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Foreword

an you draw thinking? Can you sing it?
Can you sculpt it? Are these crazy ques-
tions?

Not according to David Hyerle and Art
Costa and a distinguished procession of ASCD
writers and thinkers. From a program called
TACTICS for Thinking, to a book called Dirmen-
sions of Thinking and another titled Developing
Minds, to the books and professional develop-
ment programs of the Dimensions of Learning
program, ASCD has led thousands of teachers
and students in many countries to develop—and
draw—the dimensions and shapes and direc-
tions of their thinking. Not only can you draw
thinking, but music helps you think, according
to other ASCD authors who have described how
the brain works.

As Hyerle points out, the brain works by
making patterns; and we can visualize this proc-
ess through a medium called “visual tools.”
Many of us have used the three types of visual
tools that Hyerle discusses: brainstorming webs,
task-specific organizers, and thinking-process
maps. If you flip through this book, you will see
many diagrams you will instantly recognize; but
please read the text to see why you and your stu-
dents should use them, and how to get the most
out of these tools.
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The author provides sample lessons, assess-
ments, and “portraits” of visual tools in action.
He emphasizes the interdisciplinary nature of
making patterns, as well as the collaborative
construction of knowledge—as teachers and stu-
dents create their own tools and use computer
software programs as guides and coaches in
ways to manage the information overflow we all
experience. He discusses the use of visual tools
within the framework of three themes:

e constructivism as a paradigm for learning;

o the types, uses, and successes of visual
tools; and

o avision of integrating teaching, learning,

and assessing using visual tools.

Through “concept mapping,” “fishbone dia-
grams,” “Thinking Maps,” and the “feedback
loops” of systems thinking, Hyerle shows us
how schools are becoming true learning organi-
zations—and fostering lifelong learning among
students and teachers. One caution he expresses
is also an exciting prospect: “We are still in the
discovery phase of learning about how knowl-
edge is actually constructed.”

There is a map of this book in the introduc-
tion, and even a map of the prologue, by Art
Costa. Check them out. You may want to draw
a map of your own reflections and under-
standings!

FRANCES FAIRCLOTH JONES
ASCD President, 1996-97



Prologue

eeply rooted in constructivist theory, this

book draws on philosophical and psycho-

logical models of how the mind works,
how human intellectual capacities emerge and
grow over time, how humans derive meaning,
and how knowledge is structured. The intent is
to provide educators with insights into how in-
terventions can be arranged and conditions or-
ganized so as to educe, enhance, and refine
those human intellectual resources.

In reviewing this book and preparing to
write this prologue, I reminisced about other
constructivist theorists who influenced the for-
mation of my views of learning and human cog-
nitive development: Bruner, Piaget, Taba,
Suchman, Feuerstein. I retrieved several of the
constructivist mental models that scaffolded
their philosophical and psychological search. I
found myself returning to Jerome Bruner’'s com-
pelling inquiry, “What makes human beings hu-
man?”’ [ began to mentally reflect on and list
some of those unique intellectual capacities that
distinguish humans from other life forms.

When I approached the upper limits of my
memory span—that magical number 7 (plus or
minus 2) items to hold in my head simultane-
ously—I realized I had to write them down or

vii
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some might drop out. I therelore represented
my thoughts graphically (Figure 1).

As I mapped, I also came to realizc that
what I thought in my head was fuzzier than
what I wrote on paper. As I refined what was on
paper, I mutually reflined my inner thoughts. 1
realized, for examplc, that many human capaci-
ties, while innate within us, are underdeveloped
and will need to be amplified to live produc-
tively in the future. Not only did the brainstorm-
ing map allow me to see the relationships

between these attributes, but it also disclosed
overlaps, redundancies, and omissions. 1 edited
here and there to become consistent and then
reflected on my map. I felt satistied that I had a
structure that could be decorated with a few in-
sightful contributions about the benefits and po-
tentials of this book. Using the structure, I then
turned to composing. As the thoughts flowed
from my brain and were translated to individ-
ual letters by my fingers and flowed as words

onto the computer screen, I again revisited my
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Prologue Process

Describe how

Explain what each human it
is meant by - quality is > fori:\hcegnssltgsgifﬁs?ce
Human Qualities addressed in schools
this book

Draw implications

map—altering here and there, combining where
necessary, and generating more bubbles as addi-
tional thoughts emerged that, in turn, stimu-
lated others.

The gift that David Hyerle has bestowed on
us in this book, you see, is a set of tools for ex-
ploring, enhancing, and refining those unique
cognitive qualities of humanness. | would like
to:

e Explain what is meant by each of these
uniquely human qualities that undergird con-
structivist theory.

o Describe how Hyerle has so masterfully
addressed them.

e Make implications for their significance
to constructivist schools where the staff is intent
on emancipating themselves, their students, and
their communities from the shackles of nearly a

century of reductionism (see Figure 2).

The following nine human qualities, then,

may illuminate my reflections on this book.

1. Metacognition: To the best of our
knowledge, human beings are the only form of
life that can reflect on their own thinking proc-
esses. Basically, metacognition means that,
when confronted with a dilemma or some obsta-
cle, humans draw on their mental resources to
plan a course of action, monitor that strategy
while executing it, then reflect on the strategy to
evaluate its productiveness in terms of the out-
comes it was intended to achieve.

The “thinking” visual tools described in this
book are forms of metacognition—graphically
displayed thinking processes.

We know that what distinguishes expert
from novice problem solvers is habituated meta-
cognition; that thinking and discussing thinking
begets more thinking; and that thinking and
problem-solving capacities are enhanced when
students think aloud, discuss, and communicate
their thought processes to others—when stu-
dents make their implicit problem-solving

processes explicit.
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2. Constructing Abstractions: Humans
have the unique capacity to synopsize massive
amounts of information and to shape raw data
into workable patterns. There was a time when
human beings lacked access to information in
making decisions. Data were scarce, took long
periods of time to transmit, and were simplistic
in format and immediate in implication. With
the advent of the Information Age, however, an
overwhelming amount of immediately accessi-
ble and often conflicting information became
available. Because of the lack of vast amounts
of disparate, available information in the past,
the human intellectual capacity [or constructing
abstractions may have been underdeveloped.
And because of the increase in available infor-
mation, the upper limits of this capacity will be
continually tested and exceeded in the future.

This book provides visual tools to assist
learners to organize and find patterns among
the overwhelming amount of information avail-
able today, as well as to make sense out of it
and evaluate it.

To live productively in the future, we have
found that the capacity to construct abstrac-
tions has become prerequisite to survival and
will need to be grown. Resourceful humans,
therefore, will continue to develop their capac-
ity to gather, organize, make sense out of, and
evaluate the overabundance of technology-gen-
erated and -transmitted data.

3. Storing Information QOutside the
Body: 1 recently had more memory installed in
my computer. [t was a simple process of install-
ing more DIMMs (dual inline memory mod-
ules). I wish I could do the same for my brain!

Human beings are the only form of life that can
store, organize, and retrieve data in locations
other than our bodies. This human capacity
probably emerged as a survival mechanism be-
cause our ancestors reached the limits of their
memory span. They had the need to remember
and communicate an increasing amount of in-
formation and therefore used tools to record
and convey mental visions and concepts. Cave
walls, where their dwellers formed their marks
and petroglyphs, may be history’s first storage
locations. Now videotapes, museums, libraries,
microfiche, computers, and CD-ROMs assist in
accomplishing this human function.

This book fulfills this human intellectual ca-
pacity by providing tools to generate, store, and
communicate information in such a manner
that can be recalled and interpreted at a later
time and by others.

Because the archives of the mind are lim-
ited and the amount of information is increas-
ing, students will need to learn strategies of
harvesting, storing, cataloging, retrieving, inter-
preting, and communicating vast amounts of in-
formation among locations beyond their brains.

4. Systems Thinking: Humans have the
unique capacily to see the parts in relation to
the whole and thus to see patterns, congru-
ences, and inconsistencies. Human preferences
for perceiving parts or wholes as separate cogni-
tive inclinations, as some cognitive-style theo-
rists would have us believe, is inadequate for
productive participation in a quantum world. In
dynamic systems, tiny inputs can reverberate
throughout the system, producing dramatically
large consequences. Systems thinking fulfills a



human capacity to understand the boundaries
within a part of the total system and, at the
same time, to understand the interactions with
its interconnecting parts.

Hyerle suggests the use of visual tools to
guide thinking when we need to simultaneously
pay attention to the whole and analyze whether
the parts are, indeed, interdependent and inter-
connected. Visual tools are one way to describe
how a system functions when altered or when
innovative thinking in one part of the system
has an effect on the total system. Maps serve as
tools for examining many processes and interac-
tions, such as how decisions are made, how dis-
ciplines work together, how new practices are
initiated, and how priorities are established.

Families, weather systems, and national
economies are examples of systems. To partici-
pate fully in any society and to protect a fragile
environment, citizens must realize that any sys-
tem is a synergistic relationship of interlocking
parts; as one part changes, it has an effect on
the other parts. No one part can operate effi-
ciently unless the other parts of the system
work in harmony. This capacity for simultane-
ously holonomous parts-whole relationships
has become essential, not only in the workplace,
but also in solving environmental and social
problems.

5. Problem Finding: To the best of our
knowledge, humans are the only form of life
that actually enjoys the search for problems to
solve. Being dissatisfied with existing levels of
certainty, humans have an insatiable passion
for doubting the status quo, sensing ambigui-
ties, and detecting anomalies. Once having intu-
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ited such inconsistencies, humans have devel-
oped the profound capacity to engage in experi-
mental inquiry, to set up procedures to test and
evaluate alternative ideas, and to strive for certi-
tude. The process of modern scientific thought
thrives on this human tendency.

Maps are tools for displaying intellectual
processes: the clustering of the diverse, complex
procedures of experimentation. They represent
the sequences, alternative branches, choice
points, and pathways that surround the acquisi-
tion and production of knowledge. These be-
come the basis for systematic inquiry and
scientific investigation.

Process is, in fact, the highest form of learn-
ing and the most appropriate base for curricu-
lum change. In the teaching of process, we can
best portray learning as a perpetual endeavor
and not something that terminates with the end
of school. Through process, we can employ
knowledge, not merely as a composite of infor-
mation, but as a system for continuous learning
(Parker and Rubin 1966).

6. Reciprocal Learning: Human beings
are social beings having a compulsive craving to
engage with others. The most hideous form of
punishment is to deprive humans of their quest
for reciprocity. Humans learn best in groups. In-
telligence gets shaped through interaction with
others—justifying reasons, resolving differ-
ences, actively listening to another person’s
point of view, achieving consensus, and receiv-
ing feedback.

In this book, Hyerle commends interactivity
as tools are developed in cooperative settings.
Such tools assist in developing students’ and
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teachers’ capacity for flexibility—viewing situ-
ations from multiple perspectives, as well as be-
ing able to change and adapt based on feedback
from others. Using such cooperative tools tran-
scends the sense of self—enlarging the concep-
tion of “me” to a sense of “us.” And becoming
less attached to egocentric orientations permits
us to exercise more advanced reasoning proc-
esses. Use of such tools provides interconnected-
ness and kinship that comes from a unity of
being, a sense of sharing, and a mutual bonding
to common goals and shared values. Students
understand that as we transcend the self and be-
come part of the whole, we do not lose our indi-
viduality; rather, we relinquish our
egocentricity.

Collaboration, cooperation, and interde-
pendence are paramount not only in today’s
work cultures but also in families, in govern-
mental organizations, and among nations.
Schools must enhance students’ capacities for
holding their own values and actions in abey-
ance and to lend their energies and resources to
the achievement of group goals; 1o contribute
themselves to a common good; and to seek colle-
giality and draw on the resources of others. Stu-
dents must come to regard conflict as valuable,
trusting their abilities to manage group differ-
ences in productive ways, to seek feedback from
others as a valued source of learning. They
must know that “all of us” is more efficient than
any “one of us.” Interdependence makes possi-
ble the most complete and effective intellectual
functioning of human beings.

7. Inventing: Human beings are creative—
they are toolmakers. Although some other life
forms may perceive the need for and employ in-
struments to accomplish tasks and solve prob-
lems, humans are the only form of life capable
of designing and creating new tools.

Further, humans are intrinsically rather
than extrinsically motivated, working on the
task because of the aesthetic challenge, rather
than the material rewards. They constantly
strive for greater fluency, elaboration, novelty,
parsimony, simplicity, craftsmanship, perfec-
tion, beauty, harmony, and balance.

Hyerle disparages giving students ready-
made maps to follow and fill in. He emphasizes
the need for students to invent their own tools
and to hone and refine them as they generate
and gather information, process or elaborate
that information into conceptual relationships,
and then apply and evaluate those generaliza-
tions. He believes strongly that there is an inher-
ent motivation within each of us for this
inventive process, which can be capacitated
through such visual toolmaking.

All humans have the capacity to generate
novel, original, clever, or ingenious products, so-
lutions, and techniques. We often try to con-
ceive problem solutions differently, examining
alternative possibilities from many angles. We
tend to project ourselves into different roles us-
ing metaphors and analogies, starting with a vi-
sion and working backward, imagining we are
the objects being considered. Creative people
take risks—they “live on the edge of their com-



petence,” testing their limits—if that capacity is
developed.

8. Deriving Meaning from Experiences:
Thomas A. Edison stated that he never made a
mistake; he only learned from experience. One
of the most significant attributes that makes hu-
mans human is their capacity for reflecting on
and learning from their experiences. Intelligent
people form feelings and impressions about an
event; they compare intentions with accomplish-
ments; they analyze why events turned out as
they did; they search for causal factors that pro-
duced the effects; they summarize their impres-
sions; and, based on those analyses, they project
how they could modify their actions in the
future.

The human mind, however, is inclined to
distort or delete information to suit its own pur-
poses and biases. Hyerle suggests that the use of
maps as tools for reflection can assist us by
graphically tracking the procedures employed
in an event. Reflecting on the visual pathways,
strategies, and decisions is a more efficient and
systematic way of holding information than at-
tempting to recall it. The experience can be ana-
lyzed more honestly and completely if it has
been graphically organized.

Autonomous individuals set personal goals
and are self-directing, self-monitoring, and self-
modifying. Because they are constantly experi-
menting and experiencing, they fail frequently—
but they fail forward, learning from the situ-
ation. A major outcome for any school desirous
of preparing autonomous humans, is to develop

Prologue

students’ capacities for continuous self-analysis,
self-improvement, self-referencing, self-evalu-
ation, and self-modification.

9. Altering Response Patterns: Whereas
other forms of life are “wired” to respond in cer-
tain ways to stimuli in their environment, hu-
mans are self-actualizing and self-modifying—
they can consciously and deliberately make
choices about whether and how they wish to re-
spond. They can alter their habits and can vol-
untarily select among alternative responses.
Whereas we might be inclined to be impulsive,
we can choose to be deliberative; if we are dis-
posed to make premature evaluations, we can
choose to withhold our judgments; when we are
habituated into perceiving egocentrically, we
can choose to perceive allocentrically. This deci-
sion-making process requires consciousness
and flexibility—being aware of our own and
other’s actions and drawing on a repertoire of
response patterns.

Hyerle supports the use of visual tools be-
cause they encourage consciousness and flexibil-
ity of responses. Deliberately emploving
mapping tools causes us to restrain our impul-
sivity, to suspend our judgments, to generate
and consider alternatives, and to attend empa-
thically to others’ perspectives.

Fully functioning humans engage in con-
tinuous learning. If our students believe that
their education has been completed on gradu-
ation, they've missed the whole point of school-
ing. Continuous lifespan learning is essential for
students today and in the future. With advances
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in technology and changes in the workplace and
human mobility, we may find other underdevel-
oped capacities—continuing to learn how to
learn, how to change and grow, and how to re-

linquish old patterns and acquire new ones.

David Hyerle also proposes that the use of
these tools is not just “kid stuff.” Cooperatively
inventing and employing such tools benefits the
human intellectual capacities of the adults in
the school as well. When the staff design, gener-
ate, and employ these maps, they too become
more aware of their data-generating, storing,
and retrieval systems. All staff members are at
once beneficiaries and leaders of the learning or-
ganization. They more readily see the parts-
whole relationship. They view their particular
operation as part of a larger whole and see that
innovative/creative thinking in one part of the
system has an effect on the total system. Every-
body in the entire system is perceived to be a
continual learner—a caring, thinking individual
capable of complex decision making, creativity,

problem solving, and continued intellectual de-
velopment.

The use of visual tools throughout the
school will have a corresponding and salutary
effect on the development of the adult intelli-
gences and capacities that may be prerequisite
to the development of student’s capacities. In-
deed, we are all learners in a learning organiza-
tion. What gives integrity and coherence to
school life is not only the continuity and use of
visual tools across departments and grade lev-
els, but also the use of a shared, common lan-
guage throughout the organization. Perhaps it
is this fractal quality that is the unique charac-
teristic of an intelligent school.
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Introduction: The
Forest and the Trees

he dynamic use of visual tools to construct

and explicitly show knowledge first sur-

faced in schools in the late "70s and early
'80s, mostly through the use of brainstorming
“webs.” This was when I began visually linking
ideas, first as a student, then as a teacher.

During my senior year at the University of
California at Berkeley, I became interested in
the teaching of writing and took a course with
the Bay Area Writing Project that included
learning how to use webbing techniques. After
creating a few tentative doodles and an ungrace-
ful spaghetti of zig-zag lines, I began to develop
my own personal language and use the webbing
techniques for my other courses. Classmates
peeked at my notes quizzically. My control over
ideas and writing quickly improved. My first ma-
jor success came when I “mapped out” a binder
full of lecture and research notes for an upcom-
ing final exam onto one horizontal summary
page.

As I worked through the exam—which was
composed of page after page of unrelenting mul-
tiple-choice and short- and long-answer ques-
tions—I was able to “pull up” this blueprint in
my mind and access connected theories and
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details and, ultimately, mostly correct re-
sponses. This experience showed me that |
could construct my own view of information. |
could see, simultaneously, the forest and the
trees, the macro-vision of the whole subject as
expressed in the complex micro-vision of inter-
related details.

Some years later I began teaching at an
inner-city middle school in Oakland, California,
and slowly introduced webbing to my students.
They soon were comfortable with visual brain-
storming lechniques and had breakthrough suc-
cesses with the quantity of ideas they could
web. There was also a richer texture and per-
sonal detail to their ideas and a better final
product, especially when balanced with instruc-
tion and practice in holistic scoring, group edit-
ing, and traditional writing techniques.

[ was soon enthralled by these simple tools
because webbing opened new windows into the
mindscapes of my students’ idiosyncratic think-
ing patterns. Students could externalize and
salely show their interrelated thinking patterns;
1 could see what was once internal, invisible, in-
accessible. 1 finally could view what and how
each student was thinking aboul the content 1
taught—and 1 also discovered certain problems.

Students’ maps often revealed a storm ol
clouded concepts. But these clouds were a point
of learning, an opportunity. 1 could access and
assess my students’ misconceptions and their
confusion about how to further organize, priori-
tize, delete, and clarify the overwhelming
amount ol associated ideas they had drawn.
Students could always brainstorm bursts of ex-

citing and imaginative ideas, but their organiza-

tion for a completed piece of writing did not al-
ways match the power of their ideas and my
expectations for a well-crafted paper. Though I
kept going back to traditional outlining because
it was a steady, known anchor, I began question-
ing, “What happens after the storm?”

About this time I began piloting a “thinking
skills” program that included diagrams based
on several thinking processes. I also read about
different techniques based on students using
more structured mapping for concept develop-
ment. These experiences—and the school’s ten-
tative moves toward a “thinking curriculum”—
brought me (o a tantalizing question. What
would happen if teachers and students had ba-
sic maps for applying different, fundamental
thinking processes? I began practicing with the
idea of specifically linking mapping with basic
patterns of thinking. Could we support students
and teachers in explicitly transferring thinking
processes across content areas?

Communication and even in-the-moment as-
sessment in the classroom might change. Stu-
dent-centered learning might be enhanced if
students had their own visual tools. Teachers
might gain valuable insights into their students’
ideas and misconceptions. Teachers might ask
higher-order questions with a realistic expecta-
tion that students had tools for responding.

And I also wondered: If teachers simply
askcd more higher-order questions, would stu-
dents have the tools to respond to them? It was
clear from my students’ brainstorming webs
that they could generate linked ideas. But could
they analyze, synthesize, and evaluate their own

thinking? By the late 1980s, T was writing cur-



riculum materials for teachers, and in the proc-
ess I developed a common visual language of
eight flexible tools called Thinking Maps®. This
language of visual tools evolved from experi-
ences with other teachers and has been enriched
through research and practice over the years.

Working with teachers across the country
over the past decade, I have become intrigued
by another type of visual tool called “graphic
organizers.” These organizers vary from text-
structure diagrams for comparing characters in
a reading comprehension assignment, to “fish-
bone” cause-and-effect formats in the social
sciences, to traditional Venn diagrams for class-
ifying in science, to detailed flowcharts for
mathematics and computer instruction. There
is a seemingly endless variety.

Over the past 15 vears, through the investi-
gation of all these different kinds of visual tools,
I have enjoved collecting ideas and techniques
from teachers, curriculum developers, and re-
searchers. It is a rare teacher, having used a vis-
ual tool, who does not rave about its success. |
believe this enthusiasm also reflects a reward-
ing outcome of using these tools in classrooms:
Students enjoy the process of opening their
minds and showing not only what they are
thinking (content) but also how they are work-
ing through complex questions (process).

At this time, visual tools are showing up in
schools in texts, books of blackline masters for
organizers, professional development programes,
software, and tests. I have witnessed excitement
about visual tools, as well as confusion. These
tools come in many dilferent forms. Teachers
usually use one type of tool because it has
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worked with students, which means they and
their students are missing opportunities to gain
control of the wide range of visual tools. Many
of these lost opportunities can be recovered in
this book as we investigate the question: What
are the different types of visual tools, and how
are they used in classrooms and across whole
schools?

My “big piclure” response to this question is
the organization of visual tools into three basic
calegories: brainstorming webs, task-specific or-
ganizers, and thinking-process maps. The defini-
tion of visual tools, examples of these three
types of tools, and ideas for how 1o use them
are the core of this book. As you read and scan
the figures, you may not agree with my catego-
ries as shown, because categories are usually
subjective classifications. But 1 have attempted
to bring exemplars of these successful tools into
one volume. T hope this work will help clarify
the field and inspire others to pursue further
Investigations.

In addition, several “big picture,” theoretical
themes are woven through this book, based on
other questions: What are the long-term, devel-
opmental implications for constructing and as-
sessing knowledge when students have these
visual tools? How is the form of knowledge
structured in different ways using the designs of-
fered by different visual tools? And do visual
tools offer new forms, or languages, for meeting
the needs of learners working in an Information
Age where constructivism is the guiding educa-
tional paradigm and the Information Superhigh-
way is the new metaphor for information
access? Simply, could these tools provide a
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much needed foundation for restructuring,
from the ground up, how teachers and students
communicate in schools?

Ultimately, I hope this book opens a dia-
logue about all these questions to support stu-
dents, teachers, and administrators in this
transitional period. It is time that we—learners
all—see both the forest and the trees.

Maps of This Book

In the spirit of this investigation of visual
tools, some of the key points in this book are
represented using visual tools. For example, the
book’s organization is presented in two figures

through two Thinking Maps®, not in traditional
outline form. The first map, a Tree Map, shows
the overall conceptual picture of the book in hi-
erarchical structure (Figure I.1). Three major
themes drive the text:

o constructivism as a paradigm for learning;

o the types, uses, and successes of visual
tools; and

¢ avision of integrating teaching, learning,
and assessing using visual tools (Novak and
Gowin 1984).

These points lead to the long-term purposes
of displaying alternative views of knowing and
thus restructuring, from the ground up, how
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Flow Map

Chapter 1, p. 7

—— P Why Visual Tools?

Chapter 2, p. 21

introducing
Visual Tools

Chapter 3, p. 35

Chapter 4, p. 51

Chapter 5, p. 71

Brainstorming
Webs

Task-Specific
Organizers

Thinking-
Process Maps

Chapter 6, p. 95

Thinking Maps:
A Common Visual
Language

—» Teaching, Learning,

Chapter 7, p. 117

Integrating

and Assessing

participants in a learning community develop
ideas, communicate, and negotiate meanings.
These three major areas of interest return
throughout the text and roughly correspond to
the flow of the chapters, shown in the Flow
Map (Figure 1.2). Chapters 1 and 2 are investiga-

tions of why visual tools are now being used, fol-

lowed by the definition of visual tools and the
three types. Key concerns, questions, and sug-
gestions for bringing visual tools into class-
rooms conclude Chapter 2, which leads to
deeper consideration of each type of visual tool.
Chapters 3 through 5 specifically detail the
three types of visual tools: brainstorming webs,
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task-specific organizers, and thinking-process
maps. Each chapter begins with an overview of
the form, its purpose, and implications for us-
ing the tool for individualized, cooperative, and
schoolwide learning. These chapters close with
shorter sections that highlight software for
using the tool and promising assessment prac-
tices. The sequence of these chapters—brainstorm-
ing webs, task-specific organizers, thinking-process
maps—should not be construed as a proposed
sequence for using these tools in a classroom. I
believe there is no such “appropriate” sequence.
Chapter 6 is an introduction to Thinking
Maps, a common language of eight graphically

distinct, flexible, and metacognitive visual tools.

They are being used in depth in more than 300
whole schools and across entire districts as an

interactive, mental toolkit for all students, teach-
ers, and administrators.

The concluding chapter offers a vision of
how many of the tools presented in this book of-
fer a way to integrate teaching and learning
through continuous assessment in classrooms.
Final sections of the book provide selected refer-
ences and resources for teachers as they begin
to use visual tools in the classroom.

This integration—this new capacity to see
the forest (context) and the trees (details)—is of-
fered as one foundation for school restructur-
ing. It is an effort based on constructivism,
student-centered and interactive learning, and
new forms of expression that stimulate schools
to become continuously self-assessing learning

communities.



Why Visual Tools
Now?

eek into Norm Schuman'’s 6th grade social

studies classroom in Jackson, Mississippi,

and you will see groups of students hud-
dled over books, working together. They are
sketching out a picture of information, drawing
to the surface essential knowledge that was
once bound by text. The students’ writings and
accompanying maps hang on string that spans
the room. The writings and maps also are
pinned to display boards in the classroom and
hallway, and they are tucked into portfolios in
an accessible corner.

Norm Schuman is a highly energetic man,
quick with a smile or an idea. Norm might seem
to be the kind of teacher who motivates stu-
dents to learn by his sheer will and endless posi-
tive energy. Bul the truth is, he gives his
students assignments that move him quickly to
the background. Students have the tools for
achieving what he assigns. They are in the fore-
ground, and Norm is the patient sidelines coach.

Today, each of six cooperative learning
groups has been asked to read a passage from
well-worn texts, on a different Native American
tribe. Their task is to identify critical informa-
tion about each group: customs and celebra-




Visual Tools for Learning

tions, habitats, foods, gender roles and relation-
ships among members, and spiritual beliefs.
Norm emphasizes finding details about each of
these topics, along with the fact that he will cre-
ate the final test questions from the information
each group presents.

All groups use a common visual tool—a hier-
archical structure—to collect, analyze, and syn-
thesize the text into a clearly defined picture of
a tribe. Each group will then share this picture
in an oral presentation, using the map as a vis-
ual guide on the overhead projector.

Norm methodically moves around the room
and looks down at the developing maps, guiding
here, scanning there, nodding quietly in agree-
ment at another table. Students’ eyes focus in-
tently on their group maps. The groups redraft
these maps several times during two periods of
instruction until only the most essential ideas
have been distilled and organized from the text.
In each group, a member takes a colored pen
and copies the agreed-upon version onto a
transparency page while the other members
discuss the rotation they will use for the
presentation.

The following day, oral presentations begin.
Each group moves to the front of the room,
placing a colorful transparency on the over-
head. Then each group member speaks about a
key point of interest from one area on the map.
Their peers are busy at their seats, listening,
sketching out the map, and making notes and
comparisons to their own work.

Norm is in the back of the room, occasion-
ally reinforcing a certain idea or, when neces-
sary, offering a clarification or correction. But

most of the time, Norm asks questions of a
higher order. His queries are complex in that
each requires students to make inferences from
data they have woven together. He asks ques-
tions that involve comparisons between tribes.
Synthesizing questions require students to con-
struct generalizations; interpretive and predic-
tive queries explore how certain tribes might
have reacted to interventions from outside
forces. He encourages students in the classroom
to ask questions. As each group presents its
work, however, Norm jots down new questions
he had not thought of in previous years, ques-
tions sparked by these student presentations.

Days after the presentations are over, Norm
gives the students a test. It includes questions
based on text information they presented and
questions that require them to have linked infor-
mation from several of the hierarchy maps. He
also asks questions that involve the use of other
visual tools, such as those for comparing tribes,
showing the development of a culture, or ex-
plaining the causes and effects of outside inter-
ventions. Students are ready for such questions
because these tools have become a common
way of communicating.

When asked about this process, and espe-
cially about the level of his questions—an-
swered by students who have come into his
classroom as supposed “underachievers” from
low socioeconomic neighborhoods—Norm re-
sponds: “I could never have asked these ques-
tions of my previous students, most of whom
came into my class several years behind in
grade-level reading. I didn't give them the tools
to make inferences like this. They didn't have



the organizational abilities to work with so
much information.” Norm adds without hesita-
tion that his current students now score higher
on his exams than any previous class. Norm
smiles, his eyes aglow with a sense of accom-
plishment: “And I am asking much more com-

plex questions!”

Cave Drawings, Cartography,
and Cognition

Visual tools are now becoming key teach-
ing, learning, and assessing tools in many class-
rooms like Norm Schuman’s. Together,
students and teachers are generating mental
models of how they perceive the world. But why
are visual tools growing more popular? The de-
piction of ideas through visual forms has always
been an elemental dimension of human culture.
These forms range from cave drawings to per-
spective drawings, cartography, diagramming
of molecular structures, and, most recently,
computer-generated flowcharting.

There is no more ready reason for the grow-
ing popularity of visual tools than the well-worn
social studies textbooks in Norm’s class. Stu-
dents are now faced with an overwhelming,
ever-changing quantity of data. We are also in
the midst of a renaissance in the quality of how
representations of information and knowledge
are represented through different technology—
representations that will be transformed anew
in the decades to come. Unlike pupils at the
turn of the 20th century, students today often
work together in cooperative groups with their
peers, rather than learn from a lecturing
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teacher in the solitary confines of bolted-down
desks.

Later in this chapter, we explore the follow-
ing three interrelated reasons for why more and
more teachers and students are using visual
tools:

¢ First, we are now teaching and learning
in a constructivist-cognitive paradigm.

s Second, new technologies and visual de-
signs are guiding information flow.

e Third, student-centered learning and “in-
teractivity” are emerging as the new structures
for classroom relationships.

These three reasons will be continuing focal
points as we investigate different types of visual
tools and how they are used to integrate teach-
ing, learning, and assessment. But we may bet-
ter understand these reasons and the visual shift
in classrooms by exploring an essential meta-
phor that explains how these constructivist
tools open students’ thinking beyond the tradi-
tional linear mindset of schooling.

The Map-Making Metaphor

Maps are primary guides in our lives: road
maps, world maps, transit and subway dia-
grams, maps for exploring a museum or amuse-
ment park, weather maps, and even imaginary
treasure maps. Of course, as we consider geo-
graphic knowledge on a map, we see key repre-
sentations of the essential connections among
mountains, valleys, and rivers. Similarly, visual
tools are used primarily to make and represent
connections among ideas and concepts.
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Visual tools offer a bird’s-eve view of pat-
terns, interrelationships, and interdependen-
cies. They provide guides for making our way in
books full of text or among downloaded materi-
als from the Information Superhighway. Unlike
geographic maps, which show explicit physical
models of the world, visual tools generate and
unveil niental models of interrelationships devel-
oped by learners, along with the unique pattern-
ing capacity of each learner’'s mind. The
significant difference between geographic and
mental maps is that geographic maps represent
relatively static, physical entities, whereas the
maps we are investigating represent internal,
mental, lexible, often quickly changing, and
highly generative patterns.

Visual tools as evolving maps rellect our ca-
pacities to pattern and rcorganize relationships.
The similarity of purpose between geographic
and mental maps, moreover, is clear: Each is
based on the visual representation of a region, a
mental space (Fauconnier 1985) that may be
heretofore unknown. Each simultaneously dis-
plays a view of both the holistic “forest” and the
detailed “trees.” Additionally, maps are much
like paintings: They are drawn from a certain
perspective and thus have limitations. This
means that each map is made in the eye of the
beholder, with the instruments at hand, and
within the intellectual/philosophical paradigm
of its maker. This is best illustrated by the con-
tinuum in our belief system about our own
planet, from the “flat earth” map made by our
ancestors to the astronauts’ perspective from a

valley on the moon.

The unique representations derived from
map making are best expressed through the his-
tory of cartography, which reveals that this in-
vention was a turning point for human

understanding:

The act of mapping was as pro-
found as the invention of a number sys-
tem. . . . The combination of the
reduction of reality and the construc-
tion of an analogical space is an attain-
ment in abstract thinking of a very
high order indeed, for it enables one to
discover structures that would remain
unknown if not mapped (Robinson
1982, p. 1).

This quotation is borrowed from James H.
Wandersee’s insighllul analysis of the connec-
tion between cartography and cognition (1990).
He suggests that cartography links perception,
interpretation, cognitive transformations, and
creativity. Wandersee believes that map making

serves four basic purposes:

to challenge one’s assumptions,
¢ to recognize new patterns,
¢ to make new connections, and

to visualize the unknown.

The metaphorical relationship between carto-
graphy and mental maps of human cognition is
useful, though certainly incomplete. Seeing should
not be construed as believing or knowing. Seeing
is one modality for perceiving, though for most
of us it is our primary modality. Visual percep-
tions balance with auditory and kinesthetic

access to knowing. Visual tools for mental map-



ping need to be integrated with other repre-
sentational and language systems for reflecting
different kinds of intelligences (Gardner 1983).

In sum, visual tools are for constructing rep-
resentations of knowledge. In educational
terms, visual tools are for constructing and re-
membering, communicating and negotiating
meanings, and assessing and reforming the
shifting terrain of interrelated knowledge. We
even use maps to rediscover information, ideas,
and experiences lost in the recesses of our
minds. We use maps to find our way to new in-
formation, much like an evolving treasure map
of the mind for seeking new meaning in texis
and other materials.

Beyond the Linear Mindset

Unfortunately, in contradiction to the var-
ied and complex patterns generated in our
minds, most of the content offered to students
is in the representation of linear walls of texts,
like the text in the paragraph you just read. Yet
students are ultimately responsible for trans-
forming such linear text into multirelational,
holistic concepts.

For an extreme example to illustrate this
point, consider trying to teach students to un-
derstand geographic relationships with written
texts but without geographic maps. If our minds,
and our world of knowledge, are just as or more
complex and multidimensional than geographic
features, then we often provide representations
that do not complement our capacities as learn-
ers. In fact, we actually stifle students’ thinking
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by putting blinders on them, preventing interest
in the nonlinear world of ideas. Researchers are
finding that the patterning capacity of the hu-
man brain is really much closer to the undulat-
ing, networked forms of matter we see in the
interrelated, physical world:

All knowledge is “embeddced” in
other knowledge. . . . The split brain re-
search helped us to appreciate that the
brain has an enormous capacity to
deal with parts and wholes simultane-
ously. The brain can deal with the
interconnected, interpenetrating,
“holographic” world, provided it is en-
couraged to do so. One common thrust
of many new methods of teaching is
that they have this sense of “embedded-
ness” (Caine and Caine 1991).

Traditionally, educators have not encour-
aged viewing the interconnectedness of knowl-
edge in even the most simplistic sense. Aside
from geography lessons, art classes, and geome-
try, communication in most classrooms is pri-
marily via linear patterns of representation:
written (lines of text or mathematical opera-
tions) or verbal (people speaking with each
other). An occasional timeline, flowchart,
Venn diagram, matrix, or axis is used, but it is
often relatively static and linear despite its vis-
ual form.

Obviously, many students understand con-
cepts as we teach them, but not so obvious is
the problem that this understanding may be
only from a linear mindset or representational
system. Margaret Wheatley suggests:
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Our thinking processes have al-
ways vielded riches when we've ap-
proached things openly, letting free
associations form into new ideas.
Many would argue that we've used
such a small part of our mental capac-
ity because of our insistence on linear
thinking (1992, p. 116).

This focus on linear thinking—within a for-
mal framework of hierarchical relationships—is
the support system for isolating disciplines and
subject areas in schools. Currently, we are going
through another wave of integrated and interdis-
ciplinary instructional approaches that encour-
age students to seek thematic interrelationships.
With this new thrust, we also must provide
learners with concrete skills, strategies, and
tools for seeking out cross-discipline patterns
on their own.

Deepening this problem even more is that
most systems and interdisciplinary themes that
we ask students to understand do not act—in re-
ality—within a linear framework. Many sys-
tems—Ilike a social system, moral code,
ecosystem, solar system, or the human mind-
body system—have the qualities of being dy-
namic, overlapping, elegantly complex, and
interrelated. Thus, if we want our students to
understand and make predictions about inter-
disciplinary, nonlinear systems, we are not pro-
viding the needed tools for them to effectively
meet what we and the world expect.

Visual tools, in sum, expand our horizons and
refocus our attention, moving us back and forth:

e between auditory/written language and

visual representations;

¢ between linear thinking and holistic, non-
linear thinking;

¢ between isolated “bits” of facts and pat-
terns and interrelationships; and

* between list-like knowledge and evolving,
interdependent systems of learning.

Ultimately, visual tools provide additional
constructive linkages between the “inside” holis-
tic mind and body and the “outside” world.

For decades, psychologists, philosophers,
and cognitive scientists have aggressively
sought better ways of discovering how the mind
works and then how it represents that work
process to the outside world. This research ef-
fort, through human and artificial intelligence
studies, is ultimately serving educators as we at-
tempt to facilitate students’ thinking and learn-
ing. If we believe that human perceptions and
thought processes are highly interrelated, holis-
tic, and nonlinear—as well as linear—then it
makes sense that we have additional nonlinear
ways of accessing, interpreting, communicat-
ing, and assessing the way we think. This suppo-
sition is at the heart of the need for visual tools.

The Need for Visual Tools

The addition of visual tools to ever more
inclusive classrooms is showing potential for
transforming how ideas, knowledge, dialogue,
and meaning are created, communicated, and
assessed. Of late, educational leaders have of-
fered many changes for restructuring schools,
including how teachers should teach and how
all students should learn how to learn. Key to
this restructuring effort is the significant peda-



gogical, political, and funding shift away from
tracking students and toward structuring
schools with more inclusive, heterogenous class-
rooms. Educators are moving away from sys-
temic categorization of students and the
isolation of many students with special needs,
including “special education” and “gifted” stu-
dents. We are now structuring learning commu-
nities that reflect the world of home and work:
People with a range of differing learning, cogni-
tive, interpersonal, and communication styles
are productively living and working in teams
and learning from each other. This dramatic
shift requires that teachers acquire new ap-
proaches, try new strategies, and offer all stu-
dents similar resources and intellectual tools for
building their intellectual, emotional, and artis-
tic intelligences.

As we shall see in the chapters ahead, some
of these new approaches that are drawn from
education and business—such as “concept map-
ping” (Novak and Gowin 1984), Thinking Maps
(Hyerle 1995), and systems thinking (Senge
1990)—are directly supported by visual tools.
These approaches offer common languages for
all students in thinking about, interpreting, and
displaying knowledge. These approaches—and
other theory-based processes using visual
tools—may actually spark a revolution in repre-
sentation in classrooms and in the place where
learning is motivated: within the dynamics of
the teacher-student relationship.

There are some fairly obvious reasons for
this “visual” shift in classrooms. Since the
1950s, our culture has moved from the mechani-
cal into the Information Age, from Newtonian
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to quantum physics, from a “hearing” culture
into a highly networked, interactive “seeing” cul-
ture. Neil Postman has said of this highly paced,
accelerating transition that “change changed.”
From an educator’s perspective, this transition
has been spurred by at least three interrelated
areas:

¢ the constructivist-cognitive revolution,

¢ the impact of technology and visual
design, and

» the evolution toward student-centered
“interactivity.”

Together, these “change” areas have estab-
lished both the platform and necessity for visual
tools.

The Constructivist-Cognitive Revolution

Educational historians of future generations
will look back on the late 20th century as a time
when educators began the slow, institutional
transformation away from rote behaviorism,
closed definitions of intelligence, and hardened
perceptions of a singular, static, “given” struc-
ture of knowledge. Initiated in the work of Jean
Piaget, the guiding term for this cognitive revo-
lution is constructivism.

Early researchers who influenced this direc-
tion—such as L.S. Vygotsky in Russia, J.P. Guil-
ford and Benjamin Bloom in the United States,
and Reuven Feuerstein in Israel—have sup-
ported the last generation of cognitive skills
practice in education. Hilda Taba’s concept de-
velopment approach was one of the first signifi-
cant training programs to translate research
into concrete questioning strategies for
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teachers. This early research and practice influ-
enced the broad-based “thinking skills” move-
ment of the past 20 years, which was led by the
works of Arthur Costa, David Perkins, Edward
deBono, Matthew Lipman, Richard Paul, and
many others (Costa 1985, 1991).

Up to this time, the focal point of education
has been slowly shifting from students remem-
bering “bits” of information to students being
able to consciously construct conceptual under-
standings that link the “bits” into patterns of in-
formation. The cognitive revolution is based on
building students’ capacities to integrate knowl-
edge, in marked contrast to a still popular and
slowly fading behavioral learning paradigm.
The “case for constructivism” has been made:

Much of traditional education
breaks wholes into parts, and then fo-
cuses separately on each part. But
many students are unable to build con-
cepts and skills from parts to wholes.
These students often stop trying to see
the wholes before all the parts are pre-
sented to them and focus on the small,
memorizable aspects of broad units
without ever creating the big pic-
ture.... We need to see the “whole” be-
fore we are able to make sense of the
parts (Brooks and Brooks 1993).

The essence of this statement turns on the
phrases “build concepts” and “creating the big
picture.” Though the case for constructivism
has been made, these phrases still represent its
outposts and unmet expectations, as we are still
struggling in a transitional time between para-

digms without practical strategies for student-

centered construction of knowledge. A shift
in paradigms in any field is usually slow; but
for several reasons, this shift is difficult for
many educators.

Many institutional constraints prevent a
shift, including a weak system for translating re-
search into initial training and long-term profes-
sional development of teachers; curriculum
frameworks grounded almost entirely on scope-
and-sequence content learning; and slowly
evolving, alternative assessment tools. Of
course, the highest hurdle is the historical beliel
that the purpose of schooling is for the direct
transmission of cultural knowledge and scien-
tific, objective truths. In addition, because we
don't have many long-term experiments, we
also may have to admit that we are still in the
discovery phase of learning about how knowl-
edge is actually constructed.

Constructivism is now guided by research
in a new area: cognitive science (Gardner 1985).
Many educators may be unaware that a variety
of researchers, let’s call them “neo-Piagetians,”
have conducted extensive research that ques-
tions some of the basic strands of Piaget's stage
theory of cognitive development. Starting with
Vygotsky's “zone of proximal development,”
some cognitive scientists have shown that chil-
dren—given support and scaffolding—are able
to construct and understand concepts earlier
than once believed. Wide-ranging research in
cognitive styles, learning modalities, learning
styles, cultural differences, language differences
and communication styles across cultures, and,
more recently, multiple intelligences has fo-
cused on how different people perceive, trans-



form, and convey concepts. Philosophers, an-
thropologists, linguists, and biologists, as well
as researchers of brain functioning and neural
“connectionism,” have provided foundations
from which many new understandings about
learning are evolving (Sylwester 1995).

The central problem that constructivist edu-
cators face is not a guiding theory, but concrete
strategies and tools for institutionalizing these
theoretical and practical understandings into
more inclusive classrooms. Some constructivist
approaches are entering classrooms slowly,
such as cooperative learning and conflict resolu-
tion, thinking and process writing instruction,
integrated and interdisciplinary approaches,
and portfolio and performance-based assess-
ment practices. But we are just beginning to ar-
ticulate how these designs work together. And
notice that most of these approaches create the
environment for constructivism but do not cen-
ter explicitly on #ow an individual learner con-
structs knowledge.

The next chapters of this book explain how
visual tools are one avenue for supporting stu-
dents and teachers in actively connecting infor-
mation and for discovering interrelated
“contents” and “processes.” Visual tools are a
strong link between teaching content and facili-
tating and guiding thinking processes. We can
begin to see one way of breaking the age-old
content/process dichotomy by identifying
“forms” or structures of knowledge that bridge
this mythical gap.

As we explore in this book, visual tools of
many kinds are used to build and then more ex-
plicitly express interrelationships, interdepend-
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encies, and forms of knowledge. Verbalizing
and writing out ideas are only one way of repre-
senting thinking, and often this is a thin, linear
veneer of students’ thinking about content. With
visual tools, students begin to visually integrate
their own holistic forms with the tightly wound
structures of information and thus interpret
text. They begin to identify and then integrate
their forms with the text as they naturally link
information. Visual brainstorming webs, task-
specific organizers, and thinking-process maps
thus provide a bridge between their own forms
and the structures that are embodied in the text
but hidden in the guise of linear strings of
words.

The Impact of Technology and Visual Design

Some 50 years after the first televisions took
center stage, the Information Age has blos-
somed through new technologies that are espe-
cially visual. Videocassette recorders and video
cameras are commonplace; computer screens il-
luminate most businesses, some homes, and
many schools and classrooms; CD-ROM technol-
ogy offers a new degree of accessibility to visu-
ally supported information.

Of course, the computer is much more than
a new television console to huddle around and
watch. We are guided and also required to make
decisions, seek, and invent—and these actions
are becoming ever more compatible with, and
facilitative of, our natural thinking processes.
We now have a different reflection of ourselves.
As Margaret Wheatley observes, “Now we have
the technology to mirror more generative proc-
esses. More and more, the world of information
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is associative, networked, and heuristic” (1992,
p. 117).

As Wheatley suggests, one of the exciting
qualities of the computer is that it may be used
as a metacognitive tool, an electronic reflecting
pool for the mind. New technologies have usu-
ally given us innovative ways to investigate and
understand our world and ourselves. If we are
humble and philosophical, we realize that these
technologies may also reveal to us how much
we still do not understand about the world or
our own thinking. The empowering effect of the
computer is that its capacity is partly a projec-
tion (or simplistic reflection) of the neural net-
working of our minds. Given this capacity, it is
hardly a coincidence that the mid-1950s saw a
parallel growth of knowledge about both hu-
man and computer intelligence. Researchers
showed increased interest in facilitating stu-
dents’ thinking and in fostering human intelli-
gence at the same time that computer research
spread into artificial intelligence.

The invention of the computer is a mixed
blessing for educators, because we now face a
new kind of student. This new student, on aver-
age, spends more time in childhood in front of a
television or computer screen than in a class-
room. Some novice adult computer users are
just learning how to get onto Lhe Information
Superhighway, dodging high-speed information
blocks and wondering what to do with all of the
information available. Many students see this
kind of access as exciting and fun, not as a di-
lemma. Where they are intrigued by the endless
playfulness of computers, most adults are play-

ing catch-up. At the same time, educators are

witnessing the “overstimulation” of students
who have too much information and few intel-
lectual tools to evaluate the multitude of data
available to them.

This excess of information is leading to a
growing consensus in educational communities.
We must catch up quickly and begin to inte-
grate computers and quality software into
schools so that computer-literate students are
skillful, reflective, mindful users of information,
or “infotectives”:

Unless students have a toolkit of
thinking and problem-solving skills
which match the feasts of information
so readily available, they may emerge
from their meal bloated with techno-
garbage, information junk food. . ..
We must guide our students to become
infotectives. What is an infotective? . . .
[1t is a] student thinker capable of ask-
ing great questions about data (with
analysis) in order to convert the data
into information (data organized so as
to reveal patterns and relationships)
and eventually into insight (informa-
tion which may suggest action or strat-
egy of some kind) (McKenzie 1996).

It is clear from this view that students need
new tools for organizing and analyzing informa-
tion provided through visual technology. How?
By seeking relevant patterns and relationships
and thereby more easily discarding irrelevant
masses of data.

An essential problem facing educators is
how the information overflow is represented, ac-
cessed, and then controlled by students. This
new problem is based in the visual design of in-



formation. Whereas televisions of old provided
an unchangeable screen, the visual screens of
computers and innovative television technolo-
gies are our students’ new visual screen. This
colorful, dynamic screen is a mental space
based in graphical representations linking infi-
nite interrelationships. But it is also a place
where students can become overwhelmed by in-
formation and mostly entertained by multi-
media bytes.

Given the entertaining and motivating fac-
tors of computer use, how information is repre-
sented is of utmost concern. The structure and
design of information is critical, because we can
also be so easily deceived or overrun by what
we see. Edward Tufte, in his illustrative text En-
visioning Information (1990), presents the essen-
tial attributes of high-quality information
design in charts, graphs, tables, and other visual
representations. As Tufte relates, we live in “in-
formation-thick worlds,” not because of comput-
ers but because of our human capacities to
create complex designs. These designs are ever-
more dependent upon integrated, nonlinear, vis-
ual representations. He states:

Visual displays rich with data are
not only an appropriate and proper
complement to human capacities, but
also such designs are frequently opti-
mal. If the visual task is contrast, com-
parison, and choice—as so often it
is—then the more relevant information
within eyespan, the better (Tufte 1990).

The key to quality information design is
found in the efforts for what Tulte calls “escap-
ing flatlands”: the bland, tabulated masses of
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predigested or raw data portrayed in lines of
data on the screen. Effective and efficient visual
displays are borne of the necessity to escape the
endless flatlands. This image is best told by
Tufte’s description of a computer-graphical
timetable used for the high-speed Tokyo train
system, which balances the use of computers

with graphic displays on paper:

The Tokyo control-room directing
these high-speed trains is filled with
these graphical timetables, long paper
strips used to help oversee thousands
of journeys each day—a task which
makes clear the enormous advantages
of seeing information rather than tabu-
lating data (Tufte 1990).

The computer as an information delivery
system and organizing tool has evolved in com-
plexity in dynamic relationship to the tasks of
our modern technologies. As with the previous
example, however, little of the thinking about in-
formation happens inside a computer.

Although the computer environment may
affect thought patterns, thinking happens in the
mind of the learner. Like a director in the
Tokyo control room, today's student (as a future
Information Age worker) needs visual organiz-
ing tools for sorting out, evaluating, displaying,
and making decisions about information.
Throughout their school lives, students must be
able to practice and improve their capacities to
gain control over the actual patterning of infor-
mation. Some educators believe that asking
higher-order questions of students and guiding
them to ask these questions of themselves will
solve this problem.
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Unfortunately, facilitating students’ abilities
to ask insightful questions is not going to be
enough. Students also need tools they can use
to fully investigate such questions. Students
need to be able to know how 1o access and con-
sciously transform information.

Student-Centered Inferactivity

The expectations and needs of the construc-
tivist-cognitive revolution and the new visual
technologies for accessing and displaving infor-
mation are interrelated within schools’ much
broader movement toward student-centered inter-
action, cooperative learning, and interactivity.

Before leaving the subject of technology and
turning to the needs of visual tools for coopera-
tive learning, let’s investigate a key term in the
field of technology: interactivity. Remember the
interactive, seemingly personable and caring
computer named Hal in the movie 2007, A
Space Odyssey? Hal converses in a personable
way with the pilot Dave. Hal thinks through
problems and eventually takes over the controls
of the spaceship. Though this scenario is cer-
tainly fiction, it is also scientifically real. We are
moving toward more open, interactive learning
communities, and computers are part of the
conversation. In the field of technology, this di-
mension is called interactivity. Soon, students
will have greater capacities to communicate
and interact with the computer as an intelligent
technology and with other computer users. But
what is interactivity?

On one level, interactivity is the student'’s ac-
cess to driving the learning experience. Tom

Snyder, creator of some of the most challeng-

ing, provocative, and interactive technologies
available, discusses the connections among in-
teractions between student and machine, in lin-

ear and nonlinear forms:

In the computer world, “linear”
implies not branching, which is not en-
tirely desirable because computers can
be highly nonlinear in the way they
work. At a branch in a computer cir-
cuit, for example, you can make one
choice to go one way and another
choice to go another—that’s what a
computer does well. Branching is at
the heart of hypertext. In hypertext,
you create your own path through a
book. Instead of starting at the begin-
ning and working your way methodi-
cally through to the end, you create
vour own knowledge and your own un-
derstanding based on the way you
learn and what you need and what you
think. Hypertext, the book of the fu-
ture, is totally interactive in this way
(Snyder 1994).

Although you might disagree that hypertext
will be the “book of the future,” the visual flat-
land of the computer screen and multimedia ap-
proaches to information are forcing us to build
students’ capabilities to make their own path-
ways and create their own knowledge. Within
these processes, students are interacting with
computers and with other “infotectives.” Ulti-
mately, many of our students will interact in
real time with peers who are not in their own
classroom, or even on the same continent.
Thus, technologies of this age are propelling

many teachers into a new view of learning:



from teacher-centered lecture to student-
centered interactivity.

In schools throughout the United States, co-
operative learning and conflict resolution are
changing the dynamics of classrooms and
whole learning communities. Cooperative learn-
ing provides active roles for students as they
work together, with coaching from teachers.
Conflict resolution is based on processes, skills,
and interpersonal communication strategies
that students learn to use to manage interper-
sonal conflicts. In addition, many schools have
well-trained student mediators who facilitate
conflicts between students. A core value of these
approaches—returning to John Dewey—is nes-
tled within a belief that students should be inter-
active learners who connect their experiences in
the world to the learning context and reflect on
processes and behaviors. This is in contrast to
being passive recipients of teacher-, text-, or
computer-driven information and processes.

These capacities for student-centered, inter-
active learning are similar to the key goals of
thinking-process instruction: a focus on teach-
ers facilitating independent learning; students
becoming aware of commonly shared learning
processes; students becoming fluent in articulat-
ing their ideas and values as interdependent par-
ticipants in the classroom; and students
independently and consciously transferring
“learning how to learn” skills to other environ-
ments, including the workplace.

With this shift toward interactive learning
and interactivity, there is a need for a range of
different student-centered tools for basic commu-
nication and learning. Why? As a teacher takes

Why Visual Tools Now?

on different roles in the classroom (coach,
guide, facilitator, source of knowledge), stu-
dents are asked to take greater responsibility for
their own intellectual and interpersonal work.
Therefore, collaborative strategies and tools are
needed to provide some of the glue that holds a
group together, a responsibility that heretofore
has been carried almost exclusively by teachers
and administrators.

This need for collaborative tools is a central
theme of the remainder of this book, because
visual tools make ideas public, accessible, and
shared in cooperative learning groups. The ad-
vantages for using visual learning tools are dif-
ferent depending on the type of tool being used,
which the next chapters discuss in context.

The changes in student-teacher interactions
and student-to-computer interactivity also re-
quire new strategies and tools for communica-
tion that can be used throughout a school or
business. Ultimately, this need is felt most con-
cretely as students make the school-to-work
transition. Today's students will regularly move
in and out of jobs that require the capacities for
information processing, group problem solving,
and interpersonal skills. As these workers face
the prospect of changing jobs frequently, they
will need the capacities and tools for continuous
learning and self-assessment—and for commu-
nicating their ideas within different groups of
people and organizations. Today’s students will
be responsible for seeking different views of in-
formation and negotiating these viewpoints. They
need to become responsible members of cultur-
ally diverse working groups gathered from
within the United States and around the world.
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We are only at the beginning of integrating
visual tools into learning environments in both
schools and businesses. It is becoming clear
that what learners are thinking and how they ex-
press their thinking will be the central concerns
of this shift. On a deeper level, the more visual
tools are used to express ideas, the more there
also may be a shift in how we actually define
things. Traditionally, we isolate knowledge to
define “things.” Given visual tools, learners are
motivated to seek definitions that are relational,
patterned, and context-driven. This means that
the basis for definitions may change:

This world of relationships is rich
and complex. Gregory Bateson (1980)
speaks of “the pattern that connects,”
and urges that we stop teaching facts—
the “things” of knowledge—and focus,

instead, on relationships as the basis
for all definitions (Wheatley 1992),

Though few educators would support a
radical movement away from teaching “facts,”
most believe that the ultimate goal of education
is not about students’ memorizing facts. Stu-
dents must be able to demonstrate that they
can create concepts from related “facts.” Impor-
tantly, both the forest (patterns and context)
and the trees (detailed information) need to
remain within view. The focus of future teach-
ing, learning, and assessing will not be remem-
bering only isolated “things” but on how
students interactively construct “the pattern
that connects.”

We now turn to the next link in our investi-
gation, a chapter that provides a definition for
different types of visual tools and key questions
that educators face in bringing visual tools into
schools.
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Introducing Visual
Tools

he exciting variety of visual tools now

used in classrooms has also brought

about a confusion of terms and defini-
tions. The following terms are often used
synonymously: webs, mindmaps, spider maps,
clusters, semantic maps, concept maps, cogni-
tive maps, graphic organizers, and—more re-
cently—Thinking Maps and systems thinking
feedback diagramming.

Some educators, saturated with brainstorm-
ing webs during professional development work-
shops or the graphics presented in textbooks,
may look at new visual tools and say “Oh, we've
done that before.” This attitude is quite under-
standable because on first glance, many of these
visual forms look like any other. But the distinc-
tions among different visual tools can be pro-
found. The true definition of each visual tool is
usually found in how it is explained and intro-
duced to students and its subsequent interactive
use—not in how it looks.

This chapter offers an introduction to visual
tools, a summary of the successes of these
forms across disciplines, a definition of and
metaphor for the use of visual tools, and a brief
description of three types of tools. These sec-
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tions are followed by practical concerns and
questions about how to introduce visual tools
into a classroom or whole school. This includes
steps for reviewing visual tools in your learning
environment, how to introduce the tools to stu-
dents, guiding questions for choosing appropri-
ate tools, and an overview for using visual tools
in cooperative learning.

The questions raised in this chapter are of-
fered as guides to active reading of the remain-
der of the book. Thus, this chapter is a
taking-off point for a deeper discussion and
more comprehensive view of each of the three
types of visual tools we explore.

Cross-Discipline Successes

One of the reasons for bringing some clarity
and definition to different types of visual tools
is that their long-term potential and signifi-
cance may be eroded if students, teachers, and
administrators—along with publishers and re-
searchers—do not begin a discussion of their
common benefits and best uses. These tools are
being used successfully and differently across
disciplines, deepening content-specific and in-
terdisciplinary understandings, but mostly they
are used in isolated situations. We find few in-
stances of consistent and coordinated use of
these tools over multiple years of schooling.

For example, in the field of science, stu-
dents may use hierarchical “concept mapping”
to develop visual mental models of how they
perceive scientific concepts. Teachers use those
mental models to assess the development of stu-
dents’ concepts and misconceptions. Teachers
of mathematics, having long ago added to the

Venn diagram, have become leaders in promot-
ing students’ use of visual modeling such as
flowcharting and diagrams for problem solving
and concept development. For reading compre-
hension across disciplines, students practice
with visual scaffolds—text structures—to ana-
lyze and synthesize meaningful patterns of
ideas not readily apparent in page after page of
text. And, increasingly, brainstorming webs, or
“mindmapping,” have become basics in many
schools for writing process instruction. Finally,
with the rise of the thinking skills movement,
we have seen extensive use of maps based on
thinking processes, enabling students to trans-
fer complex thinking skills in the form of tools
across disciplines. Though the uses of these
tools overlap, there is rarely a coordinated ef-
fort to help students make sense of all of them.

Of course, successes with these tools are
happening without coordination, but even a lim-
ited effort in a school or district to identify,
share best uses, and agree on some common vis-
ual tools could exponentially expand their qual-
ity use by students. Extensive qualitative
evidence and standardized test results show
that these tools change student performance.
Some of the test results are presented as we
explore different types of visual tools in the fol-
lowing chapters. The qualitative results accumu-
lated over the years from teachers, students,
and researchers alone reveal that visual tools
are enhancing students”:

e motivation to learn;
¢ basic skills of reading, writing, and
arithmetic;

¢ content knowledge retention;



s general communication skills;

s organizing abilities;

¢ independent and cooperative learning;

» problem-solving flexibility;

» creative and analytical thinking;

¢ conceptual understandings;

¢ higher-order thinking;

¢ metacognitive abilities and self-
assessment; and

¢ enjoyment of problem solving.

The last item in this list is linked directly to
the first: Students are motivated to learn when
they enjoy the process. A nearly universal re-
sponse from teachers who have experimented
with visual tools reveals an often undervalued
and ungraded change in performance: enjoy-
ment of an intellectual challenge.

There is also great potential for the use of
these tools for students with special needs, espe-
cially when all students in a classroom and
school are using common visual tools. Students
are motivated by using tools for actively and
visually constructing “whole” ideas inde-
pendently and in cooperative learning groups.
The use of visual tools creates a shift in class-
room dynamics from passive to active and inter-
active learning for all to see.

Defining Visual Tools

Historically, the most commonly used name
for visual tools has been either semantic maps
or, more recently, graphic organizers. A succinct
definition of graphic organizers is found in one
of the most comprehensive theoretical and prac-
tical investigations of these tools, a text written
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by John Clarke entitled Patterns of Thinking.
This text is required reading for educators inter-
ested in studying a comprehensive research
base on visual tools. Clarke defines graphic or-
ganizers as:

[Words] on paper, arranged to rep-
resent an individual’s understanding of
the relationship between words.
Whereas conventions of sentence struc-
ture make most writing linear in form,
graphic organizers take their form
from the presumed structure of rela-
tionships among ideas (1991, p. 30).

Whereas this definition clearly and simply
expresses the open, generative quality of some
graphic forms, the term organizer may not fully
represent the many different types and uses of
these tools. The implication of that term is that
these graphics are used only for organizing in-
formation. Yet many visual tools that might be
called “graphic organizers” are used for brain-
storming, seeking open-ended associations, and
consciously delaying organization. Other visual
tools have been designed for moving well be-
yond brainstorming and organizing ideas to spe-
cifically facilitate dialogue, perspective taking,
mediation of student thinking, metacognition,
theory development, and self-assessment.

Unfortunately, the worst-case scenario for
the use of “graphic organizers” (called “task-
specific organizers” in this book) is when stu-
dents repetitively use preformed organization
charts as merely “fill-in” boxes on activity
sheets. Several publishers offer packets of fill-in
graphic forms that have extremely limited and
intellectually limiting use. These activities,
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while helpful in some special cases, are not too
far removed from students’ filling in empty
spaces on worksheets, a commonplace activity
ever since the creation of workbooks, blackline
masters, and duplicating machines.

Another term, semantic maps, has also been
used to represent the field of visual tools. But
historically, the term has been used predomi-
nantly for describing brainstorming webs for
writing process and language arts instruction.
Visual tools are now used well beyond the field
of semantics.

Neither graphic organizer nor semantic
maps satisfactorily represents the dynamic qual-
ity and wide range of uses that the phrase visual
tools offers. The term tool conveys the essential
quality of these visuals: They are dynamic and
constructive in the hands of students. The fol-
lowing expanded definition for visual tools is a
synthesis of John Clarke’s (1991) definition for
graphic organizers and many of the ideas that
will be investigated throughout this book.

Visual tools are symbols graphi-
cally linked by mental associations to
create a pattern of information and a
form of knowledge about an idea.
These linear or nonlinear forms are
constructed by individual or collabora-
tive thinkers on paper, board, or com-
puter screen.

There are three basic types of vis-
ual tools: brainstorming webs, task-
specific organizers, and thinking-
process maps. Though each of these
types of visual tools may be defined for
a specific purpose or used together,
each form also may require the use of
one or several different global proc-

esses, including generating, analyzing,
organizing, synthesizing, and evaluat-
ing meanings.

Using the term zool is crucial to this defini-
tion, and clarifies what is not being investigated
in this book. There are many valuable graphic
representations that are used primarily for stor-
ing, graphing, or displaying information, often
after much of the thinking about a problem has
been completed. These forms include matrix
diagrams, tables, basic charts, axis diagrams,
bar graphs, and pie diagrams. These types of
graphics may be used for analysis and to facili-
tate evaluation and other complex tasks. But
they are often used as place-holders and displays
for information and not specifically as construc-
tive tools.

Theory-Embedded Tools

One way to think about the tool-like quality
of these representations is to consider an under-
lying metaphor for the idea of a tool. The mean-
ing of the term ool as used here comes from
the philosophical and psychological stance of
constructivism, which is based on several meta-
phors. One central metaphor is that of a student
building knowledge, much like a carpenter
building a house with materials such as wood,
nails, concrete, and glass. These are the con-
tents of the work. A carpenter comes to a job
with the practical abilities to mold and struc-
ture these materials. Those abilities—both dis-
crete skills and general strategies—have been
learned through years of experience at different
jobs. At most work sites, carpenters apprentice



and work in teams while being guided and su-
pervised by a mentor who is a knowledgeable,
expert, responsible, licensed contractor.

One of the first things that a carpenter does
upon arrival at the work site is to put on a tool
belt that holds a hammer, screwdriver, tape
measure, and other necessary tools. These are
the basics of the trade, skillfully used to directly
form materials and construct a final product. So
too, a student entering the classroom needs a
“tool belt” of sorts, filled with a variety of visual
tools that are well defined, developmentally ap-
propriate, and flexibly used to construct meanings.

By way of the development, definition, and
use of a visual tool, each explicitly embodies one
or several processes, just as a hammer explicitly
embodies the process of hammering. This ex-
plicitness of process, in turn, implies an underly-
ing theory for the tool, or what have been called
“theory-embedded tools” (McTighe and Lyman
1988). In their introduction to several different
kinds of learning tools, including what they call
“cognitive maps,” McTighe and Lyman draw
from the research of Nathanial Gage (1974),
who proposed four requirements for teach-
ing/learning tools. Each tool should have:

o psychological validity—it reflects what is
known about teaching and learning;

e concreteness—it embodies knowledge in
materials and equipment;

e relevance to teachers—it has practical
value in the classroom;

o differentiation by type of learning—a rela-
tionship exists between the type of tool and the
way that a skill, concept, process, or attitude is
best learned.
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This set of four attributes creates a helpful
filter for thinking about the difference between
a visual tool and content knowledge as well as
the difference between a visual tool and a skill
or process.

Using this filter, the visual tools investigated
in this book are:

e psychologically valid given our present
knowledge about the processes of teaching and
learning, especially schema theory, various
learning theories, and brain research;

o concretely linked to how knowledge is
formed, because they tangibly represent and
thus embody this knowledge;

e relevant for teachers because students are
able to use the tools on a daily basis to learn
content and improve thinking processes;

o differentiated by way of the various types
of visual tools that relate directly to different
ways of perceiving, conceiving of, and pattern-
ing knowledge.

So what is the difference between a tool and
a skill or a strategy? Visual tools are neither con-
tents nor processes; they are tools of the
learner’s trade for concretely forming knowl-
edge. Specifically, visual tools are not, in and of
themselves, skills or strategies, in the same way
that one does not say that a hammer, saw, or
screwdriver is a carpentry “skill.” A visual tool is
a concrete extension and application of one or
several skills. It takes a skillful hand to use a jig-
saw to cut a delicate pattern in wood, just as it
takes a skillful thinker to create a multidirec-
tional feedback flowchart of an ecosystem.
Thus, visual tools are instruments used skillfully
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and strategically by teachers and students to
construct content knowledge.

Types of Visual Tools

We could categorize examples of visual
tools in many ways: how they are used, the
rules for constructing the graphic, degree of
flexibility in use, the theoretical foundation,
and, more practically, how each approach is in-
tegrated into classroom use for specific objec-
tives. The categories established for this book
are based on concrete, practical purposes: The
form of the visual tool often follows its function.

The three relatively distinct yet sometimes
overlapping purposes of these tools are, respec-
tively, for brainstorming, task-specific organiza-
tion of information, and to transfer thinking
processes across disciplines. The Tree Map in
Figure 2.1 shows the three types of visual tools
and examples of each.

Interestingly, each of the three purposes eas-
ily could be construed to reflect certain philoso-
phies of educating:

¢ brainstorming for fostering individual
and group creativity,

o task-specific organizers for fostering
basic skills and deep content learning, and

¢ thinking-process maps for fostering
cognitive development and critical thinking.

These philosophical points will come into fo-
cus in the following three chapters.

These categories are offered as a way of dis-
tinguishing these tools so each type may be
used with greater clarity and purpose—and
used together when it is appropriate for the
classroom activities. Several of the developers

of the examples described in the following three
chapters might argue that their ultimate goal is
for their graphic to be used to support two or
all three of these purposes. This may be a valid
criticism of this category structure, since most
categories have “fuzzy” boundaries. Keep in
mind, then, that these categories were con-
structed so as not to be mutually exclusive. In
addition, there is absolutely no “most appropri-
ate” sequence of hierarchical design for using
these tools. A student may begin a learning ac-
tivity by using a task-specific organizer, shift to
a brainstorming web, and finally focus by using
a thinking-process map.

Before looking at each of these types of tools,
it is important that educators consider their own
learning environment and past experiences to
identify visual tools that are already being used.
It is also essential, before this discussion, for
practitioners to consider some essential ques-

tions about, and suggestions for, using tools:

¢ How do I introduce visual tools to students?

¢ How do I choose appropriate tools?

e How are these tools used with coopera-
tive learning?

These concerns, questions, and suggestions
provide a framework for exploring the remain-
der of this book.

Reviewing Your Toolkit

The first step in introducing visual tools
into a classroom or whole school is to identify
those situations where visual tools are already
being used. Take these experiences and suc-
cesses as the starting point for both expanding
the repertoire of tools and for focusing more
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Tree Mop Showing Types of Visual Tools

Types of Visual Tools

brainstorming
webs

mind mapping

webbing

clustering

task-specific
organizers

life cycles: science

text structures: reading

thinking process
maps

concept mapping

for
personal
knowledge

decision trees:
mathematics

for
isolated content
tasks

Copyright 1996 Innovative Learning Group, David Hyerle. Reprinted by permission.

systems thinking

Thinking Maps

for
thinking process
transfer across
disciplines

deeply on tools you have found or believe to be

successful. This kind of analysis and collection

of examples will support you through this read-
ing. Consider this set of reflective questions:

¢ How do you already use visual tools or
other graphics such as charts, pie diagrams,
Venn diagrams, flowcharts?

Which of these are most successful? Why?

¢ If you and your colleagues are already
using visual tools, what type are you using
(brainstorming webs, task-specific organizers,
thinking-process maps)? Are you using one

type more than another? Why?

¢ Do your students enjoy using these tools?
Are the tools being used in paired and coopera-

tive learning settings? Ask your students: “How

are these visual tools helping you learn?”
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¢ Are students learning to use visual tools
on their own and in flexible ways and for inter-
disciplinary learning? Can students use these
tools without your guidance?

¢ Is there any common use of the same vis-
ual tools across the whole school? Is the lack of
consistency in the use of visual tools from pre-
vious classes confusing your students?

¢ What are the types of visual tools sug-
gested in student textbooks? Are these tools
used meaningfully, or are these just add-on
activities? Is there consistency in the definition
and use of the tool, or is the same visual used
for different processes?

¢ Which of the published materials and pro-
fessional development resources focused on vis-
ual tools would best support your students,
classroom, and whole school?

e Has your district, county, or state office
of education integrated visual tools into curricu-
lum guides and assessment instruments?

Embedded in each of these questions are
some obvious assumptions. The issues brought
up through these questions include the use of
visual tools: breadth in the type and number, in-
teractiveness, flexibility, consistency, inde-
pendence, meaningfulness, and integration with
assessment.

As we investigate different types of visual
tools, these issues will come to the surface.
Though there are no absolute answers to these
questions, there are some commonsense re-
sponses and research showing the best practices
in classrooms and whole schools.

Choosing Appropriate Visual Tools

The pleasurable dilemma of choosing the
most appropriate tool becomes more interesting
as a classroom adds more tools to its intellec-
tual toolkit. But this is only a short-term prob-
lem as students practice and become fluent
with each new form.

Choosing the appropriate visual tool, or a
set of visual tools, compares to the challenge a
carpenter faces when considering what to use to
build a structure. The carpenter must first think
about the need for a tool as related to the ulti-
mate objective or outcome—what is being built.
As we look ahead to the following chapters,
here are some essential questions you may ask
yourself and suggestions to consider as you
think about introducing visual tools to students:

1. Which type of visual tool best supports
the purpose or learning objective of this
study? Identifying the purpose of an activity and
the expectations for students is key to choosing
a visual tool. For example, if you want students
to generate ideas for a project or piece of writ-
ing, a brainstorming web may be used. If you
want students to organize information in a highly
specific way, such as a defined order of opera-
tions for solving an equation, then a task-specific
organizer may work. And, if you want students
to independently apply a thinking process such
as comparison to a reading selection about two
characters, then a thinking-process map will fit
the need. As mentioned previously, there is no
generalizable sequence for using visual tools.



2. What form of the tool is developmen-
tally appropriate? Once you have clarified the
visual tool(s) that fit your purpose, you will
need to consider the form of the tool. For lower
elementary students, the graphic must be large
enough to draw pictures, and instructions must
be given verbally. Coloring crayons and pens
also will help give form to these graphics. The
fewer types of visual forms (circles, rectangles,
triangles) the better for all elementary students.
Highly complex and densely packed visual tools
lose their usefulness at any level. For upper ele-
mentary and secondary students, clear guidance
in the reason and steps for using the visual tools
independently is important so that students
make meaningful use of the tool.

3. How will we—as a class—interactively
use this tool? It is important to decide how the
tool will be used: individually, in pairs, and in
cooperative groups? As a whole class through
teacher direction and facilitation? Or a combi-
nation of the above, such as the use of the
Think-Pair-Share format?

4. How will we assess the effectiveness of
this tool? After you and your students have
practiced using a visual tool, it is important to
reflect on its usefulness. You and your students
must evaluate whether or not, and how, the tool
furthered learning and thinking.

5. Is this tool going to be used through-
out the year and in coordination with other
visual tools? If you are committed to using par-
ticular visual tools consistently throughout the
year, the processes by which the tool is intro-
duced, improved, and integraled into teaching,
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learning, and assessment is important. If you
take this step, you are telling students that you
want them to gain ownership of the tool so they
will use it independently. Make this clear to stu-
dents by telling them that you want them to
take control of their own learning by using the
tool regularly, without prompting.

The Importance of Student
Ownership of Visual Tools

Give students worksheets and they
will learn for today; teach students
how to use a visual tool and they will
learn for a lifetime.

One of the most common areas of agree-
ment among those who have used visual tools is
that what distinguishes them from static
graphic displays is that students use them to be-
come independent, flexible, and interdependent
builders of knowledge. As students gain owner-
ship of these tools for active meaning making,
the experience is intrinsically rewarding.

As you read the chapters ahead, consider
how you might introduce visual tools to stu-
dents so that they become fluent with graphi-
cally representing their ideas. If you want
students to gain full ownership of a tool, some
form of a systematic introduction is necessary,
followed by modeling, practice, and coaching.

The following sequence of steps for intro-
ducing a visual tool was provided in an article
about using task-specific organizers for reading
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comprehension across disciplines. This process
works well for a graphic in any content area:

1. Present at least one good exam-
ple of a completed graphic outline.

2. Model how to construct either
the same graphic outline or the one to
be introduced.

3. Provide procedural knowledge.

4. Coach the students.

5. Give the students opportunities
to practice (Jones, Pierce, and Hunter
1988/1989, p. 24).

Notice that Jones et al. are not describing a
“graphic organizer” that is printed on a page for
students to work through or fill in, as with a
worksheet. Initially, students are learning how
to draw, change, expand, and manipulate a vis-
ual tool so that they construct knowledge on their
own in response to the structure of the text or
other learning resources. Students should also be
asked to review, reflect on, and assess their
evolving capacities to use visual tools.

The example provided in Figure 2.2 shows
how a 4th grade teacher might introduce a task-
specific organizer to students over several days.
The task, common from kindergarten through
college literature courses, requires students to
examine the rising action of a story as a specific
dimension of plot analysis. The Rising Action
Organizer is first introduced using a story stu-
dents have already finished reading. Notice the
focus during the procedures, coaching, and
practice steps. It is on students being able to use
the tools individually, in cooperative pairs and
groups, and for homework. Students also are

asked to use the organizer for verbalizing how

they perceive the pattern of information and to
compare interpretations.

Some adaptations of this process are made
for lower elementary students. For example,
teachers may first want to distribute a pre-
drawn organizer to all students and have them
draw pictures and write a few words in each
box. The task vocabulary will no doubt be sim-
plified to “beginning, middle, and end” rather
than “rising action, climax, and denouement.”
In addition, the modeling stage of introduction
may go on for several weeks before students—
even kindergartners—begin drawing their own
boxes and start down the road to independent
use of visual tools.

Once this visual tool is fully introduced to
students, what does the change mean for teach-
ers? First, students have a concrete way of see-
ing the key relationships built into the task and
directly linked with related vocabulary (in this
case, rising action, climax, ending or denoue-
ment). Second, as students use the tool, teach-
ers are able to assess their view of the pattern of
the story efficiently and effectively by viewing
the completed organizers. In a typical class-
room without visual tools, a teacher is often de-
pendent upon direct questioning or written
responses by students. Most of the time, teach-
ers will have time for only one or two students
to respond. Third, discussion and dialogue be-
tween students is supported because students
have their visual representation displayed in
front of them and thus can visually and verbally
share their ideas. Fourth, the teacher can facili-
tate a discussion using the same graphic on the
chalkboard or overhead projector.



Introducing a Visual Tool: Task-Specific Organizer—"Rising Action”

Purpose: Use the “Rising Action” organization for idenfifying and analyzing the significant events leading up to the climax of a
story and ending (or denouement).

1. Example: Distribute this completed example of the organizer, using a story students have recently read.

Climax

Rising Action Ending

Infroduce the vocabuiary for each box [important events, climax, ending) and state the purpose for using the organizers and
how this tool will help students organize the plot of a story in a meaningful way.

2. Modeling: Read a new story with students, and ask them to think about this organizer as they read. After completion of
the story, slowly create the "Rising Action” organizer on the chalkboard without student input. Start with the climax “box,” ex-
plaining your interpretation of the climax of the story. (This models your metacognitive processes with the tool.) Then proceed
to show and explain the rising action of events and ending. Ask for clarifying questions.

3. Procedures: After completion of the modeling, ask students fo create a “Rising Action” organizer on a sheet of paper.
Have students draw their own organizers so that they immediately take responsibility for using and owning the tool. Discuss
the need for starting at the top, using only rectangles, and linking the literature-based vocabulary to the visual tool. Discuss
possible variations, such as adding more boxes, if necessary.

4. Coaching: On the next day, ask students to read a new story and structure students in a “Think-Pair-Share” format for cre-
ating a “Rising Action” organizer. As the pairs are constructing the organizers, move around the classroom and coach stu-
dents as they work. Ask several pairs of students to share their organizers with the class and discuss the different
interpretations and how they have used the tool.

5. Practice: Reinforce the use of the organizer with each reading selection. Assign the organizer for homework so that
students have time to practice on their own.

6. Reflection: Ask students to discuss the effectiveness of the visual tool and how this tool could be used in other subject
areas, such as in history.
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Finally, once students learn how to use a vis-
ual tool, the teacher and students save the most
precious resource of any given school day: tinze.
Time is saved in three basic ways:

o First, students are able to do more inde-
pendent, meaningful work, enabling the teacher
to spend less time explaining terms and concepts.

¢ Second, during instruction, teachers may
quickly assess students’ patterns of thinking
about content, thus enabling more effective, fo-
cused instruction.

e Third, over the school year, more formal
assessment is supported as students collect sam-
ples of applications in a portfolio that provides
the teacher with an effective, time-saving way to
review individual growth and group progress.

Possibly the greatest area of time saving is
in this area of assessment. Visual tools provide
teachers with a picture of student thinking—
the same display that students can use for self-
assessment. One of the main reasons that we
have difficultly assessing students is not be-
cause we don't realize the depth and impor-
tance of the task; rather, it is because the task is
extremely time-consuming and students’ verbal
or written abilities may not match their think-
ing abilities. As we look at different visual tools,
it will become clear that each form has unique
dimensions that foster effective and deep levels
of reflectiveness and self-assessment.

Constructing Knowledge in
Cooperative Groups

A last area to consider before looking
closely at different types of visual tools is their

effectiveness for cooperative learning, or, more
specifically, how these tools facilitate the shar-
ing and building of knowledge in a group set-
ting. Within each of the next three chapters
there will be sections devoted to the use of vis-
ual tools for individual, cooperative, and school-
wide learning. Following is a brief summary of
the implications for using visual tools in an
interactive, inclusive classroom that constantly
shifts among individual, paired, cooperative,
and whole-class learning structures.

Individual Sharing

Given visual tools, students can individually
generate ideas apart from the group and then
share their ideas. This action promotes visual
dialogue: students have the means to convey the
holism of their thinking to peers rather than
rely exclusively on linear speech or writing. For
those students who are not strong at verbalizing
their ideas, visual tools become the platform
from which they can more fully express their
thinking in a paired problem-solving format or
group setting. Visual tools also provide a safe
haven for every student—across all ability levels
for a certain task—to generate and show their
thinking.

Negotiating Meanings

In pairs or cooperative learning groups, stu-
dents use visual tools for negotiating meanings
(Novak and Gowin 1984) and not merely mim-
icking existing knowledge provided by the
teacher. Visual tools become a vehicle for deep-
ening and expressing individual views of how in-
formation is connected, for sharing multiple
perspectives and opinions, and for rigorously



discussing different cultural frames of refer-
ence. It is much easier for a peer group, or a sin-
gle dominant voice, to dismiss alternative points
of view that are stated in a few sentences than a
visual display of interconnected ideas support-
ing a different perspective. In an inclusive class-
room, all students can share their ideas with
others, incorporating new information from
other students’ maps, while developing their
own understandings of contents and processes.

Staying Focused

As the old saying goes, talk is cheap, and this
can be particularly true in some cooperative learn-
ing groups where students stray from the task at
hand. Visual tools give students alternative, con-
crete structures for focusing and persevering in
long work sessions, for extensive interdiscipli-
nary projects, and for working together with in-
formation as they form a final product.

Teacher Facilitation of Groups

Teachers may support and guide the con-
struction of knowledge in the group by suggest-
ing certain tools that may be most helpful. This
may be followed by the teacher’s moving
around from table to table, seeing the progress-
ing ideas and offering reflective questions and
coaching. This also enables the teacher to re-
view the group’s work with much less intrusion
than required when interrupting to ask how
things are progressing.

Group Presentations

Students are often asked to make group
presentations of ideas to classmates. If everyone
in the class has access to common visual tools,

Introducing Visual Tools

an oral presentation supported by such visuals
means that a classroom discussion or dialogue
may be richer. This is because the organization
of the main and supporting ideas is available for
all to see and interpret, shown in the example of
Norm Schuman’s classroom presented at the be-
ginning of Chapter 1.

Group Self-Assessment

Once a view of knowledge has been con-
structed in the group, students may look down
on the map of their work and be able to evalu-
ate both the holistic view of their understanding
and the supporting connections. As different
groups present their constructed views of knowl-
edge, students and teachers alike are able to
compare alternative structures that have been
created and thus evaluate with greater depth
not only the product of learning but also the oth-
erwise hidden processes and forms of knowing.

Beyond Blueprints

Teachers, curriculum authors, and test crea-
tors face an essential question: Who holds the
blueprint for knowledge? Consider carpenters,
who work together with a blueprint for a struc-
ture that is given to them by the contractor. Dur-
ing the construction process, the carpenters
may choose to use certain techniques and make
minor changes in detailing, but each carpenter
is constructing a building with a predetermined
outcome. For most carpenters this is not a prob-
lem, but the issue of outcomes remains a conun-
drum in the teacher-student relationship.

As curriculum standards are tightened—and
standardized tests remain important—the qual-



Visual Tools for Learning

ity and use of visual tools forces the issue of out-
comes to the surface. Many visual tools, by defi-
nition, embody the value of students actively
constructing knowledge and building theory.
This highlights an unresolved problem of con-
structivism: Are educators intérested in giving
students their own tools for critically analyzing
accepted “truths” and for constructing new
knowledge, or are we only giving students
enough skills and tools to “frame” knowledge
within the boundaries of old paradigms?

Visual tools provide only one of many
answers to this dilemma. By learning and
using a visual tool, students are given the oppor-
tunity and responsibility to actively construct

and show how they perceive ideas. Teachers
who use visual tools are explicitly showing

the relationships that they deem essential for
learning. Together, teachers and students are
able to use visual tools to actively compare and
negotiate meanings they espouse in the class-
room in a clear, holistic way. The process of
this negotiation is the heart of the educational
experience.

These issues are addressed in the next chap-
ters as we look closely at three different types of
tools. As you continue reading, consider that, in
fact, visual tools are not blueprints for students
to follow, but the tools that they can use for the
construction of knowledge.



Brainstorming Webs

n the late 1930s, Alex Osborn initiated the

first visual brainstorming sessions in his ad-

vertising company. He later wrote a text out-
lining rules for the group process, which
included making no judgments, welcoming
“wildness,” eliciting quantity, and seeking im-
provement (Wycoff 1991). Today, the focused
use of brainstorming sessions plays a prominent
role in many corporate cultures, where there is
a deeper history of group problem solving and
the need for quick generation of ideas. Brain-
storming techniques can be used to access the
best thinking about a marketing concept or to
develop new products and services.

Historically, schools have focused much less
on group work and creating a “product” and
more on the long-term goals of individual learn-
ing, growth, and achievement. Additionally,
schools have not granted high status to novel
concepts, unique applications, or challenges to
the knowledge presented. Student work is often
evaluated in highly constrained formats based
on the retention and synthesis of information
provided by text and teacher. Now, both school
and business cultures are beginning to reward
those who think independently, work in teams,
cogenerate new ways of doing work, and, to a
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certain degree, challenge the system of pre-
scribed knowledge and acceptable truths.

Since the late 1970s, a range of brainstorm-
ing techniques called webbing, clustering,
semantic mapping, mindscaping, and mind-
mapping have become more popular in many
schools. Most of these processes have similar
techniques, each generating from a central
point on a page to the outward perimeters to
fully capture a concept, much like a spider
spinning a web to trap flies. Most of these tech-
niques inspire a unique blend of intellectual
curiosity and artistic expression that contrib-
utes to the construction of knowledge, as pre-
sented most vividly in the recent applications
of brainstorming webs for educators by Nancy
Margolies (1991).

The first systematic use of webbing in
schools was to facilitate students’ fluency of
ideas during prewriting activities. The process
of writing has always depended on the genera-
tion and recombination of ideas, but the “proc-
ess writing” approaches developed in recent
years have highlighted the need for students to
generate and connect a large quantity of ideas
before sitting down to a first draft. After the
first draft is complete and the refining and edit-
ing steps begin, the brainstorm web is often left
behind, a mere relic of the creative beginning of
the paper.

But brainstorming webs now are used
across disciplines for more than seeking out the
initial kernel of an idea. They are used to de-
velop students’ fluency with thinking. Fluency
with linear and nonlinear thinking is a critical
dimension of learning, as critical as fluency

with reading and writing, which are both pri-
marily linear forms. Fluency is the capacity to
flow flexibly from idea to idea within and
across disciplines, easily make interconnections
among ideas, sustain inquiry over time, openly
pursue alternative points of view, question and
possibly discard hardened opinions, and get “un
blocked” when faced with a difficult task.

By gaining visual fluency, students become
aware of their own generative thinking patterns,
the unspoken linkages between thoughts and
feelings, and the more subtle metaphorical under-
standings derived from connecting and bridging
usually unconnected ideas in a holistic meeting
of one mind, or many. The byproduct for teach-
ers is that they gain precious, authentic insights
into the interior designs of students’ thinking.

Many of the initial brainstorming tech-
niques used in schools were based on the trans-
lation of early brain research showing that the
mind does not process information solely in list-
like, linear patterns. Tony Buzan, developer of
the “mindmapping” process, grounded his work
in the brain specialization research conducted
by Roger Sperry, Robert Ornstein, and others.
Summarizing this research, Buzan states:

In most people the left side of the
brain deals with logic, language, rea-
soning, number, linearity, and analy-
sis; ...the right side of the brain deals
with rhythm, music, images and imagi-
nation, colour, parallel processing, day-
dreaming, face recognition, and pattern
or map recognition (1979, p. 14).

A foundation to brainstorming webs is that
the integrated facilitation of the “whole brain”

0



is essential to the learning process. A second
foundation is the visual dimension. We all day-
dream and make free associations on a moment-
to-moment basis—in our minds. It is a part of
the human condition. Yet, when these associa-
tions become more focused by the individual
and are put into visual form, there is an added
capacity for seeing the holism of the ideas, mak-
ing more associations, reorganizing concepts
and details as images, and then communicating
these ideas as images to others. This is when
brainstorming in the mind moves outward to
others and becomes a useful tool for collabora-
tive work.

One of the most prevalent misconceptions
about using brainstorming webs is that they are
a simple, one-step process of visually linking
free associations without special technique.
Some educators may even associate brainstorm-
ing with a lack of intellectual rigor. Practiced
with depth, brainstorming webs offer students
the opportunity to break the stiff intellectual
molds of the “behavioralist” classroom and to
spin new interpretations and construct new
forms of knowledge.

Importantly, brainstorming webs are usu-
ally guided by focus questions or a defined ob-
jective, such as “What is my topic?” or “What do
I need to produce?” Several webbing techniques
promote the retention of details and lead to the
further organization and analysis of ideas.
Brainstorming webs are not just starting points
but can evolve in sophistication in relationship
to any task. If there is a “mistake” in the use of
these visual tools it is that we ask students to
stop the webbing process too soon and immedi-

Brainstorming Webs

ately move on to revision and structuring of a
product instead of motivating students to
deepen and strengthen the conceptual linkages
of their first vision.

Uses of Brainstorming Webs

While brainstorming webs are the most
idiosyncratic of visual tools—empowering
students to generate the form of the graphics
and associations themselves—there are well-
developed techniques and guides for linking
isolated ideas and enhancing patterns. Gabriele
Lusser Rico, an early developer of webbing
techniques, brings an artistic sensitivity to the
process of writing by directly linking the devel-
opment of clustering and webbing techniques to
seeing patterns, seeking personal understanding,
and envisioning metaphors. In Writing the Natu-
ral Way, Rico leads writers through a transfor-
mative process based on visual brainstorming:

In the beginning you will relearn
the fresh, childlike attitude of wonder
through clustering; later you will de-
velop your inborn receptivity to pat-
tern making through the trial web,...
reclaim the ability to think metaphori-
cally, reconcile opposites to build crea-
tive tension, and balance original
vision with revision (1983, p. 20).

The clustering technique begins with very
little graphic guidance or rule governance. A
word is written in the center of a page, sur-
rounded by an oval, and then associations are
extended by using lines and curves to other
ideas. This type of “irial web” is a short step



Visual Toals for Learning

A Trial Brainstorming Web
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Source: Rico, G.L. {1983). Writing the Naiural Way.
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beyond the unstructured brainstorming cluster-
ing: Central ideas are identified, expanded, and
linked together (Figure 3.1). Rico thus makes
only a slight distinction between the initial
brainstorm called a cluster and the conscious
structuring of ideas into a revised form called a
web. The use of these open-ended techniques
for prewriting and revision are focused on devel-
oping students’ fluency with the generation of
ideas and not for highly developed organization.
After this prewriting stage, students are in-
structed in writing a rough draft using the
linked information.

While Rico and other proponents of process
writing approaches have developed and clarified

the use of clustering for different forms of writ-
ing, Tony Buzan developed more specific “mind-
mapping” techniques for adults and younger
learners for the purposes of generating ideas,
taking notes, developing concepts, and improv-
ing memory (Buzan 1979). Joyce Wycoff has
written a book called Mindmapping (1991) for per-
sonal and business applications, based on Buzan's
work. Her mindmap for defining mindmapping
(Figure 3.2) reveals that this approach may in-
volve a range of different images and self-created
organizational structures and types of uses.
Buzan’s approach, similar to Rico's, begins
with a key word or image in the center of the
page, followed by exiensions radiating outward
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A Brainstorming Web: Mindmapping

Source: Wycoff, J. (1991). Mindmapping. New York: Berkley Book. Reproduced by permission.

(Figure 3.3). Buzan is much more specific than
Rico about the actual drawing and lettering of
mindmaps. Notice that the linkages in this mind-
map on economics are shown extended from
the key idea in the center; secondary ideas are
connected to each other by arrows and lines in

other areas of the map, with more important
ideas drawn nearer the center. Additionally, all
words are printed in capitals, and single words
are suggested for each line.

Buzan also makes suggestions for creating
advanced mindmaps that are more “holographic”
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in appearance. Graphics are enriched by adding
highlights such as arrows, symbols such as as-
terisks and question marks, geometric shapes,
three-dimensional drawings, and unique im-
ages. Multiple colors are also key to making
each mindmap a mnemonic tool. All of these
techniques are intended to make recall easier
for the individual and information more accessi-
ble to others, much like a cartographer would
design a map for easy use by readers.

Though Rico suggests a second-level trial
web and Buzan provides a few advanced map-

ping techniques, both approaches promote
sustaining students’ abilities to create idiosyn-
cratic, integrated, holistic views of connected in-
formation across disciplines. This really means
that techniques and uses of brainstorming webs
should not be overly defined.

Because of the open-ended nature of brain-
storming webs, these types of visual tools have
been used by curriculum developers for break-
ing through hardened discipline boundaries to
create and investigate interdisciplinary units of
study for students. Heidi Hayes Jacobs (1989), a



leader in interdisciplinary design, has created a
four-step Interdisciplinary Concept Model that
uses a brainstorming “wheel” for constructing
units (Figure 3.4). The finalized version of this
elementary level unit design on the topic
“Flight” was generated through a process of:

1. Identifying the organizing center

2. Brainstorming associations related to the
organizing center using the disciplines

3. Devising a set of essential questions to
frame the unit as a scope and sequence

4. Generating activities and assessments un-
der each essential question for implementation.

This brainstorming “wheel” seems much
more structured than the webs in Figures 3.1-
3.3; the planning wheel is a finalized document
that evolved from various drafts leading from
an initial organizing center.

What is most effective about the use of
the brainstorming wheel is that students and
teachers have a common tool for becoming co-
curriculum designers. Jacobs believes that there
are three basic “design sources” for building
an interdisciplinary unit, each reflective of
students’ levels of familiarity with the organiz-
ing center of the unit of study: If students
are unfamiliar with the topic or theme, then
teachers are the primary source; if students
have some basic knowledge of the topic, the
wheel may be used together by students and
teachers; and, if the topic or theme is student-
centered, the design source may be the students
(Jacobs, personal communication, March 3,
1996). This direct linkage of teachers and stu-
dents to the construction of curriculum—with a

Brainstorming Webs

visual tool as the concrete medium for communi-
cation—may become an essential element of the
co-construction of knowledge in classrooms.

Jacobs believes that a key to the develop-
ment of any of the initial designs generated by
students or teachers is to go beyond the brain-
storming web or wheel to a more structured
and detailed graphic for building the unit of
study. We must not leave students with a partial
view of a design process in which they become
partners, but help them to further scaffold and
construct interdisciplinary connections. How?
One way to enrich the brainstorming wheel is
through continuing to focus on the questions
that “frame” the organizing center. In this way,
the wheel is turned, revised, and focused until
more key concepts surface that will support
long-term learning. Looking ahead to the next
three chapters, another way to deepen the de-
sign process is to apply a task-specific organ-
izer, a thinking-process map, and multiple
Thinking Maps to the initial wheel of informa-
tion. These other visual tools may provide
pathways for the fourth step in this design: gen-
erating activities and assessments related to the
framing questions.

Mindmapping and clustering are really the
historical forerunners for the development of
other dynamic visual tools. Webs are uniquely
suited for developing creative forces of mind,
but as shown in the previous samples, the ideas
generated from a first cluster or mindmap also
may lead to revision and to forming greater or-
ganizational structures and deeper analysis.
Brainstorming webs are used to promote link-
ages between and among ideas in mostly non-
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linear patterns and tend to inspire personal con-
nections, experiences, and creativity as founda-
tions for learning.

Brainstorming Webs for
Individualized, Cooperative,
and Schoolwide Learning

Webs are relatively formless beginning
points that evolve and generate from the pat-
terns and graphic representations of the
thinker. As we will investigate in the following
two chapters, this design decision is unlike task-
specific graphic organizers and thinking-proc-
ess maps, which are much more structured
upon introduction. Webbing involves more and
varied techniques rather than any predeter-
mined form. This difference is important as we
think about how to use webs to support individ-
ual, cooperative, and schoolwide learning—and
later as we think about which type of visual tool
is most useful for different work. As you read
these sections and the following chapters, keep
in mind that brainstorming webs are not neces-
sarily used before organizers or thinking-proc-
ess maps. Any of these tools may be used at any
point within the teaching-learning-assessing
spiral.

Individualized Learning

Brainstorming webs are highly integrated,
holistic, seemingly without a point of comple-
tion, usually unstructured, and idiosyncratic. As
an individual student uses webbing over time,
what evolves is a personal, visual language—or

Brainstorming Webs

secret code—with its own graphic forms, draw-
ings, linking arrows, color scheme, and individu-
alized iconography. Thus, brainstorming webs
should be honored as “sacred” in the sense that
the free associations and links among ideas are
more like an evolving piece of art than a docu-
ment to be evaluated using comparative meth-
ods. Within this framework of respect for
individual thinking, there is no “wrong” use of
webbing, only more productive techniques that
students can learn for improving their abilities
to tap the flow of their creative juices.

An individual’s abilities for generating, re-
membering, and organizing ideas are improved
through webbing. Extensive brain research,
starting with George Miller’s “magic 7” in the
1950s, has shown that the more students are
able to “chunk” information, the greater the
chance for retention of this information. One
common example of chunking is the conscious
design of U.S. telephone numbers into a pri-
mary chunk of seven numbers, with an added
chunk of three for the area code (555-555-5555).
Often, students do not link information, and the
result is that they have an unpunctuated string
of phrases and sentences that are not held to-
gether in an organizational pattern.

A concrete example is found in the daily re-
quirement for note taking. Even the word taking
implies merely passive consumption. A particu-
larly effective and reflective use of webs is for
note making. Instead of writing down the linear
strings of words spoken by teachers or found in
texts, students actively “chunk” or draw concep-
tual linkages among the bits of information be-
ing delivered. When students are asked to study
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for a test, retention is often improved because
they have acted on and remade the information,
stamped it with their own design. When a writ-
ten paper is assigned using this information in
webbed form, students create notes that have
been personalized instead of offering tired
prose based on repetition or plagiarism of a
teacher or text. This is really one of the secret
successes of all visual tools: Students must take
an active role in the formation and reformation
of knowledge.

From a teacher’s point of view, brainstorm-
ing webs also are useful as a platform from
which a student may more easily verbalize
ideas. Students often feel on the spot, insecure,
and an easy target for criticism when asked to
speak, especially about a complex concept
(many of which are nonlinear). Some of this in-
security is because of time constraints. There
may not be enough wait time (Rowe 1974) for
students to think about and then verbalize a
complete response to a question. Teachers who
ask students to “think aloud” (Whimbey 1995)
their ideas from a brainstorm web will bring
even more understandings than by reviewing
the web alone, because the web itself is not a
complete expression of ideas and connections.

On a deeper level, because of the lack of
knowledge or the inability to explain all of the
nonlinear connections among ideas, a student
may mentally stutter and fumble. Webbing pro-
vides built-in wait time, a safety net, and a new
way to find out what and how a student is think-
ing. The insight gained from listening to a stu-
dent while looking at his or her web is inspiring
because it provides an additional representation

system for seeing into the unfettered, generative
mind of the individual. By verbally articulating
the relationships established by visual means,
students improve their abilities to understand
and seek patterns and interrelationships, the
foundations for concepts.

Cooperative Learning

The value of brainstorming webs is en-
riched many times over when they also are used
for cooperative learning and group problem
finding and solving. This is because the genera-
tive process of one mind when linked with oth-
ers produces a platform that reveals
commonalities, new ideas, different perspec-
tives, and alternative solutions that will lead to
new learning. This cooperative work also ex-
pands and stretches into a new shape each indi-
vidual's web of knowledge. There are three
common ways of using brainstorming webs in

cooperative groups and classrooms:

» sharing webs already created by individuals,

¢ creating a brainstorming web in small
groups, and

o facilitating whole-class webs.

In the first case, students are given a topic
and then asked to brainstorm webs on their
own. Individuals are then organized into groups
to share their visual representations. When stu-
dents work in a group to share their already gen-
erated brainstorming webs, the wide array of
graphic depictions is exciting, mentally exhaust-
ing, and sometimes confusing.

It may not be productive to have each group
member present or explain his or her idiosyn-



cratic graphics and complex associations;
rather, students can use the webs as notes from
which they may add ideas to the group discus-
sion. Group members also could pass each pa-
per around the table to look at individual webs.
From this scanning routine, major ideas and de-
tails are usually identified and organized into a
group web. Students who are not as verbal or
active in cooperative groups often come alive
when they have a brainstorming web to speak
from. These same students also are supported
as they try to clarify their ideas, because they
may use their web as a guide to their thinking.

Another option is for all group members to
generate a single brainstorming web without in-
dividuals first creating their own graphic dis-
play. This may be accomplished by having a
single page in the center of the group for all to
add to as they discuss a topic. Alternatively, the
group may have a facilitator develop a brain-
storming web with their input. The facilitator
can use a paper in the center of the table, a
chalk or white board, or a computer with soft-
ware such as Inspiration (discussed later in this
chapter).

The facilitator “draws out” ideas from the
group and creates a web. It is important to real-
ize, though, that because of the idiosyncratic
process of brainstorming webs, the further the
creative process goes from individual control of
the web’s development, the greater the need for
talented facilitators to collect and link ideas.
Thus, in group brainstorming, the facilitator
must continually check with the individuals to
ensure that their ideas are being fairly repre-
sented on the web.

Brainstorming Webs

This concern about facilitation is even more
important when brainstorming webs are used
by teachers in front of a whole class. During
this process, the group has ceded control of the
graphic design and structure to the teacher.
This is far from a trivial move. If a facilitator,
teacher, or student controls the form of the
ideas, consciously—and often unconsciously—
he also guides the construction and ultimate
form of knowledge for the group. Thus, brain-
storming webs always should be understood as
changeable and negotiable. If the teacher is more
interested in “correcting” or editing ideas to fit a
lesson, the whole purpose and process of brain-
storming webs has been lost. A student in the
class should be able to safely say, “This is not
how I see this connection!” which could be the
literal truth.

The visual dialogue that ensues during and
after constructing views of knowledge is the key
to group brainstorming. Teachers and students
may later step back from the fully developed
web and begin to reorganize, delete, and redraft
the picture of knowledge. But this is a signifi-
cant next step away from brainstorming and
may necessitate the use of other strategies and
possibly another type of visual tool.

Schoolwide Learning

When brainstorming webs are used school-
wide from year to year, it establishes a con-
stantly renewing focus on personalized learning
and creativity. If a whole faculty decides to rein-
force the use of brainstorming webs, key intel-
lectual dispositions are facilitated: individual
creativity; fluency with ideas; enjoyable and
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collaborative problem solving; the active integra-
tion of knowledge; and respect for different per-
spectives, learning styles, and intellectual
frames of mind.

This kind of commitment by a faculty re-
quires initial training on brainstorming tech-
niques and follow-up. This training includes
webbing for note making and writing processes,
structures for individual and cooperative learn-
ing using webs, reading across the disciplines
using webs, and suggestions about how teachers
can lead students to different levels of webbing
and into how to integrate webs with other strate-
gies and visual tools and to a final product. Un-
fortunately, most faculties may receive, at most,
only a two-hour workshop on brainstorming,
and this will usually concern a discrete applica-
tion such as prewriting. This beneficial but sur-
face level understanding of the power of
webbing is only a starting point for developing
the skillful use of this type of visual tool by
teachers and students alike.

Obviously, the reinforcement of brainstorm-
ing webs honors creativity of mind. Webs that
include many colors, multidimensional drawings,
icons, and a wide array of graphic symbols pro-
vide a link between the world of artistic expres-
sion and academic work. This fluency with ideas
needs year-to-year reinforcement for develop-
ment. It is crucial to the facilitation of creativity
that brainstorming webs are student-centered
tools used over multiple years.

Each of the traditional areas of creative
study has tools: the painter with brushes and
canvas, the musician with an instrument, the
sculptor with hands and carving knives, the
woodworker with finely crafted saws and chis-

els. We thrive as human beings when we use
tools, the extension of our multiple intelli-
gences. What does the creative thinker have?
Brainstorming webs. When brainstorming webs
become an integrated part of learning in a
school, the hallways become filled with this in-
tellectual artwork, side by side with students’
murals and posters.

In a schoolwide approach, the unique and
highly personalized perspective of the individ-
ual is honored from year to year as students re-
veal their open-ended perceptions of
knowledge, from personal and cultural knowl-
edge to conceptual understandings of content.
How one “sees” the world is represented in the
personalized, graphic language of webbing.
When this personalized language is reinforced
throughout a school, individual students have a
safe intellectual haven for investigating their
own thinking and a creative tool for life’s long
journey of learning. The individual is further
honored when his or her ideas are continuously
integrated into webs created in group problem-
solving sessions and classroom discussions.
There is no better approach for building self-
worth than by asking a student to show what
and how she is thinking (whether by visual tools
or other means); self-worth is heightened when
this personalized view of knowing is added to a
group product.

Linked to the idea of honoring individual
creation of ideas over time are the significantly
different forms of the ideas that students com-
municate by using webs. The ideas are holistic
and integrated, rather than isolated answers to
specific questions. Unencumbered by linear, for-
mal usage that both speaking and writing re-



quire, the dynamic, nonlinear form of webbing
elicits interdependencies rather than isolation

of facts. As students become comfortable with
these tools over several years through a school-
wide effort, they are naturally inclined to expand
their horizons and seek interdisciplinary connec-
tions within and among concepts rather than
within the boundaries of specific content areas.

Software for Brainstorming Webs

The most productive technologies for brain-
storming webs generally are not found on soft-
ware but with paper and pencil, chalk and
chalkboard, or multicolored dry-erase pens and
a large white board. Those teachers and stu-
dents who have been using brainstorming web-
bing of any kind may reject, out of hand,
software-based brainstorming technologies.
Hold on to this skepticism, because for some
people brainstorming necessitates the physical
link of a mind-to-hand sketched web on a large
piece of paper, created with highly idiosyncratic
sketches, drawings, and doodles. However,
don't let your doubts prevent you and your stu-
dents from working on the computer with
highly generative graphics programs that are
created explicitly for brainstorming.

One of the essential elements of brainstorm-
ing is the capacity to make nearly unconscious
connections and associations between ideas, let-
ting the mind spill onto the page without inter-
ference or filters of any kind. Of course, most
graphics or “draw” software programs give us-
ers the capacity to create the graphics for brain-
storming webs, such as ovals, boxes, and lines.
With most programs, however, this is extremely

Brainstorming Webs

time-consuming and counterproductive for the
techniques of brainstorming webs.

Brainstorming is linked to the intuitive
quickness of mind and should not be filtered
through cumbersome technology. Any brain-
storming tools need to at least come close to the
capacity of the hand to quickly link graphics
and write phrases in the graphic. At this point,
few software programs meet this need.

One of the most advanced software pro-
grams being used in industry and, more re-
cently, schools is called Inspiration (for
information about this and other software pro-
grams, see “Selected Resources for Visual
Tools” at the end of this book). Inspiration is
partially based on the pioneering work of
Gabriele Lusser Rico and Tony Buzan, and it re-
flects many of the qualities of webs discussed
previously. As shown in this prototype example
by student Brian Cooper (Figure 3.5), the soft-
ware provides the capacity to generate multiple
graphics across multiple-linked pages, pull-
down word processing windows, basic icons for
pasting into clusters, and multidirectional ar-
rows and curved lines.

As with most dynamic software programs,
Inspiration has more capacity than you see here.
Two important features set Inspiration apart
from other software programs of this type. First,
students from mid-elementary grades and up
are able to rapidly create and link graphics with
the touch of a key. Second, the graphics and the
text are linked so that the graphic automatically
expands as more text is typed. This is an essen-
tial requirement of high-quality software for
any kind of dynamic visual tool. If students can-
not quickly add text within a graphic without
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having to reshape it, the thinking is interrupted
by laborious attention to creating the graphic
rather than generating and connecting ideas.

Inspiration also includes basic flowcharting
capacity, a draw palette, and organization hier-
archy formats that are used much like thinking-
process maps. The information that students
generate using these hierarchy formats is di-
rectly linked to the traditional outline form so
that both forms are available at the touch of a
button. Students can then proceed to writing us-
ing a pull-down word processing window.

These capacities provide the near ideal ap-
plication of brainstorming webs in the com-
puter environment. Given the constraints, of
course, this and other software programs only
approximate the ideal of brainstorming. Yet In-
spiration also gives students and teachers bene-
fits that hand-drawn webs don't provide. First,
the webs are much neater and thus more read-
able by others. Second, webs are easily saved in
memory for immediate recall and as continuing
documentation of students’ growth. Finally, the
capability to continually rework and revise a
web is possible without having to recopy the en-
tire graphic. This benefit is analogous to the
time before word processors when it was neces-
sary to painstakingly rewrite drafts by hand or
typewriter; now we save the original draft on
computer and try out alternative patterns of
ideas. With software such as Inspiration—and
other programs we discuss in the chapters
ahead—revising ideas is quick and fun and moti-
vates students to try out different configurations
of thoughts and thus deepen thinking.

Some students may have success starting
with brainstorming on the computer, but the idi-
osyncratic nature of brainstorming calls for

Brainstarming Webs

starting students with an array of colored writ-
ing instruments (crayons, pencils, pens, chalk)
and a writing surface. Students should really
have the experience of developing their own pri-
vate language and visual code before being con-
strained by the graphics offered in the
computer environment. After students have de-
veloped their own visual style, highly flexible
and quick software is a next tool that they can
control and mold to their own mindfulness.

Brainstorming Webs and Assessment

As discussed previously, brainstorming
webs may be highly idiosyncratic in form and
open-ended in function. Given these qualities of
webs, teachers need to accept a student’s web as
an often incomplete, evolving construction. The
web is an offering for serious conversation and
as a platform for moving toward differently or-
ganized, finalized work. Because of the lack of
common rules, visual graphics, and icons, web-
bing and clustering are best suited as beginning
and midrange tools for learning. They are not re-
liable as a basis for formal, teacher-based assess-
ment. Tony Buzan’s more systematic techniques
for mindmapping make clarity of communica-
tion easier and thus make some form of assess-
ment possible; brainstorming webs, however,
are usually used for generating, organizing, and
assessing, and not for end-product evaluation.

As the next two chapters show, task-specific
organizers and thinking-process maps hold
much more promise as assessment instruments
because students often use a common and flex-
ible graphic form.

These cautionary notes should not prevent
webs from being used informally for pre- and
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post-assessment purposes. They also can be
collected over time in students’ folders and
portfolios. A wide range of webs created by a
student over multiple years may help demon-
strate the student’s improving abilities to create
and communicate patterns of ideas. Reviewing
students’ webs also shows growth in the areas
of specificity of language use, deletion and
reorganization of ideas, and the ability to
synthesize information into concepts. Brain-
storm webbing may also be attached to a final
draft of a product—such as a piece of writing,
oral report in social studies, or a science pro-
ject—as a way for students to document their
work. As shown in Figure 3.4, a brainstorming
web may show quite succinctly how a student
sees the interrelationships among key concepts
and details within an entire subject area. This
demonstration of knowledge, though not formal-
ized in a traditional format, provides an authen-
tic representation of students’ understandings.
Ironically, brainstorming webs do offer one
of the richest ways for a teacher to gain a
wealth of insights into a student’s thinking and
learning, because of the very fact that students
are expressing their ideas without fear of failure
or concern about being assessed. One-to-one in-
terviews or conferences with students using
their web to explain their ideas provides teach-
ers with a holistic view ol how students connect
ideas. Having students verbalize their visual
presentation increases the chance that they will
be more open and communicate the fullness of
their ideas, because all of the scaffolding for the
ideas are readily available and may be shown to
the teacher. The teacher’s task when viewing

and listening to the student is to remain open
and nonjudgmental, ask coaching questions
that stimulate further thinking and reflection,
and engage the student in a conversation of
depth and meaning.

The greatest value of webbing for assess-
ment purposes may be found in the area of
student self-assessment and the development
of metacognitive behaviors. With a web, a
student has the opportunity to see his or her
own thinking develop through this visual lens.
Just as an architect may step back from a blue-
print and imagine the building that will be con-
structed from this design—and thus assess this
important document—so too the student creat-
ing a web leans back and literally re-views the
big picture context of interconnected ideas
and the detail work that will lead to a final
product.

This metacognitive dimension of brain-
storming webs is probably the most essential
quality of these tools: Individual students are
able to look upon their own thinking and the
personal connections they have made without
external evaluation. It is their safe mental space
to see the holism of their ideas, and to think
about, deepen, and improve their own styles of
thinking. It is a pool of their own thinking. Yet,
students also must be able to step back from
this reflecting pool and look at other patterns of
thinking. As we move on to investigate another
type of visual tool, we will see that the power of
creating personal, visual patterns also may be
enhanced by using common organizational pat-
terns that have evolved within certain content
areas and for particular tasks.



Task-Specific
Organizers

f teachers from across the range of teaching

styles can agree on one thing, it is that lack

of organizational abilities is the ultimate
academic downfall of many students. Teachers’
desperation echoes in the hallways of elemen-
tary schools and colleges alike: “If only my stu-
dents could organize their ideas!”

This need for organization is a major reason
why task-specific organizers—olten called
“graphic organizers”—are spreading rapidly
through schools at every grade level and across
all disciplines. In addition, technology is driving
the need for organization skills. Students in cy-
berspace are finding too much unrefined, unor-
ganized, irrelevant information.

In terms of Benjamin Bloom’s Taxonomy of
Educational Objectives (Bloom 1956) the intel-
lectual capacities to analyze and synthesize in-
formation (organize, break down, and
reformulate) are the steps upward toward evalu-
ative thinking. Yet, even the lowest level of
Bloom'’s taxonomy—knowledge—is deflined as
the basic organization of content. It is no won-
der, then, that most students have difficulty at
complex tasks. They have the intellectual capac-
ity, but do not have the intellectual tools for con-
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structing, patterning, and reforming informa-
tion into meaningful, organized knowledge.
Most students—especially in the bottom tracks
in our educational system—are stuck respond-
ing to low-level “comprehension” tasks above
which they may never have a chance to rise. We
can change this pattern by using visual tools.

Importantly, even the most basic level of or-
ganization of information is inherently concep-
tual. Unfortunately, retention of isolated
content knowledge by rote memorization is
overly emphasized instead of retention through
the development of organizational designs and
conceptual understandings. The general proc-
esses of organizing information require that
learners go well beyond the retention of isolated
bits of information. Students must have the
know-how to analytically construct interrelation-
ships so they can evaluate knowledge. This proc-
ess takes mental energy, perseverance, and
much more. It also can take the support of fo-
cused linear and nonlinear organizational tools
that reflect different content-specific patterns of
knowledge and conceptual structures.

Task-specific, or graphic, organizers are vis-
ual tools for managing and displaying informa-
tion. The term task-specific is used here because
most of these visual tools are created specifi-
cally for learning a skill, following a process for
a defined task, or organizing information
within a content area in a pattern that is highly
specific to that particular body of knowledge.
These organizers also are used for more global
tasks, such as guiding students through a com-
plex set of connections in an interdisciplinary
unit of study.

Some of these organizers border on being
static displays of information. These include
charts, matrices, and axis diagrams, all of
which are used mostly for charting preformed
information for presentation and further analy-
sis. These are graphic displays that teachers and
researchers have used for generations, but most
of these visuals are not “tool like” and thus not
a pressing concern of this book.

Examples of task-specific organizers range
from story maps for reading comprehension to
decision trees in mathematics to flowchart lan-
guages for computer programming. Unlike
brainstorming webs, these graphics are usually
highly formalized, teacher created, refined, and
rule governed to fit a specific content learning
process. Students are taught a certain visual de-
sign and systematic process for using the graph-
ics and text to guide them through a task.
Flexible use is sometimes encouraged but only
within the boundary of the task.

Although brainstorming webs and task-
specific organizers may seem worlds apart,
both draw on the ever-present power ol visual
representations to show interrelationships,
though in a different way and with a different
purpose. Webbing primarily facilitates the un-
bridled generation of ideas with idiosyncratic
graphics and secondarily promotes organiza-
tional structure. Whereas creativity may be a by-
product of some graphic organizers, each task
design is primarily a supportive guide for organ-
izing ideas toward a specific outcome. Though
all visual tools may be used concurrently, task-
specific organizers often are used as beginning

and midrange tools on the way to creating a



final product, much like using two outline or-
ganizers as research is being conducted and be-
fore the actual writing of a research paper.

Outlining: The Unbearable Task

When most educators think of organizing in-

formation, a certain (horrible) process comes to
mind: the oft-dreaded outline. In tandem with

3 x 5 cards, the outline has been the most pow-
erful way to harness immense amounts of infor-
mation for research and writing. Outlining may
remain the ultimate intellectual bootcamp for
students heading off to advanced training in
higher education. Yet, every year teachers see
that though a few students actually enjoy using
this form, many more create outlines after they
have completed a paper—and only then because
it was required to complete the assignment.
Many teachers confess that they did the same
when they were in high school.

Students entering the work force need the
organizational ability embedded in the outline,
but most are frustrated with the formulaic proc-
ess. Teachers are equally frustrated by the some-
times torturous process of teaching the intricate
numbering, lettering, and indentation system.

The central point here is that nothing is sa-
cred or irreplaceable about the actual formula
and format for traditional outlining. What is
irreplaceable is the essential need for organiz-
ing information. Although the outline may be
useful and worth learning, the same kind of
multilayered task has shown to be more easily
accomplished—and with the same level of qual-
ity—using several visual tools.

Task-Specific Organizers

For example, the cognitive complexity of
the outline is daunting to students. They are re-
quired to create a hierarchical category struc-
ture of ideas:

L

A
1.

C.

Simultaneously, they must show the sequen-
tial pattern in which information will be deliv-
ered by paragraphs or chapters (1, 11, III, IV).

This parallel processing is too heavy a cogni-
tive load for most students. Alternatively, a proc-
ess using two separate task-specific organizers
simplifies and clarifies the work by visually iden-
tifying the two steps toward completion. A sim-
ple example of this may be seen by reviewing
the two figures in the Introduction of this book
(Figures I.1 and 1.2).

First, a hierarchical tree structure is used to
collect, analyze, and finalize a main idea or
theme of a paper in relationship to supporting
details. Once the conceptual work of showing in-
terrelationships is completed, a flowchart is
used to generate the sequence for the inherently
linear presentation of those hierarchical rela-
tionships in writing. The student may then use
the traditional outline form, or most likely go di-
rectly to writing a first draft of the paper with a
big-picture view of the processes. Such use of
these two organizers does not necessarily re-
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place the traditional outline, but it makes the
mental out-lines of the task visible, under-
standable, effective, and, not incidentally, enjoy-
able to construct.

Uses of Task-Specific Organizers

As we will see in the pages ahead, the addi-
tion of a range of task-specific organizers to the
classroom repertoire provides students with a
variety of patterns for organizing information.
Many task-specific organizers are designed by
curriculum writers and published within texts
for use by students, or they are created by teach-
ers as they become fluent with developing or-
ganizers that fit their needs.

Resources are available—books full of
graphic organizers developed for specific tasks—
and some of the examples in this section draw
from these works. The purpose of many of these
organizers may be first for the teacher to pre-
sent and model the use of the graphic, using
content information, and then later to coach stu-
dents to use the organizer as a flexible tool to
complete a similar task within the same content
area. But this is not always the case.

There is a growing tendency toward inflex-
ible modeling and static use of task-specific or-
ganizers. This usage may be both a blessing and
a curse. It can be a blessing because students
are, at a minimum, learning about useful organ-
izational structures. This is definitely a step up
the cognitive ladder, but it does not necessarily
lead to students’ actively constructing knowl-
edge using these tools. The curse is that some
graphic organizers are now being made avail-

able 1o teachers and students in prepackaged
pads of organizers or blackline masters with
few instructions. They are distributed 1o stu-
dents and then used repetitively as glorified
fill-in-the-blank sheets. The interactive, con-
structive, and reflective capacities of these tools
are lost in this low-level mode of delivery.

As the next section shows, these same task-
specific organizers may be used in dynamic
ways for reading comprehension and learning
across content areas.

Reading Comprehension Across Disciplines

Research in the area of reading comprehen-
sion has been a training ground for the cross-
content development of task-specific organizers
to guide students in analyzing basic text struc-
tures in various types of reading. Reading teach-
ers and researchers know that as students gain
a basic fluency with language and expand their
vocabulary base, they also build a storehouse of
linear and nonlinear schemata reflecting the pat-
tern of relationships found within written
selections.

Task-specific organizers are used to mirror
these linear and nonlinear text models as closely
as possible. Based on specific text patterns,
these organizers are guiding tools for students
as they read and translate linear text into differ-
ently organized patterns. The flip side of these
applications is that the organizers also become
assessment tools when teachers see how students
demonstrate their organization of the themes
and conceptual relationships found in texts.

These organizers are taught to students as
tools for constructing, comprehending, summa-
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rizing, deleting, and synthesizing ideas found in
the text. Jones et al. (1988/1989) present nine
different generic organizers for comprehending
text, including the Human Interaction Outline
in Figure 4.1. This flexible organizer is used for

Task-Specific Organizers

investigating any kind of human interaction,
but it is often used specifically as a guide for
reading in history.

The authors identify several “key frame
questions” related to the graphic. Using the rela-
tionship between European settlers and Native
Americans, a teacher may ask: Who are the per-
sons or groups? What were their goals? Did they
conflict or cooperate? What was the outcome
for each person or group?

It is important to notice that these are typi-
cal teacher questions. But the organizer pro-
vides the concrete tool for teachers and students
to further organize, analyze, and synthesize in-
formation that stretches across dozens of pages,
throughout a whole book, or from several
sources, including computer databases. The
authors describe the implications for students
when they use this application and other text-
structure based organizers for reading compre-
hension:

Reading with an appropriate
graphic structure in mind can help
students select important ideas and
details as well as detect missing infor-
mation and unexplained relations.
Moreover, constructing and analyzing
a graphic helps students become ac-
tively involved in processing a text.
Graphics foster nonlinear thinking, un-
like prose summaries and linear out-
lines (Jones et al. 1988/1989, p. 21).

It is essential to recognize the term “con-
structing,” because the authors are elevating the
graphic beyond the work of organizing basic in-
formation and toward the outcome of creating



Visual Tools for Learning

meaning from text. Multiple research findings
in the area of text-structure organizers led the
International Reading Association to state that
this approach embodies a significant new set of
tools used “between reader and text by which
meaning is found and created” (International
Reading Association 1988). It cannot be over-
stated: After students become experienced in us-
ing these tools flexibly and in response to the
text structure, they actively construct and dem-
onstrate their view of meaningful relationships.

Text structure as a basis for improving read-
ing comprehension also has been linked directly
to writing process instruction by showing that
organizers enhance students’ abilities to read
and then to summarize, in writing, what they
have read (Armbruster, Anderson, and Ostertag
1989). Using control groups, Armbruster’s re-
search showed that students who learned the
common text structure of “problem-solution”
(Figure 4.2) in the social studies area at the 5th
grade level created summaries that were rated
significantly higher on the quality of their writ-
ing, which included organization, focus, and in-
tegration of information (see Armbruster et al.
1987).

The problem-solution tool shown in Figure
4.2 is amazingly simple and scaffolds students’
successes—two reasons why visual tools are suc-
cessful, especially for low-performing students.
This simplicity is only a starting point for flex-
ibly applying the form to more complex struc-
tures and interrelationships. This organizer is
introduced to students, and then the actual crea-
tion and expansion of the graphics is led by indi-
vidual students (or cooperative groups) in
response to the complexity of texts. Unfortu-

nately, many preset organizers fall prey to be-
coming static outlines for students to fill in.

Content-Specific Applications

In social sciences research, the fundamen-
tals of reading and writing take on great impor-
tance. Students read page after page and
chapter after chapter of detailed information on
different cultures, seek to understand conflicts
in history, and to reconcile their own life with
the past. Many of the task-specific organizers
for reading comprehension and writing are
used in social studies to show the interrelation-
ships of details to main topics and causal rela-
tionships, which often form the basis for
historical analysis.

An example of a task-specific organizer is
called backmapping (Figure 4.3). In this exam-
ple, the class was given a research question
about Vermont state geography, which asked
for causal relationships among geological and
geographic history and present culture. The
question itself seems overwhelming, but a 6th
grade teacher worked with students to guide
them to an understanding of these relationships
that span the millennia. By using these organiz-
ers, students acted on and re-formed the ideas
bound in the linear text. Students were able to
organize information, see different points of
view, and thus begin to make more reasoned
judgments and evaluations based on the factual
record. These organizers provide the structural
foundation in analysis and synthesis for evaluat-
ing knowledge.

Although brainstorming webs have been
used in schools almost exclusively in the areas
of reading and writing, task-specific organizers
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Backmapping Task-Specific Organizer
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actually had their beginnings in mathematics,
science, and, most recently, computer science.
In mathematics instruction, pictorial repre-
senlations and graphic symbols have been used
to represent and work through problems. The
National Council of Teachers of Mathematics
(1990) strongly endorses the use of mathemati-
cal modeling using different graphics lor solv-
ing problems and for making connections to
other disciplines. The standards presented by
this council state that:

Students who are able to apply
and translate among dilferent repre-
sentations of the same problem situ-
ation or of the same mathematical
concept will have at once a powerful,

flexible set of 1ools for solving prob-
lems and a deeper appreciation of the
consistency and beauty of mathemat-
ics (National Council of Teachers of
Mathematics 1990, p. 146).

Flowcharting for solving word problems,
the use of sorting trees for grouping activities,
and Venn diagrams are three traditional organ-
izers that have provided the foundation for sim-
ple to complex mathematical thinking.

The example in Figure 4.4 is taken from a
lower elementary lesson in the “Math...A Way
of Thinking” program (Baratta-Lorton 1977).
First, the teacher models how to develop the
tree to group information, using the categories
“big” and “little.” The class then proceeds



Sorting Tree

Teacher: [Working on a fransparency in an overhead projector, us-
ing a pile of assorted buttons and a marker] This is called a sorting
tree. Il demonsirate how fo use it. | put all my buttons next to this
top line and write “bution.” What is a way we divided the buttons
into two groups before?

@%3 &
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Buttons
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Student: Big and little.

Teacher: Okay. I'l divide the buttons into big and lifle and move
the two new piles to the two places where | have written “big” and
“little” on the sorting free.

What is another way we divided the buttons?
Student: Round and straight.

Teacher: Il write "round” and “straight” on these branches of the
sorfing free and then move the buttons to the correct branches.

3% Og o Dof

Another way?
Student: Two holes and four holes.

Teacher: Okay. Il write that on the branches first, and sort the but-
tons by two holes and four holes.

Are there any other ways we sorfed the buttons?

The process continues until the students run out of ideas for divid-
ing the buttons, there is no more than one button on each end
branch, or there is no more room on the tree. Then, they divide piles
of buttons on their own copies of the sorting tree. Students who
wish to, may work together and record their joint efforts on a single
sorting tree. Any words they need spelled are written in their spell-
ing notebooks.

The assignment is to divide the buttons into continually smaller
groups until no more space remains on the free or there is no more
than one button on each end branch. Each new division is recorded
on the appropriate branches.

As the students work, the teacher asks the following questions:
Does sorting the objects in a different order make any difference?
Would the smallest piles on the overhead have turned out differ-
ently if we had sorted the buttons by two holes and four holes first,
then by round and straight, and last by big and litfle? If it makes a
difference, why? If it doesn't, why not?

Source: Barafta-Lorton, R. 1977). Mathematics. ..A Way of Thinking. Menlo Park, Calif.: Addison-Wesley. Reproduced by permission.
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through several sorting steps to a completed
tree. But this is not the end. The next standard
question from a constructivist teacher is: Are
there any other ways we sorted the buttons? Stu-
dents are then asked to review the visual repre-
sentation of buttons and begin to create a new
tree, possibly starting with categories based on
color, number of holes, or shape. Of course, this
activity is first conducted with manipulatives,
but over time, students must make the transi-
tion from using concrete manipulatives to more
abstract concepts that do not translate easily
into touchable entities. The visual depiction of
concepts thus provides the bridge from concrete
manipulates to abstract, visual representations.

In mathematics, the Venn diagram may be
the most widely recognized visual tool for repre-
senting category membership and general-spe-
cific relationships. The Venn diagram is now
used across many disciplines for categorization
as well as for comparing similar and different
qualities of things. Wandersee relates the his-
tory of the Venn diagram:

Venn (1894) pointed out that logi-
cians borrowed the use of diagrams
from mathematics during a time when
there was no clear boundary line be-
tween the two fields. Line segments,
triangles, circles, ellipses, and rectan-
gles were all used to diagram categori-
cal propositions during the early
development of logic as a discipline
(Wandersee 1990, p. 927).

With this background information, Wan-
dersee has developed concept circle diagrams
based on the Venn diagram for science educa-
tion (Figure 4.5). The concept circles look simi-
lar to Venn diagrams, but they are not used in

the same way. The concept circles are modified
to highlight additional information about con-
cepts and not strict category relationships. The
category is named in the center of each circle.
The overlapping circles of different sizes and
colors (up to five circles in any one cluster of
circles) may represent the concept both quanti-
tatively or qualitatively. The use of “telescoping”
circles, as represented by dotted lines, links,
and circles, shows related concepts, progressive
differentiation, and subordination.

This wide range of applications for Lask-
specific organizers in various content areas
confirms that visual representations are not
confined to any one discipline. In fact, it is this
tremendous versatility of visual tools that makes
this area so exciting and ripe for interdiscipli-
nary applications (Clarke 1991). The proven ef-
fectiveness of these tools for supporting students’
comprehension of information and conceptual
understandings also reveals that these are not
merely mechanical structures for rote learning.
Another dimension becomes apparent by re-
viewing these different applications: A few sim-
ple graphics such as lines, boxes, and arrows
provide the conceptual linkage among bits of
content information to form complex, meaning-
ful, holistic images that students can easily
grasp and mentally manipulate.

Using Task-Specific Organizers
for Individualized, Cooperative,
and Schoolwide Learning

As shown in the previous discussion, task-
specific organizers provide teachers and stu-
dents with isolated structures for content
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Concept Circle Diagrams for Science

Representative 4

Biogeochemical Cyeles

The moatfer \\\
in living things
YECYClES — e g,
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(Q7%) is in the sea. or «
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Source: Wandersee, JH. {1990). “Concept Mapping and the Cartography of Cognition.” Journal of Research in Science Teaching 27, 10: 923~
936. Reproduced by permission.

learning and for developing content-specific succeed and expand their vocabulary, basic
skills. These specialized visual tools are useful skills, and conceptual understandings of con-
for individual, cooperative, and schoolwide tent knowledge.

learning. As you read ahead, consider how these

tools—as common starting points—provide a Individualized Learning

schematic foundation from which all students

No matter how well a lesson plan is articu-
in an inclusive, heterogeneous classroom can

lated and delivered by a teacher, students often
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moan, “But what do 1do?” In most lessons or
units, students have a clearly defined end-prod-
uct, such as a written document, oral presenta-
tion, written book report with drawings,
choreographed skit, diorama, or written re-
sponses 1o a set of questions. The bridge be-
tween the assignment of work and the end
product—what students actually are going to
do—is often the vital, missing link in class-
rooms. This is because the process of giving stu-
dents the minute details for solving every task
takes away the joy of learning, creates a depend-
ent learner, reduces the chance that students
will practice solving problems using their own
learning styles, and, in practical terms, is not
possible because of time constraints. Thus, we
may all know the silent answer to the question
of what to do: “I'm not going to tell you. You need
to figure that out for yourself!” The implication
is that the students have—or should have—the
organizational capacities to complete the task.
Individual learners do have this capacity; they just
may not have the tools for activating this capacity.

Organizers provide one answer to this prob-
lem. These visual tools can do double duty by
helping the teacher clarify a stated set of objec-
tives and giving individual students—especially
students with special needs—a tool to complete
the task.

An organizer such as the problem-solution
in Figure 4.2 provides a guide for interpreting a
reading selection with this specific kind of text
structure. A teacher may first use this organizer
as a medium for conveying a holistic view of the
process of the task. An organizer also conveys
the complexity of the task as broken down into
visual stages (problem definition, action, re-

sults) and the expectations for finally leading to
the intended outcome of the lesson. Individual
students may then take this organizer as an ef-
fective tool for working through the comprehen-
sion problem on their own. They are not given
the answer, but a concrete outline and tool for
constructing the answer. Of course, the organ-
izer needs to be developmentally appropriate
and have been modeled and practiced in the
classroom so that individuals will know that the
tool can be changed and redesigned to fit the
particular selection. If this modeling has not oc-
curred, then individual students may end up fill-
ing in the blank boxes of the organizer.

Teachers and teacher assistants may then
use the organizer to mediate the learning proc-
ess of individuals in one-on-one settings.
Individual students’ concepts and misconcep-
tions are revealed by simple graphic guidelines
for showing interrelated knowledge. The de-
tailed structure of these visual tools supports
individual students who are having a difficult
time with a particular task, such as steps in
solving an algebraic equation or outlining a
research paper. A more highly specified, pre-
formed organizer may be created by the
teacher, according to special needs of stu-
dents (high, average, or low performing), to
provide guidance, feedback, and greater chance
for success in the future with complex tasks.
This chance is greater because the student has
been given practice with the organizational
pattern required in the middle range of problem
solving.

As with any tool, the task-specific organizer
has inherent constraints. Because the organizer
is usually teacher produced, focused on isolated



tasks, and not easily transferred outside of the
task, students may remain dependent on the
teacher for guidance for when and how to

use the organizer. To improve students’ flex-
ibility and use of these tools, different types

of organizers need to be thoroughly introduced,
not as teacher assignments but as student

tools that can be redesigned. Students should
be encouraged to create their own task-specific
organizers in response to a task at hand. A long-
term outcome would be that individual students
would have a small collection of organizers that
they use regularly, each crafted by teachers or
students for applying essential skills and under-
standing key concepts reflective of the patterns
and processes of each content area.

Cooperative Learning

The back-and-forth rhythm that is created
in a cooperative learning classroom between the
individual and the cooperative group is greatly
enhanced when organizers are brought into the
picture. Whereas brainstorming webs are idi-
osyncratic and sometimes inefficient for shar-
ing knowledge, task-specific organizers are
usually well defined by the task, graphically con-
sistent, and easily exchanged among students
with varying levels of performance.

Using a decision tree in mathematics, a com-
puter flowchart, or a story map in cooperative
groups is highly effective for supporting the link-
age between individual to group work. This hap-
pens by assigning one or several task-specific
organizers to individuals for completion before
meeting in cooperative groups. Individuals then
come to the group with a visual presentation of
their ideas within a common structure used by

Task-Specific Organizers

other participants. This information design mo-
tivates the efficient communication of ideas and
provides practical tools for establishing individ-
ual accountability that many teachers require
for group work.

The Think-Pair-Share format (McTighe and
Lyman 1988) is a strong instructional design for
building this linkage. Next, using the problem-
solution reading text structure as an example,
individual students may first read a selection
that evolves into a classic problem-solution text
structure. The individual students first structure
and generate their analysis using the problem-
solution organizers, creating the pattern on
their own page, and thus showing their view of
the problem-solution. Then students shift into
pairs and create a new pattern, a synthesis of
their two organizers. Finally, two or three pairs
move into a cooperative group setting (with ap-
propriate group rules) and construct a final ver-
sion of the organizer depicting their group view
of the problem-solution. Each group in the class-
room may then present its final organizer to the
whole class.

As with individualized use, task-specific or-
ganizers give added focus to a group because of
the efficiency, effectiveness, and accountability
grounded in the graphic. Having used a com-
mon visual tool, all participants in the class-
room are able to easily read the graphic and
make comparisons among different construc-
tions when group leaders then present their cu-
mulative problem-solution organizer.

This kind of sequence facilitates key capaci-
ties in students: generating individual patterns
of ideas, sharing these ideas in groups, seeking
and analyzing patterns of ideas, redrafting ideas
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through incorporation, synthesizing different
perspectives, and evaluating completed ideas.
These “conceptual” and “product” outcomes,
moreover, are complemented by outcomes with
much deeper implications—interpersonal out-
comes. Interpersonal outcomes are crucial to co-
operative learning: The students in pairs and
cooperative groups are engaged in verbal and
visual discussion, negotiation of meanings, and
dialogue. And all students in the group are
guided to show the full pattern of reasoning be-
hind their answers so that the dominant voices
in groups are supported in patiently seeing
other perspectives. The entry of a visual tool
into discussions thus elevates the communica-
tion to a new level: We must construct, listen,
and see if we are to understand.

Schoolwide Learning

Use of these tools schoolwide is successful
through consistent and developmentally appro-
priate use. When students enter a school where
organizers are used across grade levels and sub-
ject areas, a problem is quickly apparent—a
problem for students. Consider what would hap-
pen over time, grade to grade, as each year a stu-
dent is introduced to a completely new design
for an organizer by a new teacher for the same
content task! Effective use of task-specific or-
ganizers by students over multiple years within
a whole learning community (school or district)
depends on consistency of design and repetitive
use of the tool; if not, confusion triumphs over
clarity.

In a whole school, teachers collaborating

within a content area or across grade levels

need to work together and decide which organ-
izers are the most valuable for their students.
The criteria include clarity of design, consis-
tency in use, flexibility, and developmental ap-
propriateness (see Chapter 6, “Thinking Maps,”
for suggested criteria and characteristics). The
tool should be flexible enough to be structured
differently depending on the developmental
level so that students become highly proficient
in its use as more advanced work is required
from year to year.

For example, if teachers in an elementary
school or English teachers at the secondary
level agreed that they would all use the
Armbruster et al. problem-solution text struc-
ture with students, students year after year
would become highly proficient with and de-
velop automaticity in analyzing text selections
using this format. The degree of sophistication
in use of the tool would vary from grade to
grade, but the basic format would remain rela-
tively constant. Another example might be a se-
ries of task-specific organizers for “the scientific
process” in which each major stage of the proc-
ess from problem finding to evaluation of a hy-
pothesis could be represented as an organizer.
This kind of linking of multiple task-specific or-
ganizers is powerful within a single classroom
and has profound implications if used from one
grade level to the next within a school, or verti-
cally within a school district.

Of course, both teachers and students have
a major concern: too many task-specific organiz-
ers. After several years of elementary school and
many secondary classes, a student could be in-
undated with literally hundreds of task-specific



organizers directly reflecting content-driven pro-
cedures, skills, and strategies. These organizers
show up in textbooks, on software, and in the
work of teachers and students. Though each of
these graphics may provide a clear structure for
approaching each task, taken together they may
be overwhelming. Some new resource books
have an endless supply of “graphic organizers”
related to specific topics, duplicated and ready
for students to use. Unfortunately, this process
moves away from the quality of “tool-like” use
that is promoted in this book.

If a school faculty decides that these kinds
of visual tools are useful for schoolwide use, it
is strongly recommended that teachers agree to
use only a handful of highly effective task-spe-
cific organizers in each content area that will
work best for students as they proceed through
the grade levels.

Software for Task-Specific Organizers

Much like the graphics that are now com-
monplace within a lesson or unit of study in
textbooks, task-specific organizers are for the
most part found as graphics within extensive
software programs based on content learning.
Many educational software programs are filled
with static graphic organizers, most often as
simple flowcharts for guiding students through
procedures and not as visual tools. Like the
Inspiration brainstorming software discussed
in the previous chapter, many general use and
educational software programs have “draw”
capabilities that permit students to create
organizers.

Task-Specific Organizers

65 ¢

Because of the content-related foundation
of task-specific organizers, few stand-alone pro-
grams exist for these types of visual tools. One
software program that uses these organizers as
the centerpiece of instruction is called MacMap-
per. It is used to systematically link reading
comprehension across disciplines and writing
process using organizers. Students are taught a
range of different, relatively static graphic pat-
terns primarily related to text structures and dis-
course forms. Each tool is also defined by an
underlying thinking process.

This program, developed by Richard Sina-
tra (St. Johns University) was originally based
on three simple generic semantic maps (Figure
4.6) (see also Cronin, Meadows, and Sinatra
1990). These tools, formed of arrows and differ-
ent-sized rectangles, developed into three con-
figurations: sequencing events for plot analysis,
identifying themes, and classifying information.
Students are given reading selections that are
structured to specifically highlight these pat-
terns so that they can seek them out when
reading.

The most recent version of MacMapper has
incorporated several more organizers based on
the task of comparing characters and narrative
organizational structures, Sinatra reports that
this software helps students move from highly
structured forms to constructive learning:

Using these highly structured com-
puter programs, students learned to
construct visual maps representing the
relationships of major ideas, subordi-
nate ideas, and explicit information
(Sinatra 1994).
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Generic Semantic Maps

Sequence Theme Classification

Source: Cronin, H., D. Meadows, and R. Sinaira. (September 1990). “Integrating Computers, Reading, and Writing Across the Curricutum.” Edu-

cational Leadership 48, 1: 57-62.

Notice that the underlying processes of
sequencing and classification are graphically rep-
resented for showing plot and main idea, respec-
tively. This software and materials package is thus
situated in the gray area between task-specific or-
ganizers and thinking process maps, and this may
be why the approach has had success. Results of
reading and writing tests of students using Mac-
Mapper software and the accompanying work-
books show that this kind of explicit patterning of
information related to content specific needs—
with little possible variance by students in the
beginning—can directly change student perform-
ance on tasks such as identifying the plot and
main idea of the story. Sinatra (1994) and collabo-

rating researchers found that, in general,
research points to an obvious need of low-
performing readers for effective instruction in

both reading and writing:

[Readers] who are weak in sensing
the organizing structure of stories and
who lack the strategies for uncovering
story relationships have difficulty with
recall and comprehension....[And]
writers who are taught to organize
ideas in writing so that the reader will
readily uncover the organizational
structure will be better communica-
tors and, therefore, better writers
(Sinatra 1994).



This direct linkage among reading, writing,
and computing is made explicit by task-specific
organizers that guide students to discover and
then use the basic organizing structures found
in texts. Using this software, students are en-
gaged, as well, in constructing their own organ-
izers for writing reports.

The only visible drawback to this program
is the high degree of visual similarity between
the design components of each organizer (only
rectangles and arrows). Each of the organizers
has a different configuration, but is composed
of boxes. Though this obviously has not pre-
vented successes, independent communication
between students and teachers in a classroom
and a whole school may be impeded because
of the lack of unique graphics related to spe-
cific tasks. Fortunately, this software program
also has a “draw” capacity, much like other
drawing programs, so that students and teach-
ers may develop their own configurations and
variations.

This software is not simply something to
load onto the machines in a computer lab.
Teachers involved in this approach receive in-
depth training and modeling on how to use the
organizers in the reading and writing process in
the computer environment and in day-to-day
teaching in the classroom. This kind of training
in computer use sets the right direction for link-
ing work in the classroom to computer laborato-
ries. Ultimately, all teachers will need to be
computer literate. Possibly, the use of visual
tools for organizing ideas and information will
be a concrete bridge linking daily classroom in-
struction, based on facilitating organizing abili-
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ties, and the computer structures graphically
and flexibly used by students.

Task-Specific Organizers
for Assessment

Task-specific organizers are on nearly the
opposite end of the assessment spectrum from
brainstorming webs. Because organizers are
usually based on teacher-directed processes, out-
comes, and content-driven expectations, organ-
izers may provide a clear picture of student
comprehension of information and concepts. In
fact, task-specific organizers are particularly
well suited for pre- and post-measures of stu-
dent learning; thus, we are seeing these forms
show up on standardized tests.

For example, when a student is given a flow-
chart organizer for showing the steps in the sci-
entific process and then afterward is asked to
use this tool for working through another simi-
lar investigation, the teacher gains one picture
of the growth in the student’s knowledge. If this
flowchart is then actively used to organize data
during the application of the scientific process,
the teacher has an additional, comparative
measure of comprehension and application of a
process as it relates to learning a concept. These
pre- and post-instructional techniques also may
be included as artifacts in a portfolio, showing
how a student at a certain point during the year
was understanding and applying the scientific
process.

Though task-specific organizers may be use-
ful for student interviews and helpful for stu-
dents to self-assess their learning of specific
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tasks, the highly structured form of many organ-
izers seems to fit the pre-post assessment for-
mat. These preformed organizers are now
showing up on statewide tests because educa-
tors and test-makers are becoming more inter-
ested in kow students are working through
problems as well their “correct” answers. Many
testing instruments, using both closed and open-
ended formats, require that students show their
work. This requirement is most evident on state-
wide, holistically scored writing tests. Students
are given space and guidance for prewriting on
the test format and then asked to turn in these
notes with their final draft. Task-specific organ-
izers designed to reflect certain types of writing
prompts—such as narrative, comparison, and
persuasion—are effective tools for demonstrating
how the student generated and organized ideas
as a first step toward responding to the prompit.
Standardized tests also are beginning to in-
clude organizers as an integrated part of the ex-
ercise format. In an example from a North
Carolina State Reading Test (Figure 4.7), stu-
dents read a story and then have two organizers
for the task of identifying character traits. These
organizers give a cluster of character traits for
two characters in the story, Ooka and the shop-
keeper, with a general term (stingy) that summa-
rizes in one word the main character trait of the
shopkeeper. The array of information for Ooka
is missing only the summary term (fair).
Though this “organizer completion” format
does show whether a student can chose a cor-
rect summary term given an array of organized
information, it falls well short of the possible
uses of task-specific organizers for assessment.
Of course, this format is part of a standardized,

multiple-choice test, and the test makers pro-
vided too much information and limited the
development of the graphic. This graphic is
not being used in a tool-like way and thus is
not a valid instrument for assessing a student’s
capacity to further comprehend a reading
selection.

An alternative use of this organizer format
would have given students a partially completed
pair of diagrams for both characters with addi-
tional information provided below. Students
would have had to correctly show which trait fit
the appropriate character in addition to identify-
ing the summary trait for Ooka. An even more
authentic use of the character map would have
been for students to create their own map of the
information, but obvious practical problems ex-
ist: Students across a state or throughout the
United States are not using a commonly defined
organizer for this task.

A second example, this taken from a new
standardized nationwide English Language Arts
Assessment instrument (CTB/McGraw-Hill
1996), is a more open format (Figure 4.8). This
text design guides students from reading com-
prehension to a writing prompt using the “char-
acter” organizer as the medium. After reading a
three-page story, students complete the graphic.
A scoring rubric (“0” to “3”) is used, with the
high score of “3” given to full and appropriate
completion of the graphic. This task-specific or-
ganizer is then used by students as a prewriting
tool for responding to a writing prompt. Stu-
dents’ writing is then scored on the basis of logi-
cal structuring of ideas and mechanics. This
example shows more productive use of a visual
tool than the previous text sample, but remains
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North Carolina State Reading Test: Character Diagram

1. Which word best completes this diagram or character map?

made the

took the
punishment student

fit the crime

fo court

listened to
both sides

hated Ooka’'s
decision

treated people
with respect

fried to charge
for smells

stingy

Ooka shopkeeper

A honest
B fair

C tricky
D miserly

Source: North Carolina State Department of Education. Reproduced by permission.

a static framework that is filled in by students, point of integration will become even more ap-
rather than being expandable to show greater parent as we investigate a third type of visual
depth of thinking. tool: thinking-process maps. The next two chap-
That task-specific organizers are showing ters show how visual tools based on fundamen-
up on standardized tests is an indicator that tal thinking processes offer a way for students
these and other kinds of visual tools are gaining to construct and investigate patterns of think-
popularity across the United States. The prom- ing, as well as provide students and teachers
ise of visual tools for integrating teaching, learn- with a common framework and language for
ing, and assessing in classrooms and across transferring fundamental thinking patterns
larger learning communities is growing. This across disciplines.
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English Language Arts Assessment: Reading and Writing

'I Choose one character in the story who is interesting fo you.
* Write the name of that character in the circle.

* What does the character say or do that tells you what kind of person he or she is?
Write one example in each large box.

* What do these actions tell you about the person? In each small box, write one word to
describe the person, based on the actions you chose for the large boxes.

Name of Character

One thing the person
says or does

\

says or does

/ -

One thing the perscN

/

Word to describe the person Word to describe the person

e

Source: CTB/McGraw-Hill. 1996). English Language Arts Assessment. New York: Author. Reproduced by permission.
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Thinking-Process
Maps

've seen a “Hagar the Horrible” cartoon that

reflects the Information Age in three words.

Hagar is standing with his hands on his hips,
exasperated, yelling at a small creature: “I'm go-
ing to say this once, and only once: THINK!
THINK! THINK!” That humor hits the mark for
parents, teachers, and employers as we remem-
ber ourselves saying the same thing, wanting our
children to think through life’s problems in the
home, classroom, community, and workplace.

The Information Age has pulled many of us
from our past moorings, turning employment in
manufacturing jobs into “higher-order” posi-
tions requiring the capacity to design robotics
that, in turn, replace even more manufacturing
jobs. High-paying jobs require the abilities to
create, organize, design, implement, and evalu-
ate—in short, to think. This technological age
also brings us closer to each other—by airplane,
phone, or computer network—requiring each of
us to work closely with others worldwide who
hold different perspectives that often reflect dif-
ferent ways of knowing. A central demand of all
these changes is that we need to find new ways
to collaborate, communicate our thinking, and
negotiate meanings.

IA
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Thinking-process maps are visual tools de-
fined by fundamental and more global thinking
processes, from constructing simple categories
to developing new theories. Unlike task-specific
organizers or brainstorming webs, thinking-
process maps are visually designed to reflect
fundamental patterns of thinking. Before look-
ing closely at these tools, let’s investigate how
they evolved to become student-centered tools
for transferring thinking processes across
disciplines.

The Transfer of Common Thinking
Processes

Unless severely brain damaged, we human
beings are all born with a common brain-based
array of fundamental thinking processes and
the unique capacity to use sophisticated tools to
extend these processes. Despite the endless
nature-nurture debate, 1.Q. testing controver-
sies, and “Bell Curve” theories, few would deny
that our brains and sensory capacities enable us
to sequence events, identify attributes, classify
information, make predictions using cause-
effect reasoning, make decisions by comparing
alternatives, reason analogically, and identify
part-whole relationships.

The term capacity is important. As we ma-
ture, we each have the possibility for continu-
ous growth in our capacities to use these
processes. Consider if parents and teachers actu-
ally had to start from scratch—from a cognitive
tabula rasa—and train students how to use
these cognitive processes. Impossible. Such
training would be analogous to torturous at-

tempts to write artificial intelligence programs
for a computer so it could perform even the sim-
plest tasks. So when a teacher exclaims

“Think!” she is asking students to draw from
these deeply held powers of cognition. Of
course, for this rallying cry to be authentic, the
teacher must believe in the efficacy of each stu-
dent’s capacity for intellectual growth.

Balanced with social and physical develop-
ment, a child’s intellectual development has
been at the heart of the educational mission for
public schools for all children in society since
their inception early in this century. As dis-
cussed in the first chapter, this mission has
been heightened in the Information Age with
the development of constructivism as a guiding
philosophy for education in the United States
and other countries. The rise of the so-called
“thinking skills movement” of the past 20 years
has been driven by extensive cognitive science
and brain research showing that we, as educa-
tors, can facilitate and improve students’ intel-
lectual abilities. Benjamin Bloom’s (1956)
Taxonomy of Educational Objectives in the Cog-
nitive Domain has been a key element in this
shift. Teachers have been trained and retrained
to ask facilitating questions that require stu-
dents to analyze, synthesize, and evaluate
knowledge.

Many instructional approaches introduce
strategies to students so that they have ways to
respond to higher-order questions. A wide array
of theoretical and practical programs—upwards
of 50—is available for the teaching of, for, and
about thinking (Costa 1991). The range of these

programs is truly amazing: from simple cogni-



tive skills activities in workbooks to creativity
programs such as deBono’s (1970) Lateral
Thinking, to in-depth mediation of thinking
with Feuerstein’s Instrumental Enrichment, to
Richard Paul’s critical thinking “Socratic” ap-
proach, to Matthew Lipman's (1985, 1991) Phi-
losophy for Children program. The critical
response to these programs is also wide, as
some thinking skills programs—although called
“thought provoking”—have been disparaged as
mere add-on materials for already overbur-
dened teachers.

The difference between an add-on thinking
skills program and one that creates long-term ef-
fects may be found in the degree to which these
processes transfer into different content areas.
One of the essential, unanswered questions that
goes to the center of the cognitive revolution is
this: Do thinking processes transfer across con-
tent areas? David Perkins, one of the recognized
leaders in the field, cowrote an article with
Gabriele Soloman in 1989 about this question.
Importantly, Perkins and Soloman suggest two
types of transfer: low road and high road.

Low-road transfer is attained through a de-
veloped automaticity in the use of a cognitive
process, such as classification, by way of repeti-
tive use of the skill in a variety of content learn-
ing contexts. High-road transfer is attained
when the student is able to consciously transfer
a learned, abstract principle from one situation
to another. Here is their summary:

Thinking at its most effective de-
pends on specific, context-bound skills
and units of knowledge that have little
application to other domains. To the

Thinking-Process Maps

extent that transfer does take place, it
is highly specific and must be cued,
primed, and guided; it seldom occurs
spontaneously (Perkins and Soloman
1989, pp. 16-25).

Allowing that transfer does occur, but in
most cases with some content-specific knowl-
edge needed, Perkins and Soloman argue
against the strict dichotomy often made be-
tween teaching process skills and isolated con-
tent knowledge:

The heart of the synthesis we
would like to suggest challenges this di-
chotomy. There are general cognitive
skills; but they always function in con-
textualized ways, along the lines articu-
lated in considering the philosopher’s
habit of mind (Perkins and Soloman
1989).

These capacities for low- and high-road
transfer of processes and principles into differ-
ent contexts is crucial for understanding the
complexity of thinking-process instruction and
the power of thinking-process maps as visual
tools for transfer, whether high or low.

Webs, Organizers, and Thinking-
Process Maps

It is clear that brainstorming webs are
highly idiosyncratic and used primarily to facili-
tate associative, creative processes. Less clear is
the distinction between organizers and thinking-
process maps. We have seen that task-specific
organizers are created in response to a specific
content task. But each of these organizers,



Visual Tocls for Learning

viewed from the perspective of thinking-process
instruction, is also based on fundamental patterns
of thinking. Usually an organizer is implicitly
grounded on one or several fundamental think-
ing processes, but explicitly guided by a teacher’s
content-driven outcome. The following review
of thinking-process maps shows that they are
theory-embedded tools for transferring thinking
processes into different content contexts.

Thinking-process maps are similar in ap-
pearance to task-specific organizers, but with
an additional important outcome. Each is intro-
duced to students as a fundamental thinking pat-
tern and used for direct improvement in their
thinking, metacognitive abilities, and reflective-
ness—as well as content learning. The intended
purpose is twofold. Students will improve their
understandings of specific content skills (low-
road transfer) and content concepts (high-road
transfer). In addition, these thinking-process
maps will support the improvement of students’
thinking abilities over time.

In summary, the basic and sometimes fuzzy
distinction between task-specific organizers and
thinking-process maps is this: Organizers are
visual tools that teachers often present to stu-
dents to complete a context-specific task,
whereas thinking-process maps are visual tools
that teachers introduce to students ahead of
time so they can create their own transfer of
thinking processes to content-specific tasks.

Uses of Thinking-Process Maps
One of the early approaches to using think-

ing-process maps for improving general prob-

lem-solving and thinking abilities was Albert
Upton’s (1940/1961) work at Whittier College in
California starting in the late 1950s. In Creative
Analvysis (Upton, Samson, and Farmer 1961), a
text created from Upton's years of experience in
teaching his introductory semantics course,
students were introduced to a view that lan-
guage was guided by fundamental thinking
processes. Upton also employed a few basic
diagrams for explicitly teaching students how
the fundamental creative and analytical proc-
esses used by scientists (taxonomy, anatomy,
and physiology) are similar to the thinking
processes that we use lo communicate with
each other every day.

The traditional classification diagram was
one of these tools for developing formal, hierar-
chical relationships, such as for establishing
types of printed characters (Figure 5.1). Be-
cause Upton was interested in meaning-making
in general, he taught students to use this dia-
gram to transfer this thinking process across dis-
ciplines: for creating taxonomies in the
biological sciences; or for showing less formal
category structures, such as identifying the
theme, supporting ideas, and details in a novel;
or in social studies for organizing research
information.

Upton also showed students that this highly
analytical classification tree was key to creating
and ordering one’s own view of knowledge:

It is quite possible that your classi-
fication (diagram) differs from ours in
the number of levels, in the number of
sorts, and/or in the terms themselves.
A classification is “right” to the degree
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that it names qualities relevant to pur-
pose and names enough qualitics to ful-
fill that purpose.... Do not waste time
designing a neat diagram. Use plenty
of paper so that your diagram may

grow. The neatness may come later if
you wish, but the fundamental pur-
pose is Lo order your thoughts so that
you can make up your mind (Upton et
al. 1961).
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After 35 years, these words about the right-
ness, relevance, and supporting evidence of an-
swers still stand strong as a constructivist’s
description of knowing. A fundamental thinking
process is defined, activated by a visual tool for
showing relationships, and ultimately driven
by the purpose of “making up your mind” and
acting.

As Hechinger reported on the front page of
the New York Times in June 1960, the Upton ap-
proach significantly changed his college stu-
dents’ scores on the Bellevue-Wechsler
intelligence test. These changes came about
through in-depth applications of cognitive proc-
esses and accompanying “diagrams” in problem-
solving groups. This approach became the
foundation for a comprehensive language arts
program called THINK! which was imple-
mented in schools during the 1970s and early
1980s and later brought about significant
changes in Scholastic Assessment Test (SAT)
scores (Worsham and Austin 1983). These first
uses of thinking-process maps in the THINK!
program were the experiential, practical, and
theoretical forerunners of the Thinking Maps
approach (see the next chapter).

Much like Upton’s early work, a range of
thinking-process maps is currently used for im-
proving students’ thinking processes. Before
looking at samples, consider the purpose for
thinking-process maps. As mentioned pre-
viously, many graphic organizers (task-specific
organizers) now available provide little or no
guidance in how to use thinking-process maps
for constructive thinking. The same graphic de-
sign may be used for several distinctly different

thinking processes and may be introduced
to students through highly inflexible, fill-in
worksheets.

If we want students to flexibly transfer
thinking processes within and across disci-
plines, we need to encourage clarity of defini-
tions for these processes, some consistency in
form related to each, and the dynamic use of
these visual tools. Otherwise, in the long run,
students will become dependent on the work-
sheet, confused and bored by just another
graphic organizer.

Positive examples abound showing how
thinking-process maps may be introduced to
students. Most of these maps are explicitly de-
signed to facilitate the most commonly used
cognitive processes, such as sequencing (flow-
charts), cause-effect reasoning (fishbone
diagrams), classification (tree diagrams or
Venn diagrams), and comparisons (a variation
on the Venn diagram).

In Organizing Thinking, Sandra Parks and
Howard Black (1992) offer an array of different
thinking-process maps, including interval
graphs for ordering and sequencing, central
idea graphs, class relationship diagrams, and a
compare and contrast diagram. Each of these
tools is presented to students as grounded in a
thinking process; then, sample content transfer
applications are offered for practice.

For example, teachers are given an introduc-
tory blackline master for the compare-or-con-
trast diagram (Figure 5.2) and then provided
with practice lessons for using the document to
compare concepts across different disciplines.

Students use the tool to compare concepts such
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as nouns and pronouns, stale and federal gov-
ernment, the Plains Indian Family and today’s
family, and amphibians and reptiles.

Parks and Black (1992) are showing stu-
dents, in visually detailed steps, the fundamen-
tal processes of comparing. The diagram is
constructed so that students work through the
thinking process of comparison by identifying
likenesses and differences, while clearly specify-
ing what the differences “are in regard to.” After
the introduction of the graphic, the authors sug-
gest that copies of the pages should be readily
available in the classroom for students to use
for other applications. Although this static map
does not demonstrate a highly flexible use of a
visual tool (in the sense of students drawing the
map on their own), this kind of patterning by
students may lead to automaticity with this es-
sential skill and low-road transfer of the process
across disciplines.

Several similar teacher resource books and
approaches have been developed showing the
use of thinking-process maps to facilitate
teacher curriculum design and to support stu-
dents’ thinking (Clarke 1991, Fogarty and Bel-
lanca 1991, Marzano 1992). As in the work of
Parks and Black (1992), most of these applica-
tions present a collection of isolated processes
and a range of content applications. The termi-
nology and uses of these thinking-process
maps—generically called graphic organizers—
generally reflect many of the goals of the think-
ing skills movement. They are used to focus
on facilitative teaching, cooperative learning,
transfer of thinking processes to content learn-
ing, metacognition, and the construction of
knowledge by students. Most of these tools are

effective for what Perkins and Soloman (1989)
have called the “low-road transfer” of thinking
processes.

In contrast to introducing a disconnected se-
lection of isolated thinking-process maps to stu-
dents for low-road transfer, several approaches
focus on high-road transfer by using a single,
flexible, integrated, graphic form to develop stu-
dents’ capacities to synthesize information; con-
struct theories from information; and transfer
concepts, propositions, and principles.

One of these maps, developed by John
Clarke (1991) and aptly called an “inductive
tower” (Figure 5.3), is used by teachers and stu-
dents to first gather concrete representations of
“facts” and experiences and then to synthesize
these baseline artifacts into abstract, theoretical
propositions. The inductive tower is the counter-
part to the use of deductive classification trees,
which begin with the general category defini-
tion and build down to show members in sub-
categories. Although this thinking-process map
is used across grade levels and as shown in
Clarke’s 1991 text, Patterns of Thinking, the ap-
plications range widely across disciplines: from
an exploratory science activity in lower elemen-
tary, to an interpretation of the poem “The Red
Wheelbarrow” by William Carlos Williams, to
solving word problems, to troubleshooting a
problem in an auto repair class.

The example in Figure 5.3 shows how 3rd
graders interpreted the story “The Country
Mouse,” beginning with factual information
from the reading selection, moving up to knowi-
edge claims, and finally to a value position.
Clarke’s methodology for constructing inductive
towers is drawn from Bob Gowin's “Vee” dia-



Thinking-Process Maps

79 ¢

Third Grade Inductive Tower

Think about things

before you do them.) Value Position

Knowledge

The mice were

Claims

Country Mouse and

Country Mouse
y Town Mouse were

frightened. was lonely. both happy.
7
-
Country Mouse N A large black \ Country Mouse | Record
lived alone. tomcat frightened heard about
the mice. the wonders
/ of the city.

The two mice had a
good night's sleep.

Country Mouse
returned to her
simple country
life.

The mice traveled

to the city. q The two mice

were frightened

by two big dogs.

The two mice ate
cheesecake for
dessert.

RECORD OF FACT: The Country Mouse
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gram (Novak and Gowin 1984), which presents This use of the inductive tower reflects what

rising conceptual understandings:

theories

™~

principles

\
concepts
_—T—

every reading teacher—and every teacher across
the disciplines—would want students to be able
to do on a regular basis. This is not simply the
identification of the main idea from supporting
evidence. From a factual, base level, students must
generate midlevel inferences and propositions,
and then go on to generalize from these founda-
tions a high-level value statement or prediction.
The use of visual tools for facilitating stu-

experience

dents’ conceptual development may be traced to
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a significant body of work. Many of the develop-
ers of thinking-process maps working in the
past dozen years have been influenced, as has
Clarke, by the text Learning How to Learn (No-
vak and Gowin 1984). The authors developed a
process called “concept mapping” that repre-
sents learning as the integrated, hierarchical,
and holistic development of interconnected
ideas. Based on David Ausubel'’s theory of learn-
ing and his early work using advanced organiz-
ers (Ausubel 1978), Novak and Gowin focus on
the assimilation of new ideas into the concep-
tual pattern of students’ prior knowledge as ex-
pressed in a hierarchical form. Novak and
Gowin also focus on the construction of knowl-
edge, the meaningfulness of the learning that is
taking place, and the reworking of maps to in-
corporate new understandings. The authors ex-
plain their guiding assumption:

Because meaningful learning pro-
ceeds most easily when new concepts
or concept meanings are subsumed un-
der broader, more inclusive concepts,
concept maps should be hierarchical.
Concept mapping is a technique for ex-
ternalizing concepts and propositions
(Novak and Gowin 1984, pp. 15-17).

The authors use some of the same dynamic,
graphic forms used for brainstorming webs.
Ovals, lines, and linking words are used and in-
terrelated within an adaptable yet strictly hierar-
chical structure.

Concept mapping is intended to be used flex-
ibly so that the same content or concept may be
represented in multiple configurations. Figure
5.4 shows two (and more) possible versions of
the concept of the knowledge area of “living

things.” Novak and Gowin (1984) use the term
“rubber map” to highlight how subordinate con-
cepts may be reconfigured and understood at a
higher level on the map. Though the basic
graphic design of this thinking-process map is
hierarchical, and thus reflects an overarching
classification structure, other thinking proc-
esses—such as sequencing, cause-effect and
part-whole reasoning, and identification of at-
tributes—are implicitly integrated into the rep-
resentation using linking lines and key words.
What becomes clear as different thinking-
process maps are reviewed is that the graphic
design offered by a map developer may reveal
an underlying conception of a structure of
knowledge. Whereas Novak and Gowin’s (1984)

concept mapping techniques are based on a hi-

erarchical representation of knowing—which re-
flects a traditional Western view of the form of
knowledge—knowledge could be viewed from a
different perspective.

Knowledge could be understood as not hier-
archical but as a complex of interdependent
feedback “flows.” This is exactly what the sys-
tems thinking approach and the accompanying
visual tools are based on. Systems thinkers
believe that our traditional definition of cause-
effect reasoning and our basic representations
of relationships as static (such as hierarchical
theories) do not clearly reflect how systems ac-
tually work. Systems thinking requires a dra-
matic reconsideration about how we perceive,
organize, and evaluate our world. The funda-
mental shift is from the organizational struc-
ture often found in schools, which lists or
categorizes information, to a structure that
shows and models dynamic phenomena.
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Source: Novak, J.D., and B.D. Gowin. (1984). Leamning How to Learn. Cambridge, England: Cambridge University Press. Reproduced by permission.

As a simple example—and systems thinking A cloud masses, the sky darkens,
is simple if one lets go of linear and hierarchical leaves twist upwards, and we know
thinking as sole organizing principles—here is a that it will rain. We also know that af-

concrete example from Peter Senge: ter the storm, the runoff will feed into
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groundwater miles away, and the sky
will grow clear by tomorrow. All of
these events are distant in time and
space, and yet they are all connected
within the same pattern. Each has an
influence that is usually hidden from
view. You can only understand the sys-
tem of a rainstorm by contemplating
the whole, not any individual part of

the pattern (Senge et al. 1994).

One of the first steps for understanding and
visually modeling these kinds of systems is to
begin sketching feedback loops that represent
cyclical interdependencies in a system. The
most basic graphic “primitive” used in the sys-
tems thinking approach is the feedback loop.

For example, one of most common feed-
back systems for many of us is the notorious
“burnout” syndrome. We may come up with a
laundry list of causal factors that feed this con-
dition, but systems thinkers take these factors
and show how each relates in a balancing cycle
over time. This makes sense because burnout
does not happen overnight but over time. Some
of the most basic, cyclical, causal relationships

*in this system are hooked together in feedback
loops (Figure 5.5).

As you begin to feel burned out, work starts
to seems less important; you have difficulty fo-
cusing. Then, as your motivation and focus
wane, you get even less work done. But, be-
cause you gel even less work done, your backlog
of things to do swells. As it does, motivation
and focus fade even more. And so on. The cycle

continues. And, left unchecked, full-blown burn-

out ultimately occurs (Richmond, Peterson,
Vescuso 1987/1991).

These descriptions—both writlen and vis-
ual—are the basic conceptual building blocks
for systems thinking. This is a much different
way of perceiving the world than in the normal,
one-way flow of cause-effect reasoning; more-
over, it is a different way of representing the
world than through hierarchical patterns. In the
next section we take a closer look at a much
more sophisticated view of systems thinking us-
ing a sel of visual tools activated by software
called STELLA.

As we look back over this brief review of
thinking-process maps, it becomes clear that
many ol the developers of these maps are not fo-
cused on developing task-specific organizers for
content learning, but giving students visual
tools that can be used within a discipline, for
transferring thinking processes across disci-
plines, and for interdisciplinary learning. These
tools are focused on a much broader set of out-
comes: giving students the tools for low-road
transfer of thinking processes and high-road
understanding and transfer of concepts, princi-

ples, and values.

Using Thinking-Process Maps
for Individualized, Cooperative,
and Schoolwide Learning

Now that we have viewed some thinking-
process maps, we may be even more precise
about the differences between these tools and

task-specific organizers. As you can see, these
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two types of tools look the same. The difference
is in how students and teachers interactively use
thinking-process maps over time for individual,
cooperative, and schoolwide learning.

Individualized Learning

Thinking-process maps support individual
students’ capacities to understand and transfer

their fundamental cognitive processes and to ap-
ply these tools to construct and analyze concep-
tual structures. Once an individual learns how
to use thinking-process maps, they become life-
long tools for independent learning and prob-
lem solving.

Though the long-term rewards of using
thinking-process maps are large, an investment
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is needed in teaching students flexibility in how
and when to use these tools. Unlike the uses of
task-specific organizers, which are introduced
and defined by a task, and brainstorming webs,
which are open ended, students need more de-
tailed instruction, modeling, and follow-up
coaching for learning how to use thinking-
process maps. Students need such support
because they are learning deeply about multi-
ple fundamental thinking processes or more
global thinking processes, and then how to
manipulate and reconfigure these visual tools
to fit learning tasks.

For example, the inductive tower design in
Figure 5.3 reveals the visual scaffolding and con-
sistent pathway for understanding and applying
the thinking process of developing a concept
from a record of facts to a theoretical proposi-
tion or value statement. With flexible use and
coaching, the individual student has a tool for
consciously improving low- and high-road trans-
fer of this theory-building model into every con-
tent area and with more complex content
knowledge.

Of course, thinking is too complex to be re-
duced to a few visual configurations. Individual
students must develop agility with an array of
thinking-process maps so that they may draw
on these tools as required by a problem or learn-
ing task. This is analogous to a reading
teacher’s using three or four basic task-specific
organizers for focusing students on the multiple
tasks for reading a story. Once several thinking-
process maps are learned, the ability of the indi-
vidual to coordinate these tools together with

other learning strategies means that complex

problems and processes may be more easily ap-
proached and solved. Given an array of maps to
choose from, students also have the inde-
pendent capacity to create their own content-
specific applications, much like a teacher who
designs several task-specific organizers in re-
sponse to the learning task.

Though useful for all students, thinking-
process maps are especially helpful for those
with special needs who have difficulties apply-
ing fundamental cognitive processes, construct-
ing concepts, and retaining information.
Brainstorming webs, or task-specific organizers
that are bound by content areas, may not effec-
tively build students’ capacities to consciously
apply these processes in different contexts. Or-
ganizers are most effective for discrete tasks in
certain content areas and implicitly facilitate
conceptual understandings, but many students
are not able to independently and consciously
transfer—and thus improve—their underlying
thinking processes.

For example, an individual student might
have little difficulty in identifying the three ma-

jor types of rocks and categorizing rock samples

within a geology lesson. But that student may
have great difficulty identifying major and sec-
ondary themes and supporting details in a short
novel read in an advanced English literature
class. The “contents” of these examples may be
different, but the underlying cognitive struc-
ture—of hierarchical relationships—is similar.
In the first case, the hierarchical structure is
based on formal category or taxonomic relation-
ships, whereas the second case may involve in-
formal structures revealing the inclusive



hierarchy of ideas linked by an overarching
theme. The Tree Map for classifying informa-
tion shown at the beginning of this chapter (Fig-
ure 5.1) or the inductive tower (Figure 5.3) may
be used by a teacher in a one-on-one cognitive
mediation session with this student to provide a
concrete tool for constructing categories.

This low-road transfer of the thinking proc-
ess and pattern of classification into different
contexts heightens a student’s awareness of a
general thought process. An individual student
then begins to see that this innate process is ap-
plied differently across disciplines. The process
provides a foundation for high-road transfer
and interdisciplina<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>