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Preface
This book is designed to serve two purposes--as an accompanying text for the
PCS Teaching Institutes, and as a guidebook for all faculty members interested
in improving their teaching techniques, and thus, improving the quality of their
students' learning. Teach for Learning emphasizes student-centered learning,
and is based on some fundamental tenets about learning and education:
1. Acquiring learning skills is an important part of a complete
education.
2. Formal education can facilitate learning n concepts, but at some
point learners must master the 11+ 1st concept on their own.
3. People become better learners as they improve their learning skills.
Innate ability is only a part of becoming a good learner.
4. The focus should be on learning rather than on simply doing,
because unless critical thinking is occurring, doing is not learning.
5. Having a problem to solve motivates people to learn.
6. Learning can cause frustration ; learning more quickly can cause
more frustration.

Teach for Learning also focuses on the application of these five key
educational processes:
1.
2.
3.
4.
5.

Cooperative learning
Discovery learning
Problem-based learning
Applied critical thinking
Assessment

Working from these basic premises and applying the educational processes
listed here will let us help students learn skills integral to functioning in today's
rapidly changing world-thinking, learning, problem-solving, teamwork, and
communication skills.

A Note from the Publisher
Pacific Crest Software (PCS) is an educational technology company dedicated
to working with higher education to improve the teaching and learning
processes at campuses across the country . We have visited more than 700
college campuses during the last six years, and have met with more than
20,000 faculty members, held over 500 faculty workshops, conducted
classroom sessions with more than 4,000 students, and helped design curricula
for more than 40 classes.
Our mission is to help faculty become more effective teachers and help
students become better learners. We believe in an educational approach that
integrates technology and innovative teaching processes with curricula that
supports and enhances them. Of particular importance to us is helping students
develop learning, critical thinking, and problem-solving skills.
The idea of using Teaching Institutes to help achieve these goals was born in
the summer of 1990, at the first Problem Solving Across the Curriculum
conference at Wells College in New· York State. Since then, we have refined
the Teaching Institute model, each year incorporating what we've learned from
the previous year in order to improve the next year's Institutes. This year
promises to be even better than last year, and we hope that participation in the
Teaching Institute leads you to return to the classroom invigorated, enthusiastic,
and ready to tackle new challenges and learn as you go.
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Introduction
There is much talk in America today about the need to reform education at all
levels, elementary through university. Critics and supporters of the current
system of higher education are bringing their case to the public in the form of
books, documentaries, articles, and editorials. Our place in this debate has
been first to examine how, with regard to preparing students for the workplace,
changes should be made in our systems of higher education. Then our real
work begins: presenting and supporting, through workshops, software
technology, and curricula, a methodology for improving the learning process
itself, a goal that we expect would find favor among those on all sides of the
issue.
The methodology we present is based on what is sometimes considered a
radical premise: Everyone can learn. and everyone can learn to learn faster
than they currently do.
This book looks at a variety of issues that stem from this basic premise:
o What is learning?
o What do students need to learn to move into the workplace
successfully?
o How do we assess learning?
o How do we successfully intervene to promote learning?
o How do we balance teaching course content versus teaching learning
and thinking skills?
o What are the goals of higher education?
The methodology we present for improving student learning was developed as
a result of the combined efforts of more than 200 faculty members who have
shared their insights with us on improving the educational process. As each
new faculty member applies these techniques or uses our curriculum, they
develop further insights into the benefits and difficulties of applying these
methods in the classroom. We welcome your insights and suggestions and will
add them to the growing body of knowledge that underlies our courseware,
workshops, and Teaching Institutes.
We raise these issues in this book and in the PCS Teaching Institutes. Beyond
these, the discussion must continue, the methodology must be tested and
expanded, and educators must continue to develop new answers to the
questions of successful teaching and learning. Our thanks to all of the caring
and committed faculty members wb.o have worked with us for the past six
years and whose expertise and experiences are reflected in this book.

Chapter 1: Changing Our Educational System
Among the many missions of higher education, one is to prepare students to be
useful, productive members of society. To meet this challenge requires
teaching students the skills and knowledge they will need to be effective in the
workplace and other organizations. However, the nation's workplace is rapidly
changing to accommodate advances in technology and the realities of a global
economy . Higher education must keep pace. Our research shows that today's
workplace needs employees who are:
I.
2.
3.
4.

Quick learners
Critical thinkers
Good problem solvers
Good communicators

5.
6.
7.
8.

Knowledgeable in their fields
Team players
Self-starters
Creative thinkers

Perhaps not surprisingly, it cannot be assumed that students possess these
attributes when they enter college. (In fact, critics of higher education contend
that many college graduates have only minimal development of their abilities in
these areas.) So, one of the tasks of higher education is to equip its graduates
with the skills and knowledge needed to fit this profile. The next section takes
a more in-depth look at this profile, and substantiates the need for a change in
the system of higher education.

What Work Requires of Schools
Before publishing their report in June 1991, the Secretary's Commission on
Achieving Necessary Skills (SCANS), of the U.S. Department of Labor, spent
12 months talking to business owners, public employees, managers, union
officials, and workers. The result of their efforts, entitled "What Work
Requires of Schools", looks at the need for skilled knowledge workers and at
what our educational system can do to provide those workers. Here is an
excerpt from their opening letter:

"We write as concerned representatives of the nation's schools,
businesses, unions, and government. We have completed our initial
examination of the changes in the world of work and the implications of
those changes for learning.
We understand that schools do more than simply prepare people to
make a living. They prepare people to live full lives- to participate in
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their communities, to raise families, and to enjoy the leisure that is the
fruit of their labor. A solid education is its own reward.
This report concerns only one part of that education, the part that
involves how schools prepare young people for work. It does not deal
with other, equally important, concerns that are also the proper
responsibility of our educators. We do not want to be misinterpreted
We are not calling for a nallow work-focused education. Our future
demands more.
The commission spent 12 months talking to business owners, to public
employers, to the people who manage employees daily, to union
officials, and to workers on the line and at their desks. We have talked
to them in their stores, shops, government offices, and manufacturing
facilities. Their message to us was the same across the country and in
every kind ofjob: good jobs depend on people who can put knowledge
to work. New workers must be creative and responsible problem
solvers and have the skills and attitudes on which employers can build.
Traditional jobs are changing and new jobs are created everyday. High
paying but unskilled jobs are disappearing. Employers and employees
share the belief thal all workplaces must "work smarter".
From these conversations, we have drawn three major conclusions:
1. All American high school (and college) students must develop a new

set of competencies and foundation skills
productive, full. and satisfying life.

if they are

to enjoy a

2. The qualities of high performance that today characterize our most
competitive companies must become the standard for the vast
majority of our companies, large and small, local and global.
3. The nation's schools must be transformed into high-pe,formance
organizations in their own. right.
Despite a decade of reform efforts, we can demonstra11? liall!
improvement in student achievement. We are failing 10 de velop the
Juli academic abilities of most students and utterzr fai ling ,he
majority of poor, disadvantaged, and minority youngs :?rs. By
transforming the nation's schools into high-performan v
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organizations, we mean schools relentlessly committed to producing
skilled graduates as the norm, not the exception.
This report identifies five competencies, which, in conjunction with a
three-part foundation of skills and personal qualities, lie at the heart of
job performance today. These eight areas represent essential
preparation for all students, both those going directly to work and those
planning further education. All eight must be an integral part of every
young person's school life.
Employers have (previously) never clearly told educators what students
need to know and be able to do in order to succeed. Those
requirements, as this commission sees them, are described in this
report. It is an opening statement about the future of your children,
your business, and your school. It provides a general description of
what is required. Do not take our word for it. Our conclusions must
be tested in your homes, schools, and places of business."
The five SCANS competencies are listed below. They are skills that can be
learned and practiced in school, to help span the chasm between school and the
workplace that often exists for young graduates. These competencies are
needed in workplaces dedicated to excellence, and they are hallmarks of today's
expert worker.

COMPETENCIES: efftttive workers can productively use:
•
•

Resources-Allocating time, money, materials, space, and staff
Interpersonal skills-working on teams, teaching others, serving
customers, leading, negotiating, and working well with people from
culturally diverse backgrounds
• Infonnation-acquiring and evaluating data, organizing and
maintaining files, interpreting and communicating, and using
computers to process information
• Systems-Understanding social , organizational , and technological
systems, monitoring and correcting performance, and designing or
improving systems
• Technology-selecting equipment and tools, applying technology to
specific tasks, and maintaining and troubleshooting technologies
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The SCANS three-part foundation follows. This foundation of skills and
personal qualities lie at the heart of job performance today :

The FOUNDATION: competence requires:
•
•

•

Basic Skills-reading, writing, arithmetic and mathematics,
speaking, and listening
Thinking Skills-thinking creatively, making decisions, solving
problems, seeing things in the mind's eye, knowing how to learn,
and reasoning
Personal Qualities-individual responsibility , self-esteem, sociability,
self-management, and integrity.

It's worth pointing out that while the SCANS report focuses exclusively on the
skills needed to succeed in the workplace, those skills are frequently the same
as the skills needed to succeed in other areas of life, such as relationships,
avocations, and community activities. Communication skills, problem-solving
skills, teamwork, and critical thinking are important in and out of the
workplace, and contribute to the whole person that higher education is helping
to develop .

The Current Situation in Higher Education
Think for a moment about the common emphasis on course content, with the
final exam as a means of assessing student mastery of the course content.
Suppose you gave the final exam from last semester to the same students again
a year later. How well do you think they would do? Most likely they woul dn't
do very well. Given the nature of human memory , if we teach , assess. and
reward students for simply retaining and repeating information, how can we
expect that their learning is not lost over time?
"Knowledge" alone isn't enough. We need to increase the qual i!-y nf educati on,
especially the quality of student learning, faculty teaching. ana -u, 1 ~cul m
design. We believe that educational outcomes can increase by !('-,. per year
over the course of the 1990's through the introduction of ·n.n,.,\·a._:e~s and
changes to the general system of education currently empl -.:ei -:--.. ., d ,-, thi s, the
following issues must be addressed .
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•

Currently, student's learning skills are weak; they arrive as freshman
with limited skills in critical thinking, problem solving, and
teamwork.

•

Current teaching methodologies are not necessarily the most
effective; there is too much reliance on lectures and a strong
emphasis on course content and "teaching to the test" .

•

The climate of higher education puts pressure on faculty to reduce
teaching involvement in exchange for increased efforts in research.
There are also pressures placed on innovative teachers to conform to
the norm (this pressure comes from both the institution and the
students).

•

Technological tools that can help students learn and help faculty
teach are not well-integrated into the curriculum .

•

The curriculum is focused too much on content, with little emphasis
and time spent on improving learning, thinking, and problem solving
skills.

•

Currently, there is little assessment by higher education of the
product of their teaching efforts. Students need to be assessed on
their conceptual understanding, their ability to ask and answer
critical thinking questions, and their ability to transfer concepts,
synthesize concepts, and solve problems.

There are ways to address these issues. This book discusses some ways that
are probably familiar to you, and others that may be new. It is our intent to
use this book and our Teaching Institutes to share innovations, processes,
techniques, and ideas that will help faculty members and administrators to
become successful agents for change.
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Some Critical Thinking Questions about Education
In the spirit of encouraging critical thinking and problem-solving skills, we pose
these questions to help you reflect on issues related to the Teaching Institutes .
1.

What are our society's current educational needs (over the next 10 years)?

2.

What will the needs be in ten years, twenty years, thirty years?

3.

What major changes did you note when you projected educational needs
into the next decade?

4.

What are the three major problems in higher education today?

5.

What are the major historical reasons that have led us to where we are in
higher education today?

6.

As compared to increased productivity in the business world over the past
40 years, how do you rate improvements in educational productivity?

7.

How can we increase higher education's productivity by the year 2000?

8.

How do we currently assess student outcomes?

9.

How do we currently assess our teaching quality?

10.

Can we provide a guide or a model for improving teaching effectiveness')

11.

How much time should a professional invest in his or her education')

12 .

Can someone's rate of learning be increased?

13 .

Why is there a need for life-long learning and adult education'7

14.

How do you see the future role of educators in our society')

15 .

What changes should be made to our educational systems'1

16.

How much time should a professional invest in learning to !c:2"-r: '

17.

What changes in society have prompted the need for educ-"··~!'": c-""=~;;- '
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Chapter 2: Everyone Can Learn to Learn
Is there a fixed learning curve for each of us? What exactly is a learning
curve? Leaming curves are often thought of as the improvement in a skill as it
is performed repeatedly-in general, the curve documents the performance
improvements with each additional trial . Research on this type of learning
curve shows that while practice improves performance, the rate of improved
performance decreases with each additional trial .

Performance-based Learning Curve

Performance

~ - -1- -5

- 110

- - - 1- - --1
15

20

Number of Trials

We prefer another definition of the learning curve: the change in the rate of
learning over time. This allows us to measure the performance of a learner in
different arenas and in independent situations, because it is not merely a
reflection of an improvement in one particular skill. Instead, this learning
curve represents the strength of the learning process and the associated learning
skills.
Our contention is that each person's learning curve can be an increasing
function (the learning rate increasing over time), given that an individual
invests in improving his or her learning processes and skills. When we
differentiate relatively simple skills such as memory and motor skills from
7

more complex skills such as problem sol ving an·' ~1 ;nm 1nication, we find that
the learning improvements made by simpl y practicing a skill are much less
significant than the learning improvements achieved y strengthening the
learning process and developing the appropriate set of learning skills.

"Rate of Learning" Curve

Rate
of
Leaming

'------1----1----1----1
20

40

60

80

Age in Years

The Diminishing Role of Course Content
Over the past 15 years, as the knowledge base in many disciplines has
expanded due to scientific discoveries and technological advances, many
colleges and universities have expanded their curricula accordingly.
Unfortunately, because the knowledge base needed to succeed in the workplace
continues to grow and change (making the knowledge acquired during a college
education obsolete in not very many years) businesses and other organizations
are realizing that what they need is graduates who know how to continue to
acquire and apply new knowledge after leaving school. Higher education must
shift its focus from maximizing the number of concepts learned to improving
the processes of learning, applying knowledge, and sol ving problems.
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Process Education-Improving the Learning Curve
One of the most effective means of learning occurs when students confront a
problem that needs to be solved and then develop a solution. They are
engaged, challenged, and forced to use their thinking abilities to come up with
a viable solution. Since a good problem solver is always learning new
concepts, the two, learning and problem solving, reinforce and support one
another. Leaming is the process of acquiring knowledge and skills, and
problem solving is the process of applying that knowledge and those skills.
Our emphasis at Pacific Crest Software has been helping higher education
change its focus from a concentration on course content to a concentration on
improving the learning process and the problem solving process. We use the
term "process teaching" as a label for our approach, because we emphasize the
processes that are occurring, and improvements made to those processes, rather
than focusing primarily on course content. Of course, learning course content
should, and will , still happen-in fact, it will happen more effectively once a
student improves his or her learning skills.

Investing in Improving the Learning Curve
One of the difficulties in swi tching to process education, to an emphasis
on skills rather than content, is that there is an initial drop in the
am ount of content learned by the students while they work on upgrading
their learning skills (the course content temporarily becomes learning
skill s. rath er than chemistry, physics, sociology, etc). Once students
ha\·e made an initial improvement in their skills and have become
accustomed to process teaching methods (discovery learning in
panicu ar requires a mental adjustment on both the instructor's and the
students' part), they become more effective learners and are able to
absorb. and retain, course content better and more quickly than before.
As the e pha.sis on skills is maintained, while reintroducing the
emphas s nn content, we find that students are able to improve their
mastery ~- both si multaneously. Unfortunately, it's difficult to predict
the amoum of ti me needed for this initial focus on skills as the course
c.onten. . If you are teaching a problem-solving course, there's no
confl ict. as pro· iem-solving and learning skills are the course content.
For o her -~ :rses. the initial time investment depends both upon the
stude ms· :..ase 5 .; •• lev els as learners and thinkers and the instructor's
abil ity ~'" ric2-e:. learni ng skills to their students. This an area that
warrant~ rc.::r-e .C\. ns1derat1on.
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Two Foundations of Process Education
Two of the foundations of our teaching and learning methodology are :
1. The Leaming Process Model
2. The Leaming Skills for Life
These are summarized in the next section. Another indispensable part of
process education is ensuring that students are or become good learners. We've
included a description of the characteristics of a good learner in Appendix D .

Learning Process Model
The Leaming Process Model makes explicit the steps in the learning (and
teaching) process, and is used as the basis for all the curriculum products we
develop . As part of following the model, you will develop a map of all the
concepts to be learned in a particular course. The steps in the Leaming
Process Model are as follows :

1.

Define the key concepts of the course (i .e., create a concept map) . We
recommend that the key concepts number between 30 and 50.

2.

Outl ine the skills and base concepts needed for learning the key
concepts that have been defined . Organize these base concepts for
review.

3.

Provide a one- to two-week review of these concepts.

4.

Test and evaluate the students' proficiency with these base concepts and
only allow those with adequate proficiency to move ahead. Provide
additional exercises to get the others ready to move on. (Preassessment)

5.

Build a model of each concept to allow exploration of the concept
through discovery learning.

6.

Develop a set of critical thinking questions for each model that will
guide the students toward an understanding of the concept as they
explore the model.
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7.

Prepare a set ·• skill development exercises that allow students to apply
the concep. to new situations.

8.

Provide a means for students to assess their own proficiency with the
concepts, so they understand the difference between thinking they know
and knowing they know. Conduct your own assessment of how well
students understand the concept.

9.

Develop a set of problem-solving projects that require students to
transfer, transform, and synthesize the new concepts as part of the
problem-solving process.

As faculty and students begin following this process, students will be able to
apply the initial concepts learned to the process of learning more advanced
concepts and to solving more difficult problems. Their knowledge base will
grow and their skills will improve.

Concept Mapping
Step 1 of the Learning Process Model involves creating a concept map .
Concept mapping is a way to systematically organize a knowledge base.
(A knowledge base is fonned by integrating related concepts, processes,
skills, and infonnation.) The concept map also identifies the links
between new key concepts to be taught and the base concepts required
in order to learn those concepts. A concept map begins with a list of
the key concepts. Here is a concept list for a first-year calculus course.
It is based on the first five chapters of a standard textbook, and includes
some of the base concepts too.

11

Chapter 1: Pre-calculus Review

Chapter 4: Applications of
the Derh atiYe
o Mean Value Theorem
o Rolle's Thearem
1

o
o
o
o
o
o
o

Graphing a function
Comparing two graphs
Functional arithmetic
Point-slope form
Slope-intercept form
Two points form
Unit circle

o Min/Max
o The Second Derivative

Chapter 5: Integrals
o
o
o
o
o
o

Arithmetic of Series
Chapter 2: Limits of Functions
Rectangular Sums
o Left-hand & right-hand limits
Riemann Sums
o Epsilon-delta
Upper & Lower Bounds
Adding up trapezoids
Chapter 3: The Derivative
Fundamental Theorem of
o Graphing a function and its tangent
Calculus
o Graphing a function, tangent, and derivative
o Comparing the left-hand & right-hand derivatives

Calculus Concept Map
After you have the list, it needs to be organized into a concept map .
Here's a sample concept map for the same first-year calculus course. It
shows how the concepts are organized, and which must be learned first.

12

Calculus Concept Map

Lines

Point-slope form
Slope-intercept form
Two points form
Inequalities

Trigonometry

Unit circle

I
Limits of Functions

Functions

Left-hand & right-hand limits
Epsilon-delta

Graphing a function
Comparing two graphs
Functional ar i t hmetic

I
The Derivative

Graphi ng a function and its tangent
Graphi ng a f _nc tion, tangent, and derivative
Comparing t h e l eft-hand & right-hand derivatives

I
Applicat i o n s of the Derivative
Mea n ·v a .... u e

Theorem

:- 01 : e · s Theorem

~L:n / Max
The Se·c :id Derivative

Series

Arithmetic of Series

Integrals

II

Rectangular Sums
Riemann Sums
Upper & Lower Bounds
;
Adding up trapezoids
! Fundamental Theorem of Calculus
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Guidelines for Developing a Concept Map for Your Course
Here are some guidelines for developing a concept map for your course:
1. Define how much time you have for your course: Contact hours for
discovery of new concepts, individual hours for skill development,
and hours that will be available for assessment (inside and outside of
class) .
2. Develop a list of the most important concepts in the course
(approximately 25-30 key concepts for 45 contact hours) .
3. Create a concept map by prioritizing the key concepts and
developing an organizational structure showing the relationships
between the concepts (eg. exponentiation builds on multiplication
and multiplication builds on addition, etc.)
4. Inventory the set of base concepts and skills students need as a
precursor to learning these key concepts. Since learning is a process
that builds on known concepts, students need proficiency with base
concepts before they can learn the new concept. It is important to
inventory these base concepts and skills so that you and the learners
can assess their own preparation for this new learning situation.
5. Prepare a review of these base concepts to outline to the students the
expectations you have of their existing knowledge base, and to
determine if they have, in fact, mastered those concepts.
6. Prepare a self-assessment test for these base concepts so that you
and your students understand if they are prepared to move on.
7. Finish organizing your conceptual map to show the link between all
of the concepts, and clearly identify which are dependent on which.

Concept Models
Now that we have a concept map, how do we comm n· ~are these
concepts to the students? One way is through t..'1 e use .... ~ "concept
models". A concept model is a model of a concept r' .ai allows students
to experiment with the concept. While these .. odels are ·· en
mathematical, they don't have to be.

14
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The concep-t . -f :""un-rional graphing for a straight line, for example, can
be ii usrr2re--~ ·,..-i :i.1 ,he equati on y=mx+ b, where m is the slope of the
line and ,: IS ';_ . ·-:mercept. This definition works pretty well for those
who a' rea 'y kno.,.. ·he equation for a straight line. But what about the
student encour ·e · ng it for the first time? What is a y-intercept? What
do we me.an by slope? By developing a model of a straight line, in this
case. a mode ·hat can be graphed on the computer, students can use
that model w explore for themselves what a y-intercept is, and how
changing he slope changes the line. A concept model for this concept
wri n en in PC: SOL VE would look like this:

X =DQ~,Lt\IN(-20,20)
~v1=2

B=3
Y=.M*X+B
XREFLINE=O
YREFLINE=O
GLINE(X,Y)

;create the domain for x from -20 to 20
;set slope equal to 2
;set y-intercept equal to 3
;create y, a single line with a slope of 2
;and a y-intercept of 3
;set a reference line at O
;set a reference line at O
;graph the line (x-values along the x-axis,
;y-values along the y-axis)

From here, students are free to vary the slope and intercept to see what
effect that has. They can also draw multiple lines on the graph to
compare them . By working at the computer with a set of critical
thinking questions they are required to answer, the concept of slope and
intercept become clear, and the students gain "ownership" of the
concept through participating in the discovery .
Here are some sample critical thinking questions that could be asked of
the students exploring this concept model :
1. What characteristic of the line does the value of B determine?

2. What characteristic of the line does the value of M determine?
3. How can you make the line fall from left to right?
4. How can you make the line go through the origin (x=O, y=O)?

15

Another concept worth exploring is this: Humans have a biological
need to belong. Models of this human trait exist in society, and
students can be asked critical thinking questions about these models in
the same way they would ask them at the computer. In this case, a
"concept model" might be the Rotary Club, an LA street gang, a
campus sorority, or an extended family . Do these models validate the
concept? What do they have in common? How are they different?
Students can interview group members, study their own reactions to
feelings of belonging or alienation, and look at human history to explore
what is valid about this concept.
While the details of the task of developing concept models will vary
depending on your discipline, the basic idea of using a model to make a
concept available for ex·ploration by the students applies across all
fields.

Learning Skills for Life
With the help of various faculty members at schools around the country, we've
identified and categorized 44 learning skills and tools that are the foundation
for becoming a better learner. While you might find reason to reorganize or
add to this list, we expect you'll agree in general with the basic premise that
these skills are crucial to successful learning and successful performance in
life.

OBTAINING AND ORGANIZING
INFORMATION

THINKING
Thinking critically
Thinking quickly
Analyzing
Synthesizing
Modeling
Remembering

Listening
Reading
Observing
Feeling
Categorizing

16
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CONCEPTUAL LEARNING SKILLS

PROBLEM SOLVING

Modeling concepts
Articulating concepts
Visualizing concepts
Thinking systemically
Generalizing

Defining problems
Identifying key issues
Assessing information
Identifying assumptions
Sub-dividing a problem
Modeling problems
Integrating solutions
Validating solutions

LEARNING TOOLS
Math tools
Prediction
Estimation
Vocabulary
Computer tools

COMMUNICATING
Presenting orally
Writing (e.g., reports)
Conversing
Using graphics

SOCIAL SKILLS

SELF-MANAGEMENT

Leading
Following
Collaborating
Resolving conflict
Making decisions
Understanding others' values

Setting goals and objectives
Focusing
Using time productively
Understanding yoor value system
Self-assessment

With the Leaming Process Model as a guide for structuring a course, and with
an emphasis on teaching the Learning Skills for Life, we have begun to put in
place the framework that will ensure that everyone we teach does indeed learn
to learn .
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Chapter 3: Cooperative Learning
In our work with students and institutes of higher education over the past seven
years, we've idemi t cd fiy e key educational processes whose use results in
student-centered learning that emphasizes thinking and problem-solving skills.
These educational processes are:
l.
2.
3.
4.
5.

Cooperative Leaming
Discovery Leaming
Applied Critical Thinking
Problem-based Learning
Assessment

Each one has a valuable role to play in process education, and, in the next five
chapters, we'll examine each.
The term "cooperative learning" strongly suggests its meaning-students
learning together in a cooperative setting. But there's more to it than just
sending students off in groups and expecting them to learn together and help
one another. Instructors must manage the group formation and interactions to
insure that the students are successful and that they achieve the goals the
instructor has set out. Johnson, Johnson, and Smith 1 set out five elements that
must be present whenever cooperative learning is used in the classroom.
1. Positive Interdependence. Students must be linked with one
another in such a way that one cannot succeed unless the other
members of the group succeed.
One way to achieve this is to have each student play a role within the
group, and to make sure everyone fulfills his or role and only that role.
For example, when a group is working at the computer, one student can
be the team leader, one the recorder, and one the technology specialist.
To reinforce the group's interdependence, you can give group scores for
in-class exercises. You can also randomly choose a participant within a
group to represent the group when you are assessing their skills or
knowledge. Positive interdependence is also fostered by rewarding the
group as a whole, rather than rewarding single group members.
2. Face-to-face promotive interaction. Students explain ideas, discuss
strategies, and share their knowledge while working in their groups.
They help, encourage, and support one another's efforts to learn.
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This kind of interaction can happen in many ways. It happens in class
when pairs of students are given time to discuss their answers to
questions with one another, then produce a joint answer that is
presented to the class (the "think-pair-share" model). It happens in
groups working on longer-term projects when all students stay engaged,
have enough trust in one another to speak up when they don't understand, and are motivated to work together to complete their project.
3. Individual accountability. Each student is assessed and the results
are reported back to the individual and the group.
The group must know who needs more assistance in completing the
assignment, and everyone must realize there's no free lunch. Ways to
conduct individual assessments include random selection, with a single
representative of a group questioned, and exams that are given to all
students to assess their skills and knowledge.
4. Collaborative skills. There are many skills associated with
cooperative learning, including leadership, decision-making, trustbuilding, communication, and conflict management. These skills are
as important to develop as the concepts that are a part of the course.
Collaborative skills are important in the world of work and relationships
that students will be moving into after college. Cooperative learning
offers a forum for teaching these skills that the traditional lecture
approach doesn't. Cooperative learning also depends upon these skills
for its success, so it is important to assess these skills at the beginning
to see which are lacking and develop ways to improve them .
5. Group processing. This involves having the group members
discuss the group dynamics and assess how well they are meeting
their goals. One way to do this is to have each group answer two
questions. "How did each member contribute to the process') " And,
"What can each member do that is new to improve the process the
next time they work together?"
Faculty must take care to listen to the groups' assessments of themselves
and compare them to their own assessments. E\'eryone m st be
reminded that cooperative learning requires a conti '"' a'.vareness of the
groups' dynamics and a continual will ingness w prac·ce coll aboration
and communication skills.
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Recommended Sizes for Cooperative Groups
For Skill Development or Assessment: (Optimum group size: 2 people)
When the purpose of the exercise is to develop better proficiency with concepts
that are already understood, students are most effective in pairs. Each member
participates more, and the emphasis is on collaboration and cooperation. The
students quickly become partners and share one another's understanding and
ability to apply the concepts.
For Discovery Learning: (Optimum group size: 3 people) When the purpose
of the exercise is to explore and learn new concepts, it is useful to have more
mental resources and a broader diversity of experience within each group.
Three is an effective number because a group of three tends to bring up
counter arguments (two people agree, the third one objects), while still being
small enough for everyone to participate effectively. It's important to make
sure each person adds his or her insights. One way to do this is by asking
each student critical thinking questions. When students are working at the
computer, switching roles regularly helps keep everyone involved and active.
The instructor can move from group to group and assess the learning skills of
the students as they participate in group discovery learning.
For In-Class Problem Solving: (Optimum group size: 4 people) Several
times each semester, it's helpful to have students practice solving problems in
the instructor's presence so that their problem solving skills can be assessed.
Teams are given a limited amount of time to complete a particular problemsolving exercise, and must give a joint presentation of their solution (with each
member contributing to the presentation). The instructor can then assess group
dynamics, problem solving processes, conceptual mastery, and presentation
skills.
For Outside the Classroom Problem-Solving Projects: (Optimum group size:
5 or 6 people) This group size is effective for long-term projects that require
about 60 to 100 hours of effort from the entire team . The project should
require the team to follow a clear and organized process, produce a written
report, use the concepts learned in the class, make a verbal presentation to the
class, and produce a group assessment of their results.
When working in the classroom with cooperative learning groups, it's important
to make sure each group is able to articulate the current concept before moving
on to the next. When one or more teams gets ahead of the others, assign them
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challenging exploratory activities or exercises that will keep them engaged
while the other teams catch up .

Assigning Members to Cooperative Learning Groups
If the groups will be working together for only a short time, random
assignment works fine. The instructor can do the assignment, or students can
group themselves by proximity or by finding someone they don't know to work
with. If the group will be together for a longer period, or if the overall group
performance will have a more significant impact on grades, the instructor
should assign students to groups based on past academic performance, so that
students feel that the groups are fair. In general, the more mixed the group
(gender, ethnicity, background, etc.), the more variety of ideas, thoughts, and
solutions that will arise, and the more that will be learned about working
successfully with different kinds of people.

Cooperative Learning-Critical Thinking Questions
Here are some critical thinking questions to consider when working
with students in cooperative learning groups:
1. Did the students stick to their assigned roles?
2. What conflicts did the students face when working together, and
how did they resolve them?
3. How did each team member contribute to the learning process?
4. How well did. the team members understand each other's point of
view?
5. How valuable did the students feel the experience was?
6. Were you able to assess how well the students achieved their
learning goals?

1

Johnson, David W., Johnson, Roger T., and Smith, Karl A. 1991. Active
learning: Cooperation ia the college classroom. Edina, MN: Interaction Book
Company, 1991.
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Chapter 4-Discovery Learning
Inherent to the problem-solving and learning processes are an inquisitive spirit
and critical thinking skills. Education needs to stimulate students to ask
"why?" and encourage students to explore and experiment. Somewhere along
the way, students are losing the curious nature they had as children and are ·
becoming afraid to be wrong. The traditional learning environment in which
the objective is delivering course content (the instructor speaks and the students
take notes) does little to facilitate the development of problem-solving and
critical thinking skills.
Discovery learning is a "process-oriented" approach, where self-discovery on
the part of the student is paramount. The role of the instructor in this
environment is to facilitate student learning by referring them to outside
sources of knowledge and by asking them timely critical thinking questions.
Rather than answering a student's question directly, the instructor directs the
students to go through the process of learning themselves. Students are
encouraged to look up the answer, consult a team member, or try it out on the
computer before they ask the instructor. When students have questions, the
instructor responds to their questions in one of two ways: with critical thinking
questions that lead the student down the path to eventual discovery, or with the
advice, "Try it!" Students need to experiment, explore, test, and seek their own
answers with the help of their teammates.
Students should be given simple problems to start with, so they can become
familiar with and come to like this method of teaching without too much
frustration . Students should be forced to think, but not to the point that they
become overwhelmed. As time goes by, they should be given increasingly
more complex problems. The amount of frustration needs to be continually
monitored-some frustration is good, and provides motivation to find a solution
and resolve the frustration . Too much is counterproductive-if too frustrated,
students can become convinced they'll never find a solution, lose their
motivation, and give up . Note that discovery learning works well in tandem
with cooperative learning; the students have a pool of thinking and learning
skills to draw on in addition to their own, and the effort, excitement, and
frustration can be shared.
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The shift to discovery learning takes practice for both teacher and student.
Instructors are accustomed to helping students out by answering their questions.
It takes a fair bit of self restraint at the beginning to respond to a question with
a question, but the students soon adapt. And, as the process of asking critical
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thinking questions is repeated, students gradually become better at asking the
"right" critical thinking questions on their own, and lessen their need to have
the instructor do even that much for them.
Setting Up the Environment for Discovery Learning

How you introduce discovery learning to the class is critical to its success.
Your introduction sets the stage for how this, and future, discovery learning
exercises will operate, by letting the students know what you expect of them
and what outcomes they should be aiming for.
One suggestion for setting up the discovery learning environment is to start
with a simple question: "Would you like to learn 50% faster?" We've asked
this question of thousands of students, and the responses have differed only
slightly . Their general answer is "Yes, but how?" They don't really believe it's
possible, but they'd like it to be true. Ask the question again, this time in a
more serious way : "Are you really interested in learning 50% faster?" Our
experience has been that this elicits the response, "Yes, but what do you want
from us?"
·
Now that you have their attention, the students need to be told that they are
going to have to think critically throughout the course. When we work with
students, we tell. them that we've surveyed 1,400 faculty members across the
country, and that 90% of them estimate that students spend only 3 to 10
minutes thinking critically in a 60-minute time period. (You can use your own
estimate, or ask them for theirs.) Based on this you can tell the students that
since learning only occurs when they are thinking critically, and since they are
thinking critically only about IO percent of the time, there is plenty of room for
improvement in their learning.
As an instructor, how can you help them learn to start thinking critically more
often? Challenge them to think critically by turning it into a game: your job
as the facilitator is to catch the students not thinking critically . Their job is
simply not to be caught. We've found that students are apprehensive about this
challenge, but willing to give it a try . In our experience, it's been rough for the
students in the first half hour to an hour (and for the instructors too), but after
an hour it becomes a challenge that the students actually enjoy, because they've
become active users of their own critical thinking skills, and can see
themselves improving.
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To help students fun.her 1 '1derstand the reality of discovery learning, we write
"TRY IT" up on the boar . In addi tion to asking critical thinking questions
that guide the stude. s. we frequently say, "Try It" in response to a question .
This helps further corquer he expectation that you are the source of all
information and that your job as an instructor is to supply it. It's important to
remember that the shon-term satisfaction that comes from providing a good
and helpful answer will be replaced by the longer-term satisfaction that comes
from seeing your students develop their thinking and analyzing skills.

An additional bonus is that by freeing yourself of the need to answer questions
that the students coul d answer themselves, you have more classroom time to
assess the progress of the students, studying the strengths and weaknesses in
their learning and problem-solving skills.

Discovery Learning-Critical Thinking Questions
Here are some critical thinking questions to consider when working
with discovery learning.
1. What alternative sources of information did the students seek out
when they failed to get an answer from you?
2. How did cooperative learning and discovery learning reinforce
one another?
3. Could you tell when a student was sure he or she had
successfully discovered a new concept?
4. How did that discovery affect their relationship to you?
5. Was the frustration level ever too high? If so, why?
6. How could you change the situation that caused the high level of
frustration?
7. How did you judge when to intervene, and when to let students
work out their own solution?
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Chapter 5-Applied Critical Thinking
Critical thinking skills are important in all disciplines and walks of life. There
is a fair amount of debate about what critical thinking actually is, and how one
practices it. For purposes of our methodology, we define applied critical
thinking as a way to explore ideas by identifying the important issues, and then
asking key questions related to those issues. We believe the best way to
improve critical thinking is to begin by answering hundreds of critical thinking
questions, so that over time, these kinds of questions become so familiar that
asking them of ourselves when we encounter an unfamiliar situation becomes
second nature.
Within the framework of higher education, the first step in helping students to
practice applied critical thinking is for faculty to frame critical thinking
questions for the students. Students then answer the questions by exploring the
relevant concepts and concept models, discussing the question with other
learners, or researching outside sources. Critical thinking questions are of three
basic types:
1.

Divergent. The divergent critical thinking question highlights the
direction that the students' inquiry should be taking. It should make
them think about a variety of possibilities, so that they still have to
choose their approach for themselves. For example, to a group of
students working with the concept of second-order derivatives, you
might ask them to explore how their graph changes as time increases
along the x-axis. For students investigating humanity's need to belong,
you might ask them to consider the similarities and differences among
\\.~m-.\\<:>, m~n~"?> ,n 1e\rea\, ano pnsoners ·m soY1tary confinement.

2.

Convergent. Convergent critical thinking questions help the student
converge on an idea or concept. You might ask your calculus students
to compare the second derivative to the acceleration of their cars. You
might ask your sociology students to consider how voluntary or
involuntary exile affects the experience of the exiled person.

3.

Directed. If students are becoming too frustrated, you may need to ask
a directed question, which tend to have a single answer and point
directly to the source of confusion. For example, "Is the acceleration of
a car an example of a rate-velocity-increasing over time?" Or, "Do
monks in retreat cope with their exile better than prisoners because they
have freely chosen that exile?"
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Critical thinking is an integral part of discovery learning. By learning to ask
themselves applied critical thinking questions, students learn to guide their own
discovery, and to recognize dead ends in their exploration process.

Concept Models
Concept models can be panicularly useful to students attempting to answer
critical thinking questions, as they give the students the means to explore the
concept and discover new facets of it. (Developing concept models for the key
concepts of a course is one step in working through the Leaming Process
Model discussed in Chapter 2.)
To get maximum value from exploring a concept model , students need a set of
critical thinking questions to guide them through their exploration. Critical
thinking questions can be used to get students to think about the general
concept, exceptions to the general rule, boundary conditions (for mathematical
functions), logical extensions to the concept, and opposing concepts.
Once you have presented both the concept model and its associated critical
thinking questions, it is important to step aside and let students do the learning.
This is the point where you stop answering questions directly and let discovery
learning happen. You can now spend your time assessing the students'
performance and intervening only when appropriate. There are a variety of
ways to assess performance, including listening in on group conversations
during class, reviewing the students' learning journals, asking questions, and
tracking progress with quizzes.
If your students are working with SOL VE, you have an extra means for
assessing their progress: the "paper tape" generated in SOL VE's output
window. Reviewing the paper tape lets you follow the students' thought
processes precisely-you can see the directions they headed, the side trips and
dead ends, the additional concepts explored, and the speed with which they
grasped the key concept.

As you are assessing, you need to gauge when to intervene and how much time
to give students to figure the problem out for themselves. If they become too
frustrated, and have hit too many dead ends, identify which of the learning
skills and tools are not being effectively used, and ask appropriate critical
thinking questions to get them back on track.
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Exploring concept models, practicing critical thinking, and learning through
discovery go hand in hand, strengthening and reinforcing one another. The
critical thinking skills developed by students will be invaluable throughout their
lives.

Applied Critical Thinking-Critical Thinking Questions
I . How often did you need to ask a directed critical thinking
question?
2. Did the frequency decrease with time?
3. Was there a pattern to the key questions the students failed to ask
themselves?
4. Did the students analyze concepts by breaking them down into
smaller components?
5. Did you observe the students synthesizing new concepts?
6. What is the best response to a student's statement, "I don't
understand"?
7. What was the best critical thinking question that a student asked
of herself or her teammates?
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Chapter 6-Problem-based Learning
Problem-based learning relies on the premise that people learn when they are
actively engaged in solving problems. Teaching students a problem-solving
methodology gives them the vehicle for making their problem solving both
more efficient and more effective, which thereby improves their learning. The
problem-solving methodology we propose consists of a series of steps that
represent the problem-solving process and lead to one or more solutions for the
problem (although that solution may be to conclude that the problem is
unsolvable!). At each step in the process, students will use and develop one or
more of the 44 key learning skills and tools. The steps in the problem-solving
methodology are as follows :
1. Define the problem.
2. Identify the important issues.
3. Assess the available information.
4. Identify and analyze your assumptions.
5. Separate the problem into smaller problems.
6. Model a solution for each sub-problem .
7. Integrate the solutions to the sub-problems.
8. Test and validate the possible solutions.
9. Assess your understanding of the solution.
10. Communicate the solution.

Defining the Problem
This skill combines the ability to assess a situation, isolate the problem, and
write a clear definition of the problem . This skill is improved with practice
and by having someone critically evaluate your problem definitions.

Identifying the Important Issues
Asking critical thinking questions helps clarify the key issues of a problem .
Skill in critical thinking comes from practice and by studying how other people
formulate their questions. Creativity plays an important part in this process.

Data Collection and Manipulation
Data and information provide a foundation for solving problems. Skills such as
collecting, sampling, entering, editing, organizing, manipulating and managing
data improve the quality of the problem-solving process. These skills include
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the ability to view a problem differently by "twisting" the problem's data to
obtain clearer insights, which may lead to a more creative solution.

Assumption Identification
Each problem requires an explicit list of the assumptions you are making about
it so that you genuinely understand the problem you are solving. Once
assumptions are identified, you can extend beyond these assumptions to apply
creativity to the problem-solving process.

Model Building
Building models to represent aspects of real world systems allows you to
experiment with the system to. study the results. Modeling requires identifying
the important parameters in a system and then defining the relationships
between and among these parameters.

Synthesis
Synthesis is the process of bringing together more than one concept to form a
new concept or model. Most problems require us to combine different tools,
processes and ideas in order to evolve an acceptable solution.

Validation
Solutions to problems should be tested for reasonableness and evaluated for
responsiveness to real world behavior.

Communication
The ability to present your ideas, insights, analysis, models and solutions to
others in an effective and efficient manner is an integral part of problem
solving.

Teaching Problem Solving
The best way to teach the process of problem solving is to give students the
opportunity to solve them. A group approach works well-create teams of S to
6 students, and assign each team the same problem, or different problems. At
some point, the teams should be required to communicate their solutions to the
rest of their classmates. A variety of means are possible: a formal presentation
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to the class, a written report, a debate, a skit, or a videotape. The solution
should then be assessed, preferably by the other students in the class.

!·

Another interesting way to expose students to the problem-solving process is to
let the entire class solve a problem by rotating "working" teams of 3 to 4
students every ten minutes. Each group takes a tum working on the problem in
·front of the class, where their thinking and learning process is visible to
everyone. This allows assessment, review, and constructive criticism.
Eventually, you want each student to understand that actively solving problems
provides an intriguing way for them to learn. You also want them to realize
that problem solving can follow a methodology, that discipline is sometimes
required to follow each step, that all the steps are linked, and that the improved
solutions are worth the extra attention to the methodology .
It's worth noting that teaching problem solving takes time, for two main
reasons. One is inherent to the problem-solving process; the solution is
unknown, so the path to the solution is usually not direct. The other reason is
that students don't have a lot of experience as problem solvers, so their
problem-solving skills are not well developed . As the quarter or semester
continues and their skills improve, problem-solving exercises will proceed more
quickly.

Problem-based Learning-Critical Thinking Questions
1. Are the student's problem statements clear and well-defined?
2. Did they follow each step of the problem-solving methodology?
3. Which steps were the most difficult for the students?
4 . Which were the easiest?

5. Can they articulate what they learned while solving the problem?
6. Are they satisfied with their solution?
7. Can they identify a problem that has no solution?
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Chapter 7-Assessment and Self-Assessment
Traditionally, instructors have assessed students on their mastery of course
content. These assessments might include quizzes, homework, mid-term and
final exams, and an outside project. However, faculty assessment on content
alone has several limitations_ One limitation is that the students' learning
process and problem-solving skills are not tested very well. Another limitation
is that students are often unclear about the criteria for success and about the
quality of their own performance in between assessment times. The latter
problem is caused in part by the infrequency of assessment. We are proposing
the use of two additional types of assessment:
1. Instructor assessment of student skills
2. Student self-assessment
Instructor assessment of skills means looking at how well students can apply
the 44 key learning skills. This means observing their learning processes as
they work in cooperative groups on discovery learning tasks, reviewing their
learning journals, and giving tests that require problem-solving and
communicating. This requires being familiar with those skiils so you can
observe their development in others. In this regard, it helps to define the
desired outcome before you begin assessing (i .e., which of the 44 learning
skills should they be learning, what key concepts should they be synthesizing)
This helps you focus on one area of skills at a time (such as teamwork skills) .
Student self-assessment is also an important part of process education. It
requires students to think critically about their own learning process. Students
need to be able to identify when they definitely know a concept, or when they
only think they know it. They need to learn how to test themselves or further
experiment with a concept until they are confident that they know it. We
sometimes bet with students as to whether they are right or not. A five dollar
bet quickly separates those who are sure they are right from those who aren't
quite sure. You'll save money as you learn to read them better, and only make
bets with those who aren't sure. Being unwilling to bet lets the students know
they need to explore some more before they're ready to move on.
Students also need to assess their progress as they are working, not simply
after they have arrived at an answer. They need to ask themselves: Am I
using the right strategy? Have I identified all my assumptions? Do I have all
the information I need? Students become more motivated to assess themselves
as they begin to see the learning benefits it brings.
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We've prepared an Assessment Guide to link the 44 learning skills with the 5
key educational processes, use of learning journals, and SOL VE exercises. It
should help you think about assessment of students' learning processes in a
more organized way . (Appendix E offers an alternate format for assessment.)

INSTRUCTOR USE OF:

STUDENT DEVELOPMENT OF:

SOLVE Exercises

Math tools
Prediction
Estimation
Vocabulary
Computer tools

Discovery Learning

Listening
Reading
Observing
Feeling
Categorizing
Modeling concepts
Articulating concepts
Visualizing concepts
Thinking systematically
Generalizing

Cooperative Learning

Leading
Following
Collaborating
Resolving conflict
Making decisions
Understanding others' values
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Critical 'Thinking Questions

Thinking critically
Thinking quickly
Analyzing
Synthesizing
Modeling
Remembering

Problem Solving

Defining problems
Identifying key issues
Assessing infonnation
Identifying assumptions
Sub-dividing a problem
Modeling problems
Integrating solutions
Validating solutions

Student Self-assessment

Setting goals and objectives
Focusing
Using time productively
Understanding their value system
Self-assessment

Journalizing to Learn

Presenting orally
Writing
Conversing
Using graphics
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Chapter a-Conclusions
In this book we've offered our views on how student-centered learning can be
implemented and on how curriculum can be designed to support that learning.
Under the heading "process education", we have advanced the notion that
improving the learning process itself should be the goal of higher education.
There is much to be done. There are more ideas to test, more curricula to
design, more tools and techniques to devise. There are also many students
ready to learn, and many instructors willing to teach them. We hope the ideas
and techniques presented here will help improve the teaching and learning
processes at schools across the nation, and help us nourish a generation of
creative, thinking adults.
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Appendix A-Glossary
Analysis

An examination of the whole by separating it into
its component parts and examining those parts.

Assessment

The process of determining whether something
satisfies a given set of criteria.

Concept

An idea that represents a set of relationships. It
can be modeled, explored, and used as a building
block for future learning and problem solving.

Concept model

Any construct that illustrates a concept. They can

be formed using language, physical objects,
mathematics, or pictures.

Critical Thinking

Exploring ideas by identifying important issues.
Asking critical thinking questions helps clarify
issues and ideas and leads to solid conclusions.

Discovery Learning

Discovery (or inquiry) is an effective means of
learning. Most people discover more when they
ask their own questions and seek their own
answers. A partner or an instructor can help in
this process.

Estimation

An approximation or tentative judgement of the

amount or extent of a quantity or item.

Learning

The application of concepts, information, and
skills to new situations to form new concepts and
develop new skills. Also, the acquisition of
knowledge and skills and their integration into the
existing knowledge base.

Learning Process

The steps taken that cause learning to occur.

Learning Skills

The aptitudes, abilities, and techniques used to
acquire new knowledge and new learning skills.

Life-long Learning

Applying our learning skills to new situations
throughout our lives.

Model

A representation of something. Models can help
us to understand that "something" . A model can
also be considered a collection of linked
relationships.

Prediction ·

A declaration made in advance based on
observation, experience, or reason.

Problem

A divergence between expectation and experience;
goals are not met because of unexpected events,
actions, or situations.

Problem Solving

The process of finding a way to resolve the
difficulties posed by a particular problem.
Following a methodology for problem solving
increases the likelihood of finding a good
solution(s).
,

Self-assessment

Evaluating our own progress by thinking critically
about our learning process and the results of that
process.

Synthesis

The combining of various parts into a whole.

Teamwork

A group of people actively cooperating in an
organized way to achieve a goal.

Validation

Verifying that the solution to a problem makes
sense and responds to real-world conditions.
Verifying that the results of a model are as
expected and satisfactorily represent the system or
thing being modeled.

Value system

A set of beliefs held by a group or individual and
often considered indispensable or inviolate.
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Appendix B: Teaching Institute Goals
Some of our goals for the 1993 Teaching Institutes are listed below. Please
use the space on the back of this page to list your personal goals and desired
outcomes for the Teaching Institute.
Participants will :
l . Become familiar with 5 key educational processes and have a chance
to practice and assess each one.
2. Become more proficient with SOL VE.
3. Become more familiar with process teaching techniques, and learn
ways to avoid common pitfalls.
4. Learn to assess the 44 Learning Skills for Life.
5. Learn to teach and use a problem-solving methodology .
6. Learn to use the Learning Process Model and adapt it to their own
courses.
7. Learn to teach with Learning Through Problem Solving.
8. Develop 1-3 learning exercises for use in a fall course.
We also hope to interest you in becoming a spokesperson for promoting TQM-Total Quality Management--in education. We encourage you to write papers
about your teaching successes and share what you've learned with your
colleagues at home. We also encourage mentors, teammates, and other
participants to maintain contact and support one another throughout the coming
school year.

(over)

Establishing Your Personal Goals and Outcomes

We'll spend an hour on Monday morning synthesizing everyone's individual
goals into a goal list for the Institute. Please take a few minutes to think
about your goals and related, measurable outcomes, and write them down
here.
Goal 1:

Goal 2:

Goal 3:

Goal 4:

Measurable outcomes related to these goals:

Outcome 1:

Outcome 2:

Outcome 3:

Outcome 4:

Outcome 5:
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PROBLEM
SOLVING
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Thinking quickly
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Following

Analyzing

Assessing Information

Conversing

Synthesizing
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Selling gxJls and
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Focusing
Self-assessment

Using lime productively
Making decisions
Understanding others' Understanding your
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Appendix D-The Good Learner
1.

A good k amer has the self esteem, confidence, and self worth to
tackle the u known with the knowledge that they will be able to
master what ever the learning exercise they are presented or need.

2.

A good earne r is interested, motivated, and has the desire to seek
out new information, concepts, and challenges to apply these
concepts to new and exciting problems.

3.

A good learner uses inquiry, questioning, and critical thinking to be
efficient with their time and gain more insights in how the concepts
can be applied.

4.

A good learner uses all their senses in taking in information, such as
observation through sight, touch, taste, smeH, and sound; with
special emphasis on listening and reading.

5.

A good learner also clarifies, validates. and assesses his own
understanding of a concept through verbal and written
presentations.

6.

A good learner has a strong systems perspective where each new
concept fits into a glo~al understanding and helps to quickly grasp
instructions in a logical manner.

7.

A good learner knows how to accesses information quickly and
synthesize the relevant data from the irrelevant.

8.

A good learner is an experimenter and discoverer who understands
their emotions, can risk their security, and accept failure in the
course of succeeding at a new task.

9.

A good learner knows the model for learning and the processes
supporting the Learning Process Model.

10.

A good learner has strong social skills, easily interacts with other
people, and is enjoyable member of any team.

11.

A good learner recognizes the value of tools and learns new tools,
especially the computer to help future learning exercises.

12.

A good learner can focus and concentrate his energy on the
important task at hand when appropriate.

13.

A good learner has developed an understanding of his/her value
system and an appreciation for other people's value system and
applies this value system in their learning experiences.

14.

A good learner has developed his/her set of goals and objectives
with regarding to life so that their applied energy generates
measurable accomplishments within his/her strategy.
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Appendix E-Learning Group Assessment
Learning
Community
(name or no.)

Problem (or
missing skill)

Intervention
(Yes or No)

Type of
Intervention

Skills used to
solve problem

Successful
Intervention
(Yes or No?)
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Appendix F-Teaching Institute Learning Journal
Sunday
List the three most significant things you learned today:

1.

Did you introduce your partner accurately? Does he or she agree?

2.

Can you list 10 important skills that students will need throughout
their lives?

3.

Are you comfortable that you can find the information you need in
SOLVE's Help System?

4.

Did you learn to use SOLVE as a calculator?

5.

As a simple graphing tool?

6.

For experienced SOLVE users: would you be comfortable
presenting an introductory one-hour SOLVE workshop? If not,
what additional information do you need?

Monda
Lis· t:':t ::~'"::-::" = .: - 5: s:gnifi cant things you learned today:

1.

Did you learn better because you worked in pairs or teams?

2.

How did you feel about discovery learning?

3.

Why are Learning Journals valuable?

4.

Which skill areas did you find easy to assess?

5.

Which skill areas did you find difficult to assess?

Tuesday
List the three most significant things you learned today:

1.

How does use of the Learning Process Model compare to the ways
you've developed curriculum in the past?

2.

What is the value of a concept model?

3.

What concept(s) did you choose to model for your practice Learning
Exercise?

4.

How would you adapt the classroom model of cooperative learning
to your classroom situation?

Wednesday
List the three most significant things you learned today:

1.

How would you adapt the computer lab model of cooperative
learning to your class situation?

2.

List three critical thinking questions relevant to the Learning
Exercise you'll give tomorrow:

3.

Was the assessment you received from your colleagues helpful? If
so, in what ways? If not, why not?

Thursday
List the three most significant things you learned today:

1.

How was your experience facilitating a Learning Exercise today
different from yesterday's experience?

2.

Are you satisfied with the grading strategies presented? If not, how
can they be adapted to meet your needs?

Friday
List the three most significant things you learned today:

1.

Please use the Teaching Institute Assessment form to record your
thoughts and ideas about the Teaching Institute. Thanks!

