concepts as mentioned earlier. The focus for the mosaic is to
explore the multiple dimensions of a specific concept or learning objective. Another
reason for a mosaic of challenges is to manage the complexity of larger challenge, like a
design task. This mosaic of challenges would consist of a collection of sub problems
necessary for solving the larger challenge. In this situation the mosaic has it’s own
challenge associated with a grand challenge (see Giorgio® for an example).

Summary and Conclusion

Granules, Modules, and Mosaics of Modules can all be combined to create a course.
However, before we can begin to assemble these pieces several things must be defined
first. In this article we have presented a methodology we are using to redefine our
instructional approach to biomedical engineering education. This process includes —

¢ Identifying a major learning objective(s) for the course (ie, what should
student be able to do at the end of the course

¢ Define specific learning objectives necessary to achieve the major objective(s)

e Identify challenges that target these learning objectives

o Use STAR Legacy to organize leaming activities (including assessment
events) to systematically explore the problem space of a challenge.

¢ Define a sequence of pre-class, in-class and post-class learning activities.

This process will result in creating a modular unit that can be shared with others.
If portions of the module do not suit the needs of the new instructor, then they can modify
" the materials with their own materials. These challenges can be mixed and matched, or
altered slightly to make them appropriate for other domains. For examples, many
biomechanical challenges could easily be used in a physics course and vise versa. We
have begun to create these modules and mosaics for several courses and will be
evaluating them during the Spring of 2001. Several examples of Modules and Mosaics of
modules are presented in these proceedings. The purpose of this paper has been to
articulate the rational for these designs and suggestions for how others can design their
own effective learning environment.
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