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About the Workshops

Series Overview

Ever since the first tme reachers tried to influence students, there has been controversy sur-
rounding the methods they used. In the years since Socrazes first created and honed his famous
method, hundreds of educators have developed theories about learning and teaching. Among
these, there ate many areas of convergence, as well as a few instances of contention, bur all have
in common a focus on how children learn and how best to create situations in which learning can
take place. For today’s teachers the challenge becomes “Whar are these theories really telling us?
Whart do we do with these scemingly complicared and overlapping arguments?” And equally com-
pelling is how the questions surrounding these ideas are viewed by professionals against the back-
ground of their own personal beliefs about teaching and learning.

To this end, Looking at Learning . . . Again invites seven leading educarors to share the origin,
structure, research base, and applicability of their arguments for creating the most efficient and
productive learning environments for students in our elementary and secondary mathemarics and
science classes.

Teachers are the backbone of the educational system. Like educarional theorists, they continually
develop new ideas and insights, question current practices, and strive to keep education a living
and changing organism. Both teachers and theorists bring to the table a wealth of experience that
has shaped their ideas on what teaching and learning should be. But all too often, teachers and
theorists work in isolation, and new educational theories do not always find their way into the
classroom. This workshop series provides an opporrunity for practitioners to explore, discuss, cri-
tique, and ultmarely implement the ideas and strategies of seven leading educational theorists—
an important step toward making the teaching of mathemarics and science more effective,



About the Workshops

Workshop Descriptions

Workshop 1:The Many Faces of Learning

Reflecr on your own personal beliefs about learning, and discover why it is important for reachers
to examine and reexamine the leaming process,

Workshop 2: Intellectual Development

Share ways to elicit, accept, and build on students’ ideas, and discover the connection between stu-
dent ideas and intellectual development.

Workshop 3: Conceptual Thinking

Consider how students learn by assimilating new concepts into their already existing frameworks.

Workshop 4: Inquiry

Explore why inquiry learning is essential in mathemarics and science, and develop several strate-
gies for inquiry-based teaching.

Workshop 5:1dea-Making

Investigate how facilirating the construction of students’ own mathematical ideas has a positive
effect on learning.

Workshop 6: The Mind's Intelligences

Review Gardner’s theory of multiple intelligences and learn how to create learning environments
thar support the full spectrum of students’ intelligences and abilities.

Workshop 7: Design, Construction, and Technology

Examine the effect of technology on leaming when students design and develop tools to support
their own inquiries.

Workshop 8: Intellectual Development

Analyze differences in curricula, textbooks, and reaching practices around the world, 2nd discuss
how these differences affect student leamning in mathematics and science.




About the Workshops

Video Clip Descriptions

WORKSHOP 1

In the Dazk
Richard and Karen, grade 8, discuss their ideas of lisht and vision.

Looking at Learning . . . Again

Guest educators explain why it is important to continually examine learning.

WORKSHOP 2

Batteries and Bulbs
Kris Newtons 9th grade class ar the Cambridge Rindge & Latin School (Cambridge, MA)
begins a unit on batteries and bulbs.

Tea for 40 (T-440)

A group of teachers who have worked with Eleanor Duckworth for more than 15 years meets
once a monrh to share activities and discuss their own learning,

Mission Hill School (Boston, MA)

Eleanor Duckworth conducts a workshop in which teachers, parents, and staff examine their
own understandings abour a particular phenomenon.

WORKSHOP 3

Rocks and Minerzls
Tom Vaughn's 9th grade earth science class at Arlington High School (Adington, MA) makes

concept maps on atomic structure as they begin a unit on rocks and minerals.

Plane Geometry
Colleen Schults 8th grade algebra class at the Vestal Middle School (Vestal, NY) makes con-
cept maps to review a unit on plane geometry before a test.

WORKSHOP 4

Wetlands

Erien Gordon's 5th grade class in Methuen, MA, observes the wetlands behind their school in
order to come up with questions for an investigation.

Pendulums

Margarita Manso-Rosa’s students in a 5-8th grade bilingual (Spanish) class in Cambridge, MA,
share their resuits of 2 pendulum investigation and ask each other questions about whar they've

learned.



Paper Trusses
Nancy Cianchetta’s 8th grade students in Everett, MA move from disinterest to involvement
when they are presented with a paper truss challenge.

WORKSHOP 5

Mental Addition

Meredith Livings’s 2ad grade class at the South Shades Crest School (Hoover, AL) engages in
“mind mathematics” as the students solve double digit addition problems in their heads.
Mental Multplication

Sherry Parrish’s 4th grade students at the South Shades Crest School describe and defend their
strategies for solving double digit multiplication problems in their heads.

WORKSHOP 6

Ross School (E. Hampton, NY)
See a number of multiple intelligence strategies in practice:
Nichelle Wilson’s 6th grade art class—“The Golden Mean”
Rick Faloon’s 10th grade math class—Probability
Debra McCall’s 7th grade history class—Roman architecture
David Purvis's 5th grade science class—Stars, Sun, and constellations

WORKSHOP 7

Girl Scouts Clubhonse
At a computer clubhouse run by the Patriot Trail Girl Scouts (Boston, MA), girls ages 8 10 11
design projects on the computer, under the guidance of teenage mentors.

Robots

In Ronnic Ranere’s K-1 class at the Bronx New School (Bronx, NY), students use robots to
figure out distance on number lines.

Crickets

In Mark Hardy’s 4th and Sth-grade class at the Bronx New School, students use “crickets” to
collecr remperarure data before and after a walk.

WORKSHOP 8

Third International Mathematics and Science Study (TIMSS)

A high school math class in Japan worlks on a challenging geometry problem.

Round Table

A group of teachers, administrators, and parents discuss how the TIMSS resules reflect culrur-

al and societal values and share their own ideas abour what we, as 2 society; can do to improve
our education system for our children.




About the Contributors

MICHAEL R. COHEN, Ph.D. {Content Advisor)

Dr. Michael Cohen is a Professor of Science and Environmental Education at Indiana University-
Purdue University at Indianapolis. Dr. Cohen began his teaching career as a Junior High Scheol
science teacher, where he discovered that his students were his best teachers. For 30 years, he has
used those early lessons as the basis of his research on children’s science concepts. His studies have
been used in science curricula, teacher education projects, and two textbook series he co-authored:
Scott-Foresman Science and Discover Science.

REBECCA CORWIN, Ed.D. (Content Advisor)

Dr. Rebecca Corwin taught 5th grade for ten years. She is currently Professor of Education at
Lesley College, and works with her graduate students in an elementary school in Boston in order
to bring their practical and theoretical knowledge together as they learn to be teachers. Dr. Corwin
has written a number of books for teachers, including the Used Numbers series abour statistics and
dara analysis.

ANNA GOODSON (Interviewen

Anna Goodson is the Director of Educational Services ar Alabama Public Television where she works
with teachers, administrators, and organizations to provide educational programming for school dis-
tricts starewide. She reaches teachers how 1o use television as an instructional tool. Ms. Goodson has
planned and facilitared educational programs at the Birmingham Zoo (Birmingham, AL), and has
also raught gifted and talented students at both the elementary and middle school levels.

KALPANA GUTTMAN {Interviewer)

Kalpana Gurtman holds a Master’s of Education in both Elementary Education and Computers
in Education. She has raughr at the preschool and elementary levels for sixteen years. She has also
worked at the Arnold Arboretum (Jamaica Plain, MA) where she worked wich teachers on devel-
oping a constructivist approach to science teaching, and assisted them in incorporating technolo-
gy into their classrooms. Ms, Gurtman currendy teaches 5th grade in Newton, MA.



RICHARD KCNICEK, Ed.D. {Content Advisor)

Dr. Richard Konicek has been involved in science education for 38 years. He has conducted
research, raught junior high school, and worked as a K-12 science curriculum coordinator. Dr.
Konicek is now a Professor of Science Education at the University of Massachuserts in Ambherst,
where he teaches elementary science merhods and research courses focused on the applicarion of

research to teaching.

SUSAN MATTSON, Ph.D. (Content Advisor, Interviewer)

Dr. Mattson received a B.A. in Biology from the University of California at Berkeley, followed by
a Master’s in Biology and Ph.D. in Science Educarion from Florida State University. In addirion
1o teaching science methods courses for early childhood and elementary educarion majors, her
experiences include curriculum development in the sciences and professional development for
teachers. Dr. Mattson has recently returned to the dassroom te teach high school biology.

JAYNE OGATA (Host)

Jayne Ogata has worked for the past ten years as a performing arrist and educator in the Boston
area. She has also roured with Shakespeare & Company's educarion program, bringing theater per-
formances and workshops to schools throughout New England and in New York City. Ms, Ogata
recently earned her Master’s of Education in Learning and Teaching from the Harvard Graduate
School of Education. She continues to participate in creating quality educational programming
for the classroom, workshops, stage, and broadcast media.

MAURICE PAGE (Interviewer)

Maurice Page has been teaching marhemarics for 30 years. He has taughr elementary, middle, and
high school students, and currently teaches at the high school level at the Cambridge Rindge &
Latin School (Cambridge, MA). Mr. Page also teaches marhematics methods courses to education
majors at the Harvard Graduate School of Education and is a consultant for the science and math-
ematics teaching course at the MIT Teacher Education Program.

PHILIP SADLER, Ed.D, {Content Advisor)

Dr. Philip Sadler has a joint appointment as the Assistant Professor of Science Education ar the
Harvard Graduate School of Education, and the Director of the Science Education Department
ar the Harvard-Smithsonian Center for Astrophysics. Dr. Sadler is also the founder of Learning

Technologies, Inc., a company creating science learning tools used each year by over 3 million
students in 18 countries.




LISA SCHNEIER (Content Advisor, Interviewer)

Lisa Schneier has been a teacher and program developer at Boston English High School. She has also
worked ar the Massachusetts Corporarion for Educarional Telecommunications (MCET) as a cur-
riculum developer. She has been a student and colleague of Eleanor Duckworth since 1983, and has
used this worl in her teaching and in research that documents 9th grade students learning poerry.

JAY SUGARMAN, Ed.D. (Host, Content Advisor)

Dr. Jay Sugarman holds a Master’s of Science of Teaching in Elementary Education, and an Ed.
D. in Curriculum and Instruction. He has been an elementary school teacher for 25 years, and
currenty teaches 4th grade ar the Runkle School (Brookline, MA). Dr. Sugarman also teaches a
number of educarion courses to undergraduate students ar Simmons College.

TEREZ WALDOCH, Ph.D. (Interviewer)

Dr. Terez Waldoch is currently Assistant Principal ar the Wildwood Elementary Schoo! in
Amberst, MA. During her 25-year teaching career, she worked as a science curriculum coordina-
tor, co-chaired a curriculum overview commirtee, and presented science workshops for teachers.
In 1993, Dr. Waldoch was recognized with the Presidential Award for Excellence in Science
Teaching in the Commonwealth of Massachuserts.

YVONNE WATSON (Host)

Yvonne Watson has been an elementary school teacher with the Boston School Department for
19 years, Actively involved in Boston’s school change efforts, Ms. Warson serves as a member of
the Instructional Leadership Team at the Manning School. She is also a lead teacher working as
Boston Curriculum Standards Facilitator for the Office of Currculum and Instruction. Ms.
Warson has a passion for creating new ways to help children think crirically and satisfy their nat-
ural curiosity about the world while developing basic skills.

JEFFREY WINOKUR (Host)

Jeffrey Winokur is an early childhood and elementary science specialist at Wheelock College
(Boston, MA), where he teaches both undergraduate and graduare-level courses in science teach-
ing. Mr. Winokur has worked with a number of Massachuserts school districts on the develop-
ment of their elementary science programs, and has also consulted with early childhood programs
throughout New England to provide teacher workshops on science for young children.
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Workshop Components

Day of each workshop

Site Investigation: GETTING READY
30 minuzes of discussion and activity to prepare you for the workshop video

Workshop Video

60 minutes of video with guest interviews, classroom footage, teacher panels, and more

Site Investigation: GOING FURTHER

30 minutes of discussion and activity to wrap up the workshop video

Between workshops

Homework Assignment
an exercise or activity that ties into the previous workshop or prepares you for the next one

Reading Assignment
an introduction to the ideas of the guest who will be featured in the upcoming workshop

Ongoing Activity
Mocon Journal: an ongoing Moon observation activity to help you reflect on your own learning
Pprocess

Web site
a place to go for additional activities, resources, and discussion

www.learner.org/channel/workshops/lala

Channel-Talk

an opportunity to communicate with other workshop participants via email
To subscribe to Channel-Talk {the workshop email discussion list)

Send an email message to: channel-talk-request@learner.org

The message should read: subscribe channel-talk <Your Name>
For example: subseribe channel-ralk Amanda Cho
Be sure to remove any signature files before sending your message.



Helpful Hin

Successful Site Investigations

Incladed in the materials for each workshop you will find detailed insaructions for the content of
your Gerting Ready and your Going Further Site Investigations. The following hints are intend-
ed to help you and your colleagues get the most out of these pre- and post-video discussions.

Designate a fadlitator.

Each week, one person should be responsible for facilitaring the Site Investigations (or you might
select two people—one to facilitate Getring Ready, the other to facilitate Going Further), The
facilitator does not need to be the Site Leader, nor does it need to be the same person(s) each week,
In fact, we recommend that participants rotate the role of facilitator on 2 weekly basis.

Review the Site Investigations.

Be sure to read over the Gerting Ready and Going Further sections of your marerials before arriv-
ing at each workshop. The Site Investigations will be the most preductive if you and your col-
leagues come to the workshops prepared for the discussions.

Bring the necessary materials,

A few of the Site Investigations require group brainstorming or list making, In these instances, it
will be useful to have markers and charr paper or newsprint. The facilitaror should be responsible
for bringing these materials, when necessary. You will need these materials for Workshop 1.

Keep an eye on the time.

Thirty minutes go by very quickly, and it is easy to lose track of the rime. We have suggested the
amount of time thar you should spend on each question or activity. While these times are merely
a guideline, you should keep an eye on the dock so that you are able to get through i
before the workshop video begins. In fact, you may want to ser 2 small alarm dock or kitchen
timer before you begin the Gewing Ready Site Investigation to ensure that you won’t miss the
beginning of the video. (Sites that are watching the workshops on videorape will have more flex-
ibiliry if their Site Investigations run longer than expected.)

Record you disaussions.

‘We recommend that someone take notes during each Site Investigation, or even better, that you
make an audiotape recording of the discussions each week. These notes and/or audiotape can serve
as “make-up” materjals in case anyonc misses a workshop.

Share your discussions on the Internet.

The Site Investigations are merely a starting point. We encourage you to continue your discussions
with participants from other sites on the discussion area of the Web site and on Channel-Talk, the
workshop email discussion list.



Ongoing Activity—Moon Joumal

Overview

The behavior of the Moon is 2 phenomenon that we have all experienced during the entirety of
our lives, but very few of us have spent time thoughdully observing its behavior. Think about it
for 2 moment . . . when was the last time you saw the Moon? What did it look like? If you went
outside right now, would you be able to see the Moon? Where in the sky would you look to find
it? What would it lock like? No matter how much you already know about the Moon’s behavior,
there is always something new to learn!

Throughout this workshop series, you are encouraged to learn abour the Moon by keeping a Moon
Journal. This means simply going ourside several nights a week to observe the Moon, recording
your observations on a drawing, and reflecting on your observations in a journal. Your recordings
or data will become a path for you to follow as you look for patterns in the Moon's behavior and
build your knowledge both about the Moon, and also about your own learning process.

In Workshop 1, you and your colleagues will be asked to developa Moon Charr to display the
groups collective knowledge abour the Moon. The chart will grow and change over time as you
gather new knowledge through your observarions of the Moon. Several times throughour the series
you will have an opportunity to discuss your findings with your collcagues, but you are encour-
aged to update the Moon Chart weekly, even when no specific Moon discussions are planned.

Experiencing the process of learning new content is a useful way to reflect on your own
personal beliefs abour learning. As you progress through the Moon Journal activity, think not
only about what you are learning, but how you are learning. Whether you teach first graders or
high school seniors, math or science, keeping a Moon Journal will provide a shared experience
that will enable you and your colleagues to examine your own leaming processes, and will lend
insight into your beliefs about how your students, and others, learn.




Ongoing Activity—Moon Journal

Instructions

Materials: drawing paper and pencil, directional compass, notebook

1.

Choose 2 location convenient to your home or work with as clear a view as possible of the
southern sky. (Use a2 compass to lacate south. If you do not have a compass, call the direc-
tion of the serting Sun west, and then approximare south.) When facing south, you should
be able to look cast (to your lefr) and west (to your right) withour any major obstacles block-
ing your view. ‘

You should make all of your Moon observations from the same location. To help you find
this location each time you make an observation, identify the location by pushing a stick or
stone into the ground or maldng a scratch or chalk mark on a paved surface.

Make an Observation Sheet. On a plain sheet of paper, draw the horizon you see while
standing in your location and looking south. Place south in the center of your drawing, and
include anything that falls into your field of view (buildings, trees, hills, erc.) These land-
marks will provide you with reference poines when you draw the Moor's position.

Choose a specific time to make your observations and make all your Moon observations
within the same 30-minute period every evening, If you're not sure when to make your
observations, refer to an almanac to find the time of moonrise and moonser. You also may
be able 10 find this informarion on a calendar. Moon observations car be started any time
during the sequence of the Moon's phases. If you cannot observe every evening, we recom-
mend that you observe at least four times per week.

For each observation, draw the Moon on your Observation Sheet, recording both its position
in the sky as well as its apparent shape. Write the dare next to each drawing of the Moon.

After you have observed the Moon, make an entry in a notebook, or Moon Jourmal. Record
the date, time, apparent shape of the Moon, and anything interesting or unusual you
observe about the Moon or the sky. You should also take some time to write a few reflec-
tions, such as what you saw, what you think about whar you saw, what questions you have,
or what you've learned. We will suggest some Moon Journal questions in cach workshop,
bur you should not feel obliged to answer the questions we provide. Write abour what moves
you, and remember to consider your own learning process.

Bring your Observation Sheet and Moon Journal with you to each workshop and discuss

your findings with your colleagues, when time allows. Also, record your new ideas and ques-
tions on the Moon Chart at each workshop (see Going Further, page 18).
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Ongoing Activity—Moon Journal

Sample Moon Journal Entry

| Jpruany 92,1999, 8:1Spm

:Em@mkmmmmxﬂmammmwm_
L obhsenmbion. Hme.. | nokiced the. Moon. in_ ...
M%MMMALMA%JMM

§MML.%&MM CJ-
Luehtime.. | nolice. Mag, Moon. Mom- suF there.
LS. Hme. tohen. dhe.. Moon 1560

 Auring the. %Mn&,ﬂxﬂh ?,Z

Sample Moon Observation Sheet

> oL, A%
e pm
22,1997
, 815 pm
/

Adapted from:

Coyle, H.B, Gregory, B., Luzadet, WM., Sadler, EM., & Shapiro, LL (1993). Project STAR: The universe in your bands,
Kendall/Hunr Publishing Co.: Dubuque, Iowa.

Brandou, B. (1997). Backyard ascronomy: Observing Moon phascs. Scienar and Children, 34(8), 18-21, 48.

Education Development Cenrer, Inc. (1968). Where is the Moon? Teacher’s Guide, McGraw-Fill Book Company: St. Louis, MO.




Workshop I
The Many Faces of Learning

In this introductory workshop, you will meet the guest educators who will be featured
in the series and hear why they think it is important to continually examine the lcarn-
ing process. You will also have an opportuniry to reflect on your own personal beliefs
about learning, and see clips of classrooms that will be presented in more detail in later
workshops.

SELF CHECK

This icon indicates 2 self check activity. These activities are designed to
help you reflect practically on the theories presented by the workshop
guests. Specifically, they will enable you to investigare your own beliefs
and behaviors, and sometimes those of your students. We hope that these activities
will help you to further ézamine your ideas about how people learn and how these
ideas might influence your teaching,




Workshop] timeline
GETTING READY

15 minutes—Leaming a Task

In pairs, select one of the following tasks that you both know how o do:

balance a checkbook cook a turkey fix a leaky faucet
use a graphing calculator determine report card grades  porty train 2 toddler
prepare an income =x rerurn change a flar tire install computer software

Discuss with your partner how you leamed to do the task. Did you both learn it the same way?
How might others learn it? Could anyone learn it? How would you teach someone else to do it?

15 minutes—Leaming Chart

The acrivity you just did should have generated some thoughts abour learning, Discuss as a
group. On a large piece of newsprint or chart paper, start two lists:
Our Ideas abour Learning Our Questions about Learning

These lists represent what you know and what you want to know abour learning right now.
As you progress through the workshop series, your ideas and questions about learning will
grow and change, and you should add to the lists accordingly.

‘ Select a volunteer to bsing the Learning Chart to each workshop.

WATCH THE WORKSHOP VIDEO

1.  What questions about how we learn does this video clip raise for you?
clip - Girl in the Dark (Karen) from Minds of Qur Own.

2. If you put a camera in your classroom, what would you notice?

Does whar you notice reflect your ideas about learning?
Share one observation with your colleagues.

Leoking at ey .. Adln Wirksiop




Workshop 1 timefme
GOING FURTHER

15 minutes—Helping Karen “see”

Think of an experience or activity that you could provide for Karen that would convince her
that you need light 1o see. Share your ideas with your colleagues.

15 minutes—Moon Chart

Discuss whar you know and whar you want to know about the behavior of the Moon. On a
large piece of newsprint or chart paper, start two lists:

Our Ideas abourt the Moon Our Questions about the Moon
You should add to these lists as you observe the Moon throughout the workshop series.

‘ Select a volunteer to bring the Moon Chart to each workshop.

Looking at Leamming ... Again 8 Workshop1



For next time

HOMEWORK ASSIGNMENT

Make a list of the all the different ways one could sear students in a classroom
{e.g. in rows, in a semicircle, in groups of four, etc.). Select three different
seating arrangements from your list and write about what that arrangement sug-
gests about the teacher’s teaching style. The student’s learning style? The activi-
ty in which the students are engaged?

READING ASSIGNMENT

In prepararion for Workshop 2, please read The Virtwes of Not Knowing by
Eleanor Duckworth. (All readings are included in the Appendix.)

You may also want to read Duckworths article The Having of Wonderfil Ideas.
See Related Resources (page 57) for the ditation.

MOON JOURNAL

We encourage you to get started on your Moon observations right away so thar
you can collect as much data as possible over the course of this workshop series.
Instructions for the Moon Journal activity can be found on page 14.

Here's a possible way to get started on your first Moon Journal entry:

Recall the Moon Chart you made with your colleagues ar the start of Wortkshop
1 (See Gerting Ready, page 17). Select one of the questions thar were posed dur-
ing the discussion, and respond to it. Do you have any inital ideas abour the
answer o your question?

Looking &l eaming..Aain Vorkshop




Workshop 2
[ntellectual Development

In this workshop, you will explore the power of the mind and consider the notion that
every child can learn everything. Eleanor Duckworth will discuss the importance of
teaching for a deep and lasting understanding, and will explain why it is important to
give students time to work through their own ideas and experience confusion in order
to achieve such understanding.

AVIQW) ELEANOR DUCKWORTH

5 4 Professor of Education at the Harvard Graduate School of Educaton
and a former student, colleague, and translator of Jean Piaget, Eleanor
Duckworth grounds her work in Piaget’s theories of the nature and
development of intelligence. Her own interest, however, is in teaching
and in the experience of teachers and learners of all ages, both in and out of schools.
She has worked on curriculum development, teacher education, and program evalua-
tion in the United States, Switzerland, Africa, and her native Canada. She is the author
of The Having of Wonderful Ideas and Teacher to Teacher: Learning from Each Other.




Workshop 2 timeline
GETTING READY

30 minutes—Going to the Movies

How many different ways can four children sit in adjacent seats at a2 movie theater?

You may know a formula for solving the problem, but take a few moments o explore the dif-
ferent arrangements themselves, You might want to use four small objects to represent the chil-
dren, or you could use a symbolic notarion with pen and paper.

When you think you have idenrified all the arrangements, convince a partrer thar there are no
more possibilities, and explain how you know for sure thar you have found them all.

Your homework will be to ask two of your students to do this problem. Select two students that

you think will approach the problem differently. Take 2 moment now to decide which smdents
you will ask and to predict how they will solve the problem.

u Remember to update the Moon and Learning Charts.

WATCH THE WORKSHOP VIDEO | Gominutes |

1.  Think of a unit you are currently teaching. How might you construct this lesson so that

students can “enter” the subject matter in more than one way?

2. Describe the charactetistics in a classroom in which students are comfortable struggling
with their ideas. Brainstorm strategies you might use to create such an atmosphere.

GOING FURTHER 30 minutes

10 minutes—Moon Discussion

By now, you should have begun your Moon observations and Moon Journal. Discuss your

progress. Is the process working for you? Have you had any problems? Remember to add new
ideas and questions to the Moon Chart.

20 minutes——Finding a Balance

Lerting students “ake the lead” in the classroom and develop their own understandings may
be great for their learning, but is it so grear for the teacher? In most school districts, teachers
are held accountable by mandatory local and state tests. How can you “let kids go” so they can
learn from their own ideas, and at the same time make sure that they know the content—the
facrs—to succeed on the mandarory tests? How do you find the balance? What are some things
you can do?
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For next

fime

HOMEWORK ASSIGNMENT

Recall the “Going o the Movies” problem that you did ar the start of Workshop
2 (see Gerring Ready, page 21). Select two students whom you think will approach
the problem differently, and predict how they will solve the problem. Then pre-
sent the problem to the students. You may need 1o ask some probing questions,
such as:

How did you find your answer?
How do you know that there are no more possibilities?

Is there any other way you could have solved the problem?

Atrer working with both students, compare their approaches to your original pre-
dictions. What impressed you most about their problem solving methods? What
surprised you? What can you do in your teaching that will enable you to continue
to learn these kinds of things about your students?

READING ASSIGNMENT

In preparation for Workshop 3, please read “How Do We Learn Our Lesson?”
by Joseph Novak. (All readings are included in the Appendix.)

Tocking af Learniny..

MOON JOURNAL

Here are some questions to consider as you conrinue to observe the Moon:
Does the appearance of the Moon change over time?
Does its size change?
Its shape?

Its color?

g Voiklop 2



Suggested activity

Measuring the Moon’s Diameter

When making your Moon observations, take a ruler with you. Hold the ruler at arm’s
tength from your body and measure the diameter of the Moon in centimeters, Record
your finding and try it again the following night. Does the diameter of the Moon
change every night? Can the diameter of the Moon really be measured in centime-
ters with a ruler?

For more accuracy, you can measure the Moon's diameter using a Cross Staff. Here's how.

BUILDING A CROSS STAFF
MATERIALS:

Cross Staff template (p. 24)
Paste or glue

Cardstock

Merer suck

Sdissors

INSTRUCTIONS

1. Adhere the Cross Staff templare to a piece of cardstock and cut along the solid lines. Be
sure to cur out the notch at the top of the template and the rectangular slot in the center.

2. Push a merter stick through the rectangular slot and male sure that the card can move
freely up and down the length of the merer stick.

USING A CROSS STAFF

1. On a nighr when the Moon is at or near full, hold the meter stick with the zero end
touching your cheek and the meter stick pointing towards the Moon.

2. Slide the card along the meter stick until the Moon just fills the notch. (It may be helpful
to close one eye while looking at the Moon through the notch.}

3. Note the distance along the meter stick between the card and the end dlosest to your eye.
4. You can now calculate the diameter of the Moon using the following ratio:
width of notch diameter of Moon

distance from card to eye distance to Moon

Use the distance 400,000 km as the distance from the Earth to the Moon. (The accepted
value is 384,401 km.)
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EXTENSIONS

Often the Moon looks “bigger” when it is near the horizon. How could you use a Cross Staff to
check whether or nor this is a rrue phenomenon?

A Cross Staff can be used to determine the dimensions of other objects once their distance from
the observer is known.

Adapted from:

Hall, J. (1994). Calcutaring the Moon's diameter. In N.B. Ball, H.P. Coyle, & LI Shapiro (Eds.) A reacher
resource to enbance astronomy education: Project SPICA. Kendall/Hunt Publishing Co.: Dubuque, Iowa.

Wong, O.K. (1987, October). “How wide is the Moon?” The Science Teacker.

CROSS STAFF TEMPLATE

Cross Staff
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Workshop 3:
Conceptual Thmkmg

This workshop will focus on concept maps as tools for helping students learn. Joseph
Novak will explain how students learn by assimilating new concepts into their already
existing frameworks, and will take a teacher step-by-step through the design and
process of concept mapping. You will see concept maps being used in 2 variety of dif-
ferent ways in mathematics and science lessons, and will even have an oppormumniry to
make some concept maps of your own.,

1\ JOSEPH D. NOVAK
Ny

3 Professor of Biological Science and Science Education recently retired
from Comell University, Joseph Novak is one of the seminal investiga-
tors in the research in children’s ideas in science. He is the author of
Learning How to Learn and a developer of the concept mapping formal-
ism. His latest book, Lezrning, Creating, and Using Knowledge, was published in 1998,
Teaching Science for Understanding, co-authored with Mintzes and Wandersee, was
also published in 1998.




Workshop 3 timeline
GETTING READY

20 minutes— Moon Discussion

Examine the Moon Chart that you made in Workshop 1. In your observations of the Moon
thus far, have you gathered any dara thar supports or challenges the information on the Moon
Ideas list? Share and discuss your information, and update the chart.

Have you or your colleagues developed any new questions that you can add to the Moon
Questions list? Consider where these questions came from. What, specifically, inspired the
questions?

Now thar you have thought abour your own questions, think about your students. Where do
you think they get their questions?

10 minutes— Concept Map Discussion

Have you ever used concepr mapping in your classroom? How have you used concept maps
(i.e., for what purpose)? What kinds of things have your students mapped?

u Remember to update the Moon and Learning Charts.

WATCH THE WORKSHOP VIDEO
1. What strategies do you use to determine your students' understanding? How mighe you
use concept maps for this purpose?

2. Make a concepr map of a topic you are going to teach next week.

GOING FURTHER 30 minutes

30 minutes—Making Concept Maps

In pairs, have one person construct a concepr map about teaching while the other petson makes
one abour learning. After you have made the rwo concept maps, compare them. What are the
similarities? The differences? Did the word “teach” appear in the Jearning concept map? Did
“learn” appear in the teaching map? How do you believe teaching and learning should be con-

nected?
ﬂ Save your concept map—you will need it again in Workshop 8.

Note: You can assess your students’ prior knowledge of a particular topic by having them make
concept maps before you prepare and introduce the lesson on that ropic. You might have them

make concept maps again at the end of the lesson, and compare the before and after maps to
see whar they've learned.
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For next fime

HOMEWORK ASSIGNMENT

Using the materials of your choice, make two pendulums (e.g., hand-held, taped
10 a table edge, free-standing) with the following specificarions:

Pendulum 1: a period of 15 swings in 10 seconds
Pendulum 2: a period of 30 swings in 30 seconds

u Please bring your pendulums with you to Workshop 4.

READING ASSIGNMENT

In preparation for Workshop 4, please read “Assessing ‘Imperfect’
Conceptions” by Hubert Dyasi. (All readings are included in the Appendix.)

MOON JOURNAL

Here are more suggestions for your Moon Joumnal:
Does the Moon's position change over time?

If you want to record the Moon's exact position in the sky in your journal,
what information do you need?

Where do you predict the Moon will be positioned in the sky tomorrow
night during your regular observing time? One week from now?
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Suggested activity

Measuring the Elevation of the Moon

One piece of information helpful in desaibing the Moon's pasition is its height in angles (angu-
lar height) above the horizon. The horizon is the line along which the sky and land—or sea—
appear to meet You can determine the Moon’s height above the horizon if you know the angle
between the iine from your eyes to the Moon and the line from your eyes to a point on the hori-
zon directly below the Moon.

MEASURING WITH FISTS

You can estimare the Moons angular height by simply using your hands. Strerch one arm out
straight and make a fist with the hand on your outstretched arm. From the horizon to the high-
est point in the sky is one quarter of a circle or 90 degrees. If you measure with fists, putting one
fist on top of the other, nine fists will about equal this angle—one (adult) fist is roughly the same
as 10 degrees.

To measure the angular height of the Moon at any given time, stretch one arm out straight and
make a fist with the hand on your outstretched arm. Close one eye and adjust your sight so the
outsretched fist is aligned with the horizon. Make a fist with your other hand and stack it on top
of the first. Conrinue stacking your fists, one on top of the other, unti} the Moon appears to be
covered by one of the fists. The number of fists you stacked indicates the angular height of the
Moon. For example, if you counted six fists, the angular height of the Moon above the herizon
would be approximately 60 degrees.

MEASURING WITH A CLINOMETER

A clinomerer is 2 rool that can help you to measure the angular heighr of the Moon more accurately
than with your fists.

MATERIALS:

Prowractor template (p. 30)
Cardstock

Paste or glue

Drinking straw

Clear tape

Scissors

30 o fishing line or kite string
Metat washer or weight with hole
Tack or pin
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BUILDING A CLINOMETER
1. Adhere the protractor template to a piece of cardstock and cut along the dotted lines.
2. Center the straw lengthwise along the edge of the template directly above the straight side

of the protractor. Secure it in this position with rape.

3. At the point where the protractor’s center line (0 degrees) meets with the line thar runs par-
alle] to the straw, use a rack or pin to make a hole.

4. Thread one end of the fishing line or kite string through the hole so thar approximately
2 cm extends out the back side of the protractor. Secure this portion of string to the back
side of the protractor.

5. Tie the metal washer ro the opposite end of the fishing line or kite string, The string and
washer should swing frecly along the front side of the protractor.

USING A CLINOMETER

1. Position the Clinometer straw-side up so the straw is parallel to the ground and the string
hangs parallel to the 0 degree marking on the protractor.

2. Look through the straw and adjust the position of the Clinometer until you sight the hori-
zon directly below the Moon (while keeping the straw paralle] to the ground).

3. While looking through the straw, tip the entire Clinometer upward unril you can sight the
Moon through the straw.

4. As you move the Clinomerer, the string moves along the protractor. By noting the position
of the string along the protactor, you can determine how many degrees you are tipping the
Clinomerer 1o sight the Moon. This measurement is the angular height of the Moon.

EXTENSIONS

To measure the height of an object that makes a right angle with the land, such as a tree or a build-
ing, sight the top of the object through your clinometer and walk rowards the object until the cli-

nometer measures 45 degrees. By mentally tracking from your observation point to the base of the
object to the top of the object and back to your observation point, you will make an isosceles wi-

angle. Given that two sides of an isosceles triangle are equal, you can determine that the distance
from the observation point to the object itself will be equal to the height of the object.

Adapred from:
Coyle, ILFE, Gregory, B., Luzader, WM., Sadler, PM., & Shapiro, L1. (1993). Project STAR: The universe in
your bands. Kendall/Hunr Publishing Co.: Dubuque, Iowa.

Educarion Development Center, Inc. (1968). Whers is the moon? Webster Division, McGraw-Hill Book Co.:
New York.
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PROTRACTOR TEMPLATE
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Workshop 4
[nquiry _

In this workshop, Hubert Dyasi will discuss inquiry-based learning in science and
explain why it is essential in all subjects. You will see several classrooms where inquiry
learning is raking place and explore various inquiry strategies you can use in your own
classroom. :

Fm HUBERT DYASI
>
» < Professor of Science Education at the City College (City University of

New York), Hubert Dyasi is Director of the Workshop Center, a science
teacher development institution at the College. He has been a Co-
Principal Investigator in the New York State Systemic Initiative on K-8
mathematics, science, and technology education, and has served as a member of the
working group on teaching standards for the National Science Education Standards
(Narional Research Council). Dyasi is one of the authors of Designing Professional
Development for Teachers of Science and Mathematics.




Workshop 4 timeime
GETTING READY |

30 minutes——Pendulum Discussion

For this workshop, you were asked to make two pendulums, In small groups, demonstrare
your pendulums, then discuss the following:

Whar process did you use to design your pendulums?
What (if any) problems did you encounter?

Whar is the most significant thing you learned abour pendulums?
Why is it significant?

Whar are three questions that you still have about pendulums?

Do you consider the pendulum activity to be an inquiry activiry?
Whar is your definition of inquiry?

WATCH THE WORKSHOP VIDEO 60 minutes

1. Think of 2 unit you currently teach. Whar phenomenon in your students' every day environ-
ment might you use as 2 means for starting an inquiry in this uniz? Share your ideas with your
colleagues.

2. Choose one coponent of the inquiry process. How might you integrate this component in a
unit you currenty reach?

GOING FURTHER

15 minutes-—Paper Trusses

In the workshop video, you saw Nancy's srudents involved in a paper truss activiry. How might
you take this activity further? What other challenges could you present o extend this inquiry
activity in a marh or science classroom?

Note: The paper truss activity comes from Coyle, H.B, J.L. Hines, K.J. Rasmussen, and PM.
Sadler, editors, Science in Action, Dubuque: Kendall/Hunt Publishing Company, 1999.
(In Press)

15 minutes—Revisit Learning Charts

By now, you've had a chance 1o think about your own learning and your students’ learning in
many different ways. Think back on some of the avenues we've used to explore learning-—the
“Going to the Movies” problem, pendulums, your Moon Journal, concept mapping . . . Have
your ideas about learning changed ar ali? Do you have more thoughts? More questions?

Take some time now to add your new ideas and questions to the Learning Chart.
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For next time

HOMEWORK ASSIGNMENT

Select one of your students and write a brief narrative from histher perspective
answering the question, “How do I leamn science/mathematics in this class?” Some
questions to guide your narrarive might include:

Whar do I do? Whar is my job in this class?

What does my teacher do? What is his/her job?
What is the job of the other students in the class?

Now interview the studenr, asking the same questions. How did his/her actual
answers compare to the responses you anticipated in your narrative? Were there

similarities? Differences? What do these similarities/differences mean in terms of
your teaching? In terms of your student’s learning?

V4

CHECK

If you have time, interview a second student. Nort all students will respond the
same way, and it’s sometimes useful to compare answers.

Please bring one of the following games with you o Workshop 5: Checkers,
Chinese Checkers, Bartleship, Mancala, Yahtzee, Sorry, Parcheesi, Cribbage,
deck of cards (Rummy, Hearts, Poker, Go Fish, etc.).

READING ASSIGNMENT

In preparation for Workshop 5, please read “Reform in Primary Mathematics
Educetion: A Constructivist View ” by Kamii, C., Lewis, BA., and Sally Jones.
(All readings are included in the Appendix.)

MOON JOURNAL

Here is something interesting to think about:

Observe the position of the Sun with respect to the Moon in the sky. Does the
angle between the Sun and the Moon increase, decrease, or stay the same over
your observation period?
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Stggested activity

Sun, Earth and Moon Angles

One way to chart the Moon’s behavior is to chart its position with respect to the Sun and the
Earth. Specifically, you an measure the angle between the Moon and the Sun, with the Earth
as the vertex of the angle.

At a time when both the Moon and the Sun are visible, measure the angle between the Moon
and the Sun from your observing location. Each time you measure and record the angle, also
observe and record the shape (phase) of the Moon, and notice whether the lit or unlit portion
of the Moon is nearest the Sun.

CAUTION: Never look directly at the Sun.

ESTIMATING ANGLES WITH FISTS

Just as you can use fists to measure the elevation of the Moon (see page 28), you can do the same
to measure the angle between the Sun and the Moon. Make a fist with each of your hands and
hold them out in front of you ar arm’s length. Count how many fists make up the distance
between the Moon and the Sun.

MEASURING ANGLES WITH A PROTRACTOR

MATERIALS:
Clinometer (see pages 28-30).

INSTRUCTIONS
1. Position your dinometer with the protractor numbers face-up.
2. Point one end of the straw to the Moon.,

3. Slide the string along the top of the protractor unil it is aligned with the direction of the Sun.

4. Use the numbers along the side of the protractor o calculate the angle between the Sun and
the Moon.

QUESTIONS
1. Is che lir or unlit part of the Moon facing the direction of the Sun?

2. Which direction are the “horns” of a crescent facing with respect to the Sun? Does this
change as the angle between the Moon and the Sun changes?

3. Do you notice a partern between the Moon-Sun angle and the phases of the Moon?
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Workshop 5:
[dea-Making

This workshop will focus on student idea-making in mathematics. Constance Kamii
will explain how you can adapt your teaching to help students construct their own
mathematical ideas. You will see video of students engaged in “mind mathematics”
articulate and defend their strategies to classmates, and you will consider the value of
using games to facilitate mathematics teaching and learning.

1\ CONSTANCE KAMII
Xy

3 Professor of Early Childhood Education at the University of Alabama at
Birmingham, Constance Kamii studied under Jean Piager for 2 dozen
years, first as 2 postdoctoral research fellow and later as an adjunct pro-
fessor at the University of Geneva. She developed a preschool curriculum
based on Piaget’s theory, especially in science, mathematics, and the sociomoral realm,
and is now developing an elementary math program based on his theory. Kamii is the
author of Young Children Reinvent Arithmetic; Young Children Continue to Reinvent
Arithmetic, 2nd Grade; and Young Children Continue to Reinvent Arithmetic, 3rd Grade.




Workshop 5 timeline

GETTING READY

15 minutes—Game Play

You were asked to bring in some common household board, card, and dice games. Divide into
small groups and select a game to play. While you are playing, think about whar (if any) math
skills students would need to play the game successfully. What are some math concepts (if any)
that students might learn from playing the game?

15 minutes—Game Discussion

Rejoin the large group and discuss the following: How does playing games compare to more
tradirional marh exercises such as worksheers, flash cards, or problem sets? What are the advan-
tages of games? Disadvantages?

WATCH THE WORKSHOP VIDEO

1,

What does a student learn by having to explain his or her mathematical thinking to the
class? Take into consideration cognitive, content and social/emotional aspects.

How does Sherry create an aumosphere in which the studenes can invent their own
solutions? Generate a list of techniques thar she uses to do this. How does each technique

support children’s learning?

GOING FURTHER

30 minutes—Tricks and Procedures

When asked in her interview what headline she would give to a newspaper article about her
approach to learning, Dr. Kamii said, “Tradidonal marth education harms children’s develop-
ment of numerical thinking.” She went on to explain ber belief that teaching children to mem-
orize rules and algorithms such as carrying, borrowing, and long division prevents them from
inventing their own solutions to problems and forces them to give up their own thinking,

Do you agree thar teaching algorithms and procedures, tricks and equations, has a negarive
effect on student learning? What are the advantages of algorithms from a teacher’s perspective?
From a learner’s perspective? Whar are the disadvantages? How would your school district react
to Dr. Kamii’s statement?
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For next time

HOMEWORK ASSIGNMENT

How comfortable are you with lerting students develop and pursue their own
inquiry? To test your comfort level, try this—during the next week, incorporate
into a lesson some sort of class discussion in which students can talk about their
opinions or rationales for solving something. During this class discussion, see how
many times you can let the comments pass from student to student without an
inrervening question or comment from you. It’s not easy!

How many students were able to speak consecutively before you spoke? When did
you intervene? Why? What sort of discussion was happening when you jumped in?
‘What could you do next time to let the discussion go further on its own?

READING ASSIGNMENT

In preparation for Workshop 6, please read “beveloping the Spectrum of
Human Intelligence” by Howard Gardner. (All readings are included in the
Appendix)

MOON JOURNAL

You might want to reflect on the following in your Moon Journal:

Why does the Moon appear to shine?
Why does the Moon appear to change its shape?
Is there an order to the Moon’s phases? If so, can you determine the order?
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Suggested activity

Modeling the Phases of the Moon

To do this activity effectively, the room must be as dark as possible. Darken the
room by dlosing the blinds and covering all window and door cracks with black
paper or cloth and tape.

Extension cord

Clear light bulb (75 watts or more)
3-inch Styrofoam ball

Craft stck

INSTRUCTIONS

1. Make a “handle” for your Styrofoam ball by carefully pushing a craft stick into the ball.
Hold the handle so the Moon ball is positioned upright.

2. You will be parr of a model that portrays the phases of the Moon. In the model, your head
will represent the Earth, the Styrofoam ball will represent the Moon, and the lamp will rep-

resent the Sun.

3. Place the lamp in the center of the room and rurn it on. Turn off the room lights and then
stand approximarely two arm-lengths away from the lamp.

4. Hold the Moon ball ditectly in front of the lamp and at arm’s length from your body, point-
ing upwards approximately 45 degrees. Notice that as you hold the Moon ball in font of
your body and tumn around, sometimes part of the ball is lit, and sometimes the whole hemi-
sphere facing you is lit. :

5. Keep turning until you can see a thin crescent lit up on the Moon ball,
6. Continue moving in the same direction until the Moon ball looks like a half-lit circle.
7. Conrinue moving in the same direction until the ball looks completely lir.

QUESTIONS

1. Is the brightest side of the Moon facing rowards or away from the Sun?

2. For the Moon to appear “fuller,” how does it have to change its position relative to the Sun?

3. When the Moon is full, is it on the side of the Earth éat’s closest to the Sun, or the side
thar's farthest away from the Sun?

4. Are the phases of the Moon the same in the northern and southern hemispheres?
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EXTENSIONS

On a sunny day when the Moon is visible, go outside with your Sctyrofoam Moon ball. Stand fac-
ing the Moon, holding out your Moon ball at arm’s length “covering” the Moon in the sky. The
Sun will shine on the ball and illuminare it exactly as it illuminates the Moon.

Adapted from:
Foster, G.-W. (1996). Lock to the Moon. Science and children. 34(3), 30-33.

Braile, 5. (1994). Moon phase modeling. In N.B. Ball, H.P Coyle, & LI Shapiro (eds.), Projec SPICA.
Kendall/Hunr Publishing Co: Dubuque, Iowa
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Workshop o:
The Mind's Intelligences

In this workshop, you will explore Howard Gardner’s theory of muldple intelligences
and see his theory being applied in a variety of different classzooms. Gardner will also
discuss the importance of the disciplines and share his thoughts on educational reform

in America.

2\ HOWARD GARDNER
Ny

& Professor of Cognition and Education at the Harvard Graduate School
of Education and the author of many books and several hundred
articles, Howard Gardner is best known in educational circles for his
theory of multiple intelligences. During the past fifteen years, he and his

colleagues at Project Zero have been working on the design of performance-based
assessments and education for understanding, Gardner’s book, Extreordinary Minds,
case studies of exemplary creators and leaders, was published in 1997, and his latest
book, The Disciplined Mind: What All Students Should Understand, will be published
in the spring of 1999.



Woﬂ(shop_ﬁ timeline

GETTING READY

30 minutes—Moon Discussion

By now you have had an oppormuniry to observe the Moon over an extended period of time.
What patterns have you noticed about the behavior of the Moeon? Do these patterns involve
time? Shape? Locarion? Whar predictions can you make about the Moon’s behavior over time?

Think about your learning style as it relates to the Moon Journal activity, and share it with your
colleagues. Are there similariries in learning styles among the people in your group?
Differences?

What connections can you make between your colleagues’ learning styles and experiences with
the Moon Journal and the learning that happens in your classrooms with your students?

WATCH THE WORKSHOP VIDEO

1. Think of a lesson you teach that always raises questions. Brainstorm ways you might
respond using multiple intelligences as a tool to help students gain a betrer understanding.

2.  Think of an analogy that you might use for a concept you want your students to under-
stand. Try your analogy on your colleagues.

GOING FURTHER

30 minutes—Perspective

Here's a good entry point for a lesson on Sun/Moon/Earth reladionships:

Choose a partner and sit on opposite sides of a table or desk. Place two or three objects on the
table berween you. Withour maving from your seat, sketch the objects from your own per-
spective, from your parmer’s perspective, and from a bird’s eye view.

When everyone has completed the drawings, discuss the following as a group:
‘What problems did you encounter?
What strengths did you need?
Which students in your class would excel in this activity?
Which students would have difficulty?

Whar additional activities or entry points could you build for this lesson that rely on other
strengths?

Is it important for a student who does not have a particular strength to do an activity that
requires that strength? Why or why not?
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For next time

HOMEWORK ASSIGNMENT

Think abour how you normally group students for activities, projects, seating,
or other purposes. Whar criteria have you used in grouping? Make a list of the dif-
ferent ways you have used. Now consider ways you could group students accord-
ing to Gardner’s theory of multiple intelligences (MI). Do you think grouping stu-
dents according ro MI criteria would affect studenr performance? Try it!

u Please bring a deck of cards with you to Workshop 7.

READING ASSIGNMENT

In preparation for Workshop 7, please read “Technology for Life-Long
Kindergarten” by Mitchel Resnick. (All readings are included in the Appendix.)

MOON JOURNAL

You might want to take some time to look at the features on the surface of the
Moon and consider the following questions:

Does the Moon's behavior affect our perspective of the features on the Moon?

Do features appear to “move across” the Moon from observarion day to obser-
vation day?
Does the Moon's behavior affect the visibility of fearures we can see on the

Moon?

Here are more suggestions for reflecting on your own learning;
What methods have you been using to make sense of your Moon observa-

tions?

Have you noticed any parterns in your learning behavior that you use in this
kind of learning situation?
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SKETCHING FEATURES ON THE MOON
MATERIALS:

Pencil

Paper or sketch pad
Binoculars (optical)
Moon Map (p. 44)

INSTRUCTIONS

Before using the Moon Map 1o identify features on the Moon, sketch the features you observe.
When the Moon is not full, you should notice thar the Moon is divided by a line—the zermina-
tor line—that separares the Moon's sunlit side from irs shadowed side. The features on the Moon’s
auﬁamdombmnm:hemmjnmorﬁn&hfcammwmmomappmtwhmusing
high—powaedbimmthseymemnMapmhdpidmﬁfyinmsﬁngfmmmontheMom.

To observe a feature on the Moon over time, use your Moon Map to identify a feature close to the
“curved” edge of the lir portion of the Moon. Examine this feature over 2 week or two. Is the fea-
ture atways visible? Does the fearure change its relative position? Does the feature seem to “move”
across the Moon or sty in the same place?

CHALLENGE

How do your observarions help you to learn something about the revolution time of the Moon as
compared with the rotation time of the Moon?

Tooking a Leaming ... Again | ' o ' . Wakshop6




MOON MAP

Looking at Learning ... Apain

Mare Serenitatis

Mare Crisium

—— Mare Tranguilfitatis

Mare
Foscunditatis

Workshop 6



Workshop T
Design, Construction,
and Technology

This workshop will focus on technology as an aid for learning. Mitchel Resnick will
discuss the effect of technology on learning when students design and construct tools
to support their own inquiries. You will see examples of teachers using technology in
their classrooms and ger a sneak peek at Resnick’s newest learning tool—the cricket.

(\J MITCHEL RESNICK
3Ky

Professor in the Epistemology and Learning Group at the Media
Laboratory at Massachusetts Institute of Technology, Mitchel Resnick
studies the role of technological tools in thinking and learning and
develops new computational tools that help people (especially children)
learn new things in new ways. He is the author of Tursles, Termites and Traffic Jams,
and is the cofounder of the Computer Clubhouse Project, a network of afterschool

learning centers.




Workshop 7 fimeime
GETTING READY

30 minutes—(ard Sort

You were asked to bring with you a deck of cards. Shuffle the cards. Remove one card from the
deck and set it aside withour looking at it. Spread out the remaining cards, face up, so thar all
51 faces are visible. Without touching the cards, determine which one is missing. Check your
answer by looking ar the card you set aside. (Each participant should do this activity individu-
ally.)

As a group, discuss the methods used to discover the missing card. How many different meth-
ods were there? Were some better than others? Whar constitutes a “better” method?
If dme allows:

Repeat the exercise given above, but this time you may touch cards.
Repeat the exercise with a parmer—both of you may touch the cards.

WATCH THE WORKSHOP VIDEC 60 minutes
1. Brainstorm ideas for a design activity in a unit you teach.

2. Think of a lesson you currenty teach. How mighr the addition of technology benefit stu-
dents’ learning?

GOING FURTHER 30 minutes

V4

30 minutes—Design a Sheet/Blanket Folder

Folding sheets and blankets neatly is easy when someone is around to help you, bur
hard for one person to do alone because of the size of the object to be folded. Design
I3 2 device that would help someone fold sheets and blankets.

Discuss your design process. How did you decide what problems needed to be
addressed? How did you go about addressing them? Did you learn anything from

the process?
What can you take from this experience that you could apply to lmmin.g in your

classroom? How might you incorporate 2 dem.gn activity into an upcoming lesson
or unit that you have planned?
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For next time

HOMEWORK ASSIGNMENT

Look for a pewspaper, magazine or Web article about an education issue in a coun-
try other than the Unired States. Bring the artide with you to Workshop 8.

Please remember to bring the concept map that you made in Workshop 3 with
you to Workshop 8.

READING ASSIGNMENT

In preparation for Workshop 8, please read the summary of “Facing
Consequences” by William Schmidt. (All readings are included in the
Appendix)

MOON JOURNAL

You might want 1o think abour the following:

In whar direction (north, south, east, west) does the Moon rise?
In what direction does the Moon set?

When does the Moon rise and set? Does it set earlier, later, or at the same time
from one night to the nexr?
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Suggested activity

Moon Phase Guide

if you know the directions in which the Moon rises and sets, a Moon Phase Guide
is a useful tool for determining the time at which the Moon rises and sets.

BUILDING A MOON PHASE GUIDE
MATERIALS:

Moon Phase Guide template {p. 50)
Corrugated cardboard (15 cm x 15 cm)
Pushpin or thumbrack

Almanac, newspaper, or calendar
Scissors

Glue or paste

INSTRUCTIONS
1. Cur out both pieces of the Moon Phase Guide.
2. Glue or paste the larger piece to the center of the cardboard.
3. Orlent the smaller piece on top of the larger such thar the center points are aligned.

4. At the center point, push a pushpin or thumbrack through both remplate pieces and the
cardboard.

USING A MOON PHASE GUIDE
1. Determine the current Moon Phase (consult an almanac, newspaper or calendar).
2. Position the Moon Phase Guide so that the text is face-up and parallel ro the ground.

3. Holding the half-circle in place, rotare the cardboard until the current Moon phase is direct-
ly under the Moon Rise portion of the half-circle.

4. Note the time the arrow on the half-cirde is pointing to. This is about the time the current
Moon phase rises.

5. Next, rorate the cardboard until the phase of the current Moon phase is directly under the
Moon Set portion of the half-circle.

6. Note the time the arrow on the halfecircle is pointing to. This is about the time the current
Moon phase sets.
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QUESTIONS
1. The Moon Phase Guide indicates thar the Moon is visible for 12 hours each day. Is this accu-

rate?
2. Why is there a predictable pattern to the changing appearance of the Moon?

3. How does the Moon Phase Guide work? What assumptions does it make abour the Sun-

Moon-Earth relationships in its design? Whar assuroptions does it make about the directions
of Moon rise and set.

Adapred from: .
Becker, K. (1994). Moon phase dial. In N.B. Ball, H.E. Coyle, L1. Shapiro (Eds.) Projecz SPICA Kendall/Hunt
Publishing Co.: Dubuque, Iowa
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Workshop 8:
The International Picture

In this workshop, you will have an opportunity to investigate various aspects of the
Third International Mathematics and Science Study (TIMSS) other than the test
scores themselves. William Schmidt will present differences in curricula, textbooks,
and teaching practices around the world, and a group of community members will
discuss how the TIMSS results reflect societal and cultural values.

Fm WILLIAM H. SCHMIDT

4 University Distinguished Professor of Applied Statistics in the
Department of Educational Psychology at Michigan State University,
William Schmidt is the national research coordinator and executive
director of the center that oversees the participation of the United Srates
in the Thu-d International Mathematics and Science Study (TIMSS).




Workshop 8 timeline
GETTING READY

30 minutes—In the News

You were asked to bring with you an artidle about education outside of the Unired States.
Briefly share the topics of your articles. What kinds of issues-do the articles focus on? How
might you caregorize the issues? Do these categorizations reflect education issues in the United
Stares? Whar are the similarities? The differences?

WATCH THE WORKSHOP VIDEQ

1. List the topic areas your students cover in math or science in the 3 years prior to arriving
in your class and in the 3 years afterleaving your class.

2. If you were in charge of creating the national math or science standards, whom would you
invite to the table?

GOING FURTHER 30 minutes

15 minutes—Revisit Moon Charts

Take a few moments to consider the changes and additions that you have made to the Moon
Chare over the course of this workshop series. Discuss the following:

What were your major findings abour the behavior of the Moon?

Whar discoveries surprised you the most?

Which of your prior belicfs were supported/challenged by your observations?
Creating the Moon Chart in Workshop 1 and updaring it throughout the series allowed you to
keep track of whar you learned and how your beliefs changed as you observed the Moon and

kepr your Moon Journal. How do you {or could you) provide an opportunity for your students
to follow their own learning about a topic?

15 minutes—How Far You've (ome

Take our the teaching or leaming concept map that you made in Workshop 3. Look at the
Moon Chart and the Learning Chart thar you and your colleagues made. How has your think-
ing about learning changed since this workshop series began? How will these changes affect
your teaching? '

Go around the room and share one thing that you plan to do in your classroom to apply what
you've learned about leaming,
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Suggested activity

Moon Legends

Qur scientific understanding of the Moon and its behavior has not always been what we
currently accept to be true. Throughout history and across cultures, civilizations have devel-
oped what we know of today as legends and folklore as explanations of Moon observations
and its behavior. Legends were the first scientific explanations. People would observe a
phenomencn and then describe it with a story. People eventually began comparing different legends of similar phe-
nomenon to find out which were most helpful in explaining what they saw. The following are stories developed by
early cultures to describe possible reasons for the behavior of the Moon;

According 1o Central Mexican (non-Mayan) cultures, the Moon and the Sun were created at the
same time when the two gods, Tecuciztecatl and Nanahuatzin threw themselves into the Fires of

Creation and turned into two Suns. Bur the gods who organized this also threw a rabbit into the
face of Tecucizrecad, dimming his brightness, making him the Moon.

The Mayans believe the Moon Goddess to be a feisty woman. It is said thar she once quarreled
with her husband, the Sun, who became so angry thar he poked out one of her eyes. Thar is why
the Moon Goddess is dimmer than her spouse the Sun.

The Cherokee tribe of California tells the story of Father Sun and Mother Moon who lived inside
Rock House, Their light did not shine from the sky, so the world was full of darkness. Coyote
thought it would be a fun trick to dump some fleas on Father Sun and Mother Moon. Coyote got
Gopher to help dig a hole through the soil inte Rock House, and Rabbit 10 help shake a bag of
fleas down the opening. The fleas soon covered Father Sun and Mother Moon. When they could
no longer stand the fleas, Mother Moon flew our of the house, followed by Father Sun, and they
began to race around the Earch trying to get rid of the fleas. Thar is why; to this day, the Sun foi-
lows the Moon across the sky.

The Snoqualmie tribe in Washington tells the story of a time when the sky was completely dark
and there were two brothers, One Who Walks All Over the Sky, and Walking About Early. One
Who Walks was sad to see the sky always dark so he made a mask out of wood and lit it on fire.
Each day he walks across the sky wearing his fiery mask. At night he sleeps below the horizon and
when he snores sparks fly from his mask and make stars. The other brother became jezalous.
He smeared fat and charcoal on his face, and makes his own path across the sky.

The Zunipu tribe of New Mexico and Arizona tells a story of a time when it was always datk,
and always summer. Coyote and Eagle were hunting and they came across a tribe that had the Sun
and the Moon in a box. After the people of the tibe had gone to sleep, the two animals stole the
box. At first Eagle carried the box, but soon Coyote convinced Eagle to let him carry ix. Coyore,
being curious, opened the box and the Sun and the Moon escaped and flew up into the sky. This
gave light to the land, but it also took away heat, which is why we now have winter.
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QUESTIONS
1. Whar kinds of Moon behavior do the legends try to explain?

2. Whar descriptive features of the Moon or Moonlighr, visible to the naked eye, are explained
by the legends?

3. How are these legends related to the culture of the people who developed them and main-

tained them over the centuries?

4. Find out somerhing about the people who developed the legends and relate these ideas to
the reasops for the importance of each legend.
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THE topic on which | was asked to write
this article was, “The Nonpassive Vir-
wes.” At the time | thought that | under-

- stood what it meant, but when | sat down

to write, | realized that | had no idea of
what the passive virtues of the intellect
would be. In matters of intelligence, with
what could nonpassive virtues be con-
trasted?

It occurred to me, then, that of all the
virtues related to intellectual functioning,
the most passive is the virtue of knowing
the right answer. Knowing the right an-
swer requires no decisions, carries no
risks, and makes no demands. It is auto-
matic. And it is thoughtless.

Moreover, and most to the point in this
context, knowing the right answer is over-
rated. It is a virtue—there is no debate
about that—but in conventional views of
intelligence it tends to be given far too
much weight, :

in most classrooms, it is the quick right
answer that is appreciated. Knowiedge of
the answer ahead of time is, on the whole,
more valued than the process of figuring
it out.

Similarly, most tests of intellectual abil-
ity seek to establish what children have
already mastered. Whether the tests are
concerned with verbal ability, mathe-
matical ability, general reasoning, or what-
ever, the task they demand of the chiid is
1o fill in the right blank and move on to
the next. True, inteiligence tests require
that certain things be figured out, but
the figuring out doesn't count. If the fig-
uring out leads to the right answer, then
of course the right answer counts. But
no tester will ever know and no score
will ever reveal whether the right answer
was a triumph of imagination and intel-
‘ectual daring, or whether the chiid knew
Te right answer all along. In addition,
*he more time the child spends on figur-
:ng things out on the test, the less time
iere is for filling in the right answers;
that is, the more you actually think to get
*he right'answers on an intelligence test,
*he less intelligent the resuits will look.

e ee——.
_ fieanor Duckworth is currently iecturer at the
J«culté de Psychologie et des Sciences de L"Educa-
* ., Université de Genéve, Switzerland.

Vs, Duckworth has been a steff member of the
“~mentary Science Study, evaluator of the African
“harv Science Program, and founding director of
*¢ Lishthouse Leaming Program in her home
=nince of ‘Nova Scoba, Camada. Her writings
“‘wde numerous articles on children’s learning,
<4 she has alsc prepared 2 film for teachers,
“sring Aboyt Thinking and Vice Versa.
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i would like to give some attention to
what is involved when the right answer
is not aiready known.

&

During the last few years, in Geneva,
Swirzerland, Barbel Inhelder, Hermine

Sinclair, and Magali Bovet have done some ~

important work in trying to shed light on
what happens when a child takes himself
from one level of understznding to an-
other.* As part of this project, they would
meet with a child several times over a
period of one to three weeks (depending
on the experiment), each time presenting
him with situations in which the contra-
dictions in his own thoughts would be
brought into relief. In this way they could
witness his attempts to put his ideas to-
gether in different and more satisfactory
ways. In no way, however, did their pro-
cedure seek to teach children “the right
answer.” They sought instead to give chil-
dren the opportunity to explore their
ideas and to try to make more sense
of them,

Among the most fascinating aspects of
the book are the lengthy accounts of
children grappling with their own non-
understanding—occasions when the chil-
dren knew that something was not quite
right and tried to do something about it.

One of the experiments deals with the

~realization that an amount of liquid re-
~mains the same quantity, even though it
is tnade to look different; for example,
when it is poured into a glass of a dif-
ferent shape. The apparatus inhelder and
her colleagues used is shown in the draw-
ing. Small valves allow the liquid to run
from upper glasses to lower ones. The
glasses A, A’, C, and C are all the same.
In the middle layer, glasses of different
dimensions are used: B (the same as A
and O, N (narrow—as shown), and W
{(wide—the same height, but wider than
B). The flasks F and ¥’ were used to fil
the top glasses. :

The foliowing is an account of Jac, a
boy nearly six years oid.

To begin the first session, A and A’ are
filled to the same level, and jac correctly
anticipates that the quantities and levels
of the liquids in C and C' will be the
same. As they proceed to let the liquids
run, he remarks spontaneously, “Gee,
that's high there [in N]. But | poured with

the same bottle [Fl. | poured all of it” -

" Apprentissage et Structures de 2 Connaissance
(Paris: Presses Universitaires de France, 1974),

A A
B W
C c F F

During the second part, a real confiict
is born. A and A’ are again filled to the
same level. A is emptied into B, and then
Jac is told to run the same amount from
A’ into N. “How can | do it?” he asks.
“If | stop at the same place [that is, the
same levels in B and Nj, | won't have the
same amount to drink at the end [in C7.
Look, | left 2 bit up there [A7]. To get the
same at the end, 1 have to pour all of it
But then that doesnt go up the same.”
He pours it 2ll into N, and rernarks, with-
out any prompting from the investigator,
“1t looks like too much, doesn‘t it?”

The wider glass W] is then substituted
for B, and Jac is asked to do the same
thing again. He is visibly perplexed.
“That's really funny. If ] don’t leave that
little bit up there, ! never get the same
thing here lindicating the levels in W and
N]. In that one it's so big, and in the
skinny one. . . . But that has to be just as
much liquid; it's all there. 1 know! It only
looks like there’s more! in the skinny
glass, the liquid is squeezed in, so it has
to go up. In the big one it’s spread out!”

To begin the second session, the glasses
B and N are behind a screen when the
liquid is poured into them—egqual
amounts from A and A". Jac predicts how
high the levels will be, and then the screen
is removed. ‘He seems delighted to see his
predictions confirmed. “1 know, it's like
the last time! There's always the same
amount to drink; it just looks like there’s
more. The liquid just goes into the glast
different.” ,

Next, A is filled from F and A” from F.

- so there are different quantities to begin

with, but the levels are the same oncé
they have flowed into B and N. jJac I5
bemused for 2 moment when he sees



.

phem in B and N. “How come? I poured
the little bottle in there [A7] and now it's
the same. Oh, I know! it'sstill the same!
vou'll see atthe end. . .. Wait! 1 know, all
the time it's still less on that side [the
ﬁgh:-hand side]. There wasn’t any more
in the middle. There can’t be!”

“Gee!” “How can | do it?” “That's
really funny.” “How come. .. ?* “Wait
—wait!” “Oh, | know!” Surprise, puzzle-
ment, struggle, exciternent, anticipation,
and dawning certainty—those are the
matter of intelligent thought. As vir-
wes, they stand by themseives—even if
they do not, on some specific occasion,
jead to the right answer. In the long run,
they are what count.

One can also find such virtues in the
cassroom. ! once watched a class of
ten-year-olds, while they leamed about
pendulums. In the class, there was 2 boy
named Alec who would be any teacher's
ioy. He was full of ideas, articulate about
them, and thoughtful and industrious in
jollowing them through. During the
course of the pendulum study, Alec, work-
ing in his usual thorough and competent
way (with a partner in tow), pursued many
questions that nobody else had the
interest or the patience to work through.
The rest of the class occasionally took an
interest in what he had been doing, but
ussually he and his partner went their own
way.

After a number.of weeks, the class
watched, some film loops, in which a pen-
dulum dropped sand as it moved, thus

! leaving a record of its travels. One ques-
; tion the students considered was, when

: pendulum is swinging back and forth,
does it slow down at each end of its
swing, or does it maintzin the same speed
and simply change direction? Alec, who
was something of 2 mathematician by in-
cination, finding merit more readily in
deduction than in experience, quickly
maintained that the pendulum did not
siow down at the ends, “because there's
10 reason for it to.” The other chiidren
‘ended to agree, because that first opinion
z2me from Alec. The teacher said noth-
:ng. but continued playing the loop in
which the sand was falling into a row of
straws,

After a while, one child said, "I don't
zet it. Why isn’t it the same all along the
“raws, then?” There was a silence again
#s they continued to watch. Another child
«id, “There’s more at the ends; it piles
P at the ends.” Other remarks came:

“How come it isn’t higher in the middle—
because it goes back and forth over the
middie?” “It probably goes fast over the
middle-~fast over the middle and slows
down at the ends.” “Besides, how can it
stop without slowing down?”

Gradually, the comments added up—
always directed, at least - implicitly, to
Alec’s idea. At last one child dared to
commit himself: “It has to be slowing
down at the ends.” And one by one, each
chiild committed himself to an opinion
that was the opposite of Alec’s. Alec, who
was used to being the only one to hold
to a given opinion, was unconvinced for
a long time by their reasons. Long enough
so that a2imost every child in the class,
independently, summoned the inteliectual
courage to maintain a position that was
opposite to Alec's—and even to argue
with him. Until finally, Alec was con-
vinced by their reasons, and quietly
changed his mind.




The class played out in public view
virtues concerned with courage, caution,
confidence, and risk. The courage to sub-"
mit an idea of one’s own to someone
else’s scrutiny is a virtue in itself—un-
related to the rightness of the idea.
Alec’s idea was wrong, but it was his
customary willingness to propose it and
defend it that paved the way to a more
accurate idea. The other children were
right, but they would never have arrived
at that right idea if they had not taken
the risk—both within themseives and in
public—to question Alec’s idea.

There was an epilogue, too. The next
and last time the teacher visited that class,
Alec put forth another idea during public
discussion, again with easy confidence
that it would work. It didn't. It was dis-
carded and the class looked for others.
On neither of those oceasions did Alec
suffer, either in his own eyes or in the
eyes of anyone else. He had never been
arrogant when his theories worked out
well, so that he felt no disgrace when an
idea failed. There was neither false mod-
esty nor defeat when he said to the
teacher as she left that day for the last
time, “You know, I've learmed one thing
in-this cass—I| don’t always have such
great ideas.”

Alec was used to defending a theory
that he judged sound. What was new for
him was the honest recognition that some
of his thoughts might bear 2 closer look
before deserving his commitment to them
—and they might even benefit from the
scrutiny of other children.

In both of these examples, problems
were set for the children, and we saw
what was involved in trying to resolve
them. Another whole domain of virtues
we have not even mentioned is that of
sitting alone, noticing something new,
wondering about it, freming 2 question
for oneself to answer, and sensing some
contradiction in one's own ideas—in
- other words, all of those virtues that are
involved when no one is present to stimu-
late thoughts or act as prompter.

The virtues invoived in not knowing are
the ones that really count in the long
run. What you do about what you don't
know is, in the final analysis, what de-
termines what you will ultimately know.

It is, moreover, quite possible to help
. children develop these virtues. Providing
occasions such as those described here,
accepting surprise, puzzlemnent, excite-
' ment, patience, caution, honest attempts,

and wrong outcomes as legitimiate and
important elements of learning, easily
leads to their further development. And
heiping children to come honestly to
terms with their own ideas is not difficult
to do. There was nothing particularly
skillful or subtle in the roles of the adul
in these examples.

The only difficulty is that teachers are
rarely encouraged to do that—largely be-
cause standardized tests play such 2 pow-
eriv! role in determining what teachers
pay attention to. Standardized tests an
never, even at their best, tell us anything
other than whether a given fact, notion, or
ability is already within a child’s reper-
tory. As a result, teachers are encouraged
to go for right answers, as soon and as
often as possible, and whatever happens
along the way is treated as incidental.

it would make 2 significant difference
to the cause of intelligent thought in gen-
eral, and to the number of right answen
that are ultimately known, if teachern
were helped to focus on the virtues in-

volved in not knowing, so that these

virtues would get as much attention in
classrooms from day to day as the virtue
of knowing the right answer,
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Beyond the IQ: Education and
Human Development

Developing the Spectrum of Human Intelligences
HOWARD GARDNER, Harvard Unizersiy

Allowmetomsporta]lofustodzePaﬁsoleOO-LaBdleEpoqm. Around
1900 thecityﬁ:hersof?aﬁsapproa:hedapsycholog’m named Alfred Binst with
an vnusual request: Couldhedevisesameﬁndofammmwhichwotﬂdpredict
whichycungstuswou!dsuoceedandwbichwouldfaﬂinthepﬂmarygradsof
Paris schools? As everybody knows, Binet succeeded. He produced a set of test
items which could predict a child’s success or fafhure in school. In short order, his
discovuyamembecaﬂedthe‘imeﬂigencem”;hismsure,tbe‘lg”m
other Parisian fashions, the IQ soon made its way to the United States, where it
enjoyed 2 modest success until World War I. Then, it was used to test over one
million American recruits, and it had waly arrived. From that day on, the IQ test
has looked like psychology’s biggest sucesss—2a genuinely useful scientific tool.
Whaxisthevisiontha:ledto'theexcitemmtaboutIQ?Atleastin:heWs:,_
pwplehadalwaysrdidonhmiﬁveamemsofhowsmmorherpeoplewere.
Now intelligence seemed to be quantifiahle. You could measure somecne’s actual
or potential height, and now, it seemed, you couid also measure someone’s actual
or potential intelligence. We had one dimension of mental ability along which we
could array everyone.
The search for the perfect measure of intelligence has proceeded apace. Here,

for example, are some quotations from an ad for 2 widely used test:

Need an individual test which quickly provides a stable and relizbie esimars of

intefligence in four or five minures per form? Has three forms. Doesn't depend

uponvabalproducﬁonorsubje:&vescou’ng.Canbemdwhh:hesevudyphys-

September 5. 1986. It has been edited anly in the interests of grezzer claray. No formal references

-mmmﬂ.mmmmma&emﬁ

is referred o v book Frome of Mind: The Theory of Maltiph: IniZigences (New Vork: Basic Books,
IQﬁ).Mmmaﬁds,ﬁi&mWhpﬁcaﬁm;d&M.mja&phWﬂm
ndezﬁGm,'ﬁeDevdnmandEduﬂﬁmdMﬁphMgmcs.'hzmm&
Intellect, edi. Pmmwﬁhgmgc:mbaﬁomtm, 1985): and

Heroard Educciional Resior Vol 57 No. 2 May 1987
Copyright € by President and Fellows of Harvard Callege
0017-8055/87/0500-0187501.25/0
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icauyhandimpped(cvenpanlyzad)iftheycansignalmorno. Handles two-
year-olds and superior adults with the satne short series of items and the same
format. Only $16.00 complete.

Now, that’s quite a claim. Arthur Jensen suggests thar we could look at reaction
irne to assess intelligence: z set of lights go on; how quickly can the subject react?
Hans Eysenck suggests thar investigators of intelligence should ook directly at
brain waves,
There are also, of course, more sophisticated versions of the IQ test. One of
them is called the Scholastic Aprtitude Test (SAT). It purports to be a similar kind
of measure, and if you add WP 2 person’s verbal and math scores, as is often done,

ously. 'I'bismoddforaschoolisbasedmpanonﬁndingsfmm sciences that did
not even exist m Binet's time: oogni&vescience(thesmdyofthemind),andneu-
roscience (the study of the brain). One suck approach I have called my “theory
of mulripie intelligences.” Proceeding rapidly, I will now tell you something about
issmucs,isdaims,andimedumﬂonalimpﬁﬁﬁmsforapoﬁhlexhodofthe

tests, mdhokinmda:momnatumﬁsucsuurmofinfomaﬁmabomhwpeo-
plsamdthewoﬂddevdopskiﬂsimpomtothei:wayofﬁfe.ﬂink,forex-
ample,ofsﬂomintheSouthSas,whoﬁnddndrwaymmdhundmds,ofm
thomnds,ofis!andsbylooﬁnga:themdlaﬁonsofs:arsinthcsky, fecling
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Symposia

HOWARD GARDNER

ers.Anofthsediﬁ'erentmlsneedwbetakenintommifweamepttheway
1 define intefligence —that is, as the ahility to solve problems, or to fashion prod-
ucis,tha:arevaluedinoneormoreaﬂturalsetﬁngs.ForthemomentIamaaying
nothingaboutwheﬂlcrthemisonedimension,ormetbanonedimmsion, of
intelligence; nothingaboutwherherimd]igenceisinbomordevdopad. Instead 1
emphasize the ability to solveproblemsandtofﬁhionpmduc:s.hmyworklseek
the building blocks of the inteiligences used by the aforementioned sailors and sur-
and sorcerers.

Thesciencchthisenterpﬁse,tothemmtthaxiteﬁsts, involves trying to dlis-
cwerthcﬁghtds:ﬁp&onofthein&dﬁgm.%axisanhteﬂigmce?frouyw
answer this question, Ihzve,w‘mhmycolleagus,sumyedav&desetofm
which, to my knowledge, have pever been considered together before. One source
iswha:wea]readyknowof:hedevdopmentofdiﬁacntkindsofskﬂ]sinnomal
children. Ancther source, and a very important one, is information on the ways

agedpaﬁmtsyiddsawrypowerfulldndofevidmce,becausehsecmsmreﬂea
the way the nervous systemhasevolvedova-themﬂlenniamyiddmahdiscrete
kinds of intelligence.

species and in dramatically different cuitures. Finally, we consider two kinds of
psychological evidence: correlations among psychological tests of the sort yielded
by a factor analysis of a test battery; and the results of efforts of skill maining.
When you train a person in skill A, for example, does that training transfer to skill
B? So, for example, does training in mathematies enhance one’s musical abilities,
or vice versa?

Obviously, through looking at all these sources — information on development,
on breakdowns, on special populations, and the like—we end up with 2 corau-
copia of information. Optimally, we would perform a factor analysis, feeding ali
the data into 2 computer and noting the kinds of factors or intelligences that are
extracted. Alas, this kind of material didn't exist in a form that is susceptible to
computarion, and so we had o perform a more subjective {actor analysis. In truth,
we simplya:udiedthercsrﬂtsasbstwecould, and tried to organize them in a way
that made sense to us, and hopefully, to critical readers as well. My resulting list
of seven intelligences is a preliminary attempt to organize this mass of informa-
ton.

1 want now to mention briefly the seven intelligences we have located, and 0
cite one or two examples of each intelligence. Linguistic intelligence is the kind
of ability exhibited in its fullest form, perhaps, by poets. Logical- ieal in-
telligence. as the name implies, islogicalandma.themtical ability, as well as sci-
entific ability. Jean Piaget, the great developmental psychologist, thought he was
studying aff intelligence, but 1 belicve he was studying the developmem of logical-
mathemarical intelligence. Although I name the linguistic and logical-mathemati-
cal intelligences first, it is not because I think they are the most irnportant—in fact,
1 think ail seven of the intelli ces have equal claim to priority. In our sociery,
however, we have put linguistic and logical-mathematical intelligences, figura-
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tively speaking, on 2 pedestal. Much of our testing is based on this high valuation
of verbal and mathematical skills. If you do well in language and logic, you will
do well in IQ) tests and SATS, and you may well get into a prestigious college, but
whether you do well once you leave is probabiy going to depend as much on the
extent to which you possess and use the other intelligences, and it is to those that
I want 10 give equal artention.

Sparial intelligence is the ability to form z mental model of 2 spatial world and
to be able to maneuver and operate using that model. Sailors, engineers, surgeons,
sculptors, and painters, to name Just a few examples, all have highly developed
spatial intelligence. Musical intelligence is the fourth category of ability we have
identified: Leonard Bemnstein, Harvard Class of ’39, has lots of ir; Mozart, pre-
sumably, had even more. Bodily-kinesthecic intelligence is the ability to solve
problems or to fashion products using one’s.whole body, or parts of the body.
Dancers, athletes, surgeons, and crafispeople alf exhibit highly developed bodily-
kinesthetic intelligence.

Finally, I propose two forms of personal intelligence — not well understood, elu-
sive to study, but immensely important. Interpersonal intelligence is the ability 1o
understand other people: what motivates them, how they work, how to work co-
operatively with them_ Successfil salespeople, politicians, teachers, clinicians, and
religious leaders are all likely to be individuals with high degrees of interpersonal
intelligence. Intrapersonal intelligence, a seventh kind of intelligence, is a correla-
tive ability, ramed inward. It is a capacity to form an accurate, veridical mode]
ofomelfandtobeabletousethatmode[toopmeeﬁ'ecﬁvdyinli:&.

These, then, are the seven intellj ces thar we have described in our research.
This is a preliminary list, as I have said; obviously, each form of intelligence can
be subdivided, or the st can be The real point here is to make the
case for the plurality of intellecr. Also,webd.ievetha:individua]smaydiﬁ'erin
:heparduﬂa:in:eﬂigmeepmﬁlsuithwhich:hcymbom,andthmcmainly
they differ in the profiles they end up with. I think of the intelligences as raw, bio-
logical potentials, which can be seen in pure form only in individuals who are, in
the technical sense, freaks. Inaimostevaybodyelsetheinteﬂigmcesworkto-

aﬂl&e,askmaimmmmandumﬁm,tohowemytﬁng,oratlustmbdim
in&cpmenﬁalofknowingevery:hing,bmma:idddeadyisnmposﬁoleany-
more. Choice is therefore inevitable, and one of the things thar I want to argue
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is that the choices that we make for curselves, and for the people who are under
our charge, might as well be informed choices. An individual-centersd school
would be rich in assessment of individual abilities and proclivities. It would sesk
to match individuals not only to curricular areas, but 2lso o0 particular ways of
teaching those subjects. And after the first few grades, the school would also seek
to march individuals with the various kinds of life and work options that are avail-
able in their culrure.

I want to propose a new set of roles for educators that might make this vision
a reality. First of all, we might have what I will call “assessment specialists.” The
job of these people would be to try to understand as sensitively as possible the abili-
ties and interests of the students in a school. It would be very important, however,
that the assessment specialists use “intelligence-fair” instruments. We want to be
able to look specifically and directly at spatial abilities, ar personal zbilities, and
the like, and not through the usual lenses of the linguistic and logical-mathemati-
cal intelligences. Up undl now nearly all assessment has depended indirectly on
measurement of those abilities; if sudents are not strong in those areas, their abili-
ties in other areas may be obscured. Once we begin to try 10 assess other kinds
of intelligences directly, I am confident thar particular students will reveal
strengths in quite different areas, and the porion of general brightness will disap-
pear or become greatly attenuated.

In fact, ] am now involved with colleagues in two collaborations through which
we are attempting to determine what assessment might be like in the future. One
such effort, undertaken with my colieague David Feldman, is taking place at a
local preschool, with which we are working closely. We have richly equipped the
school with marerials thar should engage the range of the students’ intelligences,
and in fact we call our effort “Project Spectrum.” The children are allowed to grav-
itate naturally to a wide variery of games, puzzles, and other materials, and they
can show us, through their play activites, what their parricular combinarions of
interests and strengths are. At the conclusion of the school year, we present what
we call a “spectrum profile” for each child to his or her parents and teachers. This
is 2 description in plain English of a child’s particular cognitive profile, together
with some concrere suggestons of what might be done at home, in school, and in
the wider community, to help that particular child to develop his or her interests
and abilities.

Our second research collaboration involves the zeaching of the arts and humani-
ties to preadolescent and adolescent students. We are working with ETS, which
does many things other than administer the SAT. In this project, narned ARTS
PROPEL, we are trying to develop new ways of figuring out the strengths of sta-
dents in the junior and senior high school in the arts and humanities. We are
agreed that, whatever use paper-and-pencil tests may have in other areas, they are
not the optimal way to reveal students’ latent abilities in the arts and humnanities.
In ARTS PROPEL, students are working instead in a much more molar way on
large-scale projects, which will then be collected in portfolios for us to assess. It
is my hope thar a student profile based on such assessroents might serve ar least
as an adjunct to standardized testing, and that perhaps it may eventually even
serve as an alternative to testing. .

In addition to the assessment specialist, the school of the future might have the
“student curriculum broker.” It would be his or her job to help match students’
profiles, goals. and interests to particular curricula and to particular styles of
Jearning. Incidentally, I think that the new interactive technologies offer consider-

-. 191




Haroard Educationa! Review

able promise in this area: it will probably be much easier in the future for “brok-
ers” to marck individual students 10 ways of learning thar prove comfortable for
them.

There should also be, I think, a “school-community broker,” who would march
students to learning opportunities in the wider community. It would be this per-
son’s job to find siruations in the communi » particularly options net available in
the school, for children who exhibit unusyal cogmitive profiles. I have in mind ap-
prenticeships, mentorships, internships in organizations, “big brothers,” “big sis-
ters” —individuals and organizations with whom these students might work 1o se-
cure a feeling for different kinds of vocational and avocational roles in the society.

I am not worried zbourt those youngsters who are goed in everything. Theyre
going to do just fine. Pm concerned about those who don’t shine in the standard-
1zed tests, and who, therefore, tend to be written off as not having gifts of any

to ensure that the compiex smdent-assmcnt-ctm-iculum-com.munity equadon is
balanced appropriately.. If the equation is seriously unbalanced, master teachers
would intervene and suggest ways to make things better.

Clearly, what I am describing is a tall order: it might even be called wwopian.
Andthcreisamajorrisktothjspmgam, of which I am well aware. That is the
risk of premature billeting — of saying, “Well, Johnny is four, he seems 1o be musi-
mLSoweuegoingmsmghimmJuimudanddropevu-y:bingdse.’nmis

early Wﬂ'de:minaﬁon—quitetheconmry. It seems to me that early identifica-
ﬁonofsneng:hscanbeveryhelpﬁﬂhindimﬁngwhmkindsofﬁ:paiencschﬂ-
drenmightpm&t&om,butnﬂyidenﬁ.ﬁcaﬁon of weaknesses can be equally im-
portant. Haweaknmisidmﬁﬁedearly,tbueisachanaetoanendtoitbefore
it is too late, andtocumeupwithaltemaﬁvewaysofmdﬁngorofmvuingan
important skill area
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much more humane thar it is now, and that psychologists should spend less ime
rankh!gpeopleandmoretimetryingtohdpthm. .

‘BsﬁsfisanmmyveﬂedreferenoemabqokbybaﬁdHalberstammﬂedi
Best and the Brightest. Halberstam referred ironically to figures such as Harvard fac-
ulty members who were brought to Washington to help Jobn F. Kennedy and in
theprocesshtmchedtheViemamWar.Ithinkthmanybdiefthatanthcanswers
magimpmbiﬁeinonecqr:ainappmach,suchaslogical-ma:hemaﬁmlthink-
ing, can be very dangerous. One of the leitmotifs of this symposium is the idea
that current views of intellect need to be leavened with other points of view.

ItisoftheutmostimponanccthatwermMandnurmreaﬂofthev-aried
hmanintdﬁgmcs,andaﬂofthemmbinaﬁonsofhmdﬁgmmWeareaﬂsodif-
ferent largely because we all have different combinations of intelligences. If we rec-
ognize this, 1 think we will have at least a better chance of dealing appropriately
wirhthemanypmblcmsthatweﬁcehthewoﬂd.liwecanmobﬂizethespmm
of human abilities, notonlywﬂlpeop!efedbeuerabout:hemsdves and more
competent; itisevenpossihletha:ﬂxeywﬂla!sofeelmoreengagedandmoreread—
ily able to join with the rest of the world community in working for the broader
good. Perhaps if we can mobilize the full range of human intelligences, and ally
themmanethidsmse,wemhdpminmase;heﬁkeﬁhoodofoursurﬁvalon
this planet, and perhaps even contribate to our thriving,

Educating for a Moeral Life

ROBERT COLES, Hervard Unizersity

How about this for a kind of intelligence, an important kind: for a parent o bring
up a child, to feel love and affection, to struggle with impatience, to struggle with
the sense of frustration and irritabikry, to yearn for things for the child and for
oneself, to be faithful to the child, loyal to the child, faitbful to the child’s other
parent. One might call this parental intelligence —~human intelligence, caring and
concern and devotion, devotion thar allows for discipline and thoughtfulness and
bad dreams and guilt at tmes, and for the sense of failure that one sometimes has
to live down.
There is, I would argue, moral intelligence; and there is also immoral intelli-
_ There is mischievous intelligence, and wicked intelligence. This fall we will
see published a history of the medical people who worked for the Third Reich—
The Nezi Doctors. In that book, in a Jirtle footnote, we are reminded thar in 1933
and 1934, some of the most prominent and distinguished intellectuals in Germany
signed up with Hider. They were doctors, and lawyers, and intellecruals; phi--
losophers, psychoanalysts, psvchclogists, journalists, authors of books—high-IQ
, even in the seven categories just given us. These were people with creden-
ﬁalsﬁkemineandyau:s,universiryeducaﬁons,andaﬂsonsofdrms-someof
them — yes, utopian. Think, too, of Roussean, whose ideas we all call upon. Who-
ever looks at Rousseaw’s life, and all those children he fathered and abandoned?
Rousseau created grear theories, many books-and five or six children, strewn
across France, whom he never cared enough to see for more than 2 day or two.
All the highly intelligent people I have just mentioned can be connected to evil,
and mischief, 2nd exploitation. So the issue is not only intelligence as a part of
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Reform in Primary
Mathematics Education:
A Constructivist View

Constance Kamii, Barbara A. Lewis, and Sally Jones

Sometimes in danger of getting lost amidst
many theories of instruction in mathematics,
children must be encouraged to do their own
thinking rather than being taught shortcuts.

athematics education in the United
States is well known to be in need of
reform.! This need for improvement
is clear from the beginning of the ele-
mentary es, as we ¢an see in a
report of the National Assessment of

Educational Progress:

One would expect 2 majority of nine-
year-olds . . . © have mastered basic
mathematical operations. .., as these
skills are usually taught in elemen-
tary school. The fact that only
twenty-one percent of the nine-year-
olds attained this level in the 1986
assessment . . . suggests that reform
in the mathematics corriculum may
be warranted from the earliest

grades.?

The research and theory of Jean
Piaget have demonstrated that chil-
dren acquire number concepts by
constructing them from the inside, in
interaction with the environment,

Reprinted with permission of author

rather than by iternalizing them
from the environment as traditional
mathematics educators assume.? On
the basis of this theory, called con-
structivism, we have been develop-
ing a way of “teaching” arithmeticin
the primary grades.* One of the con-
clusions we have reached is that the
teaching of rules, or algorithms, to
get correct answers is harmful to .
children’s learning of arithmetic. Our //
reasons for saying this are that (a)
these rules go counter to children’s
natural ways of thinking, (b) algo-
rithms “unteach” the little under-
standing children have of place
vaiue, thereby depriving them of op-

ities to develop number sense,
and (c) the history of computational
procedures suggests that children
would understand algorithms better
if they were allowed to go through a
comstructive process similar to this
evolution.
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Curriculumn reform
requires that we
study children’s

process of learning
and facilitate
their process of
construction
instead of
continuing to
teach in ways
that seem efficient
_for adults.
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This article elaborates on these
points and explains why we believe
that children must be encouraged to
do their own thinking rather than be
tanght shortcuts. Carriculum reform
requires that we study children’s
process of learning and facilitate
their process of construction instead
of continuing to teach in ways that
seem efficient for adults.

Algorithms and Children’s
Nataral Ways of Thinking

Two of us work at Hall-Kent
School, a public school near Birming-
ham, Alabama, where a primary
mathematics is being devel-
oped on the basis of Piaget's theory.
In this program teachers do not in-
troduce any algorithms but, instead,
encourage children to invent their
own procedures for the basic opera-
tions. The following examples are
typical of the procedures children in-
vent and illustrate how their naturai
ways of thinking are in direct oppo-
sition to that of conventional algo-
rithms (from the higher-order umits
to the ones in addition, subtraction,
and multiplication, and from the
Iower-order to the higher-order units
in division). These procedures are all
invented in mental arithmetic, and
children use writing only when a
problem has so many steps that it is
impossible to remember the results
of previous steps (e.g., the division
problem below).

16
+17

10+10=20
6+7=13 .
20+10=30
30+3=33

10+10=20

7 + 3 = another ten
20+10=30
30+3=33

++++++++++

43
=15

40-10=30
3-5=2Dbelow0
3V-2=28

40-10=30
30-5=25
25+3=28

4x10=40
4x3=12
40 + 12=52

XXX XXX XX

22i275

22 +224+22422...
until the total comes close
to 275, or

10 x 22 =220, and then
proceeding by addition
until the total comes close
to 275

The order of steps in conventional
algorithms is from right to left in ad-
dition, subtraction, and muitiplica-
tion, and from left to right in
division. Algorithms thus go counter
to children’s ways of thinking in each
one of these operations and preveni
them from using their own natural
ability to think Algorithms furthes
hinder children’s thinking in anothe:
way: By requiring them to write, al-
gorithms focus children’s attentior -
on writing rather than on reasoning,

A Piagetian Task

Our emphasis on children’s natwr
ral ways of thinking is based or
Piaget’s theory about the nature o
logico-mathematical knowledge
The best way to explain this theory i
with examples of children’s reaction
toa task.



In this task, which was devised by
Barbel Inhelder and Jean Piaget, two
jdentical glasses and about fifty
wooden beads (or chips, beans, efc.)
are used.5 The child is given one of
" theglasses, and the interviewer takes
the other glass, The interviewer then
asks the child to drop a bead into his
or her glass each time she drops one
into her glass. After about five beads
have thus been dropped into each
glass with one-to-one correspon-
dence, the adult says, “Let’s stop
now, and you watch whatIam going
to do.” The interviewer then drops
one bead into her glass and says to
the child, “Let’s get going again.”
The adult and the child drop about
five more beads into each glass with
one-to-one correspondence, until the
adult says, “Let’s stop.” The follow-
ing is what has happened so far-

Adult T+1+t+1+T+T+1+1+14141
Child: 1+1+1+1+1  +1+1414141

The adult now asks, “Do we have

the same amount, or do you have .

more, or do ] have more?”

Four-year-olds usually reply that
the two glasses have the same
amount. When we ask, “Flow do you
know that we have the same
amoumt?” the children explain, “Be-
cause I can see that we have the same
(amount).” (Some four-year-olds,
however, reply that they have more,
and when we ask them how they
know that they have more, their ex-
planation consists of only one word:
“Because.”)

The adult goes on to ask, “Do you
remember how we dropped the
beads?” and four-year-olds usually
give all the empirical facts correctly,
including the fact that only the adult
put one bead into the glass at one
point. In other words, four-year-olds
remember all the empirical facts cor-
rectly and base their judgment of
equality on the empirical appearance
of the two quantities.

By age five or six (in kindergarten),
however, most children deduce logi-

cally that the teacher has one more.
When we ask these children how
they know that the adult has one
more, they invoke exactly the same
empirical facts as the four-year-oids.

No one teaches
five- and
six-year-olds
to give correct
answers to these
guestions. Yet
children all over
the world become
able to give
correct answers
by constructing
numerical
relationships
through their own
natural ability
to thinl.

If a child says that the adult’s glass
has one more bead, the interviewer
goes on to pose the next question: “If
we continued to drop beads all day
(or 21l night) in the same way (with

one-to-one correspondence), do you
think we will have the same nurmber
at the end, or will you have more, or
will I have more?” Five- and six-
year-olds divide themselves into two
groups at this point. The more ad-
vanced group answers in the way
that adults would; that is, there will
aloays be one more in the inter-
viewer’s glass. The other group
makes empirical statements such as
“1 don’t know because we haven'’t
done it yet” or “We don't have
enough beads to keep going all day.”

Children’s responses in this task
illustrate their construction of numm-
ber concepts from within. No one
teaches five- and six-year-olds to
give correct answers to these ques-
tions. Yet children all over the world
become able to give correct answers
by constructing numerical relation-
ships through their own natural abil-
ity to think. This construction from
within can best be explained by re-
viewing the distinction Piaget made
among three kinds of knowledge ac-
cording to their ultimate sources and
modes of structuring~—physical
knowledge, logico-mathematical
knowledge, and social (conven-
tional) knowledge.

Physical, Logico-Mathematical,

and Social Knowledge .
Physical knowledge is knowledge

of objects in external reality. The

color and weight of a bead are exam-

| ples of physical properties that are in

objects in external reality and that
can be known empirically by obser-
vation

Logico-mathematical knowledge,
by contrast, consists of relationships
created by each individual. For in-
stance, when we are pres with
a red bead and a blue one and think
that they are different, this difference
is an example of logico-mathematical
knowledge The beads are observ-
able, but the difference between them
isnot The difference exists neither in
the red bead nor in the blue one, and
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When children
have not yet
constructed the

logico-mathermnatical

relationship of
numbers in their

heads, all they can

get from the
experience is

physical, empirical
knowledge. This is
why four-year-olds
can remember the

empirical facts of

dropping all the
beads except one

with one-to-one
correspondence.
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if a person did not put the objects
into this relationship, the difference
would not exist for him or her. Other
examples of relationships the indi-
vidual can create between the same
beads are “similar” and “two.”
Logico-mathematical knowledge is
thus not empirical knowledge, since
its source is in each individual’s
head. (However, we could not make
relationships if there were no objects
in the external world to put into rela-
tionship.)

The ultimate sources of social
knowledge are conventions worked
out by people. Examples of social
knowledge are the fact that Christ-
mas comes on December 25 and that
a tree is called “tree.”

The distinction among the three
kinds of knowledge makes it possi-
ble to understand why most four-
year-olds in the task described earlier
say that the two glasses have the
same amount. When children have
not yet constructed the logico-math-
ematical relationship of numbers in
their heads, afl they can get from the
experience is physical, empirical
knowledge. This is why four-year-
olds can remember the empirical
facts of dropping all the beads except
onewith one-to-one correspondence.
This one-to-one correspondence,
however, is only empirical, and four-
year-olds judge the quantity of beads
alsoempirically. This is why they say
that the two glasses have the same
amount and explain, “] can sez they
have the same amount ”

By age five or six, however, most
children have constructed the logico-
mathematical knowledge of num-
bers and can deduce from the same
empirical facts that the teacher has
one more bead. However, number
concepts take many years to con-
struct, and the child who has created
them up to ten or fifteen does not
necessarily have concepts of fifty, a
hundred, or more.

Piaget’s theory about the nature of
logico-mathematical knowledge ex-
plains why we say that children have

to construct this knowledge from
within, through their own natural
ability to think Traditional mathe-
matics educators are not aware of the
difference between logico-mathe-
matical and social knowledge and
advocate the teaching of algorithms
as if arithmetic were social knowl-
edge As a result, they unwittingly
impose procedures that go counter to
children’s natural ways of thinking.

Algorithms, Number Sense, and
Understanding of Place Value

The conventional algorithms for
addition, subtraction, and multipli-
cation are efficient because they
allow us to treat every column as
ones. These procedures are efficient
for adults who already understand
Pplace value. For young children who
are not sure of place value, however,
these algorithms serve to reinforce
their tendency to think about every
digitas ones. Children who aremade
to use algorithms are thus deprived
of opportunities to develop number
sense. Below are three exampies
from research demonstrating that
when children are encouraged to do
their own thinking, they understand
“tens and ones” better, have better
mrmber sense, and are superior in
mental arithmetic.

Children’s Explanation
of “Carrying”

Individual interviews were con-
ducted with eighty-five second grad-
ers to evaluate their umd i
of “carrying” and of “tens and
ones.”® Thirty-nine of these children
were in a traditional program in
which algorithms were taught, and
the other forty-six wereina construc-
fivist program that encouraged chil-
dren to invent their own procedures.

In the interview, each child was
shown a card on which the following
problem was written:

16
217



The interviewer asked the child to
2dd the numbers mentally, give the
answer, and then explain how he or
she got the answer. Almost all the
children in both groups gave the an-
swer of 33. All the traditionally in-
structed children explained that they
added the 6 and the 7 first. Almostall
then said, in essence, “I put my 3
down here (pointing) and 1 up there,
and 1 and 1and 1is 3;so [ put3 down
here, and the answer is 33.” By con-
trast, almost all the children in the
constructivist group added the tens
first and then the ones as described
earlier.

The child was then given sixteen
and seventeen chips for the two
numbers and asked to explain, using
the chips, how he or she arrived at
the answer. The percentage of chil-
dren who correctly explained “carry-
ing” ten was twenty-three for the
traditionally instructed group and
eighty-three for the constructivist
group (p< .001). The great majority of
the traditionally instructed children
“carried” one chip instead of ten,
showing that they understood nei-
ther the algorithm nor “tens and
ones” in this context.

Children’s Handling of
Misaligned Digits

In the final part of the interview,
the child was given a sheet of paper
on which the problem below was
written.”

4
35
+24

The interviewer asked the child to
“read these numbers” and then to
write the answer, When the child fm-
ished, the interviewer asked him or
her to read the answer aloud and
then inquired, “Does that sound
right?”

-The ge of children who
wrote “99” by mechanically follow-
ing the rule of adding the columns
was seventy-nine for the tradition-

ally instructed group and eleven for
the constructivist group (p<.001).

Children’s Mental Arithmetic
Different groups of second graders
were individually interviewed more
recently and asked to solve the fol-
lowing problem (written horizon-
tally) in their heads: 7 + 52 + 186. As
can be seen in Table 1, the second
graders who had notbeen taught any
algorithms (class 3) did much better
than those who had been taught
these rules {(class 1). Forty-five per-
cent of class 3 gave the correct an-
swer of 245, compared to twelve
percent of class 1. Most children in
cdlass 1 used a right-to-left procedure.

Those in class 3, on the other hand, -

all used a left-to-right procedure and
said, for eample, “180 + 50 = 230,
230+ 6=236, 236+2=238, 238+7
= 245" It is therefore not surprising
that the errors found in class 3 were
much more sensible than those in
class 1. In class 3, most of the wrong
answers were between 235 and 255.
In dlass 1, by contrast, many children

got small totals such as 29 and large
ones ranging from 838 to 9308!
(Those who got 29 or 30 did so by
treating all the digits as ones, ie, 7+
5+2+1+8+6=29.) More than half
of the children who had been taught
algorithms thus demonstrated a lack
of number sense.

The children in dlass 2 were in be-
tween, both in the instruction they
had received and in the results. The
teacher of class 2 did not teach the
algorithm for addition but taught the
one for subtraction and did not stop
parents from teaching these rules.

When children are encouraged to
do their own thinking, they develop
number sense, and it becomes unnec-
essary to teach algorithms, mumber
sense, mental arithmetic, and estima-
tion separately. In an age of comput-
ers and calculators, number sense,
mental arithmetic, and estimation
are particularly important because
children have to be able to sense an
error when they hit 2 key uninten-
tionally. The teaching of written al-
gorithms was appropriate when ail

Table 1

Second Graders'Answerstq7+52+ 186

Class 1 Class 2 Class 3
n=17 n=19 n=20
9308
1000

L 989
986
938 938
806
833 810
617
356
295 285
246
245 {12%) (26%) {45%)
! 243
13 238
200 213 235
198 188
133 138
125
30 114
2
29
| cam't de this. {12%}) (21%) {20%)
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The teaching of
written algorithms
was appropriate
when all we had
was paper and
pencil. In an age
of calculators,
however, ability to
think and to
estimate answers
becornes much more
important than
ability to follow
rules of written
procedures.
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we had was paper and pencil In an

age of calculators, however, ability to

think and to estimate answers be-
comes much more important than

ability to follow rules of written pro-
cedures.

The Constructive Process
in the History of
Computational Procedures

As an epistemologist, Piaget be-
lieved that the way to understand the
nature of knowledge is to study the
history of its construction by the
human species as well as by individ-
ual children.® just as he found many
parallels between the evolution of
Physics, astronomy, etc., and the de-
velopment of children’s thinking in
these areas, we found similarities be-
tween the history of computational
techniques and the increasingly
more effident procedures invented
by children at Hall-Kent School. As
revealed in the following statement,
today’s algorithms were a very late
achievement in human history: “It
was not until 1600 that our modern
Hindu-Arabic decimal system of nu-
meration became generally accepted
as the standard system of computa-
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Fig. 1. Objects used as comptrtational tools.

tions, replacing the use of Roman nu-
merals.”?

Until this surprisingly late date,
most of our ancestors performed
their computations with objects such
as pebbles and counters, and with
abacuses. Following is a sketch of
how these objects were used before
they were replaced by writing,

The Use of Objects

The Roman calculation board
shown in Figure la consisted of a
frame with parallel columns. The
first column, on the right, was for
ones, the second for tens, etc., and
pebbles or counters were placed in
each column to represent, for exam-
ple, 4,365 as shown in this figure,

A variety of boards, tablets, and
abacuses have been invented, but the
basic principle of representing the
base-ten system remained the same
for centuries. Figure 1b shows 4,365
with a horizontal system that used
the space between the lines to repre-
sent fives, “Five ones” is thus
sented with one pebble above the
line for onmes. “Six tens” is shown
with one pebble on the tens line and
one above this line. This use of five
as an intermediate higher-order unit

x O =




makes it easy to recognize six, seven,
eight, and nine at a glance.

By putting ten beads that could be
slid on a cord or a stick, our ancestors
made the kind of abacuses that can
still be seen today in many class-
rooms. The abacus disappeared from
Europe by 1700 but is still being used
in Asia. The most modern abacus
being used in Japan today is shown
in Figure 1c. The beads above the
horizontal divider each stands for a
five, and the ones below it each
stands for a one. Figure 1c shows
4,365 represented by raising four
ones in the thousands column, rais-
ing three ones in the hundreds col-
umn, lowering a five and raising 2
one in the tens column, and lowering
a five in the ones cohmmn.

It is important for math educators
to note that when our ancestors were
using the abacus, they used writing
to record only the results of the calcu-
lations carried out with the -abacus.
Groza states:

Around 1100 the general public used
Roman numerals and an abacus.
Businessmen sat before a line abacus
or counting table or “counter” {from
which we obtain our present word
counter as used in stores). Lines were
ruled on the table fas shown in Fig-
ure 1b} to indicate the powers of 10
and loose counters were placed on
theselines or between themand then
moved as the calculations were per-
formed 10

In Japan today, addition and sub-
traction are performed on the abacus
by beginning with the highest-order
unit and ing to the right, to-
ward the ones. Instead of “carrying”
and “borrowing,” the abacus is used
in the ways described below with re-
spect to the following examples:

4,365
-987

4,365
+ 987

To add 900, 100 is subtracted frst
and 1,000 is added. To add 80, 20 is
subtracted first and 100 is added. To
add 7, 3 is subtracted firstand 10 is

added. To subract 900, 1,000 is sub-
tracted first and 100 is added. To sub-
tract 80, 100 is subtracted first and 20

is added. To subtract 7, 10 is sub- -

tracted first and 3 is added. The
reader must have noted striking sim-
ilarities with the procedures in-
vented by second graders at
Hall-Kent School.

Compared to writing, physical ac-
tions on pebbles and beads are much
more closely related to mental ac-
tions (thinking). In fact, these physi-
cal actions are direct extensions of
mental actions. For example, push-
ing one bead up toadd oneis a direct
extension of this mental action
(whereas writing “+ 1” is not). The
use of an abacus is also closely re-
lated to mental actons in another
way: The person using an abacus has
to know whether the place value is
ones, tens, hundreds, etc. Ina written
algorithm, by contrast, once the col-
umns have been aligned, every col-
umn can be treated as ones.

While the general public thus used

counters and abacuses prior to 1600,

a literate minority was mventing
computational procedures that used
writing. Much of this history has
been lost, but a variety of procedures
have nevertheless been preserved.
We now turn to some examples, lim-
iting ourselves to addition.

The Use of Writing
Five major procedures are de-
scribed below: Bhaskara’s method,
the Hindu scratch method, and three
others that include a method of “car-
m‘g;ﬂ'
1. Bhaskara’s method (c. 1150).1*
Groza describes the following way
of adding 278 and 356

Sumoftheunits 8+6= 14 ( 14)
Sumofthetens  7+5=12- (12)
Sumofthe hundreds 2+ 3=5e¢ (5 )
Sum of the sums §34 (634)

The column to the right in paren-
theses is the version given by Smith
that does not use dots for zeros.?

Compared to
writing, physical
actions on pebbles
and beads are
much more closely
related to mental
actions (thinking). In
fact, these physical
actions are direct
extensions of
mental actions. For
example, pushing
one bead up to add
one is a direct
extension of this
mental action
(whereas writing
“+ 17 is not).
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Pearson describes the following
” method.1?

similar but “left-hand

278
+356

S
12
14

634

2 The Hindu scratch method. 4

This method presented by Groza

Pproceeds from left to right. The sum
is written at the top in steps as
illustrated below for the 278 + 356:
6 63
5. B2 A24
278 278 278
256 356 288

When this computation was done on
a “dust’ board, the digits were erased
as they were used instead of being
scratched out. The successive phases
of the same procedure resuited in
progressively less writing as can be

seen below:

278 —— 578 628 —~ 634

356 56 6

3. Aleft-to-right procedure described

by Smith 15
278
+356

B24
€3

4. A column-by-column procedure

described by Pearson 16
2 7 B
+3 5 6
5 12 14
6 3 4

S. Today’s conventional algorithm of

The foliowing historical accoumt of
“carrying” by Srnith (1925) helps us
understand the conventional nature
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of this rule and the lateness of ifs
invention:

The expression “to carry” . . . proba-
bly dates from the time when a
counter was actually carried on the
lineabacus to the space or lineabove,
but it was not common in English
works until the 17th century. Thus,
we have Recorde (c. 1542) using
“keepe i mynde,” Baker (1568) say-
ing “keepe the other in your minde,”
and Digges (1572) employing the
same phraseology and also saying
“keepinginmemorie,” and “keeping
Tepose in memorie.” The later popu-
larity of the word “carry” in English
islarﬁelyduetoHodder(Srded_,
1664).17

While writing is removed from
mental actions compared to physical
actions on counters and abacuses,
the old written procedures still al-
lowed our ancestors to go through a
careful process of reasoning step by
step. In fact, stmilarities can be noted
between our ancestors’ written com-
putational procedures and those in-
vented by children at Hall-Kent
School. Second graders at Hall-Kent
School, for example, use writing to
record mostly the results of their
thinking. Our children also
from left to right as stated earlier.

We can see in Light of the history
sketched above that today’s algo-
tithms are the results of centuries of
construction by the human species.
The teaching of these algorithms is
an attempt to transmit to children
only the surface behaviors resulting
from this historical evolution. By-
passing the constructive process may
seem like an efficient way of teach-
ing. However, children save time in
the long run when they are allowed
to invent their own shortcuts rather
thar being taught to mimick the final
results of centuries of human inven-
tions. When children are allowed to
construct their own logico-mathe
matical knowledge, they invent in-
creasingly more efficient procedures
just as our ancestors did. By doing

their own thinking and eventually
accepting conventional algorithms of
their own accord, children come to
understand these rules and truly
make them their own.

This article began by pointing out
the need for reform in mathematics
education. Attempts at reform must
not aim at teaching adult algorithms
“better.” Instead, the time has come
to take children’s thinking seriously
and to make fundamental changes.
Instruction must enhance, rather
than undermine, children’s own con-
struction of mathematics.
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by Joseph D. Novak

he same year thar E
Skinner’s The Behavio
Organisms was publisl
(1938), the presidentof
American Psycholog:
Associadon rold his «
leagues thar more emphasis should
placed on meaning as a facror of learni
Since then, monumental studies by J

Piagetin Geneva and George Kellyin -

United Stares have influenced educarti
It was not until che 1960s, however, 1
we began w0 understand how mean
affects learning.

David Ausubel was one of the {
reszarchers to study the connecrion
tween meaning and leamning, In his 1
book, Educational Psychology: A Cogni
View, he wrote, “If T had 1o reduce al
educational psychology to just one p:
cple, I would say this: The most im
tanr single factor influencing learnin
what the learner already knows.” This
been the guiding principle for my ¢

groups. It is a simple idea,
hasprofound implications. The challe:
How do we derermine whar 2 lear
already knows? Paper-and-pencil test
is a notoriously poor method. Pia:
style clinical interviews can be very of
tive, but require skill and are
consuming. Teachers need alternativ

One long-term study I was invol
with examined how children’s conc:
of the particle nature of martter chan
over 12 years of schooling. After revi
ing hundreds of tape records, we ide
fied three key factors:

1. Meaningful leamning involves
assimiladion of new conceprs and pre
strions into existing cognitve structe

2. Knowledge is organized hierar
cally in cognitive scructure, and most 1
leaming involves subsumption of ¢
cepts and propositions into existing b
archies; and
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3. Knowledge acquired by rote learn-
ing will not be assimilared.

Rethinking the meaning of these ideas
led our research group to ty out various
schemes for representing the structure of
knowiedge. The tool we developed, the
concept map, is now familiar to most
teachers. Figure 1 shows two examples of
concept maps, drawn from a child in
grade 2 and again in grade 12. These

changes illustrate the key ideas this re-
search documented:

1. Meaningful learning leads to pro-
gressively grearer differendation. of the
learner’s knowledge strucrure;

2. Reconciling new meanings with old
meanings can “correct” misconceptions;
and

3. Rote learning is never integrated
into 2 cognitive sucrure.

FIGURE 1. Concept maps.
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During the time we were developing
the concept map approach, my colleague
Bob Gowin was developing another sort
of strategy o help students understand.
His work is often called the Vee (or Vee
Heuristic). Figure 2 shows the 12 ele-
ments of the Vee that we now use in our
work (see Gowin’s Vee in 757, October
1992).

DISCOVERING NEW MEANING
Meaning involves perceiving regulariry.
New knowledge is constructed when
knowledge elements shown on the lefr
side of the Vee are used to perceive new
regularites or new relationships berween
regularities we already understand. We
define a concept as 2 regularity thar we
can designate with a label. A principle is
two or more concepts linked to form a
smrement abour how something works.
Fora young child, perception of regu-
larity i the world is a genetic capacity,
such as the abiliry to use language. Byage
three, most children can label several
hundred concepts and use them to form
thousands of propositions. This incred-
ibleaccomplishmentis normallyachieved
by discovery, not instruction.
gives the child the ability to gain new




conceptsand meanings by reception learn-
ing. This process proceeds until it is slowed
in school bythe barrage of rotelearning to
which most children are subjected. The
unfortunate truch is thar much school
instruction inhibits student learning.

NO EMPTY SLATE

Another important understanding chat
has emetged during the past two decades
is thar human memory is not an “empry
vessel” waiting to be filled. It is, instead,
an inreraction of three distincr memory
systems (Figure 3).

In reaching science and mathemarics,
wezre dealing with large bodies of subject
marter thar have the potential o reveal
many relatonships to students. Bur in
discovering these reladonships, students
face the limitations of shore-tarm memory.
Even the most gifted can only handle
abouzr seven “chunks” of information ata
time, and it is in this environment that
mezning making must occur. The princi-
pal difference berween 2 so-called genius
a.ndanav:nge learner is that the genius

kas a capadty to use higher-order con-
cepts in obwining meaning from larger
chunks of information.

Helping students acquire the ability to
gain thinking skills has been the topic of
many artides in recent years, including
those in 7&e Science Teacher. Many in-
volve concept maps or Vee Heuristic dia-
grams becanse they are effective tools that
help us organize the knowledge dhar is
destined for long-term memory. They
also help form mental scaffolds for stu-
dents that help them learn how to think
more critically and more creasively. Many
recent studies indicate thateducarors nead
to empower leamners by helping them
organize and use carefully developed
hierarchiat knowledge structures.

CAN WE HELP STUDENTS
LEARN HOW TO LEARN?

How can we help students learn how o
take charge of their own meaning mak-

RAGURE 2. The 12 elements of the Vee.

CONCEPTUAL/THEORETICAL

CONCEPTS:

Gowin's Ve showing

Perceived regularity in events

or objects for records of events or

objects) designated by a label studied.
EVENTS AND/QOR OBJECTS:

Deseription of the event(s) and/or object(s)
to be stodied in order to answer the focas questions.

which are ipvoived in the

muﬁﬂ:pmdmwmuge.mdmmumhm
ancther & the process of consucting new knowisdge or valve ckims, or in
a:hngmdemﬁmgofmfmmygofmsmdqmm

ing? How can we help students under-
stand thar our minds are not storage bins
into which we can pile knowledge indis-
criminarely? We must help our students
understand thatlearning is notan activity
that can be shared; it is the responsibility
of che learner.

AsGowin poinzs out, “Teachers do not
cause learning; learners do.” Teachersaan
help serthe agenda for lem:mng, however,
and they can share the meanings they
perceive with learners. They can also 2p-
praise learning 1o help the leamer evalu-
ate his or her understanding. And stu-
dents need 10 know that understanding is
never complete. It is an iterative process
wherethelearner moves gradually roward
greater undersmanding. ing under-
s:a.nd.r.n.gma.nyﬁddxsahfe—longprom
I::salsoanaﬂ"ccnvca:pcncncc It in-
volves the pain and anxiery created by
confusion, and the joy and excirernent

thar we experience when we realize tha
we have acquired new meaning,

My own interest in helping studen:
learn how 10 leamn gained impews &
1974 after | had wricen A Theory «
Educationand began using this book wit
my graduare courses. A surptising num
ber of smudenes rold me that, whil
Ausubel's theories were interesting, th
most valuable experience was learnin
how to learn. Afrer a few semesters,
ﬁnally decided to organizeacourseonth
topic-

My first effortin dns direcrion bega
in 1976. [ used my own text, Fromm’
The Art of Loving, and Harris’ I'm O.
You're OK We drew concepr maps and
asked students to identify examples fror
their college insmucdon that were cor
gruenrwith Ausubel’sideas. Most ofther
found many examples of bad teaching
bur only an occasional student describe
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coursework that illustrated good learning
practice.

Many of the studenrs who came to my
course were looking for better grades.
Dozens of “how to study”™ books were
available, but none deale with the topic of
meaning making. I was probably naive in
assuming that most students wanted to
be empowered to enhance theirown learn-
ing, bur more mature students were very
receptive to the idea of learning how o

. learn meaningfully.
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The course, Learning How to Learn,
was basedon wharwould, today, beknown
asconstructivism. One of the central ideas
was that all meaning making is event-
based. We used lecnures anafgiimsion as
eventsand asked students to map sections
of readings, prepare Vee diagrams, and
plan and execure dinical interviews. 1
have found that the experience of inter-
viewing others is the most powerful event
thar helps sudents understand and com-
Init 1 meaning making.

4

Interviewing is a powerful teaching/
learning tool. I would advise any reacher
to include it in a science class. For ex-
ample, teams of three o fve students
could select a topic currendy being cov-
ered and collectively construct a concepr
map and Vee diagram to guide them in
preparinginrerview questions. Topicsthar
have values associared with them (What
do students think abour amniocentesis?
Acid rain?) can be the most stumularing.

The experiences | have had with my
college students have caused them to ask,
“Why is school and especially col-
lege schooling—so hng—;ﬁ' tth:;ﬂcau from
what we know about empowering learn-
ers?” We often use one class period to
discuss possible answers.

OBSTACLES TO HELPING
STUDENTS LEARN

Every educationa] evenc has a learner, a
reacher, a subject marter, and a social

environment, according to Joseph

Schwab. | would Iike to suggest 2 fifth
clement—evaluation. Pressure for ac-
countability has focused so much of edu-
cation on tests—however invalid—thar
they have become the sole concern of
some teachers and their students.

Testing (as opposed to more valid au-
thentic measures of learning) is onec of the
elementsthat preventstudents from learn-
ing meaningfully. Teacher-made tests
require specific, verbatim answers with
lirtle or no reference to mezning. They
also contribute to the problem of mori-
vating students; rote learning can have 2
relatively quick and easy payoff, but over
the long term it is far less valuable than
mezningful leaming thar can be 2pplied
O new situatons.

By the end of college, most students
undersznd thar rote leaming is bank-
rupt. Szill, many of our seniors continue
™ memorize the answers 1o last year’s
exams because it pays off. Thereisa subide
immorality to this game, and both teach-




ers and students are engaged in an intel-
lectual fraud.

A second obstacle to meaningful leamn-
ing is the curriculum. Too much subject
marrer is presented with too ittle time to
explore concepts. There is lirde time to
make subject matrer conceprually trans-
parent and, instead, it becomes concep-
rually opaque (see Clarify with Concept
Maps, T57, Ocrober 1991).

EMPOWERING STUDENTS

AND CITIZENS

Do we need “learning to leamn” courses in
schools? I do not think so. The growing
number of thinking skills courses in
schools may be counterproductive, since
they burden an already cowded school
curriculum and do litde or nothing w
change the way other courses are taughr.
However, Isee great valuein shorr courses
for veachersarall levels to help them reach
students how to learn more meaning-
fully.

At the same time, we need to address
the social pressures that constrain rather
than enhance a teacher’s efforts to help
students learn. New types of assessments
(often involving concept maps or Vees)
represent promising alternatives if they
are already familiar to students. There is
growing evidence thar the use of instruc-
tional practces that encourage meaning-
ful leaming leads, in time, to improve-
ment on standardized tests as well.

Money is always a factor in improving
a system. Buz chere is no evidence that it
costs mote to develop conceprually rrans-
parent instructional marerials than mare-
rials char are opaque. It costs no more to
emphasize meaning than the traditonal
strategies. Itcosts nothing to change minds
about what is valuable. '

In his best-selling book Megarrends
- (1982), Naisbirr suggested that our soci-
ety will conrinue to move from institu-
tional help to seif help. Like the other
wrends in the book, this change will re-
quire a citizenry thar is willing to seek out

1t costs
nothing to
change minds
abott what
is valuable.

new solutions and ways of doing things.
It is clear thar only a schooling focused on
mezningful learning can efnpower st~
dents to take charge of their future in
consuctdve, creative Ways.

It has been said that there is nothing so
unstoppable as 2n idea whose time has
come. Let us hope and work © w
beat swords into plowshares and also to

use resources to improve the quality of
education.

I believe we know enough o take a
quantum leap in schooling, especially in
science and marhemarics, that will belp
ourstudents learn how o learn. Thiskind
of educarion will lead to the human em-
powerment to take care of our Spaceship
Earth, and each other.

Joseph D. Novak is 2 professor of science
education and biological sciences in the
Department of Education ar Cornell Uri-
versity, Kennedy Hall, Ithaca, NY 14853~
4203,

FIGURE 3. The three systems of human memory.
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Technologies for Lifelong Kindergarten
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Abstract

In kindergartens and early-elementary classrooms, manipulative materials (such as
Cuisenaire Rods and Pattern Blocks) play an important role in children’s learning, enabling
children to explore mathematical and scientific concepts (such as number, shape, and size)
through direct manipulation of physical objects. But as children grow older, and learn more
advanced concepts, the educational focus shifts away from direct manipulation to more
abstract formal methods. This paper discusses a new generation of computationally-
enhanced manipulative materials, called “digital manipulatives,” designed to fundamentally
change this traditional progression. These new manipulatives (such as programmable
building bricks and communicating beads) aim to enable children to continue to learn with a
“kindergarten approach” even as they grow older—and also to enable young children to
learn concepts {in particular, “systems concepts” such as feedback and emergence) that
were previously considered “too advanced” for them.

Introduction

In 1837, Friedrich Froebel created the world’s first kindergarten in Germany. Froebel’s
school was 2 important departure from previous educational institutions not only in the age
of its students, but in its educational approach. Froebel had been deeply influenced by
Swiss educator Johann Heinrich Pestalozzi, who argued that children need to learn through
their senses and through physical activity. In Pestalozzi’s words: “things before words,
concrete before abstract” (Pestalozzi, 1803). In sharp contrast with previous schools,
Froebel put physical objects and physical activity at the core of his kindergarten. He
developed a set of 20 so-called “gifts”—objects such as balls, blocks, and sticks—for
children to use in the kindergarten. Froebel carefully designed these gifts to help children
recognize and appreciate common patterns and forms found in nature. Froebel’s gifts and
ideas were eventually distributed throughout the world, deeply influencing the development
of generations of young children. Some historians argue that Froebel's gifts deeply
influenced the course of 20th century art; indeed, Frank Lloyd Wright credited his boyhood
experiences with Froebel’s gifts as the foundation of his architecture (Brosterman, 1997).

Today’s kindergartens are still full of physical objects and physical activity. Walk into a
kindergarten, and you are likely to see a diverse collection of “manipulative materials” such
as Cuisenaire Rods and Pattern Blocks. As children build and experiment with these
manipulative materials, they develop deeper understandings of mathematical concepts such
as pumber, size, and shape. As children play with Cuisenaire Rods, for example, they
discover that one brown rod is the same length as two purple rods {or four red ones)—and,

.in the process, begin to develop frameworks for thinking about fractions and proportions.

But as children move on through elementary school and into secondary school, they
have fewer interactions with manipulative materials. One reason: many important concepts
are very difficult (if not impossible) to explore with traditional manipulative materials. For

Tobe puBlished in Educarional Technology Rasearch & Development in 1999. Reprinted with permission of




example, traditional manipulatives generally do not help children leamn about the behavior
of dynamic systems—how patterns arise through dynamic interactions among component
parts. Such systems-related concepts are typically taught through more formal methods,
involving abstract mathematical formalisms. Unfortunately, many students have difficulty
with this approach, and thus never develop deep understandings of these concepts
(Resnick, 1994; Sterman, 1994). .

This paper discusses how the successful kindergarten strategy of learning-through-
manipulation can be extended to a broader set of concepts. Specifically, it describes a new
generation of manipulative materials that we have developed at the MIT Media Lab, in an
explicit effort to expand the range of concepts that children (and adults) can explore through
direct manipulation of physical objects. These new manipulatives, which we call “digital
manipulatives,” embed computational capabilities inside traditional children’s toys—such
as blocks, beads, and balls. These new technologies are in varying stages of development.
Some of our new manipulatives have already been used extensively by children, in both
schools and after-school settings; others are still in the early prototype stage.

The overarching goal of this research is two-fold. First, we hope that these digital
manipulatives will enable children to continue to learn new concepts with a “kindergarten
approach” as they progress through school—indeed, throughout their entire lives. At the
same time, we hope that these new manipulatives will help young children learn concepts
that were previously considered “too advanced” for them.

Guiding Principles for Digital Manipulatives
Our research on digital manipulatives is guided by three underlying principles:
1. Encourage Design Projects

In recent years, there has been a growing recognition of the educational value of design
projects, In which students design and create external artifacts that they can share and
 discuss with others (e.g., Harel, 1991; Kafai, 1995; Lehrer, 1993; Papert, 1993; Resnick
& Rusk, 1996; Soloway, Guzdial, & Hay, 1994). In some cases, students might create
their own video games or animated stories; in other cases, their own kinetic sculptures; in
still others, their own models and simulations. There are many reasons why design projects
can provide rich opportunities for learning:

* Design activities engage children as active participants, giving them a

~ greater sense of control over (and personal mvolvement in) the learning
process, in contrast to traditional school activities in which teachers aim to
“transmit” new information to the students.

* Design activities are often interdisciplinary, bringing together concepts
from the arts, mathematics, and sciences.

* Design activities encourage pluralistic thinking, avdid.ing the right/wrong
dichotomy prevalent in most school math and science activities, suggesting
instead that multiple strategies and solutions are possible.

* Design activities provide a context for reflection. A child’s constructions
serve as external shadows of the child’s internal mental models—providing
an opportunity for children to reflect upon (and then revise and extend) their
internal models of the world.



* Design activities encourage children to put themselves in the minds of
others, since they need to think through how other people will understand
and use their constructions. :

This emphasis on design activities is part of a broader educational philosophy known as
constructionism (Papert, 1993). Constructionism is based on two types of construction.
Drawing on the constructivist theories of Jean Piaget (e.g., Plaget, 1972), it argues that
learning is an active process, in which people actively conmstruct knowledge from their
experiences in the world. People don’t ger ideas; they make them. To this idea,
constructionisin adds the idea that people construct new knowledge with particular
effectiveness when they are engaged in constructing personally-meaningful products. They
might be constructing sand castles, LEGO machines, or computer programs. What's
important is that they are engaged in creating something that is meaningful to themselves or
to others around them.

Our research on digital manjpulatives is part of a broader effort to develop new
technological tools that help children work on design projects (and learn through their work
on design projects). The traditional field of instructional design is of lirtle help: it focuses
on strategies and materials to help teachers instruct. Instead, we are interested in developing
strategies and materials to help children conmstruct. We call this effort “constructional
design” (Resnick, 1996b; Resnick, Bruckman, & Martin, 1996). Constructional design is a
type of meta-design: it involves the design of new tools and activities to support children in
their own design activities. In short, constructional design involves designing for
designers.

2. Leverage New Media

How we make sense of the world is deeply influenced by the tools and media at our
disposal. If we are given new tools and media, not only can we accomplish new tasks, but
we can begin to view the world in new ways. All too often, however, people cling onto the
representations and ideas of the past, even in the presence of new media. Most applications
of computers in education, for example, use computers in rather superficial ways. They

“take traditional classroom activities and simply reimplement them on the computer. The
activities might be somewhat more engaging, and the computer might provide some
additional feedback, but the activities themselves are not changed in fundamental ways.

Our research group aims to fundamentally rethink what children can and should learn,
given the availability of new computational media. Many of the representations and
activities used in today’s schools were developed in the context of (and are most
appropriate for) pencil-and-paper technology. We attempt to use computational media to
create new representations and formulations of scientific knowledge—in order to make that
knowledge accessible to more people (and at younger ages) than previously possible.

We have focused especially on helping children understand how systems behave and
change—for example, the formation of a traffic jam on the highway, the coordinated
movements of 2 bird flock, the fluctuations in a market economy. Why this domain? We
believe that new computational media can provide significant leverage in rethinking the
study of systems. For several centuries now, mathematicians and scientists have modeled
system behaviors in terms of differential equations. Is thar because differential equations
are the best way to represent and describe these systems? Or is it because the common
media of the past several centuries (paper and pencil) are well suited to manipulations of
differential equations? -




We developed StarLogo, a programmable modeling environment, to introduce a very
different approach to the study of systems (Resnick, 1994, 1996a). To use StarLogo,
children do not need to master advanced mathematical formalisms. Rather, they write
simple rules for individual objects, then observe the group patterns that arise from the
interactions among the objects. Our studies have shown that children, by using this
approach, can learn important systems-telated concepts (such as feedback and emergence)
at much younger ages than previously possible. Our hope is that digital manipulatives will
make these ideas accessible to even younger children, enabling children to explore these
ideas through direct manipulation of familiar physical objects.

3. Facilitate Personal Connections

New technologies and new media can support new representations—which, in tum, can
make certain concepts and ideas more salient for learners. But new representations are not
enough. We must also consider relationships—that is, we need to consider how learners
relate to the tools, activities, and representations in an educational setting.

An jmportant goal is to connect new tools, activities, and representations to learners’
interests, passions, and experiences. The point is not simply to make the activities more
motivating——though that is important, since leamers will work longer and harder on
projects they care about. Learners also make deeper cognitive connections when they
follow their interests. When activities involve objects and actions that are familiar and
relevant, learners can leverage their previous knowledge, comnecting new ideas to
previously-constructed mental models (Resnick & Rusk, 1996; Schank, 1994).

In recent years, a growing number of researchers (e.g., Gilligan, 1982; Lave & Wenger,
1991) have argued that people form their strongest relationships with knowledge through
“concrete” representations and activities—very different from the formal, abstract
representations and approaches favored in traditional school curricula. This view calls into
question the classic reading of Piaget (e.g., Piaget, 1972) which describes cognitive
development as a one-way progression from concrete to formal or abstract ways of

. thinking. Some researchers have called for a “revaluation of the concrete” in the study and
practice of mathematics and science, suggesting that “abstract reasoning” should not be
viewed as more advanced than (or superior t0) concrete manipulations (Turkle & Papert,
1990; Wilensky, 1991).

The computer can play an important role in this revaluation of the concrete; it “has the
ability to make the abstract concrete” (Turkle & Papert, 1990). For example, the Logo turtle
offers a much more concrete approach to leaming geometry than traditional Euclidean
approaches (Papert, 1980). Children can imagine themselves as the turtle as it draws out
geometric shapes and patterns—a much more concrete experience than plotting Cartesian
coordinates on graph paper.

Our research with digital manipulatives follows this tradition. But rather than creating
new virtual objects (like the screen-based Logo turtle), we are embedding computation in
traditional children’s toys (like blocks, balls, and beads), which children can manipulate
directly with their hands. Many computer-interface researchers are now exploring ways to
add computation to everyday objects ranging from notepads and desktops to eyeglasses and
shoes (e.g., Ishii & Ullmer, 1997; Weiser, 1991; Wellner, Mackay, & Gold, 1993). We
focus on toys because of their role in “kid culture”; we hope to take advantage of children’s
deep familiarity with (and deep passion for) traditional childhood toys. Children grow up in
constant interaction with toys and other physical objects; we want to leverage the intuitions
and interests that children have developed from their lifelong interactions and experiences in
the physical world.



LEGO/Logo

Our research on digital manipulatives grows out of our previous work on LEGO/Logo
(Resnick & Ocko, 1991; Resnick, 1993). LEGO/Logo links the popular LEGO
construction kit with the Logo programming language, integrating two different types of
design activities. Children start by building machines out of LEGO pieces, using not only
the waditional LEGO building bricks but newer pieces like gears, motors, and sensors.
Then they connect their LEGO constructions to a computer and write computer programs
(using a modified version of Logo) to control the actions of their constructions. For
example, a child might build a LEGO house with lights, and program the lights to turn on
and off at particular times. Then, the child might build a garage, and program the garage
door to open whenever a car approached. Whereas traditional construction kits enable
children to construct structures and mechanisms, LEGO/Logo goes further by enabling
children to construct behaviors. '

Logo itself was developed in the late 1960’s as a programming language for children
(Papert, 1980). In the early years, the most popular use of Logo involved a “floor turtle,” a
simple mechanical robot connected to the computer by a long “umbilical cord.” With the
proliferation of personal computers in the late 1970’s, the Logo community shifted its
focus to “screen turtles.” Screen turtles are much faster and more accurate than floor turtles,
and thus allow children to create and investigate more complex geometric effects.

In some ways, LEGO/Logo might seem like a throwback 10 the past, since it brings the
turtle off the screen and back into the world. But LEGO/Logo differs from the early Logo
floor turtles in two important ways. First, LEGO/Logo users are not given ready-made
mechanical objects; they build their own machines before programming them. Second,
children are not restricted to turtles. Elementary-school students have used LEGO/Logo to
build and program a wide assortment of creative machines, including a programmable pop-
up toaster, a “chocolate-carob factory” (inspired by the Willy Wonka children’s stories), an
autornated amusement park, and a machine that sorts LEGO bricks 'according to their
lengths. The LEGO company now sells a commercial version of LEGO/Logo. It is used in

. nore than dozen countries, including more than 20,000 elementary and middle schools in
the United States. :

We developed LEGO/Logo with the goal of helping children learn both through and
about design. We have found that children, through their design experiences with
LEGO/Logo, can gain a richer understanding of certain mathematical and scientific
concepts (Resnick, 1993). In some cases, they gain deeper understandings of concepts
(such as friction and mechanical advantage) that are already in the elementary-school and
middle-school curriculum. In other cases, they begin to develop understandings of
concepts (such as feedback) that are traditionally not taught until the university level.
Overall, we have found that children make deeper connections with mathematical and
scientific concepts when they encounter—and use—the concepts in the context of
personaliy-meaningful design projects. '

Atthe same time, we have found that LEGO/Logo activities provide a rich opportunity
for children to learn about the design process itself. As students work on LEGO/Logo
projects, they learn important design heuristics and strategies (Resnick & Ocko, 1991). For
example, they learn the value of modularity and iteration in the design process. Moreover,
as students make use of the same design principles in two different media (for example,
using modular design in both their LEGO machines and the Logo programs), they are more
likely to recognize and appreciate that there are, in fact, deeper geperal principles involved.




The original LEGO/Logo technology has some clear limitations. In particular,
LEGO/Logo constructions must be connected to a desktop computer with wires. These
wires ‘are a nuisance, especially when children create robotic “creatures.” Wires often get
tangled with other objects in the environment, get twisted in knots as the creature rotates,
and restrict the overall range of the creature. Even more important, wires are a conceptual
nuisance, limiting not only what children can build but also how they think about their
constructions. It is difficult to think of a LEGO/Logo machine as an auntonomous creature
as long as it is attached by umbilical cord to a computer.

Programmable Bricks

We began our work on digital manipulatives by eliminating the wires of LEGO/Logo
and embedding computation in LEGO bricks themselves——creating Programmable Bricks
(Martin, 1994; Resnick, Martin, Sargent, & Silverman, 1996). Children can build
Programmable Bricks directly into their LEGO constructions. To use a Programmable
Brick, a child writes a Logo program on a personal computer, then downloads. the program
to the Programmable Brick (typically via infrared communication). After that, the child can
take (or put) the Programmable Brick anywhere; the program remains stored in the
Programmable Brick. :

Each Programmable Brick has output ports for controlling motors and lights, and input
ports for receiving information from sensors (e.g., light, touch, and temperature sensors).
Programmable Bricks can also cormrmunicate with one another (and with other electronic
devices) via infrared signals. Our first Programmable Bricks were roughly the size of a
child’s juice box. Our most recent Programmable Bricks, called Crickets, are smaller,
l{itghter, 1a)nd cheaper~—roughly the size of children’s Matchbox cars and action figures

igure 1).

As with LEGO/Logo, Programmable
Bricks are intended to help children learn
through and about design. But
Programmable Bricks, by enabling :
children to embed computation directly into
their constructions, significantly expand %
the space of design possibilities—and the -
space of leamning possibilities, We bave 3
used Programmable Bricks with children =
in a varety of settings, including after-
school clubs, weekend museumn classes,
and as part of the school-day curriculum. °
Hundreds of childrer have worked on
projects with Programmable Bricks, and =
the LEGO company recently announced Figure I:
plans for a commercial vemsion of A Cricket (LEGO figure shown for scale)
Programmable Bricks.

Robotic Creatures

Many Programmable Brick projects have revolved around the construction and
programming of robotic creatures. In one elementary-school project (coordinated by Fred
Martin), teachers and students decided on a theme of “Robotic Park.” Each group of



students selected an animal, researched the animal and its habitat, and then irnplemented
LEGO models of the animals, using sensors, motors, lights, and Programmable Bricks.

One group of fifth-grade students, inspired by the movie Jurassic Park, created a LEGO
dinosaur (figure 2) that was attracted to flashes of light from the headlights of a motorized
Jeep (built by the same team). To make the dinesaur move toward the light, the students
needed to understand basic ideas about feedback and control. The students wrote a program
that caused the dinosaur to spin in a circle, looking for the Jeep's lights. When the reading
from the dinosaur’s light sensor crossed a certain threshold, the dinosaur started driving

straight ahead. If the light sensor reading started to fall again, the dinosaur would start
spinning again.

This algorithm (designed by the students themselves) is an example of a classic feedback
strategy, typically not tanght until university-level courses. But with the right tools, fifth
graders were able to explore these ideas. The students also considered the similarities (and
differences) between animals and machines. Were their LEGO creatures more like animals?
Or more like machines? They compared their robots’ sensors to animal senses, and they
discussed whether real animals have “programs” like the ones they wrote for their robotic
creatures (Resnick, Bruckman, & Martin, 1996). This type of activity and discussion is
very different from what occurs in traditional elementary-school biology lessons.
Traditional lessons focus on terminology and categorization; there is rarely discussion of
animal bebavior and almost never discussion of the processes underlying anirnal behavior.

Children have also used Programmable Bricks to create communities of robotic creatures
that interact with one another. We have found that children, by teaching their creatures to
communicate with one another, can leam some general principles about communication.
When a child programs a creature to communicate with a second creature, the child must
bave a good model of what the second creature already “knows.” For example, a 12-year-
old boy programmed his LEGO creature to send a “dance” message to another creature
(figure 3). But the second creature didn’t know how to dance (that it, it hadn’t been
programmed with a dance procedure), so nothing will happen. The child saw two ways 10

Figure 2: Fifth~grade students show off their LEGO dinosaur—
including a knapsack to carry its Programmable Brick




fix this problem: to write 2 -
dance procedure for the second

creature, or to program his first
creature to send more detailed
instructions (e.g., turn on your
left motor for one second, then
your right motor for one
second, etc.). The general
lesson: to communicate well,
you must develop a model of
your audience. This idea might
scem obvious, but it is often
ignored in interactions among

] Figure3: .
people. Dancing creatures, with communicating Crickets

Build-It-Yourself Scientific Instruments

Recently, we have begun to use Programmable Bricks (in particular, the newer, smaller
Crickets) in a new science-education initiative called Bevond Black Boxes (Resnick, Berg,
Eisenberg, Turkle, & Martin, 1996). Many science-education researchers have argued that
children should develop their own scientific investigations, rather than carrying out pre-
scripted experiments, as is common in many classrooms (e.g., National Research Council,
1996). We go a step further, encouraging students to use Crickets to create their own
scientific instruments to carry out their investigations.

We see several reasons to encourage children to design and build their own scientific
instruments: - (a) Students are more likely to feel a sense of personal investment in a
scientific investigation if they design the scientific instruments themselves. (b) When
students design their own scientific investigations, they will quite likely find that standard
scientific instruments are not always well-suited to the tasks; by creating their own
instruments, students are less constrained in their investigations. (¢) Too often, students
accept the readings of scientific instraments without question. When students design their
own instruments (and thus understand the inner workings of the instrurments), they should
as a result develop a healthy skepticism about the readings. (d) To design their own
scientific instruments, students need to figure out what things to measure and how to
measure them. In the process (and in contrast to students simply performing “black box”
measurements), they develop a deeper understanding of the scientific concepts underlying
the investigation.

For example, Jenny, 11 years old, decided to use Crickets to build a pew type of bird
feeder. Jenny already had a conventional bird feeder in her backyard. But there was a
problem: often, the birds would come while Jenny was away at school, so she didn’t get to
see the birds. Working at an after-school center (in a project organized by John Galinato
and Clandia Urrea), Jenny decided to build a new bird feeder that takes a photograph of
each bird that lands. She used a touch sensor, a Cricket, and a camera, and she built a
special LEGO mechanism to depress the shutter of the camera (figure 4). She wrote a
program that waited for a signal from the touch sensor (indicating that a bird had arrived)
and then tumed on a motor in the LEGO mechanism to depress the shutter of the camera.
At the end of the day, the camera would have pictures of all of the birds that had visited the
bird feeder. Jenny then ran an experiment to see if different types of bird food attracted
different types of birds to the bird feeder. Children might have thought about these types of
experiments in the past, but (before Programmable Bricks) they never had the appropriate
materials to build the necessary instruments.
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Figure 4: Jenny’s drawing of her bird feeder
BitBalls

Programmable Bricks are our most fully developed digital manipulatives. But we have
recently been exploring ways of adding computation to other childhood toys. In each case,

our goal is to engage children in new ways of thinking, while also connecting to children’s
interests and passions.

The ball was the first of Froebel’s kindergarten “gifts,” and remains one of the most
popular of all children’s toys. In our BitBall project (organized by Kwin Kramer and
Robbie Berg), we are embedding a Cricket inside of a transparent, rubbery ball (about the
size of a baseball). The Cricket inside the BitBall inciudes an acceleromster and a set of
colored light-emitting diodes (1LEDs), so that the BitBall can “know” something about its
motion and display some information (figure 5).

As with the Programmable Bricks, a child can write a program for the BitBall on a
desktop computer, then download the program to the BitBall via infrared communication.
The primary activity involves programming the BitBalls to turn on its LEDs based on its
motion, as detected by the accelerometer. One student, for example, programmed a BitBall
to flash its red light whenever it experiences a sharp acceleration or deccleration (i.e.,
whenever it is thrown or caught). Another student created a ball that “wants” to be played
with: If the ball doesn’t experience any sharp accelerations for a certain period of time, it
begins flashing its lights in an effort to attract someone to play with it. We have found that
children are quick to attribute intentionality to the BitBall (thinking that the BitBall “wants”
to communicate a message), even when the BitBall is running the simplest of programs.
When children program the BitBall themselves, they develop a better understanding of how
seemingly-intentional behaviors can arise from just a few simple rules.

Since the BitBall (via its Cricket) can send and receive infrared signals, children can also
program BitBalls to communicate with other electronic devices. For example, students have
programmed the BitBall to send its acceleration data to a MIDI synthesizer in real time, in

an effort to “hear the motion” of the ball (with, for example, acceleration mapped onto
pitch).




BitBalls can also be wused in

scientific investigations. A BitBall can
store its acceleration data and later
upload the data to a desktop cornputer
for analysis. For example, students
have dropped a BitBall from the top of
a building, then used the acceleration
data to figure out the height of the
building. Such investigations can lead
to a deeper understanding of
kinematics. One group of students (in
this case, university students) threw a
BitBall in the air and graphed the
acceleration data in an effort to find the
top of the trajectory. The students had
the common misconception that the . .
acceleration of a throc;guobject must Figure 5: A BitBall
change when the object is af its peak. .
In fact, they discovered that there was no change in acceleration while the ball is in flight,
so it was impossible to determine the top of the trajectory from acceleration data alone. The
students had previously studied gravity and acceleration in physics class, but they were not
able to apply their classroom knowledge to this real-world context. We believe that
experience with the BitBall will help students develop an understanding of acceleration that
they can more easily transfer to new contexts.

AR P

It is important to note that the BitBall is significantly different from existing commercial
toys with embedded electronics. Some companies, for example, sell yo-yos that turn on a
light while they are moving. We believe that such toys are different from the BitBall along
an important dimension. The light-up yo-yo is pre-programmed to do exactly one thing. It
is a one-trick toy. The BitBall gives much greater flexibility and creative power to children.
With the BitBall, children themselves decide how the toy should behave. '

bigital Beads

In recent years, beads have become increasingly popular among children, especially
young girls. There are entire stores with nothing but bins of beads of varying colors and
sizes. Children string beads together to create colorful necklaces and bracelets.

With traditional beads, children create colorful but static patterns. Our Digital Beads
(designed primarily by Kwin Kramer and Rick Borovoy) are intended to engage children in
creating dynamic patterns. Each Digital Bead has a built-in microprocessor and LED, and it
communicates with its neighboring beads by simple inductive coupling (figure 6). String
beads together in different ways and you get different dynamic patterns of light. Some
beads pass the light to the next bead along the string, other beads reflect the light back, still
others “swallow” the light. Some beads pass the light with a particular probability. A slight
change in the behavior or placement of one of the beads can lead to an entirely different
pattern of activity in the overall collection. -

Children can work with the beads at two different levels. For starters, they can string
together pre-programmed beads (each with a fixed behavior), and observe the dynamic
lighting patterns that arise from the interactions. More advanced users can write new
programs and download them into the beads.
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A string of Digital Beads can be
viewed as a physical instantiation of a
one-dirnensional  cellular  automata
(Toffoli & Margolus, 1987). In cellular
automata, each cell changes its state
based on the states of its neighboring
cells. Cellular antomata have proved to
be a rich framework for explomng
“emergent phenomena”; simple rules
for each cell can lead to complex and
unexpected large-scale structures. But
cellular automata seem best suited as a
tool for mathematicians and computer
aficionados, not for children. The idea
of writing “transition rules” for “cells”
is not an idea that most children can
relate to. Digital Beads allow children
to explore ideas of decentralized

systems and emergent phenomena in a Figure 6: A necklace of Digital Beads

more natural way, through the
manipulation of physical objects.

‘We believe that Digital Beads can also provide a meaningful and motivating context for
children to begin thinking about probabilistic behaviors. Imagine a bead that passes the
light to the next bead half of the time but reflects the light back to the previous bead the
other half of the time. By stringing a set of thése beads together, children can explore
random-walk behaviors. What if you then add a bead that passes the light three-quarters of
the time and reflects it just one-quarter of the time? How will that change the overall
dynamic pattem? Most children (indeed, most people) have poor intuitions about such
systems (Wilensky, 1993). Our hypothesis is that children who grow up playing with
Digital Beads will develop much richer intuitions about probabilistic behaviors.

Digital Beads also provide a context for children to leamn about “programming
paradigms.” There are two very different ways to think about programming the beads.
Paradigm 1: Children can program the behaviors of the beads themselves, telling each bead
to turn its light off or on based on its neighbors’ lights. Paradigm 2: Children can program
a “process” that jumps from bead to bead (e.g., turn on this bead’s light for two seconds,
then jump two beads down the string and tum on that light for three seconds). The
important point is not for children to learn which of these paradigms is better (in fact,
neither is inherently better). Rather, the important lesson is that there are ofter multiple
approaches for describing behaviors, each with its own advantages.

Thinking Tags

Many children like to wear badges (such as a sheriff’s badge) and buttons with slogans.
Our Thinking Tags (designed primarily by Fred Martin, Rick Borovoy, Kwin Kramer, and
Brian Silverman) are based on these traditional badges, but they have buili-in electronics so
that they can communicate with one another (via infrared communication}—and also
change their displays based on those communications (figure 7).

.We first developed tbe?Thinking Tags for é conference (for adults) at the Media

Laboratory. The Thinking Tags served as name tags, but each tag also contained
information about the interests and opinions of its wearer. When two people met, their
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In the United States today we are faced with the conse-
quences of an educational system which is an accretion of
many choices and beliefs that have shaped our mathematics
and science education. This report presents new anatyses to
provide a powerful and comprehensive characterization and
perspective on the current state of US mathematics and sci-
ence education based on data from the Third Intemational
Mathematics and Science Study (TIMSS). TIMSS is the
most extensive and far reaching cross-national comparative
study of education ever attempted. It inciuded a comparison
~f official crrricula, textbooks, teacher practices, and stu-

ant achievernents from many countries. (Sincenot all coun-
oies participated i all aspects of the study, the number of

from 20 t0 50.) Promthjsbmadrangingcomparaﬁve evalu-
ation of US mathematics and science education, the authors
ofthereponsu.ggestthatwvoclwfactsemerge The first is
that the children in the US receive their mathematics and
science education through a fragmented system. Americans
have chosen to distribute educational responsibilities so con-
sistently to states and local districts that it is not meaningfn!
to speak of 2 single US educational system but only of “edu-
cational systems.” The second fact is that children in the US
are not getting the science and mathematics education they
deserve. As a consequence of commonly held educational
beliefs and an accretion of 2 myriad of educational choices
in many different places, they are not getting the education
that wouid allow them to learn and perform to their greatest
potential.

No single belief or choice may be identified as respon-
sible for the current state of US mathermnatics and science
education. In the first part of the report, some of the basic
facts about classroom instruction are explored: how much
time teachers spend on mathematics and science, what top-
ics are taught and emphasized, as well as how and to whom
these topics are taught. Among some of the more surprising
results is the fact that the US is above average compared to
other TIMSS countries in the number of hours it devotes to
mathematics and science instruction (see Figure 1). In addi-
tion, in contrast to the practice of many high-scoring coun-
tries such as the Czech Republic, France, Hong Kong, Ja-
pan, and Korez which offered the same mathematics course
to ail smdents, nearly 75 percent of US thirteen-year old sto-
dents were in schools offering two or more differently titled
mathematics classes (see Figure 2). This type of tracking
has a long history in the US, based on the belief that it is
more efficient to teach students in homogenous groups ac-
cording to their level of competence. The fact that other
TIMSS countries did not track and yet surpassed the US in
mean student achievement suggests that this common prac-
tice in US mathematics education must be questioned.

Consistent with the hypotheses presented in the earfier
publication, Characterizing Pedagogical Flow, the TIMSS
data found differences in the dominant patterns of instruc-
tional practices reported by teachers in different countries.
For example, instruction it US eighth-prade mathematics
classes was dominated by instructional approaches empha-
sizing seatwork and review — an approach not strongly rep-
resented among the teachers from some countries with high
mean achievement. Approaches emphasizing instruction on

‘new material were present in US mathematics lessons to the

same or greater extent as in many TIMSS countries but not
as much as in Hong Kong, Japan, Korea, and Singapore.
Over half of US eighth-grade mathematics classrooms were
dominated by review, seatwork, and homework. Sinee this

patticipating countries included in any one comparisonranges _ differed markedly from the pattern in US eighth-erade sci-
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Ficure 1:
Mathematics Instruction Time in Schools Where AH Students
Study the Same Mathematics Course.
Upper Grade S-year olds’ Math Instruction Time
ars —r T

Km;%‘% SONANS

Upper Grade 13-year olds’ Math Instruction Time

ESUSEREN

o

. Figure 2:
Percemtage of Students in Schools Where All Students Follow

ence classrooms, this appears to be a characteristic of how
school mathematics was conceived rather than a character-
istic US imstructional pattern. In many of these US math-
ematics classrooms, homework was frequently started in
class. Only three other countries exhibited this practice in
mathematics classes as did Singapore in their science classes.

The oft heard cry of “back to the basics™ for US sci-
ence and mathematics classes stems from the assumption
that classrooms in this country have strayed far from their
more traditional roots. This is an assumption wmsupported
by the TIMSS data. Rather, the empirical patterns observed
reflect a widespread choice to focus on “basics.” This con-
centration on basics in the US — both in instructional ap-
proaches and in curricula (documented more fully in 4 Splir-
tered Vision) — must be questioned given the relatively dis-
appointing and mediocrs performance assessing students’
learning as measured by the TIMSS tests, US imstructional
approaches and curricula, both in mathematics and science
but especially for mathematics, are less in line with cross
national commonalities than are the demanding ewrricuiz and
classroom practices found in many high-achieving countries.

Students’ beliefs and attitudes have the potential to ei-
ther facilitate or iphibit learning. In this respect, US stu-
dents did not appear to be especially unmotivated or ill-
equipped leamners in comparison to their counterparts in other
countries. However, US seventh- and eighth-grade students
reported studying less but being more optimistic about how
well they were doing in mathematics and science than stu-
dents in many other countries. In addition, a large propor-
tion of these US students reported finding mathematics en-
Jjoyablebut boring. The unchallenging nature of the curricu-
Ium for many and the routinized, imdemanding teaching style
many encounter may have contributed to this somewhat pare-
doxical finding. Furthermore, US stodents believed in the
efficacy of hard work in learning mathematics and science
more than their comnterparts in many other countries.

The second section of the report moves beyond the glo-
bal single-score reports of achievernent to examine the re-
sults in greater detail, in ways that are more sensitive to varia-
tions in mathematics and science curricula. Contrary to the
appearance with these global, singie-score resuits, achieve-
ment does relate to differencesin curricula. The ipability to
relate student achievement to educational experiences and
curricula is largely a by-product of aggregating and scaling
across different topics, contents, and skills. In these more
detailed analyses considering more specific content areas of
mathematics and science, one of the main findings is that no
one country could do it all and do it well. Most countries
demonstrated comparatively stronger performance m some
specific content areas than in others. For example,
Singapore’s nine~vear-olds, typically the top scorers, scored

= || belowthose in the US in the area dealing with the geometry
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of shapes and positions. Australia’s stndents score the high-
est in this area while ranking eleventh out of fificen in the
rea of “rounding and estimating computations. US thir-

sep-year-olds scored near the bottom of the 22 countries
listed in “Physical Changes,” with only those in Hong Kong
scoring lower, while US students scored second in “Life
Cycles and Genetics™ with only the students from the Czech
Republic scoring higher (see Figure 3).

Examining the pattern of gains countries displayed
across these more specific content topics makes the connec-
tion between curriculum and achievement even more clear.
Countries generally varied more relative to other countries
In their gains than in their comparative achievement level.

Status, i.e., comparative achievement level, was determined
by performance based on accumulated learning over many
gradeswhilegainswerebasedonlwrnjngwithﬁ:asingle
grade. If status demonstrated the greater variability, one
might suggest that differences were accidents of the mea-
surement process and less likely to reflect anything other
than the most marked curricular differences. However, the
greater variability for gains (a2 measure more sensitive to
curricular differences) suggests that variance among topics
was related primarily to curriculum rather than other factors
such as maturation and life experiences. Further evidence
of the “mile wide, inch deep” US curriculum may be seen in
the US’s relatively flat gains profile compared to the notice-

Figure 3;
Sdazcescoresfarspeq’ﬁcMmfortgpagmdethﬁm—ywadvhsmmmwuedm the US mean




able peaks for some topics seen in the gains profiles of nine-
and thirteen-year olds in many other countries.

The TIMSS data further demonstrates that the cultural,
Ahnic, and racial heterogeneity of the US population cannot
explain the variability in the mathematics and science re-
sults of US nine- and thirteen-year-olds. The patterns in US
student achievement suggest that variations in mathematics
and science achievement is not simply a matter of natural
differences among persons since much of this can be linked
to US curricular policies. Neither was the variability m US
mathematics achievement particularly noteworthy compared
to that in other TIMSS countries. Indeed, several of the high
scoring countries such as Korea, Japan, Hong Kong, and the
Czech Republic demonstrated more variability in their thir-
teen-year-olds’ mathematics scores than what was foormd in
the US.

The third part of the report summarizes new analyses
and integrates them with previous results and conclusions to
construct 2 comprehensive portrait of the structural charac-
teristic of US mathematics and science educational practice.
Some of these characteristics include:

« Official US mathematics and science curricnla that were
typically “a mile wide and an inch deep.”

« Mathematics and science ipstruction in the middie
grades that was highly repetitive and progressed little
over the demands of earlier grades.

+ Some students had access to educational possibilities
In mathematics and science that were denied to others.

As much as the report seeks to build a case for the im-
portznce of curriculum in strong achievement, it wonld be a
mistake to think that any one thing matters so much that it
outweighs all other factors. There is no single factor that
alone may solve all the difficulties in US mathematics and
science education. Although many such panaceas have been

_proposed, the bottom Iine is that there are no magic buliets.
Some of the “magic bullets™ that are discussed more fully in
the report as not supported by the TIMSS data inclede:

» Assigning more homework to produce greater .

achievement.

« Getting “back to the basics.”

« Devoting more instructional time to mathematics and
science.

» Put algebra earlier (e.g., in the eighth grade) or push
more content down to earlier grades. '

The final section of the report includes 2 frank discus-
sion of the lessons we can learn from TIMSS along with
some consideration of the kinds of supplementary research
“hat would be most belpful in understanding and improving

-5 science and mathematics edocation. -

Swmmary Prepared by Leland S. Cogan, Senior Research
Associate, US National Research Center, Michigan State
University.
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