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Introduction
As president of Pacific Crest Software, Inc., I will communicate how an expanding set of
faculty innovators are introducing a new paradigm for higher education. There is a need to
redirect higher education's primary focus from knowledge (product) to process. A brief
historical view of higher education will be explored to discover why the focus has been on
knowledge. Although this paradigm has served society well over the years, our society needs
have changed rapidly during the 1980's. With society's demand for better thinkers, learners,
problem solvers, communicators, and team players1 comes increased pressure for education to
be responsive to this change. We will describe the elements of this newer model of education
as a process. Some of the innovations that colleges are using to generate better outcomes
through process will be illustrated. Finally, a model of how to make effective changes in
faculty teaching techniques will be outlined.

Brief History of Higher Education
Higher Education is a very old institution, with many of the individual institutions founded
several hundreds of years ago. Higher education has evolved through slow changes with
many of its customs now securely in place. The most often cited customs and beliefs include
the following:
o

University and college presidents and academic officers must have quality
credentials to lead these institutions. These credentials primarily come from
the same group of institutions, thus propagating most customs, traditions, and
culture.

o

"Successful Products" (graduates) of these institutions become the new
educators and continue the "success" model by using the structure faculty found
successful for themselves when they were students.

o

Students must be prepared prior to higher education. Success in college is
believed to be a function of a student's potential, preparation, and motivation.
This belief helps reduce the responsibility of higher education institutions for
students' success.
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o

Higher education institutions are stewards and creators of knowledge and
transfer this knowledge to students with emphasis on discipline specific majors.

o

Quality of education can't truly be measured; thus the assessment of quality is
relegated to "quality" faculty. They are given the academic freedom to
exercise how this quality is to be implemented based upon their own criteria
and assessment techniques. Assessment is based upon the students'
perfonnance, or symbolic representation of it, and not the performance of
faculty.

Although some of these observations and restatements can be challenged on their merits,
especially at particular institutions, we feel that most readers will understand the basic spirit
of this message.
By exploring the history of higher education, we can better understand the importance of
knowledge. Knowledge itself needed to be protected for hundreds of years before the
Renaissance period and the development of the printing press. Therefore, higher education
has always been allowed a key role of protecting knowledge, the pursuit of knowledge, and
the freedom to explore knowledge without political influence. It is not surprising that
knowledge is sacred in higher education.
Before the printing press, books were created by transcribing page by page. It was important
to protect discoveries from being lost. With the printing press, knowledge became easier to
record and disseminate. Then came telephones, radios, TVs, computers, PCs, and finally
advanced networks to improve further the dissemination of information and knowledge.
There are some basic facts in information science: information is growing exponentially and
the cost of retrieving information continues to decrease. This illustrates that the value of a
unit of individual information keeps decreasing.

Education as a Product
One of the special aspects of higher education is the love that most faculty members feel for
their discipline's knowledge. They love exploring, researching, and expanding their base of
knowledge. They also enjoy sharing this knowledge with their graduate students and special
undergraduates who share their same love for this knowledge. Sheila Tobias has identified
this situation in her books on "math anxiety" and women's difficulties in science2• We wish
to extend her model to illustrate that higher education is basically an exclusionary process.
Introductory courses frequently become an opportunity to weed "poor" students from their
department's courses. Tobias has shown that it is not the students' skills, processes, or even
knowledge that turns them off to a discipline but the discipline's culture and class activities
that make the learning process unfulfilling for these students.
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Mathematics is a very good example of a discipline that can be redesigned to be more of a
"pump" than a "filter". Our society has an innumeracy problem as described by Paulos4 and
others. A large number of graduating students obtain majors from disciplines which have
strong quantitative reasoning requirements. Employers often describe how these graduates'
mathematics and problem solving skills must be improved. Although mathematics
departments service almost all students in their respective colleges, the mathematics majors
usually account for less than two percent of the graduates. Thus the mathematics
department's teaching load is made up of students who will never take enough mathematic
classes to learn to appreciate the beauty of mathematics. However, these students do have a
strong need for knowing mathematical concepts so they can apply them in their respective
professions. Because mathematics is so important in other disciplines, these disciplines have
incorporated the teaching of mathematics into their own curriculum to improve their students'
performance in their other courses.
The focus of mathematics education therefore must expand from content and the preparation
of mathematicians to include a process focused on developing problem solving and critical
thought The most important contribution from mathematics departments would be to help all
students construct a foundation that would allow them to become life-long learners of
quantitative reasoning concepts. Currently, most professionals feel insecure when required to
learn quantitative concepts on their own.
Society's Expanded Needs
A quick summary from the SCAN's Report, Workforce 2000, and books like Parnell's The
Neglected Majority:5 all emphasize the importance of opening higher education to a much
larger segment of our society. We must expand the ability of higher education to accept
students who have weaker skills, processes, and core knowledge and still provide a quality
program for improving these students' skills and processes.
Our working assumption is that society needs everyone to develop a strong set of processes

(see Figure 1):
o
o
o
o
o
o
o
o

Learning how to learn
Critical thinking
Problem solving
Communicating
Teamwork
Assessing
Learning and applying technology
Accessing infonnation
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Current Paradigm of Higher Education
In higher education the following assumptions are commonly made:
1.

Students are responsible for learning.

2.

Students should have already learned how to learn.

3.

Students should have already developed their foundation skills like reading, listening,
observing, writing, communicating, recording, etc.

4.

Problem solving skill is developed as a by-product of current activities.

5.

Students are born with a certain intelligence or achieve it at an early age, and their
thinking skills are a reflection of this intelligence.

6.

Developing students' teamwork skills is not the function of the higher education
curriculum.

7.

Assessment skills are not something that either the faculty members or the students
need to develop.

8.

The most important outcome of college is the students' mastery of a defined domain
of knowledge as described by the courses that make up a major, and as assessed on a
course by course basis.

New Paradigm for Higher Education • Education as a

~

Many innovations are currently being implemented at various colleges. These innovations
help change education into a process that contain the following principles:
1.

Faculty must take the responsibility for the quality and performance of student
learning, thinking, and problem solving.

2.

Every student can learn how to learn better at any level.

3.

Students can continually develop their foundation skills like reading, listening,
observing, writing, communicating, recording, etc., throughout their lives.

4.

Problem Solving is developed by allocating a significant portion of time and emphasis
on the problem solving process, which includes assessing the quality of the process.

5.

Students have unlimited potential to develop their intelligence and thinking skills.
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6.

Students teamwork skills can and should be developed through cooperative learning
and project work done in teams.

7.

Faculty members need to improve their assessment skills so faculty can better develop
students' self-assessment skills by using assessment as a learning process.

8.

Colleges need to produce students with significantly improved processes and lifetime
skills (Figure 1) through the process of mastering the content in a discipline area.

Techniques for Teaching Process
Critical thinking, learning, problem solving, communicating, and teamwork should be assessed
by both faculty and students. The assessing of these processes should be done constantly
within the context of quality. There are many techniques available for faculty to use to
improve the quality of the educational process.
Cooperative Learning
Johnson, Johnson, and Smith6 have written several books through their Cooperative Leaming
Institute at University of Minnesota on how to facilitate the use of cooperative learning.
Another resource you can use to discover implementation techniques would be Cooperative
Leaming in Mathematics by Davidson7• There are many benefits of collaborative and
cooperative learning: the development of teamwork skills such as leadership, decision
making, following, conflict resolution, and collaboration; the improvement of communication
skills such as conversing, articulating concepts, and presentations; and the assessment of each
other's thinking and problem solving processes.
Discovery Learning
Whimbey and Lochhead8 have written on paired-problem solving to bring the thinking process
to the surface. While one student talks through his/her learning process, the other student
observes and checks for inconsistencies and fallacies in spoken thought processes. The idea
behind discovery learning is to allow the students to be the active agents in the learning
process. The students are required in discovery learning to do the reading, critical thinking,
conceptual modeling, articulating, journal writing, and the application of concepts. Their
performance will always be assessed and they will be provided with instant feedback on how
to improve their future performance.
Applied Critical Thinking
There are many book that support the necessity of applying critical thinking to the learning
process. Experts on this subjects include Chaffee9 and Bransford 10• In each case the authors
illustrate that the quality of learning is dependent upon the quality of critical thought. We
need to focus, develop, and assess Higher Order Thinking Skills (HOTS) in the learning
process. We truly believe that the combination of discovery and cooperative learning, where
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the faculty constantly assesses and asks critical thinking questions, provides an environment
of constant improvement.
Problem Based Learning
Adult learning as described in the 4-mat model 11 suggest an important characteristic in the
learning process for adults. Adults have discovered that knowledge is infinite. They have
become selective in what they learn; that is, they learn only things that fill a need or solve a
problem. Many of the medical colleges have adopted a problem-based learning approach in a
traditionally information-based curriculum during the first two years. We all like the
opportunity to apply knowledge we have learned to challenging problem solving situations.
This approach is active, it develops problem solving, strengthen knowledge, and motivates the
entire learning process.
Self-assessment

If we are trying to improve student's learning, thinking, problem solving, communication, and
teamwork processes, we must let students assess the quality of their teammates and
themselves. Faculty member can facilitate this by doing real-time education. They assess
students' performance and constructively intervene to improve the skills listed in Figure 1 and
help the students identify these themselves.
Most of these ideas can be found in NCTM Standards. The standards describe the best way
to teach mathematics is to have students active. Have them read mathematics cooperatively,
model the mathematical concepts, think critically about mathematical concepts, converse with
mathematical concepts to each other, apply mathematical concepts to develop mathematical
skills and tools, write mathematics, and do problem solving using these mathematical
concepts.
Lets now apply these techniques to a few of the common problems that have been identified
as reasons for attrition and why students fail. Improvement in retention can be accomplished
by asking continuously asking the question - Why?

Asking Why Students Fail
Problem 1 - Students have never experienced failure.
Students in mathematics courses commonly never engage themselves. These students fear
failure because they have never experienced it. They will say to themselves they have never
really tried to succeed, which is true for them. It is important to design curriculum that will
allow students many early successes. These successes must be followed by many more
opportunities for success and failure. These activities must be assessed by faculty, students
and their team members on a daily basis so that failure becomes less scary.
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Problem 2 - Students need to learn how to think through processes critically and use their
failures as part of the learning process in achieving success.
One of the misconceptions students have in mathematics is that there is a magical correct
answer, proof, or insight that only the instructor knows. Students must be given exercises
that help them discover that they can independently learn mathematical concepts without the
instructors help. We must then require them to validate their own learning so they can see
that they can control the learning process.
Problem 3 - Students need to do more problem solving to learn mathematics.
A strong tool in learning mathematics is the assessment of knowledge by applying the
mathematical concepts to problem situations. Many of the weaknesses the students have
become apparent when you observe their problem solving processes in class. Mathematics
becomes more enjoyable when we introduce more problem solving.
Problem 4 - Students weaknesses in their foundation processes and skills will first become
apparent in learning mathematics.
A major factor in the failure in mathematics is not learning mathematics, but lacking required
skills. Mathematics instructors feel unskilled to teach foundation processes and skills when
students need them. A system needs to be defined to help teach processes and skills when
faculty identify weaknesses.
Problem 5 - Students must be required to validate their own knowledge and solutions to
problems.
More is learned about thinking, learning, and problem solving when students are required to
differentiate "thinking they know" and "knowing that they know." We strongly believe that
the dependence students have on faculty for affirmation is one of the greatest reasons for not
taking the responsibility for self-assessment
Problem 6 - Students need to learn how to read mathematics.
Faculty help students around this problem by repackaging books to help students try to learn
without reading. We believe that faculty should let students acquire their own information,
especially take class time to have students read mathematics critically and assess their
performance. Faculty know how to read mathematics and can share this insight when
analyzing the students performance.
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Teach for Learning - Improving Faculty Teaching Effectiven~
Faculty members go through a change process that contains five steps:
Step 1:

Awareness - Most faculty members need a model of what teaching process
really accomplishes and what it looks like in operation.

Step 2:

Intellectual Commitment - Faculty need to understand fully before they can
commit to change. Most of the time, this includes seriously researching and
analyzing new ideas before they will commit to them intellectually.

Step 3:

Proficiency - Faculty want to make sure they perform well and would like to
prepare so they can perform up to their own expectations.

Step 4:

Emotional Commitment - The teaching of process is an emotional process and
requires faculty to make this level of commitment to become truly successful in
implementation.

Step 5:

Feedback to produce quality process - Process can only improve with
consistent study and feedback.

Colleges have been allocating more resources over the last five years in "Teaching Centers"
and faculty development to help faculty through this change process. There are many
organizations and experts who can do on campus faculty development workshops and
"Summer Teaching Institutes".

Summary
Education is a process of acquiring the tools for learning, thinking, problem solving,
communicating, assessing, and teamwork. Mathematics is a beautiful discipline to develop
these processes through the concepts that everyone should learn. There are many techniques
that have been well-tested and shown to have significant improvement in generating the
outcomes we would like. The more important techniques like cooperative and discoverybased learning changes the students into active learners. The students spend their time
improving their learning processes, while the faculty members take the responsibility for
learning.
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