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Outcomes, Learning, and Assessment in
General Education

Stephen J. Friedman *
The Chinese University of Hong Kong

Background

After over 10 years of involvement in the assessment movement in
higher education in the United States, it is my pleasure to be working
as a Fulbright Scholar for 2008-09 with colleagues in the Office of
University General Education (OUGE) at The Chinese University of Hong
Kong (CUHK) on improving their General Education Program (GEP). I
have been invited to share some of my thoughts on topics that have been of
interest to me during the course of my career. CUHK has a long tradition of
General Education (GE), and my efforts are directed at integrating the ideas
mentioned below into an already strong program. With the shift in higher

education to an outcomes-based approach, the emphasis now is on what really

*  Professor of Educational Measurement and Statistics at the University of Wisconsin—
Whitewater. His work on General Education (GE) assessment began in the mid-90s and
he has published widely on GE assessment ever since. Dr. Friedman is now visiting The
Chinese University of Hong Kong as a Fulbright Scholar under the Fulbright Hong Kong
General Education Program.
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matters—Iearning. It is student-centered as opposed to faculty-centered. My
purpose here is to describe the key elements in creating outcomes, the kinds
of learning experiences that make sense to accomplish these outcomes, and
some methods for assessing the extent of their attainment within the contexts
of GEPs generally and of GE at CUHK specifically.

I was well along in my doctoral work in Educational Measurement
and Statistics when the assessment movement began in the mid-eighties
(Banta, 2002).! A decade later, it was just starting to gain momentum on my
campus at the University of Wisconsin-Whitewater, perhaps an admission
by the faculty and administration that they would not be able to “wait out”
this educational “fad” because it seemed to have some “staying power.” And
staying power it has had. The combination of my own educational background
and the engaging nature of the questions asked within an assessment context
(i.e., to what extent have students achieved our outcomes?) contributed to
my sustained interest in a field where often faculty and administrators serve
their assessment sentence and then gladly move on. Asking these sorts of
questions demonstrates that we sincerely care about an educational process

that focuses on what students have learned.

Outcomes

Outcomes are the foundation of the assessment movement. During the

course of my stay at CUHK, | have offered a number of seminars that have

1 Asdescribed by Peter Ewell in Chapter One—*"An Emerging Scholarship: A Brief History of
Assessment.” | have heard Peter speak on several occasions; his perspectives on assessment
have certainly influenced mine.
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focused on the development of outcomes at the program and course levels.
The OUGE sponsors a series of seminars each year to faculty teaching courses
in the GEP. Indeed, the language of outcomes is familiar to all of those who
administer the GEP at CUHK, and, by degrees, faculty are using outcomes to
guide learning. The course approval process developed by the OUGE requires
outcomes to be articulated. By stating what we expect students to know and
be able to do as a result of participating in our programs or enrolling in our
courses, we are creating an environment in which learning and assessment can
flourish. These three, outcomes, learning, and assessment, become integrated
into a framework within which students can make the most of their collegiate
and GE experiences, and faculty can think about their programs and courses
from the perspectives of their students.

Given a mandate (and moving towards an outcomes-based approach
was viewed in just that way by many faculty), the reaction is often to propose
a new course. Suppose there is interest in having students grapple with ideas
found in seminal readings on a certain theme. There is no shortage of creative
titles for such courses. The World of Ideas,? developed as a capstone course
in the GEP at UW-Whitewater, is one with which | am familiar. Its origins,
in part, can be traced to a frantic effort to revise the GEP, instigated by the
university’s administration. Doing what they do best, the faculty developed
courses like The World of Ideas primarily around the topics and texts that
they enjoy teaching. Based on the readings used by some of the faculty on my
campus, | would love to teach that course! However, the natural first step in

an outcomes-based approach should be to develop some outcomes; courses

2 Students cannot enroll in the course until their junior year. Some of the themes include “The
Good Life,” “Human Condition,” “Community,” and “Visions of the Future.”



Special Topic: Assessment in University General Education Program

are merely vehicles to accomplish the outcomes. But at least one step (and
perhaps two) should precede outcomes, starting with stating the goal of the
program.

The goal of the program is a relatively brief description—a standard
paragraph of six to eight sentences—of the guiding principles upon which
the program rests.® It can, or should, be idealistic and, to some extent,
abstract—tapping into the “soul” of the program. It should be stated in
complete sentences so that the relationship among the ideas is clear. The
last sentence should summarize what is most desired—an answer to those
who might press for the single, most necessary result of participation in the
program. This prescriptive and perhaps rigid approach is a way to distill the
essential elements of the goal and to be consistent with the “less is more”
principle, which is so important in an academic culture characterized by too
much information and an inability to prioritize. Finally, it is unreasonable to
think that developing a precise goal statement will be easy, but if the purpose
is to offer a GEP that is on a strong footing, then the hours of debate and
efforts towards consensus are, in my view, worth it.* Just this past fall, the
goal of the GEP at CUHK was revisited and refined. Meetings that focused
on further developing the outcomes for each of the four content areas that

comprise a significant portion of the GEP were also held.

3 | have often seen the “goal” of a GEP be expressed as a list of admittedly desirable
characteristics—for example, that students will become critical thinkers or life-long learners.
I would argue that such a list lacks the coherence that is possible in a well-written statement
of the goal and is not particularly helpful in developing outcomes.

4 This process can sometimes have an almost paralyzing effect on efforts to devise and deliver
a GEP. Remember that the goal statement can be revised in the future but must be sufficiently
well-developed so that the GEP moves forward with the enthusiasm and commitment that
will likely follow if the goal truly captures the essence of the GEP.
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I had previously participated in discussions of this nature, and knew that
progress can be slow, especially in the early stages. A colleague and | offered
the metaphor of thinking in geologic time (or perhaps like the pace at which
glaciers move) when it comes to getting faculty to arrive at a consensus when
developing the goal of a GEP. Perhaps one way to move deliberations along
is to discourage faculty from talking about the courses that they teach—an
indication that the new program would be well served if only it could be
molded around the courses that already exist. Developing a new program
should commence with a goal statement that reflects deeply held educational
values. It means transcending our desire to repeat what we do best—teach
courses—and focus on the learner. What is our goal for the learners who will
participate in our program? Answering this question does not come naturally
to faculty and certainly changes the vantage point from which we view our
activities in the classroom.

So what are some worthy goals of a GEP? | am interested in this question
to some extent, but find that dealing with the pedagogical and assessment
challenges inherent in the goal, whatever it is, to be sufficiently demanding.
Much of my career has been spent consulting with a wide range of programs
and departments on assessment-related issues. Generally, | regard faculty
to be the highest authorities in their respective disciplines, and they are in
the best position to articulate the goal for their majors or programs. This
is also a matter of ownership, an issue that is admittedly more problematic
in a GEP than in individual departments (Stone & Friedman, 2002). In
my experience, administrators will defer to the faculty on these matters,

as well they should. Their concern is with the existence of a goal, not its
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substance. Still, the following are some characteristics that might constitute a
strong GEP:

Culture: One of the important elements that | have noticed since coming
to CUHK is an emphasis on culture. It strikes me that exposing students to
the roots of their own cultural heritage is a worthwhile outcome for a GEP. At
CUHK, students must complete credits in each of four broad areas, the first
of which is Chinese Cultural Heritage. The others are Nature, Technology,
and the Environment; Society and Culture; and Self and the Humanities. But
the program does not stop there. Starting in 2012, all students will enroll in a
six-credit Foundation Course, built around classic readings in the humanities
and sciences. As a result, while students might discover some unique issues
related to their own culture, they will also find that some of the problems
faced by humankind are perennial and have been considered by great thinkers
of the past. Their ideas form a strong basis for developing a more personal
perspective.

Strategies and Judgment: It is to be hoped that a GEP will develop a
generalist as opposed to a specialist. However, students should learn enough
about a range of disciplines to see that each is characterized by a specific
knowledge base and problem-solving strategies—strategies that might well
prove useful as their lives unfold. For example, pre-medical students should
learn that philosophers have their own approaches to solving problems that
might be of value—especially in an area like ethics. Designing experiences
that result in the development of practical judgment might be another
important dimension of a GEP. Sullivan and Rosen (2008) offer this construct
as a bridge between liberal and professional education. It is not enough to

prepare master technicians but rather citizens who can exercise judgment
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when it comes to their own civic responsibilities, environmental stewardship,
and so on. GEPs should also inspire students to see themselves as always
unfinished, and that there is always more to learn.

Teamwork: One of the facets of the GEP housed in some of the Colleges
at CUHK is a capstone project—a Senior Seminar. Like the Foundation
Course, this course helps insure a commonality of GE experiences. Here,
students work in teams, each with members that cross a spectrum of majors,
to produce a written project that will be presented orally to peers. One of the
complaints often heard in a range of employment settings is that workers lack
the skills necessary to be part of a team. Finally, the Colleges at CUHK have
developed a number of “informal” learning opportunities for students. These
include listening to speakers on a range of topics and completing projects
with peers. These experiences are designed to instill a sense of collegiate
pride and the realization that learning can occur both inside and outside of
the classroom.

Thus, my ideal GEP results in students who can make practical judgments
using a range of problem-solving strategies. They are firmly anchored in an
understanding of their own culture but appreciate the contributions from
others, value learning across their entire lifespan, and are able to work
effectively with others. Certainly there are other dimensions not listed above
(perhaps arguably more important ones). However, after watching from afar
recent events that have unfolded in the United States (the demise of several
bulwarks of the financial sector, the continued waging of the war in Iraq, rising
unemployment, and the mortgage crisis), | am convinced that emphasizing
the ability to use practical judgment will be of paramount importance for

tomorrow’s citizens, and it is the cornerstone of my ideal GEP.
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| have often seen departments and programs put forth an overly ambitious
goal, and following the process outlined above will help avoid this problem.
It is important to remember that it is much harder to focus our thoughts than
to expend the words necessary to capture diffuse thinking.> A clear, concise
goal will positively affect efforts to actually operationalize it with meaningful
outcomes, learning opportunities, and assessments.

Ultimately, the goal of a GEP must be translated into statements that are
less idealistic and represent clear pathways towards learning and assessment.
I espouse a sequence where the overall goal of the GEP is followed by
objectives (an optional step)® and, finally, by outcomes. Gronlund and
Brookhart (2008) offered this approach to classroom teachers. They believe
that teachers should begin by articulating their vision for a course (the goal).
They should then develop general instructional objectives that are clearer
than the goal but still somewhat vague—that is, “Students will understand

” or “Students will appreciate . . . .” Finally, specific learning outcomes
should be stated that capture what students will know and be able to do in
measurable terms—that is, “Students will recall”. . ., ” “Students will explain

” or “Students will judge . . ..” The verbs provide a directive for not only
how the outcomes should be taught, but also how they can be assessed. For

a list of verbs and phrases for each level of the Bloom Taxonomy for the

5 Aquotation is attributed to Blasé Pascal to the effect that he would have made a letter to a
friend shorter, but he didn’t have the time.

6 Objectives are characterized by verbs like “knows,” “understands,” and “appreciates,”
which can help to make the goal more concrete, thus making the statement of outcomes
easier. They can serve as an intermediate step that precedes outcomes, although outcomes
can, of course, emanate directly from the goal.

7 “Recall” is a commonly used verb to describe a rudimentary use of knowledge. Other verbs
for this level include: choose, define, describe, label, list, locate, match, memorize, name,
omit, record, relate, repeat, and select.
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Cognitive Domain,? see Gronlund and Brookfield.

Outcomes precisely identify what students will know or be able to do
as a result of participation in a GEP. Erring on the side of fewer outcomes
rather than more will have a positive effect on the process (which also makes
the development of learning experiences and assessments more manageable).
In addition to specific verbs, outcomes can also be described by proposing
key statements or questions to which students might respond as evidence that
the outcome has been achieved. These are particularly useful for the higher
levels of thinking in Bloom’s Taxonomy and serve as a guide for teachers
who are interested in developing classroom activities that demand certain
kinds of thinking. For example, in order to demonstrate that students can
think at the second level of the Taxonomy (comprehension), they might be
asked to provide an example that illustrates that they can do more with a
piece of information than simply memorize it.° The specific verbs, statements,
and questions help determine the precise wording for an outcome that is
being considered and define the nature of the assessment that can be used to
measure it. | have my own version that | have circulated widely at CUHK and

whenever | speak on this topic (see Appendix ).

8 Based on the work by Benjamin Bloom in the 1950s that was not noticed much at the
time, his taxonomy is a key to conceptualizing outcome-based education. It consists of six
levels—knowledge, comprehension, application, analysis, synthesis, and evaluation—that
represent increasingly more sophisticated levels of thinking whereby a relatively high level
of thinking is not possible unless the levels below it have been mastered.

9  Other statements and questions for the comprehension level include:

Give an example of . . . State in one word.

Condense this paragraph Explain what is happening.

State in your own words. Explain what is meant.

Show in a graph or a table. Read a table or a graph.

Select the best definition. Which statement supports the main idea?
Is this the same as . . .? What does this represent?

What restrictions would you add? What part doesn’t fit?

What exceptions are there? Which is more probable?

What are facts? Opinions? What does it mean?



10

Special Topic: Assessment in University General Education Program

Outcomes allow us to take our most grandiose goals (to which faculty
seem to gravitate) and render them learnable and assessable. Faculty might
not believe evidence that mastering the parts insures the same for the whole.
In fact, most faculty | know recoil at the idea. Many are quick to point out
that the mosaic of a student’s experiences in one of their courses likely results
in serendipitous effects that can hardly be predicted, let alone measured—
effects that will certainly vary from student to student. In fact, this line of
thinking is often used as an argument against an outcomes-based approach.
While these ideas resonate to some extent, what seems more reasonable is
using outcomes as a way to think seriously about how we can make it more
likely that students will experience both the anticipated and unanticipated

rewards of participating in our programs or taking our courses.

Learning

It is to be hoped that the majority of the outcomes for a GEP will push
students into the higher levels of Bloom’s Taxonomy.'® The key observation
here is that if teachers’ aspirations for their students go beyond the knowledge
level, then something beyond the traditional® lecture method must happen in
the classroom. Anything resembling a complete list of teaching techniques is

beyond the scope of this paper. However, based on my own experience in the

10 Again, it is important to remember that the higher levels of thinking require the mastery of
the lower levels. Thus, even the lowly level of knowledge is important and should be viewed
as the gateway to the higher levels of thinking that many faculty wish to feature in their
classrooms.

11 1am thinking about a setting where the teacher is simply presenting information and perhaps
asking the occasional question. As will be seen, lectures can be enhanced with activities that
promote deeper learning.
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classroom and my work in faculty development, | will present some examples
that illustrate how the kind of learning that we desire in our classrooms can
occur. Other Fulbright colleagues and | offered several seminars at CUHK
devoted to this topic, including active learning, using technology to enhance
learning, and the scholarship of teaching and learning.

Over the course of my own career, one of the courses that | taught was
required for students in our teacher preparation program: Measurement
and Evaluation in the Secondary School. My students were primarily
undergraduates who had not taught previously, plus a few who already
had a bachelor’s degree and were returning for their license to teach, but
who, again, had no teaching experience. Such a course is rarely required in
teacher preparation programs; these topics are often only covered in a cursory
manner in a course in educational psychology. As outlined above, my first
step was to state an overall goal for the course in a single sentence. The goal
has changed over the years, and the current version is as follows: When they
become teachers, students will be able to use the ideas presented in the course
to help their students learn and to grade them fairly.

There is an immediate pitfall in the goal—“when they become
teachers . . . .” But | believe that all teachers face this issue to some degree
because the substance of our interactions with students tends to anticipate the
knowledge and skills that they will need in the workplace, the communities
where they will live, and so on. The idea of testing and grading lacked immediacy
for my students; after all, they had no students of their own to test and grade.
I have often thought that students should be taking my course in the evening
during their first year of teaching, when perhaps what | had to offer would

be more relevant. Regardless, guided by my goal, | organized the course
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around the outcomes that would aid in accomplishing it. For example, one
of my outcomes was that students would be able to write outcomes. | cannot
imagine a course in measurement and evaluation that would not begin with
outcomes, as evidenced by the textbooks commonly used in this course. 2

A good bit of thought was invested in articulating the above outcome.
I was convinced that my students needed to be able to do more than simply
memorize the definition of an outcome. They needed to be able to do more
than explain the concept (moving towards the higher levels of the Bloom
Taxonomy). Even the ability to apply this concept in their teaching would
fall short. What they needed to be able to do was actually write outcomes.
This would involve synthesizing what they knew about outcomes and then
creating them. There was no guarantee that my students would ultimately
carry this ability into their classroom; a number of factors beyond my control
would determine that. But what I could control were my thoughts about my
own teaching and my attempt to take my relatively ambitious goal for my
students and render it potentially achievable by articulating outcomes.

It is unlikely that lecturing to students will prepare them to write
outcomes. This outcome has implications for my students and what they are
expected to learn, but the outcome also implies that the teacher will create a
classroom environment in which students can function at the level of thinking
specified in the outcome. Thus, activities must be designed so that students
can practice the skills prior to being held accountable on an examination or

project. If we expect students to achieve outcomes towards the higher end of

12 Well before the idea of outcomes became popular in higher education, measurement
specialists like Gronlund dealt with this topic in an early chapter of his text. His text
(currently with Miller and Linn) is in its 10™ edition and is still widely used.
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Bloom’s Taxonomy, then our teaching methods (and assessments) must be
synchronous with them. In this case, classroom activities must be designed
around opportunities for students to write outcomes. In the past, | have used
the chapters in our own text as fodder for outcome development.*® Since my
students were from a range of disciplines, | was also able to structure some
group work around writing outcomes. For example, the three or four history
majors were provided with a text used for a United States history course
taught in secondary school. Their task was to write four or five outcomes for
one of the chapters. However it is executed in the classroom, an outcome at the
level of synthesis demands that teachers provide concomitant opportunities
for students to practice that level of thinking.

The most important concept here is that of matching learning experiences
to the intended outcome. This is especially important for outcomes beyond
the knowledge level. Somehow, if students are expected, for example, to
learn how to apply a concept, then they must be able to practice doing so.
Currently, these approaches fall under the aegis of “active learning” (Bonwell
& Eison, 1991), which is based on the concept of discovery learning (Bruner,
1961). The idea is to plan activities where learners interact directly with
the content. One example that is a variation on the traditional, large-class
discussion (itself an active learning strategy) is to pair students, giving them
a minute or so to think about the lesson that might have just ended. Next, they
share their thoughts with their partners and then finally reconvene with all of

their peers for a formal discussion, during which time the instructor clarifies

13 After students write outcomes, they might also be required to develop test items that are
incorporated into an end-of-unit or other summative assessment, thereby accomplishing
another outcome for the course.
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any misconceptions. At least on the surface, students are more engaged in the
material than if they had just been listening to the professor lecture. Bonwell
and Eison have argued that the difference is one of substance rather than just
appearance. My own experience confirms their argument.

These approaches place the onus of learning on learners. | once saw a
cartoon to the effect that school was a place where kids go to watch adults
work. As | finished many a lecture early in my career, | felt intellectually
drained while my students appeared to hardly “break a sweat.” In some ways
perhaps it is simply easier for us to lecture to students; after all, we know the
content so why not simply pass along our knowledge to them in the most
efficient way possible? But what makes more sense is engaging students in
classroom activities that will make it more likely that they will be able to
use knowledge beyond having memorized it. Teachers are fond of making
statements like “In my class, students will learn to think.” Well then, let’s
make a more concerted effort to make that happen. This is not to say that a
well-delivered lecture cannot prompt thinking, even at some of the highest
levels of the Bloom Taxonomy, but it is incumbent on faculty to seriously
consider how to better use class time so that students are the ones who are
intellectually drained because they have been actively involved with the
content.

There are other active learning strategies that are sometimes presented as
assessment techniques. Technology has made it possible to engage students
in ways that yield useful classroom assessment information and high levels
of active learning. “Clickers” are used by many faculty as an efficient way to
monitor student learning and provide immediate feedback. At various points

during a lecture, a multiple-choice question is projected onto a screen visible
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to all. Students are given a few seconds to consider their responses and then
send them to a receiver by clicking their choices on a hand-held, electronic
device. The responses are then displayed and discussion follows. If the
questions are designed using common misconceptions as possible choices,
then, based on response patterns, the teacher can instantly provide further
explanation. Research evidence is starting to emerge that demonstrates the
efficacy of clickers, though the meta-finding for studies on the impact of
technology has generally supported the null hypothesis when compared to
traditional instruction (Yin, Urven, Schramm, & Friedman, 2002).

A number of less technologically advanced (but still highly effective)
active learning/assessment techniques have been presented by Angelo
and Cross (1993). Probably the most widely used of these is the “Minute
Paper.” Minute papers are often used at the end of a class, although they
can be introduced at any time during the instructional process. Directed to
use concise, well-planned sentences, students are asked: 1) What is the most
significant (central, useful, meaningful, surprising, disturbing) concept that
you learned in class today? 2) What question(s) do you have? Note cards
(3”x 57) are great for this purpose. What was learned can be written on the
front, while the question is written on the back. They are collected as students
leave, and instructors can peruse the contents in a few minutes. Key findings
from the cards must always be shared at the next class (or perhaps even
sooner if the students are available in an online chat room) and often set the
stage for the next class. Another option is to immediately circulate the cards
among groups of students, who then tabulate, analyze, and report the results
to the entire class. This is but one of many classroom assessment techniques

described by Angelo and Cross in their book.
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While clickers and minute papers are often discussed within the context
of assessment, they can certainly be construed as active learning strategies and
are good examples of formative assessment. While all assessment involves
learning, formative assessment is particularly suited for this purpose. The
results of clicker responses and minute papers are never included in the data
used to assign grades. Besides, these results are anonymous (as they should
be). The idea is to give students the opportunity to interact with the content
of the course in a way that informs them of their progress (or lack thereof).
Of course, the instructor, who is privy to the results for the group, can adapt
lessons to the needs of the learners based on these formative assessments.
Students now have a powerful learning tool that can be used to directly inform
them of their strengths and weaknesses as the course unfolds and provide an
opportunity for them to learn from their mistakes without any penalty.

Courses do come to an end at some point, and final grades must be
assigned. This is called summative assessment** and should be based on
formal tests, projects, and assignments. Here, the quality of the data is much
more important than it is in the case of a formative assessment. Assessment
specialists (like Miller, Linn, & Gronlund, 2008) discuss the technical features
of such assessments in terms of the evidence that supports the valid use of
data and evidence that a set of scores is reliable. Validity and reliability are a
matter of degree, and teachers use this information to justify that the grades

that they assign are based on data of reasonably high quality. There are no

14 The concepts of formative and summative assessment have a long history in the field of
assessment. Unfortunately, too few teachers provide opportunities for formative assessment
where the focus is purely on learning. While summative assessments are also opportunities
to learn, the stakes are much higher, and the opportunity for students to adjust their learning
strategies or faculty their teaching has passed.
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such considerations in formative assessments; the stakes are low and the sole
purpose is to provide feedback so teachers can help improve learning. Thus,
the two kinds of assessment—formative and summative—serve decidedly
different purposes and should never be confused.

This section on learning began with the hope that outcomes for any class
would be heavily weighted towards the higher levels of thinking in Bloom’s
Taxonomy. This is the realm in which learning starts to get interesting for the
student (and the teacher). Active learning comprises a number of techniques
whereby students are more fully engaged with the content of the course—
as participants in the educational process as opposed to spectators. This
discussion moved into one about formative assessment (and the seminal work
of Angelo and Cross) and summative assessment. Many of these ideas will
reappear, though perhaps in a slightly different form, as I turn my attention to

assessment within the context of GEPs.

Assessment

As described above, outcomes for a GEP should be developed in
concert with the stated goal of the program, but even if outcomes are not
assessed, surely students have learned something, right? But what have
they learned? Faculty might implore us to trust them. There is a saying in
assessment circles: “In God we trust; everyone else bring data.”*® This is
perhaps an overstatement, but why should those who financially support

higher education (or anyone else, for that matter) put that kind of trust in

15 The phrase, “In God We Trust,” appears on all United States currency and coins.
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faculty? Why would faculty even ask for such trust? Of all the stakeholders in
higher education, it seems to me that faculty would be the first to desire some
kind of evidence that students are achieving the outcomes of the program.
Without such evidence, any path towards improving the program often
meanders depending upon the current politics in a program or the pieces of
the curriculum that faculty have staked-out for themselves. What is needed
is a systematic approach to introducing feedback into the program. What is
needed is program assessment.

I once attended a conference where a well-known authority on assessment
said something to the effect that if the grades we assigned to students meant
anything, the assessment movement would have never happened. He was
referring to evidence of the erosion of standards in colleges and universities
in the United States, which prompted some of the earliest calls for more
accountability in higher education. Some of my own research findings and
reading on how teachers test and grade students, grade inflation, and ethical
issues in grading support his observation. More importantly, the grades
assigned in individual courses capture the performance of individual students,
not how groups of students performed in a program. Thus, regardless of our
individual biases towards testing and grading in the classroom, it is clear that
the assessment of programs serves a dramatically different purpose.

Assessing educational outcomes can be a chore—at least that is the
perception of many faculty members. Assessment within the context of a GEP
can be especially problematic, as discussed by Stone and Friedman (2002).
They list five lessons they learned on their campus:

1. Whenassessment is made a part of a new curricular program, assessment

data are more likely to drive the development and revision of courses.
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2. GE assessment is difficult to design and implement because a general
education curriculum belongs to everyone—and to no one.

3. Faculty construe academic assessment not as part of their normal
instructional and/or curricular re-design responsibilities, but rather as an
“above load” activity.

4. GE assessment is the product of a variety of external and internal
constituencies, and these constituencies impel and constrain the process
of general education assessment at different times and in different
ways.

5. When it comes to implementing change with complex and far-reaching
initiatives like general education, it is prudent to think of “academic
time” in terms of “geologic time.”

When assessment is imposed on existing programs (and many institutions

already have GEPs), it becomes more difficult to make assessment part

of institutional culture. GEPs differ from departments that house specific
disciplines.’® This often results in an ownership problem that can impede
assessment. In GEPs (and other situations where assessment occurs), it must
be demonstrated that assessment is not an “add-on” but something that can
be systematically and incrementally integrated into the program. It is true
that programs can feel like puppets on strings being tugged by accrediting
agencies, for example. However, if the outcomes of the program are aligned
with those of accreditation (and why would not they be, assuming accreditation
adds value to the program), then both masters can be served. Assessment of

GEPs, especially when designed for established programs, can take time, but

16 Those interested in assessing outcomes within the context of the major should see Friedman
(1995).
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the resulting information can dramatically improve the quality of the program
in the long run.

Perhaps the most crucial observation here is that it is far easier for
individual departments to develop outcomes, especially if an accrediting
organization is assisting in defining them. For example, in the United States
(and worldwide), business colleges are accredited by the Association to
Advance Collegiate Schools of Business, which carefully defines outcomes.
There are no comparable outcomes for GEPs, although a perusal of the
literature will indicate that there is much agreement across institutions when
it comes to GE outcomes. However, this matter of ownership often exists
given the range of faculty and departments that typically deliver the GEP.
Still, assessment can flourish, so long as measurable outcomes have been
delineated.

In the end, outcomes must be matched to assessments, which can be
accomplished in a variety of ways. Gathering students’ perceptions of what
they have learned is a fairly straightforward process. Typically, Likert-type
scales are employed where students respond on continuums with perhaps
“Strongly Disagree” at one end and “Strongly Agree” at the other. Students
may or may not respond honestly, depending upon the circumstances
surrounding the administration of these types of instruments. Even if truthful,
are students in a position to offer meaningful feedback? Can they fairly assess
the degree to which outcomes have been achieved? Without changing the
source, gathering such data sometime after the student has graduated adds
another dimension to what can be learned, since students can now view their
educational experiences against the backdrop of the demands of their jobs

and social interactions. How often have students at all levels gone back to
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thank teachers years later for efforts that were likely not appreciated (at least
not in the same way) at the time?

Perception data are even more useful when they come from those who
subsequently interact with graduates. Using similar kinds of scales, employers,
for example, can provide a unique perspective on the extent to which
outcomes have been achieved. For example, an employee’s ability to work
effectively in a team could easily be appraised using this approach. Gathering
supervisors’ perceptions in internship settings is similar. These sources of
data can be particularly useful in assessing the effectiveness of instruction
in the major, although GE outcomes can also be included. Employers and
supervisors are in a position to offer a perspective that should be of interest
when determining the extent to which the outcomes of a program or major
have been achieved. This means taking a longer view of assessment, realizing
that while some outcomes can be evaluated immediately, others will require
the passage of time to assess in a meaningful way.

Standardized assessments begin arange of options that address something
far more interesting than students’ perceptions—that is, what they actually
know and/or are able to do. Instruments like the Collegiate Assessment of
Academic Proficiency'” can be used within the context of GEPs, although
inducing students to take such tests seriously can be problematic, because
they are often administered apart from a specific course. | was once involved
in a plan to administer such an examination that was a complete disaster.

After ordering hundreds of expensive protocols from the publisher and

17 This standardized examination is published by the American College Testing Company. It
measures basic knowledge and skills and is primarily intended for use with college-level
students.
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offering several enticements, only a handful of students actually came to take
the test (and even their performance was suspect). There was really no reason
for them to care about the assessment, because it was tied to a part of the
curriculum that inspired few of them (somewhat typical, | believe, of how
students view GE). In addition, the assessment only vaguely matched the
outcomes of our GEP.

This is not a problem when students sit for, say, the examination
leading to becoming a Certified Public Accountant (CPA). A high pass
rate communicates a great deal about the extent to which students have
accomplished the outcomes set forth by the Accounting Department at a
university. Likewise, the results for Graduate Record Examinations for a
group of students entering graduate school from, for example, a Department
of Psychology can provide evidence that students are achieving desired
results. In both cases, departmental outcomes have hopefully been shaped by
the outcomes implicit in the examinations. For the Accounting Department
to deliver a program with no thought of what is on the test to become a CPA
would be ludicrous. If departmental and professional outcomes are aligned,
then tests like the CPA examination indicate that the outcomes have been
achieved. Standardized tests are designed to meet the needs of a large number
of programs and are often national (sometimes international) in scope. How
much more interesting would it be to use instruments that assess the extent to
which local departmental or programmatic outcomes have been achieved?

This can be done using assessments that are imbedded into the actual
courses that comprise the GEP. | have worked with a wide range of departments
on these matters; perhaps the best example I can offer is from the Department
of Biological Sciences at my home university. One of the outcomes of our

GEP focused on an understanding of the scientific method. After setting up
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a chart where courses occupied one axis and outcomes the other,® it was
determined that the Introductory Biology course (A laboratory science was
one of the requirements of our GEP, and most students chose this course.)
would be a logical place to imbed an assessment that would provide evidence
of the extent to which this outcome was being achieved. Early results indicated
that while students seemed able to identify key features of how problems are
solved in the sciences, they were much less able to think like scientists when
confronted with a novel problem. These results were based on ten multiple-
choice items that were included in the final examination in the course and
were analyzed across all sections so that individual students and instructors

remained anonymous.'® The passage and last three items follow:

Since the 1940’s antibiotics have been widely used for everything from fight-
ing infections to helping increase the weight of cattle. Recently, health work-
ers have found that strains of bacteria that at one time were susceptible to
antibiotics have become resistant to many classes of antibiotics. Diseases
such as tuberculosis and gonorrhea that were under control and treatable are
making a comeback. Research shows that there are a number of different
types of resistance to various antibiotics. For example, some bacteria in a
population might have enzymes that destroy the antibiotic penicillin while
others of the population do not. Some bacteria might have a ribosome that
differs slightly in shape from most of the bacteria of a population and there-

fore be resistant to streptomycin. Some antibiotics work by breaking down

18 For pre-existing GEPs especially, this is an extremely useful exercise that can sometimes
reveal curricular flaws—that is, insufficient coverage of some outcomes and over-coverage
of others.

19 This is a key feature of program assessment. The focus is on the program, not individuals. If
there is interest in evaluating individual faculty, then departmental, college, and university
procedures are likely already in place.
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the cell wall of bacteria. If some of the bacteria in a population have a slightly
different structure in their cell wall, then they would be resistant to that class
of antibiotics. This variation among individuals of a population allows some
to survive while others are killed. Since the shape of the cell wall or the pres-
ence or absence of the penicillin-destroying enzyme is genetically controlled,
the daughter cells of the resistant bacteria will also be resistant. The improper
use of antibiotics frequently leads to an increase in the number of resistant
bacteria in patients. For example, if a patient takes antibiotics to fight an
infection but decides to stop the medication when he feels better instead of
taking the entire prescription, he may experience a relapse of the infection.

But this time the infection will be resistant to the antibiotic.

8. An increase in the number of bacteria that are resistant to antibiotics is
due to

a. random genetic drift.

b. natural selection.

c. the Hardy-Weinberg principle.

d. None of the above

9. In nature many types of bacteria, fungus, and other organisms compete.
The antibiotics we use are actually derived from these organisms. One type of
organism will develop the antibiotic; the other will develop a counter meas-
ure. This is known as

a. co-evolution.

b. selection of the fittest.

c. selective advantage.

d. stabilizing selection.
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10. For evolution of resistance to occur in bacteria, which of the following
factors would be necessary?
a. There must be resistant bacteria in the population.
b. The bacteria must be exposed to new factors in the environment to
cause a change in their cell walls.
c. Bacteria species must differ from each other.

d. Cell wall structure must be determined by environmental conditions.

The items follow a form described by Miller, Linn, and Gronlund (2008)
called an interpretative exercise. The idea is to write a passage and test items
that students have not seen previously. Of course the content was taught in
class, using different examples. The exercise determines if students have
developed the ability to think like scientists—that is, whether they can apply
what they learned previously to a new situation. Writing such passages and
items is labor intensive, but if kept secure they can be used in subsequent
semesters. Selected-response items can be continuously improved using
item analysis.? Indeed, the data from the inaugural administration of the
assessment formed the basis for many lively discussions among the faculty
who taught the course as they asked themselves: What can be done to improve
the ability of students to think more like scientists? If methods to better teach
students this skill are subsequently incorporated into the classroom, future
administrations of the items should confirm their effectiveness. Trends over
time are especially useful within an assessment framework. Unfortunately,

many assessment efforts are not sustained.

20 Item analysis is best used when answer sheets can be scored by optical scanners. The key
indices are difficulty and discrimination, which are represented as coefficients for each item
and translate into measures of item quality. A full discussion of item analysis can be found
in standard assessment texts like Miller, Linn, and Gronlund (2008).
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Capstone projects represent an especially good opportunity to assess
student performance in a GEP. If an in-class presentation is required, there is
potential to incorporate scores on the performance as well. Alverno College?
is a recognized leader in assessment in the United States. There, panels of
judges from outside the college are recruited to evaluate the students’ final
presentations. The results are compared to a presentation done at the beginning
of the student’s career, thereby providing a powerful assessment of what the
students have gained over the course of their collegiate experience. This is
also a point where students, having completed the GEP, might be tapped for
their perceptions, perhaps utilizing focus groups, although such data hardly
match what can be learned when actual performance is assessed.

Pre-/post-test assessments are other options; however, when comparing
distributions of such scores, it is important to remember that pre-/post- scores
have notoriously low reliability coefficients. This is largely because much of
the variation exposed by the pre-test is duplicated in the post-test scores. Also,
the timeframe separating the two is important: the shorter the time between
administrations, the more prone the scores are to memory effects and so forth.
That said, assessment data need not be held to the same high standards as data
gathered in other research settings. For example, if data are being used to
select candidates for special training (and some are rejected), then the scores
must be highly valid and reliable. However, no such monumental decision
is being made when assessing outcomes; rather, data are being used to cast
a spotlight on areas of programmatic weakness. New data will function

similarly as the cycle of improvement is repeated.

21 Go to alverno.edu on the Internet for more information about their approach to assessment
and publications.
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Once assessment information is gathered, it must become feedback and
reach all interested constituencies: faculty, students, and all stakeholders. If
students know that information is being used to actually improve programs,
they are more likely to participate in the process. Faculty members will often
engage with colleagues in discussing results when offered the opportunity.
In mounting an assessment effort, it is important to reiterate that it is
unreasonable to expect that assessment data will reach the standards in place
for, say, a medical research study, where the quality of the data might truly
be a matter of life or death for patients treated based on the results of the
study. The stakes in program assessment settings are really quite low by
comparison; the data are used to improve the program only. Besides, good
program assessment schemes are ongoing so that the process of continuous
improvement is uninterrupted. If particularly skewed or biased data happen
to be gathered in a given year, subsequent data gathering efforts will likely
be less so. Again, the stakes are relatively low, and it is far more damaging to
the program to be paralyzed by the attempt to gather impeccable data than to
proceed with a reasonable plan. As trends emerge over the course of several
years, suspect data will be fairly obvious.

The assessment of the GEP at CUHK is in its early stages. At this
point, students’ perceptions about the extent to which GE outcomes have
been achieved have been gathered in some courses. Two sections of the new
Foundation Course are being piloted in the current semester, and information
will be collected that will make it possible to contrast student performance at
the beginning of the course with that at the end and potentially with that in the
Senior Seminar as students complete the GEP. Assessing actual learning is of

the greatest value when trying to improve a GEP, and the OUGE has ambitious
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plans to work towards that end. One of my goals is to help develop a master
assessment plan in which all GE outcomes are assessed systematically and
periodically at CUHK.

Many of the assessment strategies that have been described are at least
somewhat intrusive in the classroom, and faculty often cite this as a reason
for concern. Integrating assessment and the curriculum represents a way to
address this concern. Building on the writing assessment effort at my campus,
Lencho, Longrie, and Friedman (2009) devised a way to accomplish this.

This method is described in the next section.

Integration of Curriculum and Assessment?

Several events shaped an assessment approach and teaching methods
that resulted in a process that is honest, pedagogically sound, and aligned
with the curriculum. By degrees, the assessment of writing in the GEP at
the University of Wisconsin-Whitewater became closely aligned with
course curricula, at least in one instructor’s courses—English 101 (101—
a composition course typically taken by freshmen) and World of Ideas
(WOI—the GE capstone course that requires junior status).

The current GEP at UW-Whitewater, which was initiated in the mid-
1990s, represents a much more prescriptive curriculum than prior to that
time, when students were allowed to choose from a wide variety of courses.
Three of the nine outcomes, developed to embody the primary goal of the

GEP, could be assessed using student writing:

22 The following section is based on an article that has been accepted for publication, and has
been modified to fit the current context. Of course, | am indebted to my co-authors, Mark
Lencho and Michael Longrie.
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1. Think critically and analytically, integrate and synthesize knowledge,
and draw conclusions from complex information.

2. Make sound ethical and value judgments based on the development of
a personal value system, on an understanding of the cultural heritage
that students share, and a knowledge of past successes, failures, and
consequences of individual roles and societal choices.

3. Communicate effectively in written, oral, and symbolic form with
an appreciation of aesthetic and logical considerations in conveying
ideas.

Initially, we planned to rely heavily on standardized assessments, but due

to problems encountered when trying to administer these tests as described

earlier, we moved in the direction of course-embedded assessments.

In 1999, three faculty members from the Department of Languages
and Literatures were recruited to develop the procedures and instruments
necessary to evaluate a set of papers from the WOI course—papers of
1,500-2,500 words in length that were assigned by all instructors as the
culminating project for the class. A rubric was developed around three
criteria—thinking, voice, and literacy—which were articulated in such a way
as to link directly back to the GEP outcomes listed above.

A six-point scale was used for the criteria: 6=Outstanding, 5=Strong,
4=Adequate, 3=Limited, 2=Seriously Flawed, and 1=Fundamentally
Deficient. The initial design involved scoring arandomly selected set of papers
across all sections of WOI. However, few instructors were supportive of the
assessment, so the first sample consisted of 38 papers that had supposedly
been selected at random by four or five WOI instructors whose names (and
those of the students) had been removed by personnel in the dean’s office of

the College of Letters and Sciences. The three faculty members also served as
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readers and achieved an alpha coefficient of .78 for this first batch of papers.
Overall, the scores fell between “limited” and “adequate.”

Over the next three years, additional sets of papers were scored. Papers
from 101 were gradually included to gauge improvement from freshman to
junior year. These writing assessments did not spawn any systematic attempts
to improve student writing, despite the consistent characterization of junior-
level writing as somewhere between “limited” and “adequate,” and freshman
writing between “seriously flawed” and “limited.” This began to change in
the fall of 2004 with the resurrection of a “Writing Across the Curriculum”
committee, which years ago had been instrumental in designating certain
courses as “writing intensive.” Colleagues from the University of Wisconsin-
La Crosse presented two workshops on campus entitled “Writing Across
the Major.” Our Department of History redesigned the major so that writing
was systematically dispersed throughout the program. Assessment results
appeared to be engendering some action.

The next round of writing assessments continued with the inclusion of
both 101 and WOI papers. Again, one instructor, who taught both classes,
agreed to share the final papers that were written on the topic of a public
person that the student most admired. The assignment of the WOI students
was couched within the individual citizen’s relationship to the State, a core
feature of the human condition and a theme in the WOI course. It is fair to
say that the curriculum in WOI was more conducive to the assignment than
that of 101. We mixed a sample of the final papers from both classes, which
represented a great improvement over past efforts to compare 101 and WOI
because now, at least at face value, the papers looked the same and were

written on similar themes. The scores showed some improvement, with the
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WOI papers now solidly in the “adequate” range and 101 in the “limited”
range. However, three new raters were added to the three original raters.
Despite efforts to calibrate all of the raters before the papers were scored, the
new raters tended to score papers higher than the original raters. Still, when
looking at the scores assigned by the original raters, the scores of students in
both 101 and WOI had improved.

The culminating iteration relied on a single instructor who taught both
101 and WOI and was interested in designing the curriculum in both classes
so that students would be supported in developing their final papers on the
same theme: the person that the student most admired. The results were fairly
consistent with those of the previous year. Moreover, due in part to further
calibration of the raters, the scores between the new raters and the original
raters showed greater agreement. Below are descriptions of the two writing

scenes that were developed:

Scene 1: 101
First-year students were provided with the following prompt with no

preparation on the first day of class:

Write a developed, thoughtful, short response (200-300 words) to the fol-
lowing:

Identify and discuss the public figure you most admire. You may select a liv-
ing person or a historical one. For what reasons do you admire this person?
Further, explain how this person’s private character and virtues are a fine
model for public values. Provide reasons/examples. Use the reverse side of

the paper if needed.
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This exercise had two specific goals. The first was to serve as a diagnostic
sample (common in writing courses) of each student’s ability to generate
prose, stay on topic, argue a position, provide reasons and supporting
evidence, and so forth. The instructor can then identify specific student needs
(for example, tutorial assistance for individuals) and also areas of writing
instruction that need emphasis. Second, the prompt introduces the subject of
an admired figure, which is revisited and more fully delineated as the final

project of the semester:

For your final paper, | ask that you address the issue that you encountered in
the first week of class. Identify and discuss the public figure you most admire.
You may select a living person or a historical one. For what reasons do you
admire this person? Further, explain how this person’s private character and
virtues are a fine model for public values.

In week one, you selected a person that you admire, and you also provided
some reasons for why you admired that person. You may retain the same
person or, with further thought, select someone else. But the main task in this
assignment is for you to explain why this person is worthy of admiration. You
may do some research to find more specific biographical information and to
choose meaningful examples of the person’s actions and beliefs that show
characteristics and values that you think noteworthy, even exemplary.

In short, present for the reader a compelling argument with specific examples
from the person’s life. Also, explain why you admire these traits and actions.
Bring in connections from your life, from contemporary issues, or anything

that helps explain your thinking about the value of this person.
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Draft due: TBA
Final version due: TBA
Length: 3-5 pages, double-spaced, 12-point font,

Times New Roman

Scene 2: WOI

In this capstone course a prompt is provided that asks students to do
an evaluation that duplicates the one asked of the first-year students. Here,
though, the students are required to cite specific texts, compare several figures,
and to write a substantially longer paper. This course, under the general
theme of “The Human Condition” focuses on the subject of citizens and their
relationship to the State. A wide array of readings are examined, both Western
and non-Western, from a range of disciplines—history, literature, philosophy,
religion, and so on. Historical dynamics between citizens and the State where
citizens confront moral dilemmas that complicate their relationship with state
authority and imperatives are discussed. For these comparative reasons, the
first-year students are directed to select public figures and to explain their
public values—why they are model citizens—otherwise many will choose
to write about their mother or father or friend. The prompt distributed to

students about two weeks before the end of the term is as follows:

This course has been examining the relationship of an individual with the
State. We have discussed the responsibilities that a citizen owes to the State
and what the State “owes” citizens. We also have discussed factors that can

complicate the citizen’s relationship with the State—and the moral impera-
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tives of these complications. In light of these discussions, what figure, cur-
rent or historical, do you think most exemplifies those qualities that identify
the good citizen? Or, what person, living or dead, do you most admire for
their virtues and their activities that qualify him or her as a model citizen?
You must connect your selection to issues that arise in at least three of our
texts—and you should discuss the tensions and moral engagements that arise
from their dilemmas, connecting them to your figure’s public and/or histori-
cal role.

Use at least three of the following texts explicitly to help explain and il-
lustrate your thinking: Crito/Civil Disobedience, The Bible, Bhagavad-Gita,
Eichmann in Jerusalem, Antigone, The Ox-bow Incident, and Bread and
Wine.

How has your understanding of the citizen-State relationship been affected
by the readings and discussions? Explain your view of how a citizen should

act toward the State in light of the readings you select.

Due: TBA
Length: 5 pages, double-spaced, 12-point font, Times
New Roman

As can be seen, a good deal of effort was put into designing two writing
scenarios that had strong similarities and allowed a reasonable basis for
comparison when trying to assess improvement from the beginning to the
end of the GEP. In many situations (sometimes on our own campus), the
driving force becomes assessment, and what happens in the classroom is

constrained to fit the needs of assessment. In my experience, this dynamic
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results in a strong negative reaction from faculty. However, in the above
example, assessment was always a secondary consideration. In this case, the
emphasis was on developing meaningful learning experiences and carefully
designed writing assignments that supported students in completing their
final papers. This clear idea of what the final assessment entailed dictated
what must happen in the classroom. Learning, though, is the priority and
drives assessment. Ideally, the two should be so intertwined that one cannot
be considered without the other. As the planning for assessment unfolds at
CUHK, | recommend that special attention be paid to using assessments
that have been fully integrated into the courses that comprise the GEP. The
Foundation Course represents an excellent place to start.

This attempt in the arena of assessing writing in the GEP at UW-
Whitewater is perhaps best characterized as one of “fits and starts,” which
culminated in securing the cooperation of one instructor who designed his
101 and WOI classes so that the curriculum supported the production of
papers on the same topic in both classes. Specifically, each prompt produced
papers that demonstrated student performance in three of the nine general
education goals. Each prompt required the students to “think critically and
analytically” and to “synthesize knowledge” (Goal 1) in presenting their
arguments and explaining their choice of a model figure. Furthermore, their
selection revealed the ability to make “sound ethical and value judgments
based on [their] personal value system” (Goal 2). Finally, their written papers
necessitated that they “communicate effectively in written . . . form” (Goal
3). These latest papers represented some improvement in both classes, but

most notably in WOI.
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To what, then, can this improvement be attributed??® Early on, efforts
at assessment were made largely in response to external forces—namely,
accrediting organizations, senior university administration, and others. These
results were not widely embraced on campus until several years into the
project, when there was more discussion about the state of student writing
on campus and action was taken by some departments, most notably, history.
The campus-wide initiatives described earlier were, at least in part, prompted
by results from the writing assessment. Along the way, meetings to discuss
the rubric with faculty teaching 101 and WOI raised awareness of what
was being attempted and the care that was being taken to honestly assess
student writing. For example, the rubric was revised several times based on
feedback from the raters who were actually using it. And, at least in this one
case, assessment was not an “add on” but an integral part of learning in the
classroom. How do we know students have learned? It is that question that
lies at the heart of what should be an ongoing effort to improve the learning
experiences offered to students, and the best way to do that is to weave
assessment into the fabric of the GEP.

At the classroom level, this same idea is obvious in the techniques
offered by Angelo and Cross (1993). They are simply part of the curriculum
and viable tools to help students learn. This kind of integration is a worthy
goal for faculty and program leaders, although it is likely not to be attainable

in the early stages of implementing an assessment plan. However, by degrees,

23 Certainly a number of issues could be raised regarding the reasons for improvement from the
standpoint of sound research design. However, it is important to remember that the primary
goal is to generate data that will guide the efforts to improve a specific program, not produce
results that are generalizable to other programs. The principles of sound research design
should always be followed, so long as the integration of assessment and the curriculum is
not compromised.
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as my colleagues and | discovered, it can and should occur. In the early
days of my involvement in assessment, | was preoccupied with imposing
a framework on departments and programs that was grudgingly accepted.
Energy was poured into writing outcomes, developing measures, gathering
data, and using the data to close the feedback loop. Learning was rarely
mentioned. As assessment procedures began to function across our campus
(and I am sure at others), the disingenuous nature of the enterprise became
apparent, and we were determined to work towards a different model—one in
which the curriculum and assessment become seamless, complementing each

other rather than being at odds.

Conclusion

I began with the goal of sharing some of my perspectives on three
concepts: outcomes, learning, and assessment. As students proceed through a
course of study (like a GEP), some learning likely occurs, even (especially?) if
students spend every waking moment on the Internet. Assessment, though, has
more to do with delineating specific outcomes of interest and determining the
extent to which they are achieved. This is a reasonable expectation for a GEP
where students are required to take certain courses, often in a predetermined
sequence. If those who designed the curriculum feel strongly about what
students are expected to learn, then they should not balk at assessment;
either the designers know what they are doing or they do not. Assessment
provides a mechanism to monitor and improve the impact of programs. Prior
to embarking on any educational enterprise, it makes good sense to determine

what students are expected to know and be able to do, how we intend to help
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them accomplish our outcomes, and how we will know the extent to which
outcomes have been achieved. These are reasonable expectations for faculty,
and a responsibility that should be eagerly embraced.

After a career that has paralleled the rise (and continuing rise) of the
assessment movement, my impression is that faculty do not often react in
ways that demonstrate support for assessment—in fact, their response is
often just the opposite. Some of this might be due to how assessment is
presented to faculty; too often, it comes from the top down. Sometimes, their
response might be seen as obstructionist behavior, but | would offer another
perspective. In some of my work here at CUHK and elsewhere, | am convinced
that at least some objections stem from the perception that assessment will
somehow constrain the efforts of faculty. They feel that their aspirations for
their students’ learning are being limited and that the serendipitous gains
of students will have no chance to emerge from the mire of what can be
conveyed in an outcome. | believe that most faculty are expressing sincere
reservations (and sometimes outright hostility).

What has made increasing sense to me is the need to design workshop
materials that actually demonstrate how these ideas can work for faculty.
Certainly, the administrators who mandate assessment are usually incapable
of helping faculty make these connections and have often insulated themselves
from what is happening in real classrooms. What | have tried to do is redirect
faculty energy—away from their broader aspirations for their students and
towards the measurable outcomes that form their foundation. When | hear
faculty describe the relatively sophisticated kinds of thinking that they
desire for their students, | see them embodied in the higher levels of the

Bloom Taxonomy. Once outcomes are stated, the real challenge is designing
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instructional activities and assessments that give students the opportunity to
learn and to be held accountable for what they have learned Education is not
about faculty but about students. Outcomes, learning, and assessment put

students first.

Appendix I. Bloom's Taxonomy— A Learning Guide

1. KNOWLEDGE (recalls or recognizes specific information)

Who Choose Label Name Repeat
What Define List Omit Select
Why Describe Locate Recall

Where  How Match Record

When Identify Memorize Relate

2. COMPREHENSION (translating, interpreting, and extrapolating)

Defend Condense this paragraph. Paraphrase
Demonstrate  Give an example of . . .. Recognize
Describe Is this the same as . . .? Report
Discuss State in one word. Represent
Explain State in your own words. Restate
Express What are they saying? Review
Give examples What does it mean? Rewrite
Indicate What exceptions are there? Select
Infer What part doesn’t fit? Show

Judge What restrictions would you add? Summarize
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Locate What seems likely? Tell
Match What seems to be? Translate
Outline Which is more probable?

Explain what is happening. Show in a graph or table.
Explain what is meant. Sing this song.

Isit valid that . . .? What does this represent?
Read the graph or table. What are facts? Opinions?

Select the best definition.  Which statement supports the main idea?

3. APPLICATION (situations that are new or novel to the student)

Apply Identify the results of . . . . Employ
Change Judge the effects. Ilustrate
Compute Predict what would happen if .. .. Operate
Construct Tell how, when, where, why. Practice
Demonstrate  Tell what would happen. Select
Discover What would result? Use
Dramatize

Choose the best statements that apply.

Tell how much change there would be.

4. ANALYSIS (breaking down into parts)

Analyze Determine the factors. Examine
Break down Make a distinction. Identify
Categorize State the point of view of . ... Outline
Classify What are the assumptions? Separate

Critique What is fact? Opinion? Solve
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Diagnose What is the function of . . .?

Diagram What is the premise?
Differentiate ~ What is the theme?
Distinguish What motive is there?
Implicit in the statement is the idea that . . . .
What literary form is used?
What are the least essential statements?
What persuasion technique is used?
What conclusions are valid?
What is the relationship between . . .?

What does the author believe?

Test

What statement is relevant, extraneous to, related to, not applicable?

What ideas apply? Do not apply?
Which ideas justify the conclusion?

What are the inconsistencies? Fallacies?

What is the theme, main idea, subordinate idea?

5. SYNTHESIS (combine the elements or parts to form a new whole)

Arrange  Find an unusual way. Design
Assemble Formulate a theory. Develop
Choose How else would you . ..? Devise

Combine  How would you test...? Do

Compose  Propose an alternative. Generate
Construct  Solve the following: Invent
Create State a rule. Make

Dance What would happen if . . .? Make up

Organize Reorganize
Originate Revise
Plan Tell
Predict  Visualize
Prepare

Pretend

Produce

Reconstruct
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6. EVALUATION (according to criteria and state why)

Appraise Decide Prioritize
Assess Defend Rank
Choose Determine Rate
Compare Evaluate Select
Criticize Grade Support
Critique Judge Value

Find the errors.
What fallacies, consistencies, inconsistencies appear?

Which is more important, moral, better, logical, valid, appropriate?
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i AT
FRRBBTERRAE BB - R AL R -
FPSTEREE A S » BRI S © I 5
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i
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BHELETE | AR - fE T ERReRRER T RIBORAE ) SRR o B EREE
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i, EFEE A SRR EER T o A BB E Fm A AN
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part of all courses of academic fields ) o fFIj 41255 s 7] %6 4% F
ARSI SR A B E Rk R Rk IE - B
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B sy R EEE
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AR ERETSR AT 5 R - SERRECA ORI HE - FERE e

BEIEEL v

(3) BRNFHEAETEE)

bR 1t A AR AR DU BRI BRES I - 31 2l akAE
AR ERER AT RSB TR ERETG R FEANERET] ~ BIRRSTEREDT - 18
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fFffase (D. Bok) Ft

TEF G RZERF PTG > @ JEEAR T LageRfEm e 0 K3
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LT TR ~ B R R
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s XEEEHZUAT - FRFARNELRBY TS
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FEAR A DA TR A0 3F 2y AT 0 B SRIRAZ B s 0 SEHAAR B
ZEE MR QA EERE - RAFEE ~ BEE - AET R
SRR HE ~ RE RS ES > AWk TRTIHRARS I
AT EERAE BAR (B2 ~ REE > 2005 H62) ©

FOh o EERBEAHEERGLLEGT M ESE R IR - WA E—
SRV B B G AEEIE TP E BRI ERE ST o DU B AR
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MG ENHRT 1 B R AR B B - GIAN2 G 8 < KB
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(4) MOERIEREE (REEIEE A L)

FF % BT G AL AN FN B v 2 5 JE] 8 K BR B B Sk 2 B R
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(1) BREFREHESRMEHAEBREENMEEN ? 52N
DUtk H Ry i 2

(2) RERFESTZER? ECEARE  BEEESHEE? 2
AEHNES ? EOMEAP PR ?

HAIE L EMEE A 5 - FHRE v RE R E IS Bk - A
AR S R B ERER > (ERNIE Ll K -
IRA] 206 e LU AN AR & BRI ARG T BRER TR 20K - DUERUR AR - 3

o

4. BPHBURIE SRR ES « BUMF B BB R

1R o IRIBASCTR B R 520 > SRR & R B - 24
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A o SELEAEERHRIR R HE -
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AR AR - BUEREEHE M - thR2 AN TAE
Kt > RlcEEE > FRE TSRS TR - DU R AR 2 S BB
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62

SO ¢ KBRS R

DU BB AR BRI FRAS RN - BB RATEEREDR - EITHEK

I R N B AT ~ R PR ~ BRI
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B BB EEN SR EA AR AE A MGG - 5EJJH M
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(=) &L ~ ZEREZ 0T AE i
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BN EZEREAEE - BRI TR ~ BRI - B

RERSE AR R T BB ORI - DURCAS R B R B ~ Hob G
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(2) BEmpRIESE MAERE v v v
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(1) SRECEETEERRE N N N N
(2) BHATECCE - SO -
BT v v v v

(3) Hepem R B BT

W) 8 NS ik S a= v v v
i FlA SR v v v
iii. FEPAMERA IR v v
iv. TR J J
(KREEERAEL)
(4) HRIHHEFELER - Hobh 3 a) J J J
B 51

THEG BLIEAL G SR FPAE R VA B B B 2 SR 0 AL B B
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AL ERERRTHVEA] - — iRk 2 iR E NSRBI — KT - (E R i
ERMAR AR EIIF AR B2 - F RIS E A B B
Bl —2Kk - DUk S A 2R 7 B B R AR - FE R KB e SR
FERAEIIAT S bl - BERTEE fH— LA B 1 iR AR AE BRI 82
BLEEIRANTETL - (R BB AR -

FE R FIAFE B R il EE H A AN 2 e s
e R se ~ BAETERIA PRAFE R ? BLEE T MR Z 52k
GRS Sl AT RERE LE - R B RS R - AERORFELZER - Al
PRFF IR 0 e B -

A Al B SR N RAFEE 520 Aa] SR BRI 2
A~ HHBIR P4 R EIERES - 5350 > IR 2N
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T~ B ZB DB B Bl 25 - E Bl

S A A R SN AR R B ~ B R B SR
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B FAAR A BEEEH e R B SN - FEMZE > B
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EEDRUGHE -

534N o B HERY ST E A R L R TR TR - W E SR
EH BRI ELCI I ] - R A PRIy TR R R R A BB
PRI R 2 sy lBe T8, - BLHGRSAR BT8R > AL < &
AATHRAEEN T - RrilE R K EHERE ST - G IR RRERETT ~ A
WRE URIAHTRE IS - HRREBUREY) - VAR TR R - BURRI
A DUE A R R R S A Sl R L RE TR - Rl RS2 AR RE ) L
B RHRNERE AR » DIERREAE R -

Btk BR T ERZIN o BUR REIT RS R B S TAE - HAT
B DAk A3 24 A B el A0 il Bk B 7 A ) P et SR AN 2 5
B AN S HE IR - BUFER G R EED T 558522
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1 Fhlﬁt? 2T ﬂﬁﬁ ij;ﬁ JHi* fﬁ = 1ﬁ*ﬁ http://www.cher.ntnu.edu.tw/sitemap.
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BRE IR -
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2%5EH
s EH
L ZfdE (2008 » 10/) o (—WABMGREEI) - HRIEHZE

10.

I1.

7 (B mFHE R E) - 58 © BOLSERRASRHEY
B AT L -

HEFfE (2008) - (fii/r (HHEMETEGE#RET) ) - CEIERAE
k) o HE18M > H28-31 -

MAZEE (2008) - (MHTEREZAMEA ? #EP. C. [C. P.] Snow (i
i SAb) BB TEEEE ) - CHIRAAER) - 165
H3841 -

JEWEE (2008) o (fEBCAEAREMZIGEN B BN EHHT ) -
CGEFAERL) » S8 - H4-5 -

JEfRE (2008) o (BEERASC TAETHEEEREAPUPE SR | AR Hbt
Bfe) o GERRAEAR) - SB16M > H52-54

M EE AN ESSHENE P OREEE (2008) - (984 RFTREH T
&) - 11H21H » E{Ehttp://www.heeact.edu.tw/ o

sRTEE (2008) o (GRIABAELESRAT ) - CHERAER)
FI16HH - EH42-45 -

IRAEAE (2008) - CRELFEHE NHGEBMEE ) - GEBAERR)
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12. 7Y (2008) o (B4 el Elhnu i sk ard ) - Gamk
FERRD) » S16H] > H9-12 -

13, B ~ 2NESE (2005) » (— TR B O BRI B R L P e o S 3k
IR UGE T 2R BLERR B A R i 5 — AR ) » GEaR
HEFH) - H12E520] > H61-72 -

14, JEfHEs (2008) o (MEFRLZ FHRGEFE ) - GEBAER) 26
181 » E32-35 -

15. Jg (2008) o (AN{AI{R (o B SE A EMBH SO RARAE « EiEl e~ 3
BPOR ~ W EH) o GERAERR) » 25170 > H48-50
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1. Feldman, K. A., & Newcomb, T. M. (1969). The impact of college on
students (Vol I and II). San Francisco: Jossey—Bass.

2. Liu, C. L. (2008, October). Are they ready? How do we know?
—Evaluation of core competence of college students. Paper presented
at the International Forum for Higher Education Evaluation, Center for
research on Educational evaluation and Development, Taiwan.

3. Pascarella, E. T., & Terenzini, P. T. (2005). How college affects

students: A third decade of research. San Francisco: Jossey—Bass.
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(Compbell, 1996, p. 29-30) ° Fyfrl EAFRELA HUELEESTRIRL 2 HK
(Gaff, 1991, p. 58) feiFdfE LR IA © — ~ BUFEEERHEEFH
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Be R Z B K (E AT RS B BE By - ST ER AR RE
(expected learning outcome ) HYREHE » FEORGAAAET 24 B IEAYEGRZL
BEEERE L L - ERE TR AT ) IHET - REBEE
AYERRE ~ KRB ELARTRELRRE ~ A0l Ry B2 4 B3 T B Y R8RS ~ 41
fATRC Sk R BPAZ KB AR Y B2 B SR AT 3 A B i e A 1 B SR 5 Al
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SR BRERRAUERAZAHEL - BRAMBEE - WBEE IR R E R
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BT R - BIEIRTE © KR CASTE SRR R R R 1S
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T ARFHL TS - A BERBEBE R E R R 2T G #
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» HABHEGERZE B E BB B S E % - Bl S T
SRR G Bl T B DLER LS, (Aloi, Gardner, & Lusher, 2003) -

1 s J (general education) — FIFF 18295 » [ﬂ}: A HFE T
(EHG A S {0 LSRR B S0 S 1 ([R3E 2008 » F1102-109)
tﬁA %ﬁy%lﬂ. 19565 i k*?—ﬂérrlﬁﬁﬁﬁj =4 #[* JEREE 5
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I'[E'y%'ff * FURLT J I*Wlﬁlzﬁﬁ?&f? VI f'FT f (if’fi% 2007) -

PIIE o S Mﬁiﬂp%ﬁ%&# Gl I%“Ff’aﬁ e[RRI R Ve Jiﬁ?ﬂ
r'E%pr[#Hjﬂp ;;l;, i ?{ Bl Ve o s g ﬁy S ASE
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2 it (Clark 1983, p. 11-26) % Fip%&g?frﬂat | o > e
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EE#EiT (Bers, 2000) EfgH © FHFRIBERA I E FRAVERER Y - B2
Bl MHMBE - 0t & RERASCERHEE HREESET TR
18 5 HERAAE RS TP SRR E R - R R A R tBAH A
Bt o KRy B2 A AR - W At (A 2 75 e SR B R e A e
FEAHRA - BEEFEH (Hamilton, 2003) HIfEHY - &8 HEEmHG A2
i o REEIEAPAEARRE(L - SEth B R A B E AR R 1Y
Iy I -

Ao H BRI E DK - BE SRS A E RN —
KR In (Boning, 2007; Ratcliff, 1997; Ratcliff & Johnson,
2004 ) - SEEAN e S o B R AT BT [ L SE R R AR - I AR AR
AAEEER > RSB IE - S P2 S I EY ~ AT AE 2 2 Hh R a3
#E B BROLHEM AT/ NE TR EE B - AR RS Tk
DIGHRZ Bl B AR TR B e R, - AERPRCE IR T > Bk

(Gaff, 1983, p. 148-149 ) [R1981EASETTHY—IHS T EI 272 T B2 BE IR
ELREHA R 39%IIHEAR A RN @ s BRI %
4% B RO R MM T FAET TS 5 Bt > EASE fERPL
HEFIBEREEEH 7% - i hI R saFREE A (Ratcliff, Johnson, La Nasa, &
Gaff, 2001, p. 10-11) fA20004FE1THYFRE RS » =70 —HIBSHE TR
M AR BEE AT T H TR - DR SERSE A T EH 2 S EEH
WY N S5t — i E WA REREEH R G R - 5
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HOME: > EIH TR Ak > BAPTRE S 7 WRLE R B A 2 22 1 R AR
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A R EE R LA ERE R W ST T R o DA e AT R
T 5 T ZRAR R B B AT SRR SR T T i [ i e

— » e EVELCm R A R R S R

AL SRR R R R R - — IR A
(—) JEEEEEALES BB ERE 248 (student portfolio) E#%
W24 BENE s () R4 5 RS 2 E R 77
FHRAEER (=) BEHZICTE - RS E A HER I E T

EONTERA I - (PY) SEEEAE (embed) Y5 G EEE
PR B R B R A T AT » T RERAE R E HH s B BT 5 Tk
TLBASHIRERSIRE - IR E ERE (quality assurance) - "R SCIERER
FRAT -

(—) MR
eSS % PR AR E RN TE KRG =
i AE(L IR ~ BRI TR A TR AR
FEFI PN AT K B2 S B 22 fg (State University of New York
College at Fredonia) J~19864F 5 7 [F1H HOB A B FRTE » “UEHEH
ALE3MEER S - S6MEER S BURAIHTRREE o Frarae URHE T =0k bty -
SR B AR S R R AU A A BCRE - CTERTRZ T b BT

4 ﬂ%ffﬂ FH TR RS > = fold k*trﬂ?'@%‘&?fﬁ Frpvsspifg Ej*éﬁ[
HIEE 'Lﬂﬁv R SR JF’?E*]UDJTW* D‘tﬂ?’r}iéflﬁ’“wﬁﬂ LR
AT e EFEFRE

5 [pl'%lﬁgjf ’F/ﬁ‘k r;; wJ ", (distribution requirement) FYUFATH T FEIHVES LT
) 'Fﬂﬂi@uﬁwtﬁ‘é3‘?“5‘?%[”(%%#{ FRAYE G 2 S R
FIEER JHEEL > el S Hﬂﬂ LT “*’ffr%fé‘*iﬁ”?ﬁf U%'fﬂ

6 ;?g‘lur: 3 4?”[:7‘FHFIF%[ ’cp}"”dj,lﬁ: B - SRR A RIE S 5T

9 2 (SRIEI) 9 L5 FIEE R SRSy« C Y FE] - ‘*‘ﬂ’rﬂ
[ED: 3 Effm Al “‘I‘SUFJ'#’B‘* Flo ﬁﬂ%ﬂ’fﬁ [“F’ o5 5 FVUF“ <pry

_Q;Lv—m



PRk SPBOR SRR B S A P IR R R

73

afEgRMENE (REEMF - B - SCREmRR - BRI

(RI%E) ~ A EMER S B S AE (=38) ) RIUTGHEAESET
HLH S — R R AL AR HL R S R AR B AR R 22 3 0 DU
RNEIBEREER A REBIRZE 2 - WK & AR EI B HT B S H R E =%
(Hurtgen, 1997 ) -

eI BERY TR E R BB B R FIB S A AE @ BeRE b
AT BB SR /K - JBIMEREZ IR (criterion reference) HYJ5
X o (HEZB AR ROR AN AR R - SR TR A JRRRME » 20 e
IR SR AES TIAREIRE » BEDURERR R A 2 B LM R R AR A 5 5341 - BN
G EE T P - e DU R 2 A B R B S -

Folt AR LR SRR - LERFHT (Bers, 2000) #RHIE LIS
(B T EL o AhsEEEUAL A SE B Fh S AR T THARAY — P AT K5 » TR
S ERESE T SR H AR 305 ) » MR IR ER A S A T BS
SHIE T HEMEATE (prompt) ;5 B RR ft— a8} - B2 LL
PR R BEREEE HY B e —BROM (statement) AYEIES » A0 HTEEE - ATAR
BB REMERER - B TR SRS T EON TR Y
A b3ana ik s gy | 8 —BEGEIT 0T - AEIREEB - 5%y AER|K
ELERBAE BORIK » Hrp14% R 855 - °

AR LIS — i R B B M BT E S R B U8 - Ak AT
RE IR — e e A SR RN T A T EUE o ER R A B Ay
E1% - HE R E R EBAE TR R EHE A - 8 - B EEE

7B ORI FORIIL T i B I R
= *d}é?éjﬁ‘crngf,’ﬁ_??ﬁmiﬁo
8 FTOFRIFROEEE " RrRL,900 & S RN 9604 150 HAS8T21 R

kﬁ

O P WESTRRE (SIS Y WA ISR (GPA) + I g - )
T A AT ) GRS S AT - LR N S
) (ORI A U AT G T SR R
RFIIEL  g Re @ﬁf@ﬁﬂ%@ﬁﬂléﬁ FEEEEE

i T ﬁjiﬁﬁ]ﬁmﬁﬂ&?@ Iy ARk I B ﬁl"lféfyﬁjﬁ o
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SO ¢ KBRS R

TR EERELER - MR IR B A B P An AP R R & 1%
Z—RAPRRT - EHETR A T EE R 5 BRI R -
AETAE R TP 33 B AR (o] B R TR & S e g - B fE 22
PSSR BT BLSE - 226 A T BB R R A - LA
A SR R B A A B BT B B T WD AR 2R R MR EBEE N
FUBT A ]G 3l SO AT E BRI 3% - S5 1S 51 E TR ARUE
(validity ) ZF[#% - 5350 - AR R BE U H REA RoHIEAFHR
W20 HAR 2 A{RT RE SRR EIAS (5] 1 5 (9 B2 A A (31 25 A [ el e Iy 1 722
B 7 G AMMEIS TR A ST

BR T B T B DART AR 52 A A A FRF TR 4 el 1 B2 3 SR
(summative assessment) Fb » B & %8 T 11 2B AR T R
PR BN B AR (TR RTEEZ (formative assessment) ] e
EIER LR A B — ENEE 2 I8 FL i K22 ([Indiana University—Purdue
University Indianapolis » f&fEIUPU ) F[I3E 8 b 7 2 18 82 v FH/E 2%
FYEER - HEEREIGER AR BRI R DU (a learning matrix ) JE
FH——FMAYS (column) FeB2E HAT » FHAYTT (row) Ky AR
(introductory ) ~ H1% (intermediate ) ~ & #k (advanced ) FlI& Ea
(experiential ) TH{EEE G X - ARG —ERSWRIHE - TiE
BTN RES R WGE R DL HARRIELE - BT
SRR - HRAA BRI G AR fR B (Hamilton, 2003) -

P TR SRR BB E Y ¢ T DATE B L 0 2R R AR e
(Y - BLERA: R B B SRAR RS S, - DARGE 22 AR i B MR A B2

10 "I g RN BRI A IOt > ST ORE RLRL ) O P
wgaﬁw<@@@‘mm,@%mo

11 FI1992F & > [T HIA S — F 5T L £ R SR A 19
S ¢ g ORI [ BRI ] - ARORE |
- PR - B (PR R
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R AHREEBIRE S ER AR AR - BURE - B BE (S S T HIRY SR E K
R HERMERE BER B S E R A H G - ] RZRCHIET S ARt
FIEHERETT - [RIH SR 1S RES B TR 0 AT ~ il e
AENENHSGERME AR AR BB K - BIFEEEEET
T R B —— A & SR A B R B R B R AL R
BfRAT o A ATEMEET ATV EER © S5 - BERRE RS ] DI S
MR A R REER - (HENTE SR A T R R FIEHI H AR -
PR A IRACH T Rkhh ) TR AN FE ST ©

(72 SEHS—J5 iR

B E R B S A B R A AR ER s A G5
AR E E RS o TR SR A A BB R, AR PN LR SR LA
e (State University of New York at Albany » f§fESUNYA )
FERETL T 5@ 30T I EREARIER - (MBS - St B
RREST YRR F RS - RIE SR AR I &5 THRE 115 T &
JERE RS - ERAFFED AR - PRFEHRIVELE > DIREZA
AR A S A R SR B AT T e - M7 B R A B R R Iy
T LRy L (Office of Institutional Research, SUNYA, 1984, 1988,
1990) -

i o5 Al RE BA{R 822 BE (Longwood College at Virginia) %
PRI A AR A SRR R (EER RN RN EIZ
HERREERGT E1S R b ] [RIIRF PSR 1 BB g 1 P 9 B2 7 S B
FFFZEER © b M RS S e @B e R G T LAl
E-E EAE > 255 -l E AR RIRE R #1522 35 s AR AE © R — 1

12 SE I VRIERE DRCTA RS - & e R
e RIS i
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SO ¢ KBRS R

EREH— R B EER - ek S EORGE R L EARE © BigLs
FRHERUE 1 RHH rh il 2k 2 H BLEEAHRAN 2237 - B —IH HAREITRY
IR > B B L H AR AT A B H S - DR AR
HEMTE B2 T R B4 5 BB R /K FREG E B LEREHE (Smith,
1993) - {H2 - fEFFRGEE AR FERE © B HEIILIEE
FRHERY > A0fe— T REE RS AT I B R 20K - 55— 5T MR
HEFETHIE HEE T AR BRI EED 2 A aEc 224 B Bl s L EAY
SUEELFE (reliability ) ?

(=) BMZuikmE
— SRR R Ry (50 Y B — U5 R CR A KEAR - WA RESE AR I
HIFTE SR » IR E B 2 T HAGH R B AR - k%
BRA KB EFELSME (University of Puerto Rico Mayaguez Campus )
( General Education Assessment Task Force, Continuous Improvment and
Assessment, 2007 ) ZEJEH L EFRE HAE - DU B A N HE
FIHYEARER - BEAERERE IR TR B AR E A - M B AR T R
T RE o S H A E RN THEAR « e R S
( standardized academic proficiency test) -~ Bl H N &EIEEZ (course
embedded assessments in GE courses) ~ B/EREJIEEMEES>3 (writing
rubric) ~ CIEEFREREJIEE 3% (oral presentation rubric ) FIHEH FE
afor3 (critical thinking rubric) ; FHIRHIEMB A TR © &

3 Jepifet ‘*FE [;}Ff[;;' R JUPER A ﬁﬂxf; &ir%?g“‘@;‘_ﬁﬁ SR HIFAY
?&f%%‘v%? L RS ~ T %ﬁ&‘*bg*@ﬁrﬁ'ml‘ﬁ PFAE SRR - [
%ﬁq\%i IE:IFI j| EE}?F‘] ;Fifﬁ%ﬂ[ SR VS p;il {f' 2= S N P”FE“ ,;zdrr;[fﬁ

14 [FUF' ﬁfﬂj ; |%?7EIJ£” g lﬁﬁsﬁa’; I@ﬁxpuﬁ VE REEEs S Lw@l

DR IR T SRR U%E:E SRR IE %10 *m[%ﬂ cuf,ﬂr% i
“Fﬁ 4 £E; #W%ﬁ W l»:j‘k? * E"F'H* e

15 HEI[NZH u}f : *ff“m ES Jﬁﬂwﬁlgm%ﬁf AR LY (%WW%@E}%&

S i - Wi A o
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7

[ B2 A B A (LA (national survey of student engagement) ~
242 FLREFH 4 (student opinion questionnaire) ~ Z44E IR i &
B EAE (student services satisfaction survey ) ~ g E 7 (employer
survey) ~ BRFHZ (alumni survey) ~ —figAYfE FEEFHZE (general
library survey ) K llgrim@EfaE hiZe% (orientation evaluation forms) o
EEA - B 2B R M ER o b g — il T R Bl B my H AR T T
e > I H AR SR i H v = P H TR - mfssEE
R = ETHE—K -

B2 AR K B - 2R RL 2 KRR SR & (University of
Colorado at Colorado Springs) & FH Z FERERE 2 DU iR 22 A 1y 22
TR o E AR T B i - DOESURECR -

DA_E R P B A A7 6 ) 26 T V5 e T TR AR - R EE IRy R B
BHSERAEENEE B ZMREER 0 FRSFHE RS
FREEREH SR - 2T ] DURIE it A 2] H AR B & T B 2 [y ¥ e
BAR -

SRTM > A FRAg— P A AE (0 ] 25 70 5 R IR 0 28 R Bl H AR B
HE THZEMNEMGR > 5 LEmisEit @2 (Thomas Nelson
Community College) - & Ffriit & 22 Bea it 1 JuEbd@ 3k 20E H AR

Fo HAR IR RIS LIRS - 5 P RE 52 A iy B A% 52 5 I AR IR 5
T HEARE © 1 SSEARE (SRS A B A BB 5 SR A 15

RE/K T LAREE ) 5 2. eSS T R AR EZRIGE JTHIE |
(the College Basic Academic Subjects Examination) ( Z%IE¥% MY
HIEERS ¢ SR~ B - RIS ST AR R ~ SRS MR

16 {FI" 92 £ - the ETS Academic Profile Exam, the National Survey of Student
Engagement, the Writing Portfolio, the Graduating Senior Survey, the Baccalaureate Alumni
Survey
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SO ¢ KBRS AT

PERYIEHE ) 5 3. LRI AVUSEHIRER sE LT 2 i K &2 (Christopher
Newport University ) 75245 B B 12T+ A = DU AR ER AR AR 52 S8 A
ERFEER A AR SO BT 2 ST AR R iR AR SR A L SE R B
TEHIEL (writing exam) - 2X1f > DASE = ~ SEPUIE R ARE LR
RIS EGR - KRS A A BRSE A ~ S SEIRFI RS TERET /2 B M MTAE
BRI ERE AR o B RE I A S A AE S — P B
R ERERR -

AR H B T 251k - R B AR Al g — R T iR A
R Zpa RS & - WA IR e — i TR AE R L ATh
AE ¢ B ISR R AR S DU R s -

(M) BEHPME (embed) JiiEHEFTRER

HREBHWNEN T - B R A2 RIR B Th R H
A EHE 2D 5 Bk RIEEE R - SPITERIE AR G H
BHH -

JbRHERI 2 A2 (University of Northern Colorado ) =355 FFF4)
F (rubric) MYJEAGERIRIEHIINERL - JLRIERL % K22 20054
RS T s IR 2 H AR - MR B G RIR H 227 E AT E S Ry i
AAUE S R BRI T o R R R TR B R 5 0 AR
TG 25 HR A P a R H WU BTG e I A BRI K » ERE—F
H #RE A2 22 Y S R B0 - FRE AR H 2
EE H C AR AR H B2 — 80 BENEFR R — R HAYRE
533 0 ZMLIEY - SRR E AL T H A B AR Ryl g 82
FCRARBC & - TS g Y= A g e I E R ER - 82 ERE
afor 2 b A B R IR R FIET Bl £ (Gerretson & Golson,
2004, 2005) -
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AP RER PR R MR £ R 1 8 i 5 A [ R R ey v B
AP B R 5 SE BRI S AR E SR, - (H2ME—
fist A REFR AT RAYERROKY: - T A T — SRR P RUREREL -

— AP HIF - BERHEEE &£ (Coconino Community
College) thafRryEXAEBA L 3 Nl - EHEER TH#E—F
(9 LA — 43 H7 & E R E B8 A RIEALERRZ 5 A RUE L (R
R - BERHeit B E2 e 5 Hh —H 2 Al i 228 45 1 g T 0 i k20 22
TR T EEBITR E TR A LT Wt B AR R
B ERAE B O B B R H 2 MRS E - DU BRI ERE
BRI A s B E R RO E (Eickmeyer, 2001; Eickmeyer &
Hill, 1998; Zumwalt, 1997) - BIRHUEFT &2 bes it & 1 H AR
HENR 2% - K2 R E RN B R THEN  EH AR
FIHE AR A -

A EXFALIBASE - 7R SR E IR TR — Bk E
R B 22 53 - i LR B R RZ 05 B E B B0 28 e 2 Fh ok
SE 0 A DB AR H R B SR IR PR RS R B - DO SR P A
s B R —2E -

2 AR EVER IR R R H B RS E R

B 1R A SRR R R AV B RR R E RSN - AR
SRR R AR TR - DA ER A AR R — T I B R A5
FIBEARAINE - AR B B BTt = T« #EHIEBREST ~ (H

17 é’?%éll?‘,?v (e Bt iTa: @ﬁfju (communication skills) ~ FJq'f%ifu (thinking
skills) ~ 2f54== = 2Rl (diversity and global perspective ) ~ 33! #| (aesthetic
perspective)ﬁﬁﬁiﬁ‘” N dﬁu%?[;g’lgl (ethical and civil values ) -



80

SO ¢ KBRS R

EB SRR (ARG ~ MEZ I BRI RERRE ) - D
KEER

T
iy
Tl

H
K

(—) BHIEFZELRE (critical thinking)

53 (Halpern) £ Hi b A1 R 02 8 58 0| SOk P i e 3
YRS - 31 % BO8 F R AL BRI HEB) & (F KRB E s 1Y & B
(Williams & Worth, 2002 ) - giEERERIRF 2552 (Williams & Stockdale,
2003) [AIBEFRH » FF B2 ARE R ML H S HE T RE R R B TR iy — {1
FEIME: B R 5 EIVHE A SEHERE B8 - BT B R ERAE N HAS
L) AR AR AT DR B S A R RE T bR

{5 AL 5 i A A B AR St R RE T AR 38 e ! PR ol Ay
B N R BB R gEHIE, (California Critical Thinking Skills
Test) FOHERF R — S RL BT LA EZ Z 43 (Watson-Glaser Critical
Thinking Appraisal-Form ) o S8 53R - — i DUETT BT 12 3
(pre-post test) #YJ7=0R T - FEplERA 1 H B HERE JIny L - BELEER
R ERGAREER R 22 5 5 PRI RMERER B A Bl iE o e ~ (K
BeE A g7= 71 (Williams & Stockdale, 2003) - 18

BREALITIESN - AR R R BT R AR B A B R
AEST  EARIREEHLER (Dary & Sebrell, 2003) = ZhF7E¥ 5 5 SEE
HWEEHIRB .0 (Educational Testing Service » f§fEETS ) #5REAY
FERZ = - ETSTR ISP EHERE VI TH — TE# , (task) »
AR AR FHE S AR R B B HERE ) B2 E R - 555 1%, DIE
FIEBGETT# 7y - AR F—H T, Ba =
FRREMIEK ¢ 737 ~ PRETAIAIR - 20034F » ETS:EHUFIME A SCERRY T E
B W E R T 0 —HERER TR BkEREE

18 g,'y'? (EGEHIE T3 ) g ORI T R RG] - Pk
TSR R B ] e g -
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S — PR A AR ER AT TIIER » B AR S U B W R A (5
FRERER A IB DL B0 > BicEk - — I 2ETSAR » —fig
i (MERHEER > B2 RN ) - MIfIEC) BoEic BRER A S T
AE M SE ARSI o > AT RSP - LB TR T 04T
BFERE R T - ETSHY TR ) R AR WI1E Rl S A AR B HE A
FHEREJRBIN TR - HR#ads Bicny )izl - HEERZE R ER
B2 » BIEEB < IR EER A —2 - EEHHRREE R AR @ [
—BREAEAN FIERS R BB -

TR ) BDUNHEITE B MR - IR B4 s B EL T {1 SR
HOER SRRl - BRERAE LRI - fRiE st T EEIIRE ) - T ER
R TR e A P i BRAEE F SEHE R B B RO B2 FAR R A 5 (Rt -
8 ZEWGEE R e — MRS R 2L M FERE TR 71k - HTEFEA

( Good, Glennelle, & Gerald, 2001 ) #F5e—F9LIEZ= B BAARE
H - ZFHHEORBA S M RGIERE  WHeEd st A sk HEE
T o I B A A R P e B FEHE RE ) 8 PR R B e SR =
EIRER R » WF7EE 0 H 35S 22 R M A R A T At - 2882
G NISEE R R Ay R EGT UPEX i - U SN ][I ZASE A= AR e
fufFrosEE{l - BFFERESREEE © BRAEAE H AT AR am s A A
THERIREENE B ——E F ~ 0T ~ B SERIRHE - B
P38 o507 Rl Z= g - SRR EHE B SRy SRR - 1815
RS 5 B2AAE HEEFETm th R A TE SO E A 2 2 i
BRG] RE B E Y B B P E R RO - sE M RCER H R T2 - BB

19 4339 % » i wamp g 5, : 93+ 22+ 94+ 35+ 95 -

20 S HTRYCEIET u}f',‘ (= 55T HF g [Qﬁ,ﬁ*i Y B '/Féﬂtllﬁfi
& :?iww%@»f MEEWE A 53 U S e
kel SR

2 24 e PR L wuw AR 2 55— R
ik - ﬁuff : 3 ST SSk RSEPE I 2 - b A

i e DY s by gy [

22 gh{v[ PISRER | = a:rj'F IRERYES ~ S S IﬂjrlL %Pjﬁﬁﬁnﬂuﬁwﬁ

;E
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W e iRp s B AR AL AR SR AR vy SEAE G - [Pt E) 2R AR
M HBE - B MIR A B ERE ) B R IRA S -

DA bR AL AR FIRE A R ERE A SHEPEML T B ERIR
A PR - fErpal B MR B A EAERE ST - IERRRR LS - B2
H R  E AE An e pE B E B U RRE | - BT DL R TR
FATRERGIEH -

(=) fEIEASCME R

TBE -~ EESTZERATERIERBEHN . — - Al - Bl
HoE S A O B A O B A BRSO 8 v [ R B R DU
B H S S NE R IEARIE - B A BT
S5k (Dressel & Mayhew, 1957 ) FIAEHE{LHIBaE Y 7 Z(EFEEAEAEA
SCERRAET > (SRR JIER B A SCERERR RS - ATER
Ry B2 SR i RAREE ] 0 B #0CR M (grading system ) ZCFIET 5 H]
TASEEEREENE - A Z R EEE A2 FIET - 2B — A
F 5 0 HAR S B Rl i 53 BEERCR AR P B RS SR RE R 2242
BRI HERDL -

BRI TERANEE - ASCEERRE > EHT
B4 5 O S iR R B R Rk B R E BRI OO 0E K
(Chang, 2002) $+#2EEA bR A RER LR IEEREERE
PRITE LR H R A BRI A TE AR 5 - HEED SN AR AR B g Bl o
H o P A B RIER #5% (Modern Racism Scale) - [b&FRT:
S AMEIRNGE SR ARIRBEE - #E RS TS e SRS

23 g ’?/%;'I‘:kﬁiwﬁf@ﬂf@ﬁ% JES0 NGl ar e e A B N P K BT
Sk IR - g Jiﬂi%i%”,"liaﬁ'wjjw Froedh NERELE R V2SR ipy
193 £ % FAE o ST RS AT PR IS EE ] (S R JEH?:‘I Frpose s o 2 W
Bz B o~ SRR (pretest) o BS1BAMRNAR o 5% M EAH112 0 o SEESSR R
WIS S5 SRR (90 & — 32 S G (post test) » PS12RUA » 524 * geiel ~
S OIS PR BUE < PRRETH IR £ B
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BEMEAARIHIERAE - MM TR N TS SR r B B LR B e
TERIER H B4 IR 5 [FIRFERRERAS SR - SR 3 Bt AR
T FLREREHIRALGE © (R Ry - @R e AR e HEBD it & A fe -5 38
J&& EYyEE A A -

#ifgk (Hollway, 2005) RIJ{E SE 8] o 75 ¥ K2 SRAL B2 HUR AT LA E HH
HE R EHIRE e AR - W — R B AR EER LT THE -
Horh i R AIRFSE T Bl T Schwartz{E{#{ &5 , (Schwartz Value
Survey) - P [RIRFFEEMHRIRY TS SO&GN » B AT E R HIAERS S 895 =0
AT A B E AR RIS - /FEEI 7 —HEEMHRIAE © %
tH{E{E (universalism) ~ {-%% (benevolence) FZ%: & (security)
MELTHIE - FERBE > WEIEFRIE (core course) HYFRALARAELER
Az AR B {E S L B BE AR (42 Bt o0 i DAME ZER AU R P SR 2222
Az o AN MEERRIGEEAER Y 7 —Eem] RE G s TR SR IR © AthEd
R N USRS A A R SHIRS R B S ER I E
EFUE ~ B~ REUE I ~ BESRCEE ~ it IRE TS E) ~ Bk
BY ~ TR - DU A 2L [EIR E Al S e B s -

BHS ECRIBRIE A T AT - Z2f8#%<F A (Anderson et al., 2007 )
LUiIAIAER (University of Maine) Fyfdlze - $HlFREHE L2 —1

T AELERES | (Population and Environment) Py ERiE E T
FERZ o WFTEE PR AT 07 20 B85 B AR PL B m ny % DUAR I 22
A BT ER B R FEAH BR (B B T TR ML - AR = E R H Ay 224 1T
AR R AR B A - B AREER A B ORI SR}

(liberal arts) HYERA: » —F MR T ERRVERA - TR

24 RSSO ) SR SO o [E TSR S SR e Ry
PIGHPARIH IR E ! - o) =g £ F'}'l’*éﬁ FATHAYE fol R -

25 rSchwartzi%]‘EE@IE%J Fl- 5 Euﬁlofﬁﬁjﬂ?ﬁ%l Ji%j‘@jﬁlﬁiizi ’ﬂSchwartzr?,’i?T'L *
KT v P S -

26 {7 BT H[IFh “the New Ecological Paradigm Scale” 71 “the 2000 ISSP Module on
Environment” -
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FHUEAEER R - Al - BEREINS B SER R RER R U R A
BRI IRAE TR B SRR -

B RBEHE I H G ] o s ol i R A B SR nlFr A
R BRIGIRAERIREIE - RATASERY " NIEERS |, thE s 12kt
H - BEEREEE R —HEAE H AR AL © BRI R BRI A
HIERAEIRHE B DURGE A SRR A A B SE © LRERFA
feH - MR —HOBRAEE HI - AI5RIEAERHH s T I RERY 2
B F AR - SN —E HEE AR -

(=) &Kk (Information Literacy)

Qe R i 5 66 P 5 vk Rl AR ER S B R HURRAR P SR B E AR T
fEE—EEINTiE - BB HER > —SERBERHNIERE
Al L AHE— R A MBI ASCR E - FER AR EZER E S > D
BAE—EERR SR E o i, 2 B ] 3 8 P9 s AR BAR 2+ LU
SR ~ DIENR B RNAENRIE - BUUCHER  EIlEEEHER
BRI H ARG B LR BEE AR e ~ AL
R EA 288 e S SR R AR IR I A S - AN A B AR B B 5k 3
Ry R B A A A TR TPy — A 23R B 7> (Rockman, 2002) -

—fRIM S - PRI R A B AR R A B Rk E R
SE o TR Ry B2 AR S T BB B B A DL T 3 T TR B K

o M TERAM BRI ZEM o [FIR T EE A PR
B RIS A P I R R E R - B LR ME RS (James
Madison University ) ZURFTH — S DA — R AR =
KRESIHIHIER - AR > AERC A E R B A B AR B AH B 2 B

27 B A PIHTEIPIA AV R Ev%«;‘u%$ A (DR - R
J‘S‘:%i‘{ji[[% jg%iifﬁlﬁrfg“ ip%;uﬂh Jae Cﬁ»i At Eﬂg& Elﬁﬁ [H] = E{
BRI A?EU:@% gt R T I“JIF'W?‘/P“*#
IR = s -
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H o FUS RS B R B 8 5 R AE T 2 AR TIEY
i st [ 5 il R Al B By 7 SRS AR SR B AR R B2 e
EeAh - RERAGE R F A ESE BE AR H A S R B A A5
TEE > ANESRERAE SR SORCRAERER B ~ SRR M B A
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FRHF
Tools Tools not
Purposes Tools effective somewhat at all
aesthetic oral discussion
awareness
communicate group activity-computer
concepts project module, oral-
evaluation, test-criterion
reference, written-focus
paper, presentation
cultural awareness | test-criterion reference | written-
journal
problem solving group activity, group group
activity-computer activity, test
project module, in-class criterion
activity, oral-discuss, reference
research, research-
field trip, test-criterion
reference, observation
quantitative debate, oral-discussion,
evaluation written proposal and
presentation, research-
field trips
writing test-criterion reference, | journal-
composition written-activity, peer class, test-
review criterion

reference
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Science Education?*#*
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The purpose of science education is no longer simply to train that
tiny fraction of the population who will become the next generation of
scientists. We need a more scientifically literate populace to address the
global challenges that humanity now faces and that only science can explain
and possibly mitigate, such as global warming, as well as to make wise
decisions, informed by scientific understanding, about issues such as genetic
modification. Moreover, the modern economy is largely based on science
and technology, and for that economy to thrive and for individuals within it
to be successful, we need technically literate citizens with complex problem-

solving skills.
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In short, we now need to make science education effective and relevant
for a large and necessarily more diverse fraction of the population.

What do | mean by an effective education in science? | believe a
successful science education transforms how students think, so that they can
understand and use science like scientists do (see Figure 1). But is this kind of

transformation really possible for a large fraction of the total population?

Figure 1 Transporting Student Thinking from Novice to Expert

The hypothesis that | and others have advanced is that it is possible,
but only if we approach the teaching of science like a science. That means
applying to science teaching the practices that are essential components of
scientific research and that explain why science has progressed at such a
remarkable pace in the modern world.

The most important of these components are:

e Practices and conclusions based on objective data rather than—as is
frequently the case in education—anecdote or tradition. This includes
using the results of prior research, such as work on how people learn.

o Disseminating results in a scholarly manner and copying and building
uponwhatworks. Too oftenineducation, particularly atthe postsecondary
level, everything is reinvented, often in a highly flawed form, every time
a different instructor teaches a course. (I call this problem “reinventing

the square wheel. ™)
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e Fully utilizing modern technology. Just as we are always looking for
ways to use technology to advance scientific research, we need to do the
same in education.

These three essential components of all experimental scientific research
(and, not incidentally, of the scholarship of teaching and learning) can be
equally valuable in science education. Applied to the teaching of science,
they have the capability to dramatically improve both the effectiveness and

the efficiency of our educational system.
The Learning Puzzle

When | first taught physics as a young assistant professor, | used the
approach that is all too common when someone is called upon to teach
something. First | thought very hard about the topic and got it clear in my
own mind. Then | explained it to my students so that they would understand

it with the same clarity | had.
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Figure 2 Student Reaction to My Brilliantly Clear Explanations

At least that was the theory. But | am a devout believer in the experimental
method, so | always measure results (see Figure 2). And whenever | made any
serious attempt to determine what my students were learning, it was clear that
this approach just did not work. An occasional student here and there might
have understood my beautifully clear and clever explanations, but the vast

majority of students were not getting them at all.
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For many years, this failure of students to learn from my explanations
remained a frustrating puzzle to me, as | think it is for many diligent faculty
members. What eventually led me to understand it was that | was encountering
the even bigger puzzle of my graduate students.

I have conducted an extensive research program in atomic physics over
many years that has involved many graduate students, on whose professional
development | have spent a lot of time and thought. And over the years |
became aware of a consistent pattern. New graduate students would come to
work in my laboratory after 17 years of extraordinary success in classes, but
when they were given research projects to work on, they were clueless about
how to proceed. Or worse—often it seemed that they did not even really
understand what physics was.

But then an amazing thing happened: After just a few years of working
in my research lab, interacting with me and the other students, they were
transformed. | would suddenly realize they were now expert physicists, genuine
colleagues. If this had happened only once or twice it would have just seemed
an oddity, but I realized it was a consistent pattern. So | decided to figure

it out.

17 Yr ?

e W)

Figure 3 Brain-Development Possibility: 17 Years As Intellectual

Caterpillar Before Transformation Into Physicist Butterfly?

One hypothesis that occurred to me, as it has to many other research

advisors who have observed similar transformations, is that the human
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brain has to go through a 17-year “caterpillar” stage before it is suddenly
transformed into a physicist “butterfly” (see Figure 3). But | was not satisfied
with that explanation, so I tackled it like a science problem. | started studying
the research on how people learn, particularly how they learn science, to see
if it could provide a more satisfactory explanation of the pattern. Sure enough,
the research did have another explanation to offer that also solved the earlier

puzzle of why my classroom teaching was ineffective.

Research on Learning

In a traditional science class, the teacher stands at the front of the class
lecturing to a largely passive group of students. Those students then go off
and do back-of-the-chapter homework problems from the textbook and take
exams that are similar to those exercises.

The research has several things to say about this pedagogical strategy,
but I will focus on three findings—the first about the retention of information
from lecture, the second about understanding basic concepts, and the third
about general beliefs regarding science and scientific problem-solving. The
data | discuss were mostly gathered in introductory college physics courses,
but these results are consistent with those of similar studies done in other
scientific disciplines and at other grade levels. This is understandable, because

they are consistent with what we know about cognition.

Retaining Information
Lectures were created as a means of transferring information from

one person to many, so an obvious topic for research is the retention of
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the information by the many. The results of three studies—which can be
replicated by any faculty member with a strong enough stomach—are
instructive. The first is by Redish (2003), a highly regarded physics professor
at the University of Maryland. Even though the students thought his lectures
were wonderful, Redish wondered how much they were actually learning.
So he hired a graduate student to grab students at random as they filed out
of class at the end of the lecture and ask, “What was the lecture you just
heard about?” It turned out that the students could respond with only with the
vaguest of generalities.

Hrepic, Zollman, and Rebello (2007) at Kansas State University carried
outamuch more structured study. They asked 18 students from an introductory
physics class to attempt to answer six questions on the physics of sound and
then, primed by that experience, to get the answers to those questions by
listening to a 14-minute, highly polished commercial videotaped lecture
given by someone who is supposed to be the world’s most accomplished
physics lecturer. On most of the six questions, no more than one student was
able to answer correctly.

In a final example, a number of times Perkins and | (2005) have presented
some non-obvious fact in a lecture along with an illustration, and then quizzed
the students 15 minutes later on the fact. About 10 percent usually remember
it by then. To see whether we simply had mentally deficient students, | once
repeated this experiment when | was giving a departmental colloquium at one
of the leading physics departments in the United States. The audience was
made up of physics faculty members and graduate students, but the result was

about the same—around 10 percent.
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Given that there are thousands of traditional science lectures being given
every day, these results are quite disturbing. Do these findings make sense?
Could this meager transfer of information in lectures be a generic problem?

These results do indeed make a lot of sense and probably are generic,
based on one of the most well-established—yet widely ignored—results of
cognitive science: the extremely limited capacity of the short-term working
memory. The research tells us that the human brain can hold a maximum of
about seven different items in its short-term working memory and can process
no more than about four ideas at once. Exactly what an “item” means when
translated from the cognitive science lab into the classroom is a bit fuzzy. But
the number of new items that students are expected to remember and process
in the typical hour-long science lecture is vastly greater. So we should not be
surprised to find that students are able to take away only a small fraction of

what is presented to them in that format.

Understanding Basic Concepts

We physicists believe that one of the great strengths of physics is that
it has a few fundamental concepts that can be applied very widely. This
has inspired physics-education researchers to study how well students are
actually learning the basic concepts in their physics courses, particularly at
the introductory level.

These researchers have created some good assessment tools for measuring
conceptual understanding. Probably the oldest and most widely used of these
is the Force Concepts Inventory (FCI) (Hestenes, Wells, & Swackhammer,

1992). This instrument tests students’ mastery of the basic concepts of force
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and motion, which are covered in every first-semester postsecondary physics
course. The FCI is composed of carefully developed and tested questions that
usually require students to apply the concepts of force and motion in a real-
world context, such as explaining what happens when a car runs into a truck.
The FCl—now administered in hundreds of courses annually—normally is
given at the beginning and end of the semester to see how much students have
learned during the course.

Hake (1998) compiled the FCI results from 14 different traditional
courses and found that in the traditional lecture course, students master no
more than 30 percent of the key concepts that they did not already know at
the start of the course (see Figure 4). Similar sub-30-percent gains are seen

in many other unpublished studies and are largely independent of lecturer
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Figure 4 Fractional Improvement in FCI Score!

quality, class size, and institution. The consistency of those results clearly
demonstrates that the problem is in the basic pedagogical approach: The

traditional lecture is simply not successful in helping most students achieve

1 From "Interactive-engagement versus traditional methods: A six-thousand-student survey
of mechanics test data for introductory physics courses,” by Hake, R. (1998). The American
Journal of Physics, 66 (1), 64-74.



Carl Wieman, Why Not Try a Scientific Approach to Science Education 107

mastery of fundamental concepts. Pedagogical approaches involving more
interactive engagement of students show consistently higher gains on the FCI

and similar tests.

Affecting Beliefs

Students believe certain things about what physics is and how one goes
about learning the discipline, as well as how one solves problems in physics.
If you interview a lot of people, you find that their beliefs lie on a spectrum
that ranges from “novice” to “expert.” My research group and others have
developed survey instruments that can measure where on this scale a person’s
beliefs lie.

What do we mean by a “novice” in this context? Adapting the
characterization developed by Hammer (1997), novices see the content of
physics instruction as isolated pieces of information—handed down by an
authority and disconnected from the world around them—that they can only
learn by memorization. To the novice, scientific problem-solving is just
matching the pattern of the problem to certain memorized recipes.

Experts—i.e., physicists—see physics as a coherent structure of concepts
that describe nature and that have been established by experiment. Expert
problem-solving involves employing systematic, concept-based, and widely
applicable strategies. Since this includes being applicable in completely new
situations, this strategy is much more useful than the novice problem-solving
approach.

Once you develop the tools to measure where people’s beliefs lie on this

expert-to-novice scale, you can see how students’ beliefs change as a result of
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their courses. What you would expect, or at least hope, is that students would
begin their college physics course somewhere on the novice side of the scale
and that after completing the course they would have become more expert-
like in their beliefs.

What the data say is just the opposite. On average, students have more
novice-like beliefs after they have completed an introductory physics course
than they had when they started; this was found for nearly every introductory
course measured. More recently, my group started looking at beliefs about
chemistry. If anything, the effect of taking an introductory college chemistry
course is even worse than for taking physics.

So we are faced with another puzzle about traditional science instruction.
This instruction is explicitly built around teaching concepts and is being
provided by instructors who, at least at the college level, are unquestionably
experts in the subject. And yet their students are not learning concepts, and
they are acquiring novice beliefs about the subject. How can this be?

Research on learning once again provides answers. Cognitive scientists
have spent a lot of time studying what constitutes expert competence in any
discipline, and they have found a few basic components. The first is that
experts have lots of factual knowledge about their subject, which is hardly a
surprise. But in addition, experts have a mental organizational structure that
facilitates the retrieval and effective application of their knowledge. Third,
experts have an ability to monitor their own thinking (“metacognition”), at
least in their discipline of expertise. They are able to ask themselves, “Do |
understand this? How can I check my understanding?”

A traditional science instructor concentrates on teaching factual

knowledge, with the implicit assumption that expert-like ways of thinking
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about the subject come along for free or are already present. But that is not
what cognitive science tells us. It tells us instead that students need to develop
these different ways of thinking by means of extended, focused mental effort.
Also, new ways of thinking are always built on the prior thinking of the
individual, so if the educational process is to be successful, it is essential to
take that prior thinking into account.

This is basic biology. Everything that constitutes “understanding”
science and “thinking scientifically” resides in the long-term memory, which
is developed via the construction and assembly of component proteins. So a
person who does not go through this extended mental construction process
simply cannot achieve mastery of a subject.

When you understand what makes up expert competence and how it is
developed, you can see how cognitive science accounts for the classroom
results that | presented earlier. Students are not learning the scientific concepts
that enable experts to organize and apply the information of the discipline,
nor are they being helped to develop either the mental organizational structure
that facilitates the retrieval and application of that knowledge or a capacity
for metacognition. So it makes perfect sense that they are not learning to think
like experts, even though they are passing science courses by memorizing

facts and problem-solving recipes.

Improved Teaching and Learning

If we now return to the puzzle of my graduate students—why their
first 17 years of education seemed so ineffective, while a few years of doing
research turned graduate students into expert physicists—we see that the first

part of the mystery is solved: Those traditional science courses did little to
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develop expert-like thinking about physics. But why is working in a research
lab so different?

A lot of educational and cognitive research can be reduced to this basic
principle: People learn by creating their own understanding. But that does
not mean they must or even can do it without assistance. Effective teaching
facilitates that creation by getting students engaged in thinking deeply about
the subject at an appropriate level and then monitoring that thinking and
guiding it to be more expert-like.

When you put it in those terms, you realize that this is exactly what
all my graduate students are doing 18 or 20 hours a day, seven days a
week. (Or at least that is what they claim—the reality is a bit less.) They
are focused intently on solving real physics problems, and | regularly probe
how they are thinking and give them guidance to make it more expert-like.
After a few years in that environment they turn into experts, not because
there is something magic in the air in the research lab but because they are
engaged in exactly the cognitive processes that are required for developing
expert competence.

Once | realized this, | started to think how these ideas could be used to
improve the teaching of undergraduate science. Of course it would be very
effective to put every student into a research lab to work one-on-one with a
faculty member rather than taking classes. While that would probably work
very well and is not so different from my own education, obviously it is not
practical as a widespread solution. So if the economic realities dictate that we
have to use courses and classrooms, how can we use these ideas to improve
classroom teaching? The key is to get these desirable cognitive activities, as

revealed by research, into normal course activities.
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I am not alone in coming to this conclusion. There is a significant
community of science-education researchers, particularly in physics, who
are taking this approach to the development and testing of new pedagogical
approaches. This is paying off in clear demonstrations of improved learning.
Indeed, some innovative pedagogical strategies are sufficiently mature that
they are being routinely replicated by other instructors with similar results.

So what are a few examples of these strategies, and how do they reflect

our increasing understanding of cognition?

Figure 5 Result of loading student up

with low, medium, and high cognitive loads

Reducing Cognitive Load

The first way in which one can use research on learning to create better
classroom practices addresses the limited capacity of the short-term working
memory. Anything one can do to reduce cognitive load improves learning.
The effective teacher recognizes that giving the students material to master
is the mental equivalent of giving them packages to carry (see Figure 5).
With only one package, they can make a lot of progress in a hurry. If they are

loaded down with many, they stagger around, have a lot more trouble, and
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can’t get as far. And when they experience the mental equivalent of many
packages dumped on them at once, they are squashed flat and can’t learn
anything.

So anything the teacher can do to reduce that cognitive load while
presenting the material will help. Some ways to do so are obvious, such as
slowing down. Others include having a clear, logical, explicit organization to
the class (including making connections between different ideas presented
and connections to things the students already know), using figures where
appropriate rather than relying only on verbal descriptions and minimizing
the use of technical jargon. All these things reduce unnecessary cognitive

demands and result in more learning.

Addressing Beliefs

A second way teachers can improve instruction is by recognizing the
importance of student beliefs about science. This is an area my own group
studies. We see that the novice/expert-like beliefs are important in a variety of
ways—for example they correlate with content learning and choice of major.
However, our particular interest is how teaching practices affect student
beliefs. Although this is a new area of research, we find that with rather
minimal interventions, a teacher can avoid the regression mentioned above.

The particular intervention we have tried addresses student beliefs by
explicitly discussing, for each topic covered, why this topic is worth learning,
how it operates in the real world, why it makes sense, and how it connects to
things the student already knows. Doing little more than this eliminates the
usual significant decline and sometimes results in small improvements, as
measured by our surveys. This intervention also improves student interest,

because the beliefs measured are closely linked to that interest.
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Stimulating and Guiding Thinking

My third example of how teaching and learning can be improved is
by implementing the principle that effective teaching consists of engaging
students, monitoring their thinking, and providing feedback. Given the reality
that student-faculty interaction at most colleges and universities is going to
be dominated by time together in the classroom, this means the teacher must
make this happen first and foremost in the classroom.

To do this effectively, teachers must first know where the students are
starting from in their thinking, so they can build on that foundation. Then
they must find activities that ensure that the students actively think about
and process the important ideas of the discipline. Finally, instructors must
have mechanisms by which they can probe and then guide that thinking on
an ongoing basis. This takes much more than just mastery of the topic—it
requires, in the memorable words of Lee Shulman, “pedagogical content
knowledge”.

Getting students engaged and guiding their thinking in the classroom is
just the beginning of true learning, however. This classroom experience has
to be followed up with extended “effortful study,” where the student spends
considerably more time than is possible in the classroom developing expert-
like thinking and skills.

Even the most thoughtful, dedicated teachers spend enormously more
time worrying about their lectures than they do about their homework
assignments, which | think is a mistake. Extended, highly focused mental
processing is required to build those little proteins that make up the long-term
memory. No matter what happens in the relatively brief period students spend
in the classroom, there is not enough time to develop the long-term memory

structures required for subject mastery.
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To ensure that the necessary extended effort is made, and that it is
productive, requires carefully designed homework assignments, grading
policies, and feedback. As a practical matter, in a university environment
with large classes the most effective way for students to get the feedback that
will make their study time more productive and develop their metacognitive

skills is through peer collaboration.

Using Technology

| believe that most reasonably good teachers could engage students and
guide their thinking if they had only two or three students in the class. But
the reality of the modern university is that we must find a way to accomplish
this with a class of 200 students. There are a number of new technologies
that, when used properly, can be quite effective at extending instructors’
capabilities so that they can engage and guide far more students at once.

A caveat: Far too often, the technology drives instruction and student
thinking rather than the educational purposes driving the development and
use of the technology. A second caveat: There is far too little careful testing of
various technologies’ effectiveness in increasing the learning of real students.
However, here are three demonstrably effective uses of technology.

“Just-in-time teaching” was introduced by Novak, Gavrin, Patterson,
and Christian (1998). The technique uses the Web to ask students questions
concerning the material to be covered, questions that they must answer
just before class. The students thus start the class already engaged, and
the instructor, who has looked at the students’ answers, already knows a
reasonable amount about their difficulties with the topic to be covered.

A second technology that | have worked with extensively is personal-

response systems or “clickers.” Each student has a clicker with which to
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answer questions posed during class. A computer records each student’s
answer and can display a histogram of those responses. The clicker efficiently
and quickly gets an answer from each student for which that student is
accountable but which is anonymous to their peers.

I have found that these clickers can have a profound impact on the
educational experience of students. The most productive use of clickers in
my experience is to enhance the Peer Instruction (PI) technique developed by
Mazur (1997), particularly for less active or assertive students.

I assign students to groups the first day of class (typically three to four
students in adjacent seats) and design each lecture around a series of seven
to 10 clicker questions that cover the key learning goals for that day. The
groups are told they must come to a consensus answer (entered with their
clickers) and be prepared to offer reasons for their choice. It is in these peer
discussions that most students do the primary processing of the new ideas and
problem-solving approaches. The process of critiquing each other’s ideas in
order to arrive at a consensus also enormously improves both their ability to
carry on scientific discourse and to test their own understanding.

Clickersalso give valuable (albeit often painful) feedback to the instructor
when they reveal, for example, that only 10 percent of the students understood
what was just explained. But they also provide feedback in less obvious ways.
By circulating through the classroom and listening in on the consensus-group
discussions, | quickly learn which aspects of the topic confuse students and
can then target those points in the follow-up discussion. Perhaps even more
important is the feedback provided to the students through the histograms
and their own discussions. They become much more invested in their own
learning. When using clickers and consensus groups, | have dramatically more

substantive questions per class period—more students ask questions and the
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students represent a much broader distribution by ethnicity and gender—than
when using the peer-instruction approach without clickers.

A third powerful educational technology is the sophisticated online
interactive simulation. This technique can be highly effective and takes less
time to incorporate into instruction than more traditional materials. My group
has created and tested over 60 such simulations and made them available for
free.2 We have explored their use in lecture and homework problems and as

replacements for, or enhancements of, laboratories.

Figure 6 Circuit Constructions Kit Interactive Simulation

The “circuit construction kit” is a typical example of a simulation (see
Figure 6). It allows one to build arbitrary circuits involving realistic-looking
resistors, light bulbs (which light up), wires, batteries, and switches and
get a correct rendition of voltages and currents. There are realistic volt and
ammeters to measure circuit parameters. The simulation also shows cartoon-
like electrons moving around the circuit in appropriate paths, with velocities
proportional to current. We have found this simulation to be a dramatic help
to students in understanding the basic concepts of electric current and voltage,

when substituted for an equivalent lab with real components.

2 Available at www.phet.colorado.edu.
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As with all good educational technology, the effectiveness of good
simulations comes from the fact that their design is governed by research
on how people learn, and the simulations are carefully tested to ensure they
achieve the desired learning. They can enhance the ability of a good instructor
to portray how experts think when they see a real-life situation and provide
an environment in which a student can learn by observing and exploring. The
power of a simulation is that these explorations can be carefully constrained,
and what the student sees can be suitably enhanced to facilitate the desired
learning. Using these various effective pedagogical strategies, my group and

many others have seen dramatic improvements in learning.

Table 1 Comparison of Learning Results from Traditionally Taught Courses

and Courses Using Research-Based Pedagogy

Traditional Instruction Research-Based Instruction
Retention of information from Retention of information from
lecture: lecture:

10% after 15 minutes more than 90% after 2 days

Gain in conceptual understanding: Gain in conceptual understanding:
25% 50-70%

Beliefs about physics A small improvement
and problem-solving:
significant drop

Institutional Change

We now have good data showing that traditional approaches to teaching
science are not successful for a large proportion of our students, and we have

a few research-based approaches that achieve much better learning. The
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scientific approach to science teaching works, but how do we make this the
norm for every teacher in every classroom, rather than just a set of experimental
projects? This has been my primary focus for the past several years.

A necessary condition for changing college education is changing the
teaching of science at the major research universities, because they set the
norms that pervade the education system regarding how science is taught
and what it means to “learn” science. These departments produce most of the
college teachers who then go on to teach science to the majority of college
students, including future school teachers. So we must start by changing the
practices of those departments.

There are several major challenges to modifying how they educate their
students. First, in universities there is generally no connection between the
incentives in the system and student learning. A lot of people would say
that this is because research universities and their faculty do not care about
teaching or student learning. | do not think that is true—many instructors care
agreat deal. The real problem is that we have almost no authentic assessments
of what students actually learn, so it is impossible to broadly measure that
learning and hence impossible to connect it to resources and incentives. We
do have student evaluations of instructors, but these are primarily popularity
contests and not measures of learning.

The second challenge is that while we know how to develop the necessary
tools for assessing student learning in a practical, widespread way at the
university level, carrying this out would require a significant investment.
Introducing effective research-based teaching in all college science courses—
by, for instance, developing and testing pedagogically effective materials,

supporting technology, and providing for faculty development—would
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also require resources. But the budget for R&D and the implementation of
improved educational methods at most universities is essentially zero. More
generally, there is not the political will on campus to take the steps required to
bring about cultural change in organizations like science departments.

Our society faces both a demand for improved science education and
exciting opportunities for meeting those demands. Taking a more scholarly
approach to education—that is, utilizing research on how the brain learns,
carrying out careful research on what students are learning, and adjusting
our instructional practices accordingly—has great promise. Research clearly
shows the failures of traditional methods and the superiority of some new
approaches for most students. However, it remains a challenge to insert into
every college and university classroom these pedagogical approaches and a
mindset that teaching should be pursued with the same rigorous standards of
scholarship as scientific research.

Although I am reluctant to offer simple solutions for such a complex
problem, perhaps the most effective first step will be to provide sufficient
carrots and sticks to convince the faculty members within each department
or program to come to a consensus as to their desired learning outcomes at
each level (course, program, etc.) and to create rigorous means to measure the
actual outcomes. These learning outcomes cannot be vague generalities but
rather should be the specific things they want students to be able to do that
demonstrate the desired capabilities and mastery and hence can be measured
in a relatively straightforward fashion. The methods and instruments for
assessing the outcomes must meet certain objective standards of rigor and
also be collectively agreed upon and used in a consistent manner, as is done

in scientific research.
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Thoughts on Teaching General Education
Courses**

Lynne Nakano *
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I am grateful for the opportunity to teach here at The Chinese University of
Hong Kong (CUHK) and as part of the General Education Program. It was a great
honor to have received the Exemplary Teaching Award in General Education
for 2007-08. 1 wish to thank my Department Chair, Professor Lee Wood Hung,
for his support and for his dedication to students and quality teaching at the
Department of Japanese Studies. | am also indebted to all of my colleagues
for their advice and for providing models of good teaching. I am grateful to
my Ph.D. supervisor, Professor William Kelly, for creating the course on Japan
at Yale University upon which my own course on Japan is based. From my
former teachers, predecessors, and colleagues | have been fortunate to have
been taught principles and guidelines that I try to practice in my own teaching.

I believe these principles are relevant to the core vision of General Education

*  Associate Professor, Department of Japanese Studies, Faculty of Arts, The Chinese
University of Hong Kong.

** The article is based on a speech delivered in the award presentation ceremony of Exemplary
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at CUHK.* My principles are to teach the students to prepare them for their
future beyond university and to encourage them to believe in their potential
in the classroom and beyond. Although not listed in any of my course
outlines, I try to draw on these principles when | make decisions about how
to organize a course, select topics for discussion, and structure assignments.
They constitute a secret curriculum that | generally keep to myself, but that
nevertheless informs my teaching and defines the spirit that | try to bring to
my lessons.

My secret curriculum emerged from my initial terror of the enormous
responsibility involved in standing in front of 50 bright, expectant university
students for a whole semester. | am now no longer as terrified to stand in front
ofaclass, but I am reminded of my responsibility to students in a variety of new
ways. Today, my sense of responsibility is sparked by the look of anticipation
in the eyes of students on the first day of class and in the seriousness of second
and third year students who are willing to risk being excited by learning and
who desire to become capable young adults and critical independent thinkers.
To fulfill this responsibility, | try to provide students with tools and skills that

can help them in their lives beyond graduation.

Secret Curriculum

Although my General Education course is about Japanese society and

culture, my aim has not been to try to teach students all | can about Japanese

1 | believe that my principles are relevant to the General Education aims of helping
students develop their own judgment and sense of values, providing students with a broad
intellectual perspective that integrates knowledge, and equipping students with a life-long
capacity for learning by helping them to see connections between knowledge and their own
experiences.
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society. One semester is far too short a period to attempt such a task. | am also
doubtful that students will benefit most from simply accumulating facts about
Japan. Rather, my approach is to encourage students to think about what it
means to be a human being in Japan and how that compares with being a
human being in Hong Kong and in our world. I try to hold up Japan as a mirror
to students, and in the mirror | try to show them that people living in Japan are
human beings just like themselves, facing similar problems about how to live.
In my courses, | focus on how people in Japan make choices about education,
family, career, love, and how to live a meaningful life. The aim is to encourage
the students to develop a compassionate understanding of other people and
to seriously examine their own values and choices, and the consequences of
these. For example, as a class exercise | sometimes create scenarios in which
an individual in Japan has to choose between achieving success at work and
spending more time with his/her family. I make the scenario very specific,
down to the amount of salary to be sacrificed and hours per week with one’s
family to be gained. | ask students to put themselves in that person’s shoes
and consider how they would respond. Rather than identifying right or wrong
answers, | think it is important to focus on the values and logic that informs
our choices as human beings. | think Japan serves as a very good example for
this process because students are interested in the country to begin with and
Japan has an important role to play in Hong Kong, in Asia, and in the world.

There are other lessons in my secret curriculum. | try to teach the idea
that accomplishments are achieved with the help of others. I try to give
students the responsibility for making the class a success. If students are
responsible for one another, they take ownership of the learning process and
the success of the class. I ask students to work in groups on various projects

and ask all of them to assess the helpfulness of the members of their group.
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I ask students to evaluate one another on how hard they think each member
of their group worked on a project and how much time they think their group
mate spent on the project. | have students change groups every few weeks.
By the end of the semester, the students receive feedback from a substantial
number of classmates regarding how easy they are to work with. | also ask
the students to write qualitative comments on their classmates. The students’
comments have included statements such as “Come to class more often!”
This encourages responsible participation in ways beyond what | am capable
of eliciting from them as a teacher.

| try to create an atmosphere of respect for the students’ views by
referencing what classmates have said and done to contribute to our shared
learning project. | try to speak less and listen more. | use icebreakers on the
first day of class to set the tone for participation and listening. Icebreakers
are games that encourage students to get to know one another and get into
the habit of sharing. Recently, | have been using a game in which | divide
the class into groups of five to eight students and ask each group to discover
one thing that is unique about each person. Then | ask them to change groups
and discover what everyone in the group has in common. | believe that one
reason why students do not participate more in class is because they are not
comfortable with one another and are not sure how their peers will respond
when they express their opinions. | was often surprised in my early days of
teaching that | knew the name of everyone in the class but that the students
did not know one another. Through the icebreaker games, | try to make sure
that students know one another starting from the first day of class.

I try to teach the importance of listening. | do this in part by trying to be a

good listener myself. | sometimes have to put a finger or two or even a whole
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fist over my mouth to keep myself from talking. Putting my hand over my
mouth reminds me to keep silent and may make the students confident that
I am listening seriously and respecting their views. | try not to ask questions
and then demand that students produce the answer that is in my mind. This
kind of class discussion becomes a guessing game with only the teacher
holding the correct answer. If | think that a student’s answer is really off the
mark, | may ask classmates to play the devil’s advocate rather than play it
myself. Like many other teachers, | find it useful to have students answer
questions in groups and then report on their answers to the class. | then ask
my teaching assistant to summarize and record the students’ answers and |
post the summary of the class discussion on the class website (CUForum or
WebCT) along with my comments on the discussion. This gives me time to
think about how to respond in constructive and positive ways to students’
views and | believe it also allows students to more comfortably express their
opinions without fear of being contradicted by the teacher during the class. |
think this also helps to build confidence in the students about what they have

learned from the discussion.

Setting High Standards that Everyone Can Achieve

Having had the privilege of attending some of the best educational
institutions in the United States, | sometimes wonder if | am being overly
optimistic when | urge students and recent graduates to pursue their dreams,
especially given the recent global economic troubles. But | believe that each
person is born with their own particular package of unique abilities that it

is their duty to discover and develop to contribute to the world. | believe in
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building the students’ confidence so that they feel that they have a voice and
that they know that their decisions matter. Our students, | feel, don’t always
realize their own intelligence, abilities, and potential. | try to demonstrate
to students their own value by taking their written work seriously, reading
multiple drafts, responding to comments on the class website, and providing
feedback to ideas raised in class. | try to give students my time as a way to
demonstrate that they are important individuals who matter in this world.
I also try to demonstrate my respect for them by setting high standards in
coursework. | have found that when | set high standards, students generally
respond by trying hard to achieve those standards. | do not simply set high
standards and then demand that the students achieve them. Rather, | make
sure that the standards are clear at the start of the class and I try to provide
students with step-by-step instructions so that each student is capable of
achieving the requirements. For example, | insist that students use relevant
up-to-date academic sources in their papers, that their papers have a clear
thesis statement, and that they use and cite sources appropriately in making
their arguments. | spend time discussing what | expect in the papers and
make it clear to students that this is not some idiosyncratic whim about how
I would like to see their papers done. Rather, I explain that this is what a
good academic paper should look like and that | expect nothing less. | believe
that every one of my students is capable of achieving the standards that I set.
I believe that most students leave my class feeling that they were challenged
and that most students feel a sense of accomplishment in being able to meet
that challenge. Students sometimes surprise me with standards that are even
higher than my own. One student, for example, continued to rewrite her final
paper even after she had finished the course and graduated from Chinese

University.
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Getting Students Involved in the Learning Process

Teaching has also been a learning experience for me. | have learned
that classroom learning is a collective effort. | have learned that it is more
effective to work at inspiring students to help and motivate one another than
to try to take on this job alone. It is difficult to define and even more difficult
to achieve a successful collective learning environment, but I know that such
an environment has been created when | see it. Such an environment involves
a sense of community, respect for the opinions of others, recognition of the
achievements of others, open-mindedness, humility, students motivating each
other, and a sense of humor. When a class becomes united, the atmosphere
is magical and there is a lot of laughter. | have also learned to loosen up and
be a little silly, in the realization that at times the best laughter is when the
students laugh at me. It means that | am not immune to being teased and
not so different from them. Laughter to me indicates that a course is being
taught successfully, while a failure to laugh signals that there are problems
with the course. | think that students laugh when they feel comfortable with
the course materials, the teacher, and with one another. In this atmosphere,
I think that I am more likely to get their attention, that they are more likely to
be themselves, and that they are more likely to use the opportunity to learn.

As | have mentioned, students often help me in this effort. There are
usually a few students in each class who are willing to emerge as class leaders,
intellectually and socially. These individuals can push their classmates
to think further and more deeply by generating excitement about learning
that spreads to their classmates, and by creating opportunities to laugh. | try
to create an environment in which these students feel comfortable enough

to step forward. | try to show students that 1 am not always right and that
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I have made and do make mistakes. | sometimes ask them to solve intellectual,
cultural, or practical problems that | have faced in the past and then inform
them afterwards that they had solved a problem that troubled me at some
point. | also try to encourage students by affirming their achievements. I like
to tell them, “You see what you are doing? This is the way to learn!” Or
“Look, this is what you have accomplished!”

I know that the idea of a shared learning project has been successful when
students voluntarily bring in relevant articles or photos to class, when class
discussions inspire enthusiastic online debate, and when students volunteer
to give presentations about relevant topics in class. These small acts create a
sense of sharing and enthusiasm for learning in the class. Students sometimes
surprise me by continuing to send me updates about their learning even after
they have left my class and even after they have left the university. Students
send me pictures of their travels to Japan and the world, explaining how their
pictures relate to what they learned in the course and telling me that they are
still learning. | usually ask whether | may share their pictures with current
classmates and they are happy to do so.

It has been a privilege to teach the General Education courses to the
students of CUHK. I love it that CUHK provides a first-class education
at an affordable price to Hong Kong’s people. I love it that this education
offers the possibility of being more than functional or specialized academic
training, rather allowing us to address questions of how to live a meaningful
life. It thus offers the potential to improve the quality of our students’ lives
and the lives of those they touch. This to me is the only reason for pursuing

knowledge. | try to pass my enthusiasm on to my students.
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Rl EE RS [ T E R SRy T, Beilr (RTFX "%
HefRERy TREE), PR, —ET) MR - R (R
NI TIREE G ~ WSSOI, —F) -

MR Z A > = FE LD E M FER R EE Ul
ROARZE o BIAEHAMAGE - BT JTRAEMBIIEE - DUR SRS
fand ~ R E A GFUEAR R T RS 8 5 ARIMAE H H B AR
T2 B RS - CARYEMEIRE > RATBCLEE i A28
YIEERAY R RN IR R IEEOE - AR R E K - —{F

Rk 2R H B RRR R (S T /KEHER T H R
g o —HD -

4 BHEED rf'aﬂﬁ“}%ﬁﬂ,%gj (the Kepler problem ) 3 T = 4 g s | ™ gliJ'ﬁxJ?%}f’Lﬂ
[y TR L EHTF',??T»:"&?J[IUPBEJI’}J (?u’ﬁi—ﬁf [ Coulomb’slaw J )

5 e (1635-1703) & FEFRT BB ~ = <2« /8% (2007) - <f‘ﬁﬁ$fﬁ'ﬁ%
Ok« (SR BT  F1133-151 -
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B2-1 8P, foP, 490 (m,<<m, )

BERBh S — R ¢ TR A AT - 2R T AR
H R E A AT SR, (Bt =m) FIP, (Eit=m,)
AT A5 ] - RS BB SR E R L, C

E‘CP—I’ CP, =1, PP =r=riM=m-+m,u=mm/(m+m,)>

E‘Urniri = mkrk = 'urik °

Wl BEAE AT DUR SR ~ Sl s s (R —F) ey
BT MRHUEERER— VL - SEEAERE LR -7

AR A S i T 7 2 A o e R —— o T R R
MHARIRSIEIENE - W9 A — (AR ERRS © Fa,, a 2P, PHGERIF
Lo a+a =a, - H

ma,=mga,=pa, °

6 [T T J*ﬁx’ﬁ%‘ﬁ B p JijlﬁTuE'Carroll, B. W.,, & Ostlie, D. A. (2007). An
introduction to modern astrophysrcs ( IE 2nded., pp. 41-49). San Francisco: Pearson.

7 UYL SR AR ST o U0 AT LR TR R
‘#;HCJ o
]
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HAPRAER 5 —KE) HIRB > DUMEERFR AR - 8

PkEPG;OSpEmI_/m@<<1 ;

Hla, = pa, /m =a /(1 +p),a,=a, -a=a,p/(1+p)-

fie 224 H W R 15 E

v

[ 2-2 AEAEIE $id

cw
=

AR EERPUE N E ALK - BT (REZIEEp)
[FE—HE&R L - 1 AT EMEEEER A R R KGR ER A
Bl > FIRF 2 E B EE L - H#HENR - =E (P, C, P) #ERF
RRBRGR o

WA R AEHIE T TR =R AIRREIZ © 0, () 1a1FEdo (0 fH
180° -

8k VERII ST 4 (Sdelta” 2 o (Sepsilon” 1R 1fi0%
) s [“mu” 5@(“‘ ¢TEl (reducedmass) ) 5 p (“rho” > BTEIF=) ;0 (“theta” >
£1) 1 A (“lambda” 3‘77‘5* :?t?“@w
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AR W R B A B B R B A A S R AR - PG
HERIRARAEEIN TER ) B o 1 ERIRRR R HITT 2R
A-IE B A5 A TR R - T RN E BRI A - BRI
PG RFE RS - B T KB L )  APEAER T E R LA
Oy FRRHERYE B O e R (8 B R A 220 - AR B BT
EAH AR R R T G - B2 AR Uk - (EARE —KE
RREVE R PLARIFOEERZ S - *BANRE R E A - A
At E M P E B L DS EUEETT - BE O ISEmE B Y22
] > BH EhA R A58 221 M AR E B -

B G Sl P B R o T A e 2 R T A — (AR PR - AESE RS —
8B RE A BT BB R0 » FRAMHB AT DASGE AR - 59— E B E S Ji
B3 o fEEHEL > m/m =p—0 - WAVKILLEL Z G2 " B Eh1T 2

3 HE

TTRPUER/ N TS TREYGE ) fa/a,, =1/ (1+p) - TERERE
TR Hlp K > fEEMa, & T - BudRmE/) « f£EXERE - Hlud

9 *Bﬁiffiﬁréﬁﬁaﬁk B ETEI AL 899x1027kg Y EHE317.8 M, (M=
SRETED) o NHETELELA BpYL, 048@& =0.0050 AU » [ AR uA H* ki
(0.0047 AU) - Jshsl/ Jﬁaﬂgﬁm1yg 7 erﬂij AONEG, > AR E A ELRLF T

0 |[| ﬂ@fgl!‘
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B NIRR IR - AR p = m i/ m <0.001 > HI1>a,/a,  ,=0.999;
(BT AT LRI o

XWag la, =ulmy=pl (1+p) ZlEp — 0 ABFHEEAEE
L

0

Ao, p0

SRR RR | PR EAGEE ) S U

(=) BMss e
FER I S A (= VAL A A N E o R R O ETR
(A4,,) ~ SEFREAHEME — P 2 AN — & > — it =
THITEWE ?

AE DT ERRE WP AEMEIEIRE BTG Ry A B RS T (MR
) 1 o AENESTE E R ARHAE Ar E r SRS AL, -
Wl r, fEEENEE (HEEEANEAFRAAL, ) » BRI
MBI EE LA ES -

(PY) GRS Ss = R i
HYIRR S AR E A — K RAEEIIATE - MR R
BT RGEER AL H CRUMS RIS BT - EIHATEARSE » S8 A
WA Tl fla, 5P DURRIAR

4m?
2 3= 2

P o) ©
G(m+m,)
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SB=UEARR  EREHITE (P, P) WUEEIRE T ELE Y
WAL STRRIELE © AT ERAIINEMELE

BRSHIE =S8 . (/TP = (a,/a,)

1+m /m

i@ﬁﬂ’ﬂf@ﬁﬁﬁi W (T/T)z (alO/d]®)3

R REE R Ry B ARG R SRR AN IR IEIAY 2647 - EpEREA I —
CEEHRE R A SRS E RS2 ORI = E AR AT RN
WIBSHUERRTR - TN HA SRR > RIECASZEGH - HE AL S BIRT — 5
TERET > BRI AR R — 0k -

(h) S RH

B T EWUE TR BT IE R R R T 2 806E - FIKDER
LA E R —0 - EEE EEHIERERp <0.001 5 KR
PRI 72 BE5E AN 200.1% - BAMBAERLE © B EI — e 2
HEAVBE RO CRIESREVTTE ) HUTUAY -

EAR O PG EIAEAERS - BT IS AR A - MSERFS SR
AHEE R A - MR ARG TR RARIE - BAMCERE AN
BRI RE 2 (A SGEEKE - MAVEER A EAE K5 KIS S SR %
PR - T HARERE B AT AR B R - R IRHERTIR ) » BAMTEIIR &K
IR AV ERR - ERfE ST - NoEa ~ SEDHEERIPE S
B -

10 H= @*LH*MWJ%%MV[ ¢ (Galileo Galilei » 1564-1642) 4727 | et
e PR E["J (Nlcolaus Copernicus » 1473-1543 ) BEAE » ¥EUEEGE | |

S JARDE] RSy ) U -
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ATEBRAER L ~ ANREORLE RN ER I B B ARG - 1T 2Rt fth
BEmHPA R IR - SELEBMEARGE IR O - HiR B T RE O
a o EEERAHE LA AED) - BEE ThL, —FEEAEROR

") o RMEWAEMEER YR > MHRAREES

A E R S PR AR 7 T B R B I N R RIIRA ARG R EITT
2o BH bp~ INNDIUHEE T8RRI - A R EE SR
A/ NN L HIREEFEETT - HR e R HRZEH
A RELUBA R B G LKA TR -

FEARRG R EH h— a2 R 22L& (Pluto) fIE
HIFEE R (Charon)  EfRVEELLE p=0.116 - FIEHVE RO
AMERTE > AERHZA - B AR (%) 172
AT o "ET I - ERHEIER S o EEE ORI 0 W
H A U N5 B A e L RIS [ DTt AT
DURFIERE — BRI (B 55— EER | - fEEMIBP T - EERER
NEERERER -

= REWUER TIEHBSHER) , (advance of the perihelion)

K EHBE R AL B R B R T T FRGEED | o SRR
K EBAMEREH et - 7k AR EREE U AEPUE I b H b - 28
FRERE T " RIEERE ) FRR - EWERITENRS] - KERE
AR 5 BRI DARR B S BT R TR R AG SR - BB B b - (R
REIHACA3IIED AR

11 EVE SR B 1-92,270 2 | AR AR BV E (L1952 ED) < MR-
- BIRAIE IRV R p = 0.0123 5 TR 1S TR 89S [ -
12 BA R - et DB = RS KRR O -
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IRIBE KW A A SR (“Kepler”, 2008) » KRBz itk
THGITRYZER] - 51 T TR AIRE VARSI —IH -

Gm L2,

V=Vt AV AV =~
et c2mlr?®

e Rl 5 BT R A F B RIS A - 58 T ) R
TE1T I Ak S B e -

KRBT H B AT EE S, 599. T RS 938 (precession) §
S S ME B RS, 557, 72908 » BB 4 1.9820.0431]
Fb = 0.75% - Z2REIHE T | RUASEBYZ42 983D - SERYSEHA RIS B
FIRHIEE © 5,557.72 + 42.98= 5,600,603 « 38 T T D) | %
AT A T BRA B -

HEFESEMEEREHAT 2 0L R T3 HRER) | rEsiisd
AT © B2 0 8.65IF ¢ HhEK - 3850 ;K2 - L350 -

VY ~ ZiEEIE " RS . pE PR

KEGRMEEB IR - UKTE > EERTE - BEENELE
ATE/IMTE - AR EER - KGR ZINBEHIAFNE
F o RASNIBHEE - Seif A5 DI A s E B BRI A
HEY - ZRERER I EE T LIE a2 B e e, -
HEJuCh3E - RIS R T MR REHRE T8 RTEE AR

13 EVELR AR El@f\]’)ﬁf{fl??ﬁjj—j\ fil o
14 UL R IR ]
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& o B AREL > BT ERHE AN E EE AN EAEE o A
B0 58 T RAES o EARFTLUTRG I T RIRRRIE  AREAS
HEM AR " #oE | AEER

HAEFE R FEPA A T - A T BB EER  (pertur-
bation theory ) BRHAMZELMETHI/TEEEGELE T8, - #F T HE LAY
[IREE R T HEIRIE ) ~ YT IE -

BRANFAT R B N BUEQ » BefMan] USRI A9 %
20, (plan = O " ZHEME , > O FIRER A MEEFIER " RIEEH
) o R (0-0,) IRPARCR R R > FEEE © ERE

0=0,+0,+0,+0,+ ... &)

— A - EIEME AT SRR OIRBHRCEAE TN IR (o) 4
HFERE (“Perturbation”, 2008 ) :

0,=q,ek=0,1,2..;q,=0, (2)

AT =, /m_=0.001 » e = SAEMEHUEIIHEL R -

ARSCAN e it B R AOAIER > (B4 LERE R AIE TS 12 -

a. OMYEBHARL "I, (converge) @ BAHFEZL (1) A HIYZE

HHEFE > RAMREMISIT /T - BIAN © g RALKEE k IR A T 2
/N EEAA A RE AT |

15 & *FhRIpE- '|fIJfJB§L (unique and finite ) [EICJFAT;% 0



152 kP

b LB fE P RE IR R RS B o WA SR A
H—OMEREE (¢)) BAMA 5 HEHEHARAY B & 2 E i iR
(t-t,) FIREMRIGREURE - RIIIRSIE T3 TIRMEIS ~ B
SRREEL IR | —EAYERE

AR AT B WGBTS R 2 Ha E R v] U T 2y T Wi
W PHIGERRT - BIATHhERAVIGE S H M T 282 % - JATR DU H AT
BRI A - S8 T RYERIUE g B 7 H T 2A9H6E » oL
BT YA T 2 AEUE SCE B YRR RIS © IR - 58 T F
AAEWHNE | ARRENER AR SO BUR BE S E L - SR
e EARAE - (BAAHAERYERES © SERRAIEL > FTR RIS 2
SEIRFEE th AT REAG I U -

FPAETREREE ~ SRR TRV REY 7 > FERF 2 e EER © H
T ILIRAEHE R TR B RV HEREE 7 SEAlE EORSEM - BIANEZK ] BAY
HEHL = B - EARAE AL ROORI SR B L -

(—) Wiy g R

LB R A (Pierre-Simon, Marquis de Laplace ) 1%L
#EH (Joseph-Louis, Comte de Lagrange ) #{{EAEZEME mrfr (L > ' fth
HE RSO RN T 7k LAV SAemER - e I
56 0 HEMEZAEHE - RO R T REEIENF CREEJIE)
BT —Ehs B = o

16 ﬁiﬁiﬂnw—lszn CEBIEEEF AL (1736-1813) » B AFE fok !
B -

17 3P RY flhttp://en.wikiquote.org/wiki/Pierre-Simon_Laplace « { ~#{ 775
”(Mécal?ique Céleste) ) =HH T8 ;5 PIATEAUHF FLEL1IT99F LN AY ST & A1
G126 o HYSHRIE[1825% P4y » M e e
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SHAEM D TRARETBRART HEMFTHEHER » L LE
TREAETREY ER? |
s TRT RAFREMEER -

BRI B EFEHE D TEER LB AW ERT | BR
BTHAEN!

AR R R L TREE o R eh kARl B R A BT

CRETED 2% 2 AT

FEHT BB AENRE

FRA] »

Ak — AR o SR BB T IERIRARIE ) o BERRAE
MR AR EREHER R EAVRERE - RIS B H S IR A5 A 2R U S
freEwme  RAVEEE TR IMTE ) itk BEMKRE
A —T -

RLEHLT 8 N ABHER TR RE T ANEREANBE - MIFE -

HAVTAM ARG FHELBEGR » FlFRGE o e —1x
BRI R RARNG A mRART A MY
PiA 4 SR e B RAR AT A4 ST T
TP EHHRE—FHEAKL  Ew il SEFRTLITE

Foo M R B ARG LI C R HIRZAT ©

MR BB I AE R E R (hard determinism ) » BRAEHATALE -
P b B AR SEE ; RIBEAE —Sef i B R B Grss. (=
) 2 AR DB ERITEN] - A ATIER &R, HE
(EREIIENNS
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(=) SREhPRGEABIA 2

T RRRBE S 7S 2R B F R L o 178 14F - K
E (F. W. Herschel) #3 7 K52 (Uranus) » "{HEFHE H A ES)
BRI 2SI A 722 0E - SRR TR E T (J. C. Adams ) F192: B 9 ) B HE
(Urbain Jean Joseph Le Verrier ) #R&E 5 —REARMEEHATTER S T K
FE 5 U E MRS EETE - (SR T BRI o WA
PR SBRR A R =4k - R E HrERIER 184558 B TR » (R Eh iR
PEBLRE P FORERS » FARAE 18464 FH L S04 - 20 ni BT BB HIS
AR B A » T HAMR AN A Rig £ (Neptune ) HYHE[F]%E
BA - R EREFHARTEI ARG A - 5HET i
FCA =T T 2 YIRS - &fE (C. W. Tombaugh) JRIAIMAE 19304
BHRTHEER

BEMEBEEE  EEEEEHELR/)N - RAREGREIEHES
thg RS 2R R B i@ (International Astronomical Union ) 7F
20065 K E R R IBIT 2 - AR - T H. - SBEABEEHUERTR
WS SRR - BRI TR BB S L B BLACAEAT

RS 2 A SR THI ARt B 1 i R R 3 » JFR A ST
EECHRER DUR 1T R HUE PR E R E R WUEFRAIRIRS ; *(HER b
ERRLSTRE » Fr DA S A £ R PUER IERE - SR {ERBLE

18 FRRIT! (1738-1822) » BT U= 225 o

19 @il (1819-1892) ; #U (1811-1877) -

20 Evo REPS IS s R pORL s AR 'F"[[[U"JDE?J (Johann Gottfried Galle »
1812-1910) «

21 I (1906-1997) » ST S5 JRRC BF2255 - [ A5

22 R RRURERS o REE (Ceres) AIPFST (Eris) D555 TG, o 2
G ~ = < §8 3 (2008) o (BRECIFE A MR B[P ) -
(CRNEpFER) o 214l > F1197-221 -

23 4 fﬁf?‘]i%?{lfiﬂ’ﬁﬂﬂéﬂﬁ PHEr— W e ) (Titus-Bode Law) ©a, ../
=38.8/19.6 = 1.97 - FEH 2 IO - 2 4 - 524 (2008) = (GRS
PR AN RO o (NSRS o ST F1197-221 -
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F RIS 3B R B ATE AL B AT FEHIAE 2= AN E] 130
& o RIMAEIE 2R B - DIPREERIGE AR E 2 S
Bl HIR G RS R AR T - SEABUEE R R B R INEE T
BAMEEMER R - BT ER R T EYEEKED) » MEfEET
BB R RER 2R > B2 E A DUEI0fE L | (Lai, Lam, &
Young, 1990) - %

T~ IREBL% - WIERLE (the butterfly effect) Blitjg

(resonance)

MRS ERE R (BT IR0 FEL - A
(R FMRERESR - EAIEEERE B SR A M AR - P
HIFRE 2 DA 22 - ROE — BRI R S REJRER I S -

RS TIEFLAA - ST E HAC 2 A1 5823E AREERT - A
TR S - R - R 7T 2R REER © IR RN E R
JEFSRVE L > 5 [ 7RSSR Sy - RUR VS AR SO - >
ASCAREE H— KR R A BRI CHZEAT B A AR S (KA
PELE RIS - AR - BT E IR A/
ERHTREHBERIEE > FIER AT -

ﬁ

24 1690% 1840°F [ifia = B Uil 2 s 3 T o B 4E5950-10093F) » 1=
B PO IR (R jgﬂlr B RIET IHFM 00097 F I ] AUz - I}‘F[?Ft fi' 524
Lai, H. M., Lam, C. C., & Young, K. (1990). Perturbation of Uranus by Neptune: A modern
perspective. American Journal of Physics, 58(10) 946-953.
25 S FIFOR AP RE TR 0 R 5 R T
P%’J TR R S b1y 1|LE£[ J['I'CW” r Pﬁ '/*P ° ﬁTA B ZG T A rI
FUJ (reductlomsm) =4 ' i J[F'EJJLI 20 TR (hollsm) et ERElige
BT TE ;"'Sr‘ggij jﬁf[lﬁlfﬁu L REEIP F'ﬁ ’?fu rrE,[fk
H&ETM [NiE ’7‘7# e
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(—) WA S

B SG IE TR AR B A 2 R 2008 4 5 AR i B S Bl - SEBISR
SEGAIET (E. Lorenz) ° *flIfE19634EH] T WG | 385 [AAWS
ARSI AR E 5+ e SN — B R R A R R R %
PR - MR ATRE® S [HEF S Rzt - T A BEIMYILEMNRE A S a2
MY o WMGESOEAEAEAE IR ) BRERHIER - BRI I ASCHIE - M
SEH AR —2EiS (Davies, 1995; “Nonlinear”, 2008 )

FEEAEE - 7F T IERR B S, B0 TR Ry TR ) fAYJEsE
ARG = LUK ~ SRAE R X-YREATAG I BT A 2 — R B » UK
TR BBIGANE TIRRE L 09 (0 TRRIE ) RIS S R REE - 3T
LI AR R E T T DU SR BB - (R AR M TR e TR - 5B 2R DR
T RIRE Ry H B TAE TR B 5 = EAE R TERY R - HEF 2 g
& TARARH ) FRRRIERT - RREME RSB AR M B AR R BE - T H
15 SEB SR 2 A R R MBS I TE R R SRS - th
FFEASCPTRT FR A T B 2 R o S S B vl LR RS
TERYFE T RS EE TR R % - HEARTRAR MR SRR B 2R R,
B NIIEERES] -

HAM HASRmiR i SR - BRAN{ERIZE[E (phase space) HTRH
ROHIEHEEE PR 4() » TTERREA()

| A@0) [~ |A(t) lexp A (¢-1);  2>0 )

AN TR EERIEE ,  (Lyapunov exponent) ° 2 1>01F &R

26 Eﬁé]ﬂ*‘?(l917 2008) -

27 AERIRLAS {x, p, 2, v, v, v AVGRERfH] o

28 35 PR exp () Fee 0+ [NERF(OE 0 R+ T AP -
( Alexandr Mikhailovich Lyapunov > 1857-1918) » g4 -
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HEIRGHIRERE > A(OLURBOE EENY - BT AT DU A( )RR R LS|
HEARRAE © PHAGIRF ISR 2 P REAH Y - (BAERFfE > >+ 1A & A
FIAN AR RIHY - IRARRIEGT RS IR A RS - MYthEE T -

HERS R R TR & EROP TR & - (HEER B AR
ERBEAEAESCR MIRHRRAVE R - A SRS SRR EA -

B L R G 2 AR R TERY — B 25 38 - AS ) EREAY
TEAE R~ TRENERY ) - BERE AT R A AR LR E AT
B HIMERER - B LT LSRR - AR B RoRnE
Z o (AR HERMEEERVTRE - BAFIIARNRETRIREATIGZK - LR
AL TSR] DA AYEERE o BB URN = AERT R TR AR ok
SETERY § RCHLUDEL > At R RAREL T |

(=) WUBERIE "3, Bl%

FRAE R R ERE " ZHGRE AR A IR i o fE
R rIREFRZMIHY /T A (Lissauer, 1999) - gt " =3, M5 © +JL
TARC R SCERSRNEER 5 S RE A — 2B Rp 1 5 MMt i uE R & A
RLEY TR ) o AMHELL A& T IR RS R 2R
RIS (Dutch, 1997; Murray, 1996; “Orbital”, 2008 ) -

MFETT 2 AP (1), P(O}LL ($650T) MeIEIABLIERE H hemiins - i
B ERT: T=m :n o [im, n#lE21IEEEH > HAZ LR - J
nT=mT,» ifi ELAERST

t=t,+knT =1, + kmT, > F IS EREH -
TTEP MG T knZX > 1T2P WIAFE T km2K > {P (1), P ()} [EIRYAHERR
e

P (1), P (1)} CKE) —#% 1T2(P, PIRVEEEE CRED Bl
kmT = knT ZFiAEE - 472t (KRB0 —8 - EFEE
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PEAYSRIE S [ ARl > SR LRGSR R T 2 LRI O R A A

MM5E -

1. SRA T a8 B v F M i BLIK
2. B dHegE s RN RTIEARKZERE (RHFZ—) ¥

REARAIE - ATEH A BEE RS L REE -

R B R R A S I S T ) |

AR E A - BRI T, (ARITYEE
AT T EAEHR IR RO 0 — 6 E
FOIEIIE - SERRIGHE AR BRI ¢ K Ela, « L S R
FERIEE LR e A EIIERTIEIR © AIRIZUORRA - (HBELK TSN
BPUGS o BELSRATRS - HUEEAE - KR KRB S BT -
FRIESIT I AT HESIT - 52 1 BB AT B2 -

B RANT R B R AR - AR E R
BAHIPIERASE (317.8M,) « 18 (95M,) ~ RERE (14.6M,) F
W (172M,) -

(=) /MR "L %

HEAE K BHE GEEIL.88ME) FIAEWE GAMA.864:) 2
B/ IMTER (asteroid belt) » 767 LAY/ IMTEBEDIEER - »
{E18864F » ELANN/IMTE HA 10088 /45 » F2BIR SR F 5 se i 1

29 E[2008 ¥ o S FASIGS L FAOPIN Tl BT S R D12 R
it F1-2F (4 (“Asteroid”, 2008)
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(D. Kirkwood) {EHEKRFEEH/IMTEIFHEAIF S AR - 10 HI5
HE TR REE FHUE B R BUE SR AR AR AUAE SR © Y AR OTE BRI
AR TR AT R o FEBRBRER TR A/ IMT A - EEIVDE
RIFANZES—1 R[] 5-1

&5-1 ol AR 2o A3 (11.864) sk

BEEPEEE | REHMEE | ORE vy ESRII RG] H il
25AU 3.954F 3:1 Alinda/NTRIGRFRAE
282AU | 4744 52
205AU | 5.074 7:3
3.27 AU 5.914F 2:1 Griquas MTSE R
140—:
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—_ 100—:
= 100
]
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2 ]
% 60
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20—5
o

£ 5:2 73 2:1
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a (Al

Bl S-1 T EEE 5 e H

30 Jud il (1814-1895) o SEEIEITE & A HL Ju B 1 MR (Kirkwood gap)
31 Alinda’] % | 5% » B55:0.4-0.65 ©
32 Griqua’| 7 ghE > EEeS>0.35 -
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KEBEEREA  B/NMTEEAER  HORTEr2RE
HFTRERE/IMT B M TREL, B4 ITERAEEIRREYUE ;8
B L SRR il AR B A AR T R (B
HIT0.07) BE R A2 HIMEE - XA ENTEEE § B LR E
KHR0.3F » /IMTERILKE#E - KEBEERSINEEERN/NMTE

"HI L A A/MTEME TR - 2 KRR R ARG 2RI
IMTE - EREAZ B ThE ) BIMTEERRRERY - BRI
HER » SRR R -

BMTE (). Wisdom ) BH$E THT /71 5 BEREAYI R R BIAE3: 1 LR
R (R B E A A AR ) 1Y 2E A B AR PR P 1 2 18] IR SR A
By SR R Rt - HAMT RN Rl EEENARE
M+ 2AYEE) - AE R -

(a) (b)

B5-2 MTRARIET  RAMEEE o BRI BB 0 BT
AR ERT] > BTy o EARREEARE R 5 RN 60 AR B 55
RIBRBK B G BE 5 B E R ERERDMTER -

B (a) Z (b) R&k—18F £%E2.5A0
Al F 3] 02 0.48 M MT B HiE o

33 XPIY PRI RO TR ] e k2 BURERL B
fpr ] o

34 SGEEE L B EEE AR B, FRIWHPE ) (secularresonance) ; S+ [l Ui
F3h ﬁ'[ﬁJHfJ*Fi Fhu, TRPJHPR, (“Secular”, 2008) -
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FERE S e R (2.5 AURI3.27 AU) SR E/IMTER »
B/ MTREEAEEREAIRSERE (e=0.4-0.65¢>035) » HHEE
TTREF G K BRI - 2.5 AURRFRRT 5 Bt BR R4 1 R © fEHREEY
Alinda/ M7 2 GG HEGERET R fEaY -

+ 2 (Saturn) BY-RP4JEEIA# (Cassini Division) » Bl + ff—

(Mimas) F1-4#= (Tethys) 53 BIFFAE 120114364k - AHEAZKTF
TEERFE PRI Fr X P AT B IR i T H B R - T BRI A
MR FE - B3 U2 F R A RO ER YRR B 2 2 i B Y SRR - Tk
BER IR EAHRIRL T - RERZINNEREEE (T Tyen
=3:2) » FrER 2 EHE (Lissauer & Murray, 2006) -

7 FHEDHBE/MIR (Trojan asteroids )

+/VIHACIR I f7 A8 B H Rt 7 — 2 = BaRlER R Bl - By
ROl R - TR R ERERE 1T 2R AR -

EE#EH (S) 172 (P) YuEsHAMETE (P) WATAKE
RS B T8k - MU T RZ RS EEG . (Lagrange points) - ‘EfIAIAR
AT R A B2 YVE o B ER Y E A DU P— T - AEI S
FIPEF » Hh =% (L, L, L,) {ESPRR L P AARRE - B ERYE
FEIREBHE LA Bk - HR FRImRES (L, L) MIFTAHREH
AR TR E o BANRATAERE 1 L {F ELRR AR B SO, SR > BdffiE
A0, R > TTH£LPSQ = ZRSP = 60° > HIl (O, R) & (L, L) °
(FlE6-1)

35 Ly, P,L, S, LI BHAE SL, LS SP, SL RSP -
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P

Bo-1 REENE T 14974 10,0008
TiFisRR TR & (L, Ly) WESHIE

hIRS B H B i B R AR R MBUE | - RCBREEH
(L,, Ly) WABSHEECAHE T2 B/ RS - HHRFNELLEFA
i & (Homer) SEFFHAVRHS BT R4 - G T RIS
TR - KEMEEREN (L4,L5) A/ NREE - EMEE
i T RSB IMTE L - B LATEIT EHUE REERE B/ N R
% HEMERERE - A A B EARRBEHTE © 2R
FEE EAERE M 2 — A G/ N REERUE Bry (L, L) FIEh
BT -

56 AP 1 ERIE bt
ol Dl AL,
S s A e 1) AR 0 G
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(—) ZAREARE DY

ANTHEEER] » BE T HRNK-THI 5 7SR50 T iR
FUHEE » FIAERS0-80%4: REF T -

EBIFTELE R (Alvarez) TR 7RMRIK Y EEGET
Fek (iridium) FYEERE ;5 35388 N B FEACIA I A R K-T S 4=
REf - MR R IR ARSI - EfEa i L ERERrR
K2k E R LAY R 2 88 5 BEAR PR - — YRR BRI ER » fm BUGR
b > FeHurRkiE b7 — g Bk -

19904 » 7ESAPEEF L RIH ( Yucatan) BB ZJb (1577 KBS

(Chicxulub) AT ) - R 2 B — {6l 25 B e 22 Y ST R b
51> HAREISOAE » MM HFAYURAE AT A E B FERT A - Bl
TERZ R R AL Z I8 B KA TR T - s —E
TR10A ELAY/MT 2 BB - B JAHE Y U E B EMETNT [ 6057
194SAE1E i LR 77 (15,000MATNT ) ) o S8 EF8 H B
BTN > RERHBIER KK 3Fr 136 LRI ESE KB
WIETEARIE « IR A T - HEREAZ TIPS Eavkie - LU E T
MIREL (“Alvarez”, 2008) 5 ZABERE RS 45 M T TR
— 5 -

FRE/IMTEFTY - 2RI AU RE R A S S 1 I 2L B ) A 18- L
HREE - NHEARRSIREIE 5 - E B EEEIEHERME T R T
e ? AT RHER FURRR © B SHE—Ff -

37 pgp;ﬁa—?ﬂ} #cl7é18 ( Cretaceous—Tertiary Extinction)

38 L. W. Alvarez (1911-1988) 3 #rpl =5 %7%1968%5[?%%”0%@}@; F1
W. Alvarez (1940-Z75 ) RLEYETEH o

39 S 6 R RN WAL TRV (tail of the devil) -



164 kP

() o s AR A8

2 5VEAERT - BRI B B i AR K@ (P-THED ) -
96 I HHAE VIR T0% Bt -E IR LRGN R 1 -

200645 H B 2530 Eq it (Ralph R. B. von Frese ) HiSE[E A
ZEREE A A o 4 AEBIRINER ER R 1.6 LR R UK N o BT
— A B L4802 BLURBAGTHEES 0 ik i AH (538 2 BRSO /I
TTEEBRAHEIR - FBG R 7 RREN - EEA 7 E R R B K RE
(Gondwana) ERIMRHE  BFHWE T AIERIE RS RIGEEM ~ JE
N~ BORE ~ ORI AR N - SEH i 7E 7 e A7 1EME - MR — 2
e

A\~ KBSRITEPUERE REURK (“Formation”, 2008)

R RIR R A - HEH AT HEBE AR IR T AR © AT A
HEAFE RO R - AT DR AIRAIR SRR 2 R - BEENE
AITEBRRAEIL - ERIREAIRK - B LB tEn - Bk
= RHEREE - A SINLIRS AR -

BRAR WIS iR 5 [ IR TR SRAE/MT B A Fl - BOUERBGE Tk
B EaAgREE RS RIT 2R 2 RE ? AaEEE o FIH
EHR - WA RS RE RF R e E F B n - i A
B/ KITEAKE R - RTET - #Eaw L ~ AR sy — s
G HIRHERE ? © BEHIA RRIG 2RI 7e BB - B/ Se BB BT R

1]

\

40 Al — = Al e (Permian-Triassm Extlnctlon)
41 ﬁ%@\gy%u{ﬁi[ﬁ 28 Py sE [é}iﬂ;’“ﬁ—%“'ﬁ F BN S 2006 5F 55 S
fff 20067 a?“ #13 (The Amerlcan Geoplllyswal Union’s 2006 Joint Assembly )
ﬁj o
42 ijﬁgll“"r WA RLI] = 2 =Y 225 L1 2 (Johann Daniel
Titius » 1729-1796) ﬂl}’L%ﬂ BB IR 7 R0 (Johann Elert Bode »
1747 1826) f9 &4, ?t PERGIROES o g**j;&ﬁ] (2008) - ( &HE-
IR *“ﬁfﬂ%t” £§»> ( kﬁaﬁ%> ST > F1197-221 -
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fRHY - FEARZLUSMYRE/NREE - BR T £ 2 DN AR TT 2 1

(L,,Ly) fiRsBIHBR/IMTE - R FPEHYCERATRE - B 1E
WERLSL - AIEERAM AR 248 (Kuiper Belt Objects » f&f§
KBO) » LI Pt 2B RS AI5E5E (Lecar, Franklin, Holman, & Murray,
2001) -

BEEEEUR - £ KB RITEIE R - R B i O
BT BN B RIEIGE - BN T ARG R AL AT R e

(Lissauer, 1999) 5 £33 [ F 3R 5 A SO R AU oA B0 T 22 O S
ElA1534fi (Laskar, 2000) -

BT B RV RS - SRR A AR 1 1,0006% L
Rt FE KB R AT EEH BB (Sussman & Wisdom, 2001; Murray,
1994) - BLEA ATRGHE S - BB/ KT 2B LB T ARG 2
FRRMFE - (HEFAER AT EHE - REBITRAN GBI RE
(g T AREL ) T R M AR SO EMBUA REITIRGE - e ik
AF5% o G pRiEZE THkE s » FRIER AR RS0 (“Formation”,
2008; Sussman & Wisdom, 1992) -

{H20084-4 H Hy— i S B 7 MflE -R GBISE (Shiga, 2008) »
HURIRMTE BT DHERY - A2 RPVENTEFERAEREAREK
g o SRIT » LB 7K B BGE G 12 %0 T BE M 488 i v e 0 SR A G [

(e=0.6) » “ESABREAPUE - EAREL - FththEre B sifEs |
L K 2 TR I ER o

MEERANGT - AR TR > KNS EGRRALER - MEEIRD
SEERE AR BAE A HIERPIE - H B PRI RS T KR B SRk
R REUAHRGEERENR ; BEEERZ T  EREN KD &2

43 RPN BIEPHALX BT (Santa Cruz) (UG, Laughlin 1 i
Jacques Laskar °
44 i hle=0206 » FEEEITEY (e=0) -
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A NEE AR - BT GEL LIS ZERMHIRE > 5
M ERRIE > TG H SRRy T IRRE IR 0 —ERTRERY TSt
AZEN - ERUEEAIHER -

RN BN A MT 2 05A AT REEfE R > HEANTHE S
R — - HRAREI £ AN &2 R ORISR - TR ErE H
Ry V)L BRI -

Ju ~ BiltIRER]

BATHY SR B R 2 — A f iy 2 B igfE 2% (barred multi-
arm spiral galaxy) » E &5 100,000064 » B T FEEERYHRETSH -
PEYIFEERI R 1, 000004 5 thAb - AT v R I A ATERGIR 22 IR 1l B R
ffi » BRE200,0005E 5k kAR (galactic halo) -

PN E kTR N 5 SR EE VA S ST R S TR HE
26,0005 F PSR B R UL e - S ESERP2208 B (GE1 AUZEAL
8K 5 AEDEHFEE, 4004 ) - R H#2.25-2.50(84F - it A PR
& REBRERET20-25K T (“Milky”, 2008 ) -

TEBI R SRR (Reinhard Genzel ) FSEERIT 2 2 H LS TR
EHHED) - BB EMRE - E S5 ((2.05-2.85)x10°M ]
AT 5 200856 F » K] EL S M8 T HEAY B GRK R SCHE o BRI ICE P
BRI - FTLVERG KRB LRER R 5 BRI e - 78 e
ol W s A B X 1T LRI e S AH B G - BRI I g BT B
AIENEINI R - SE 2R RFIE U T BRI BRI E - E3
8 M R - AR RESS HE BRI SR 2 SR O SRR R - &

(S. Hawking ) R & 7 Jy 209858 & - H#E B B 10 i A ss
(I8 -
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BAE R ERNEEFRATRE =8 EE AR ((6-30)
x10"M ) AHEA U —/ NI R BAMReasn TR EWE o fhEEE
AR HESTEAT IR TREE ) (dark matter ) FU52E ] RAERY
TG - mRBI R AIRE YV E AR 2 R S R A 5

KGR R AT — BB AT Rm A TR © Ty L P RS % i [ A A
GARAZAT 35 LB I B AR P E W ?

BRI il

TR AR O] DL A FEAR R FEFR R o T [ DA R E AR - DUFCES
OB fEREY — (“Conic”, 2008 ) o %

r=aq/(l—ecosb)

e BBt 038 (eccentricity ) 5 a2 FHll (semi-major Axis) » agMUfi#
PIEHESY (semi-latus rectum ) SEHE R EEE]HhAR - BLY il SEATAYRR B
HOWRE - q EFERE0=Re 1800 G BERA 8

B B9 AR e=0 > g=1 BN TR e HE - B
e -

BETG RS R0 <e<1 » g=(1-¢%) © EHTIEMES - Hrp/ms
fry— (BB B 2 -

RTRF Be=1 » g=2(=1+¢?) § TV — (RN, - BRI,

By A
B e

45 [~ {EZ WP x = 7 cos 0, y = r sin O [0 AR > i TR PR T AR A
MEEN oAy A5 R @AY (x-ae)?/ @?+)* [ (1 - =1 o
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BEHhERIVRF IR e> 1 > g=(e>-1) : ERMELR: > HrpA R

BJCRE A -

-6
BAl-1 — ki

HAM ] CAER AT 2 i SR & ORISR SRR 5 —(E (eSS
EAVERE AR — (AT E IR B R -

A LR R EE MR AR A o AR
TR ARG » LR 20 > BIXTHE S (coincide) § EIFHER
FERZ2b » b=a(l-¢) *BLYEIVAT - BEEIFIX-—ACEZ(-a(1-e),a(1+e)) »

Y5 EE(+a(1-¢%) =+aq) °
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BepekI1. IIEMECH] (Dutch, 1997)

BRI R RIEREA

HBRAS HARE AR - RBAh3e HARE AR > (EARS A
B > AAERIFAIHGL -

BIELE HRL S RA TR - BERIHER > (B REEIE AR
PTG © WO N RR 2 S e
RIZEER -

EMGRMATRE - BRI - MR BRI E R R A - (E1T
Fo /SR DATEH -

B 111 JE g AR

R BHER Y &

HE IR TREANNEEGEREL | 172 BRI EEEEL

(orbital resonance ) flan = AMTEEIAE | Flan 0 R 2 E B 3x=
11.864

R R TEA CHW: /NT I ITEB (F140 0 £ 2)

B EHERREEL | T H R ERE

H e —#uE ik HEEE ] INEREE
(spin-orbit resonance ) | AN+ Sz EHEGEL] | fl40 : HZE R
K(EDE K[EDE|

* T RIASIR ) rEE R R IR 2 KRN AN T AT R |
FRPHEE EEN AT - BEURE - 2 AR RIS T /IMT RN
H/NTEEE S BRI R AH B R L R th nT RB A
30 AULIYMYKBOZREI AT 2 #iE o Bl 7R IE AR (Lecar, Franklin,
Holman, & Murray, 2001 ) -
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h(25EH

L BRREE ~ Tokif ~ 2E (2007) - CRERBGmEIZER) - (K
ERSEmRs) o A3 - H133-151 -

2. BRORHE ~ oK ~ ZE (2008) o (HEEIET S ARIE © KER1T
BHHTES)  CRELEGER) - 584l - H197-221 -

3. BHRHEE - AN~ TKE (2007) o (HLLERTERGRREL) o (K2
) o B2 > H125-149

ez EEH
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BTtk (F) - B ~ wetdlt () (1997) o (A-lHirgE -
HEARR) - 5k - AHEE R R RR A ] -
(HEEA KGR EMEI A BRI - )






SUAE ~ REUESGE ax #U

BERLE *

PHZ AN

—5l5

TR > BEE LR BBz il > P e St Bk
BRIEAESLHINITE - 3 2 2FHLOUL e S rh A RS - Blim
FUGIEIEES - BERESU BRI AR RS T T TR > 8258
REHEE AR FEE R RR A A IR EENER -

AR > TWEHRHAE > MERRSE RIS S ERINTFETS 18
J& - (HEWFER BN TESES TS RRE SRR - A
SALAT NS E AR R T3 INRESETEIIZRA ~ R
gt o Folth > ASCESMEIABASLRIBE R EER > DU st AR
AR ~ PORRRTRF R T TR RT S e SORRAET T 1 383 - G DURE R R -
REEARF RS > BUARSESLAIPAA ~ FERY R FLEOR BRI 5ok
HEMIBRIELR S - A ERe B PRSI e TR -

AR Ty AR+ B RS F SRR SCHYRGE B A
5 B AR BGEAT B S LRI R & B AR - DUER TSGR AR b

oA PR -
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W~ FAVEAR R EREE BRI RE S B  —SEm S
J& RSB - RS T S A — BRI ~ Bl EL iR
b B AR AT R BRRIRIE S SRR - P ERE R BBy
PR EL A > WAEREEERE b AP TR E B ARR SEEAH RE
RERTE o AR LR P ER it — SR R AR B SR DU HITER
BIRE ~ LB 0% ~ SULELR SR B LA AR B
FERMIBATR - DU R A ERNE I YA A A AR - Glam 1 ARERSET
FEIERE - BFE RIS FEE AR - MRERRWEZES  BAH
SRR 7 RER AL R Bl R A B IR % f5 KBS ERTE A F
SRR RN - Sl R BRI A B RSB AERL -

BN & (411] P v 2 i

(—) BRIt

RS ? BIRAMN R E E L HELT TRz A i o AR M E X
Al RE A L - R 2 » FAEL9524F » RBIABHE R wEMH
(A. L. Kroeber) fvehisayt (C. Kluckhohn) Fi¥$f18714 219514
e /4 A B SRR — B ST BRI E 21T T #E AR B BR ~
il o AT B SCIL B 25 HUE SRS Ry DU T SRS [FIEHAL (Kroeber
& Kluckhohn, 1952) :

1l PR e 28 - Blan > B AR5 R (E. B. Tylor) #£
(JF45321k)  (Primitive Culture)) —&EHalky ¢

ALK > LR R BRAREE AN T > A — AN

B GiE Sk 5P > Bl s R BB ARMESL —
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1913) - !

B E AL AT T BV S A S 3 0 SO R R R i o B R
A T A BEBE YRR o AR Bl - ik & A A SR
TS ©

2. JEMTER E & - s B Ry & o I R E A E (Park &
Burgess, 1921) -

3. BlTERE R - sEi b2 —MEAR AR - BER
HE IR S fZ 8 (Wissler, 1929) -

4. DEPERE R - SRFULE RS AOR ~ ok RE AR E BRI DL
B NBEBRACREIHIEE - 2 —MEFHE - BRENEEA R -

5. RMETER E S - RIS LR SR8 AR IR R AR TS = - A
RrR & T BRI MRS - E BAATE—ER A R AR R B R E
o P P R g o

6. EMTERE R - SRF LRI AR AR BAE - [RIIRFRY G
AR~ B B~ B TR RS

2 e I R | b= () LTW R R -5 I v T B (T N
B — e (R, Williams) S@siEia i s bR B aa s - ¥

Tt WBAE ST THREE o MER kR - BREARBIESL » T b
iE—fhraE L EAE = (A R R ] (Williams, 1983) :

1. Bk R Bl i B - 45 HE RG> SUeEl Rl T g
B G EAHYE - B B T ARG 0 UH 2RI

=
pual

EEA zﬁzj\ () SRR () (2005) @ (RUR [ G T K
-G G SR I 2 T RS
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TEmELEE | MR - MEEMERE L e i T HHEN
(cultured) AfMFrfEsEny "EHERY , 1HE -

2. WA H R BRI ESN ~ 1E R — PRk AL 6 T R
FEORIRREL - 72 ASCRER T » SULFIskts T —FEREE R AT T =0
SFEFANE ) Rk BNGEBE A - MmN T —E
RIRAY - —fERFAY - — (AR > B iEE s LR AR -

3. MR &AL B IR AL » AErh IACE ] T 3fb ) R ERE
FRHE BRI RIEN YB3 5 2K - AR R L - DU alss
BAEOGEIERE - BlYeE - 8B ANRERR - S ABAHEAR
KEREE -

BURRIRHTRE Ry - By —RsU LB A A EE - EEREN
SACER G A ZE BT B Lo S ATHR I s HERR I T — T
AT -

TEEEREH » T3ty 2 T30, F Tb WSEAR R - B
TR T HRBER Toodb —EEIEER - FFE (RIUET) B
T30 ghE  GAISC o GEEIY TS0 RR A EE AR -
(G#& « REET) BA "YMERE > TEIS - EEW T3, AR

Bfi ~ EEMAY S FE - TERLERRE [ > T30, SRR A SCEERN
AR TGRSR - LT EL AL Ry S SRR S H S 5 [RIIRFFE R )
AFsfEe - BLAEEHISE ~ 35 - f8fT258 - a0 (i - ) e - R
# TaadE/\Eh  EE > DR B R TS o el -
Z) R TXCERRE - SORELT ? Rt - REEEN G
BARAHTCH, » | SEERY T30 ERESUENER - AREIRILTFE
BHEFE TR ~ BE ThRTE ) WSUERIR R ETRE (2
2004) - (iigEC « S530) HRAREE T iSIRImAE - DI RS BRRE TS
et FHth -
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"ol AFERS ~ ARk~ E L o GRIUET) 8% "L
THEZER "B FEemsk - e T e AELL
REAETETEENA - AL — ANTF55 > BHEMIHA -
GHEy -« HEE) iy TEm R - HAEmE, 5 GERC - PR iy
AL R ALE 5 FESRT T o —REEYP B E S
o > RIS R EI TEH L - TRy —THRES) - HAPEE
UL - Kt - "ML BE T —EARAEE ~ A~ R AT
AR (R S 5228 T S WA - ST i B — 18] et A ey A Ry 218
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HE s TERNZIER N S fEm R ey o MLl B 0 Ry Nkt
SAEAEL  REINEE =5 (G - #HEENE - ) i - T sUer
i o DMK -, (CGE - A =HMUKEF—5) ¢ " aiE L
B BOUELIZEE - @1 T3t &R TR ) A
£ FORAMEERIFRGEN TSR EGE -

F BRIl ) —FHE TR AR TR 2k
IHEEEE > BLUERIIN ~ TR MR G SR E R AR &l > 5
HREB - RBURE TSR - FEF RS > BiE " Ul B
Fo—MPwa s ~ SMETREIIZHES - IR9E (RRig) AOmeRE - "X
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o, —FE=fEE - H— EES LS e A & L E
B TP AT RSB I E AU TR E AURER SRR S 0 UER
RN EHYERIERE - DU B 2 AH S A i B AR A - > 248
— AT o = fE B Uk S AT E R SGE R LR - A
& TaneAkI , Y T ENLZE ) EALTER o B R T ORE B
MBS SCHE AR " AGE ) - SEEE SUERIALE @R © Kt - el
HEMEEE " AL, BT AL, RASE A S E IS o
J& ~ M ~ dog B ARMES TR E S EEAEE -

() B SCAE
A BREREAFIAER LT 7088 - HrhisH RAvE 0 Ry
FUABRE AR - BEEAY "3l BIEAZFTLUR ARIEE L
Vg > FHHR A — B - Ak g Bl 5 AR SRAOAE @ - AIA
BT AR A T HORE TR BZ - BeEn T
BUE S =P iy il R ) SN e S
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FEYVE SO > SRS TR S T ASHAIEAY AT HI R ~ REEH]
JE it~ BT S FEUE I RE GRS - QBN LAY
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AIERFRG S T £ - b fafent & b1
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JERYHRLEIE LT ~ RS eI S BIEEUER R T BRE &
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B EBEERUE B ESUE ~ FESHERREMSULE - Y'E
AR AREY R g AT RS R A E AL - DUk BIEE )
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BEMNTB ~ TENTTES - BIESUR AR SRR —E K
it & B AR HYE B E Le B fRE T T R A RIRR R 1T A 0L — B A A
F o S B sUE  BOLGEE ~ Bl - HER P RBFEAERI X
b - ERMARETRD © —REAMOLTE LA LR ~ LH -
Bl BENESS ) 2R Rt - wiHbry BEE TR - J
FEUC TR -

TERNTFEEAE T - SBE LA R R R 3 - b Rrm
SAEAEAA SALSE (s Bt S B R 3RO 3UE ~ P 3XESE
TERR I S W o A FIBRR IR SCAL 5 TSR 75 R DA S L
o o S SAL RIS AL SE + fR sk H S b Rl 5301k
TER e st R B R B LB X
b5 5 (EERR A A B o B SUE ~ B b ~ BB BRI
AL -

=~ KRB R

(—) MHRFHBFRGSEBEE ~ PSR B8 i

H AL ALK > BEg S bR 2IRE - At
THARBLE 7 — R RESENTFe S - ARSBEEREA R A EEAS
LRI ~ PORRELRF RS T T3 IS — L8 ARGERIRCR

PRI 2 B85 L R KBRS LT T 1R E - dEPR HRTEIRE R
it {5 BT o e B S U E 25 > AR ER AL Bl F i SC
{RRER - R R ERE fEAH R b Lk S AT A B S s A E 7 = - Bl
BEMKIL (2004a) §2%y - REESEEH Ut ) B EARIAR > {2
ECE B G AL R o T ARSI AR ER H B RV EDE ~
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FOEPER AL - BIfPESE (2002) §8Ky - REEUbE DIKE Ryl
S 50 PR Jee B 2R B R RIS - Ry AR G SR AR T
SRAHEAT « FRIP (2004) 38F% > RESL2H—EfeRint & frie
CREBA 5 AEHFIRHETTEUR BB SRR AR T - TRy
— B AR AL B H At B AL RIS ~ SO R SR -

AP BREEITIITERE - ey Dl ST ey s R B AT T R i
B2 nPUREmSUAE ~ RS e E SUEF T ERRE - #8537
SALRIAIRE - BEHRPL (2004a) §ERy - RERSUb EZH SRRt ~
FESAE ~ BREESAL =8 J51H - = FH R — 8 DU b Rkt ~ HilEE
AR ~ BEESERR MY - B ARTE ~ MHA RS ~ AHE5RE -
SE[E B AR B A RSB RV LE - B0 (2007) B8Ry » HEER
Kt > UL EEE [0 - BERNHEESRARRS - iR -~ H
& ~ BREEAIE s OE g T - RS - KBRSt mT fEAE - I - BR
SR S VY T Ao AT - 34 (2005a) 385y - RERSLZERE:
FE R ER B B0 RO ASE I AR RS AL ~ B S ~
JESTAURIERSE SCABIRERT -

A 31— 26 52 2 th 55 5t B Ll SCABREAR A LR > DURIE R E2 A {18
S - BRES TR SRR - B4 - BERRL (2004b) B8R RERSL
e & R — BRI ARM ~ SBR1E ~ BB ~ #EAITESREC
IR E SR EERRE U EHHEAE R MAEN S - TH
(2007) @8% > REBEA M ER LR EZAHE, © —2&
WA R EMEN 2 HBMIL  YEEREE - iR

(2008) 38y » KRB L@ EREMNL - EEEEREN L
BRI R A B B iyl > RSB H RIS > 2R EE
iR E RS - BEEEREASUE - BREAAFNSUE > 2R
AL FUREIEY AL o RESCALRYAL O Bl 5 B i 3R Y R B2 B S

HE
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(iR > 2008) - L&t (2006) G2k » AERSCALIER BROIMER]
AN - BFHEHEEEE ARSI EHE - LR ESUER B
DI AR T AR SRR (T 0 2006) o ARERSABRIERDL
PR E AR BEE AR B KRR > 288 T8k, 1y
MRAE (33 > 2006) - AR E AB AN IAISE - A HR
WUEE - EMAREATRREE - T8t ) WEARNE S EHBLALENGE
FHEE ~ A SRR AR B B - s ] 1 A 38 PRt ey ey BT

(EzE > 2006) -

(=) REMARBEURE UL A i

fELL_EEEERyEIREA, - AT - BER I ER 2 AR E LA
RS T —LEp R HAAEFEHIE - BEAEIITS - AR
IRTEd § ERERIIHSE S - BIRERIMISED S E R LR
DUMEZTTAAET TR © R > SRR ERT B RS E Ak e o3k
B EREEITEMZEA - R E I -

HMMweh > ERER S SLR PR AR - Al SEIERER R S iE (A
HHREAT - KRB RIH AR ~ R SUETE - —THER
G T RESIYESL |, (accumulated heritage) » B — T N E BT

FIRAAYTEE , (modern imperatives) (Kerr, 1987 )

MR AL = S HE SRR AL - HRBIREL T LR [F]
BN HETREIAERER (Peterson & Spencer, 1990, p. 3-18) -
L REHRR  RE2—EBA —RYE SR AR BRI - 8
SERHECA H UL R R s 2

1. RHAR H B 2 B HHGE RS DL DA R - Bl s SR AR AH L
RERAE Byl IR B [F) B S A ey e FEE 255 B 3 SR AU Al L
HAELZ Z A ~ AR 5 M ERE —RIIER ~ #RAERG — &
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FRAEAL YT DR H H AL N DU R B 424#ERY . (Birnbaum, 1988;
Kosko, 1993; March, 1984; Peterson & Spencer, 1990; Weick, 1976 ) -

2. Ml ax MR B BRI K HE 88 - REBPAERIA S AH B BE 1S
B4 (ARHUE ~ e 2B nEB A BSE) - NERHE
BT - EEnt e E L SmERE AR R bt g
(B BTER > FEEK ~ R HFEE R AT - 5
St B R L R T A IR GR - DIRAEEHE RV
fa e BEAN o PSR SRS S T AR ~ FEAIRIS RIS AR » IR
IR A e R B2 DLER BRI SCA L Y 2 B 1 R 18 < 1T MR YR AH R 2
BRI ~ BUREEEE ~ WBHIEGHEN ~ MBS SR )
HE S o 5o TAM DARE B (A S il K B B B2E LA - JAT AR
e (AR - MR A B ke TE R At

(Mintzberg & Van der Heyden, 1999 ) -
3. KRB RAGREENZHBAHE (aloosely coupled system)
(Weick, 1976) - FIR M AR T, - RAEL T#
L REEEIAEFAE - B IS 1 SRR SRS - BIRRERAY
FHRIERE © B BEARER Ry — M8 " PELLEE R  AR A - XIRIRF A AE 22
Zixib, 19 THEREEENRE SR o S T AR RO G
Fefel > BERELRBIH T AR MEEUIIRRE , (organized anarchies)
(Cohen & March, 1986 ) -

4. FRFH G - REENIRZHIIRIR - ANBELER R T 25 DIKIR By
B BORIHERIFHIRE - ILAh - ArARIEESEEE, - B E
JEE > AATHRIESE - BOELTERIA 2 > BoA BB R E S - M
FEREZANGIEATH R ER R R » BRI ey
SOBHERIZNY  WhhEE A -
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5. YLRMETIIEES L - BURBEF IR0 SR RoE B S iR I RHE S
il Bl E B A B A ROR - WA TR TR - RN TIEE
WRBEZNIEAG - BAERELERE RN | AYRRECRE &R kAR
rh o AR B S ST - ARIB AR B AR R E F T -
AIRELL R B AT R S AT SE ~ AR -

6. REBHEZHEITHA BNEBNIE SEEENEER - ZaEEIE
H AR E LR E E o T B R HERE T T ECRE R H A
JERIREEDK - BB EEEZRIRE S AT E —RYIRRE - BT
B B E R S M7 - DUSEAE boh 3 SR S o SR B AN [R] L L RF
Pyt -

7. R B A BRI IR B U LB IR o B1A > mEEE R
Ko~ BURIABCE B MR ~ ISR Bir PR R 5 - G5 ShHlA
REHTRAE ~ FIESERAIA SRR R -

ey bl e o BUR RSBt S A R RSB E TRk T Ik
BRI SCAL o B AR T R R A S R (B Sy I T S BE AR S

(Clark, 1983a; Deal & Kennedy, 1982; Peterson & Spencer, 1990) -
R LA - RESAL Al it Ry AR AE HL R S8 e AR T i JE
(- AR B B AR SR R T AR B AR AR T R AR AT 2 R
AR ~ BESRIRERE 28 L8 T Ry Rt MR B - BE - IBEEEA

Bas e ApE 2 (Tiemey, 1988) -

H

2 “””’LHHF ] Elrﬁ*‘*d/[ | DJ:‘“&F_ ERER P AORLY (SR = A 5F (cultural
pragmatism ) [0 o H[JRIEE SR [TRLA SR iy o PR I pUSORE R
P (Frost&GlIIepsm 19955 p.5-15) o YTETF éﬁ%ﬁ%&ﬁﬂp uY f“q’ﬁﬁbﬁi':( (cultural
purlsm) I|Jj EFEC A 1 R B e R ‘LF% % 0 RS [
RLOTEEY 5 m%;ga&d/[ » VT"]'F (Martin, 1985; Mumby, 1988) - fsed [“%L”')Ff
FITBH LS [0 LI LR R s
it el [ @@DWEZ‘WH%%@ EOp % - %ﬁﬂ'@w “Jiﬁ@rﬁmﬂ
W [SFIE) e 1§ —[HFJ@EI(ﬁ - ﬁmﬂﬁﬁ 1&%4%}&*[ F“Jsrg‘g;g',
RV IR - 1) *E'Yfﬂif/'l €1pr e
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(=) RESEmEY

FERIHE - SER DE DA 2 F BRI EL T o0 4T - (HFTER
FIRIRTZE TR AR L M IR B3 - P57 B AT T R A hT 5
IRF > BEAA SRR ARG - B SRR DUERE ST (et mAE
TS S LA RIS - 38 R (A Pt SR E R 2R -

sehzve (B. R. Clark, 1972) E#RESULAE DT REHH R
EITHINTTEE L — o FAE it RC-E TR R BETRE VT TRy TAE
(Clark, 1972, p.178-183) - ffHIRHELL T {F& ) Rt LHIAREL
HEFHERMEEAZE - RN EKEAHRE —SFEEN
FARRGEE - DME2 ~ LIF - B =R - O e S 8E ROEE
MEAREIR > WAL AR T R 8 R i A e

SRR Ry R ERMOSULE T AN ESE R RI AR
SRR AL B e B EES ) - EHERAMEESEH
B EEAFEEES - TR ERNES - BT TR
SAlE] ~ RES I PRI I IS T 1 B BRI AU - sl B A%
ch Al A (5 S 2R AR IR SR AT - Tehz reRE R H R R M AE
PR T AL > RER BT [RIRFAESE Lo AN [F] g KAEEAU A S b A
IGELTAE (Sahiise » 1994)

1 BRIt - SREES BRI A RN - RS B AR
ARERAIETE B AE A S E SR E -

2. BER A - FRTE AR B A ERS R A & B S L 5t -
Be AL D ERE AR G R BE R EF 71 > B RS iasR Bimiy
24 H A AR E B - BeBIE RIS AL BRIt &k
BEUIRE S BN R B IS -

3. WAL - DI IR R SR E RS L EAENE
flEl Sk [FI BRI SESUAE © DUERTERBRAIRRE R H ARAT AR 35 5 =URy e 2
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fill > HCRGER IS SUL R —(E B R EoE B B2 F FRRYSESK -

4. FL - ER—EEREHE I EEHE R/ 0 R ERE
SR - BORTSTE RG] AR REE B ~ SEIERIH AR AL -

RIS R o R REEEHE R B R A
[FJASCAGEERY > AR B SALIR By i 5 8 A R AL TP A — 28 - 1EF
g HZHYEIERE AR - BRESHEHEST 4 - Blan - B ER
(B. Sporn, 1996 ) {EREAHRTAMTEEERIERE [ - (EREALATHLA
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SEARERSAL R HL A AE BETE > R SN H e R AT S A e W o 1
o ¢ AMEREUE SRS SN ERBE R - SRAAIZE RS - BN - B E R
[HIRNVYFEEEE C YN UIE St fiN) R i 7 S v ey ES 25
WA ERE R sRERTE ~ PR ~ BRI > BoRFIRE R —EdiE
FRRENE: - RERRAOASAE A - AR T — M rEE - BraEEek
HMNERE A AR AT ERE A AL A RE T RS EER A b

ALK IR R AR — SR BHE U BB A (G R s -
It - FrEE AR SR S LR 45 E B A A SR S LB ~ R L HEATER
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ERATR R EE ~ BRI R RO R AL AR o R 5R AT S A
{25 20 A R R RT SR Mt o [T Y WS B e e - 1T EL B A Ry £ ey ok
R B REM ST o LR8I A /IR - @ssry st
AT AERH R A B2 EER BT - T sR Ay S b T REEE T/ NEEE] ) G
(groupthink phenomena) (Janis, 1972) - —f&% S @ 5&AY X LERTIHY
AL RES R EER S B L

TER B CAL A 58 FE AT A W 8 AE R > w] DA R B S b 70 R 2R
VY% -
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1. 8910 ~ WU AL - SERSUEBEE RREIELE - 3808
& - MR BRE R R SRR S e AT £ - REHIE THEHEREC
A TAEM AR R —EH e - D8R B HER 2 REH
e -

2. 5519 ~ SRR RS - SERCU LB R A FEEENE S
AyRE AL > HERE R S ERAVEIMNER ST « #ESRAN A B SCIB AT B R BE
s - AEAEEREEE T > RERIK AT DU A Y BR b -

3. W ~ WERHUA RS - At b > —BEEE ~ [FER
REREfE R AT - AR B T S B — i B A R T R
AAMEE - (SR SEBHEES N R SR AR D - fE—EfREER
i SEMCEEAEEE R BE BN R o ElEEEE
JERTE -

4. 581 ~ SR RSO - SERCULBEEHEIRYEE  [E5HR8
& - IR TEBE SMNREARY - MRS ATRI T R SR
REDERTG E R o M b E el B & RSl - A RS T —
fEREHE - FEEMIRE T - RS Rt b Ak i S BTG B i A ot
HHA -

AER BT — R AP RIS Ry B ~ o TR
HI3AL - RIFR BB L ~ A FIEsE B S M E IR TR RERS - dAE
BEAERE I TR - WrR R A E RSB R - S
AR ER R ER B G WS B A P SRR R 5 A I R Pt s B
XAt FAE T — 8

fRZETRE (W. Berquist, 1992) {Hf2 HiE —EASE SRR /330
HEZR > DU AN RIR B2 T /0 BRI © AhEE Ry RS2 AT ER S ST m] A
o3 R VURE IR AL - RSB B A [RIRY ~ B A 55 A A o
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1. s fESCAE (collegial culture) o EEpiERf 20l ~ LU LB
R DURBRMESEEE -

2. BALX AL (managerial culture) - SRFRZAHTER - HigliL
R~ HRAHREREENM BGEAE -

3. #E(ft (developmental culture) o BERAEEATA K SHIEA

4. BEWGSZAE (negotiating culture ) o EERAT N ~ AN IERIEGR
AR -

EE I (S. Dopson) FIZE5ei (1. McNay, 1996) ks (K. E.
Weick) FERELE TSRENAURE GRS ) AOBESD RS - B BORIUE BB
FYEEFRRREY - DU B dZe il /2 B s 2 RA AR R A BT - HERER
AbG3 Ry PR A

1. srRESCAE - fEEf BT - BORFUE B H e PRI A R akey
SR E SNy B LA B E R TERIGE - FEETRERA T
R ERI AN REEFE— 22 AT - BRI BRYERES S AT REAE L
IS HA TG Z [ SR AR 1 -

2. Btk (bureaucratic culture)  fFiEfE XL T » BORFUE
BB (HE R A ES o aEFE WA R E B R E - D
FORFGHETE R & BRI AT - (HE et L - Mk - 5
ALESSME B B LR B RS -

3. A%k (entrepreneurial culture) o fEiEfESCAE T » BERF
ERREN - HERPEREERE  HeEHENRHRENT KA
RECE R - (EH R SR fa S B 5 1 B RE s [EIE -

4. 33fb (corporate culture) o fE5ERESAET - BOORFE B
B AR S R o RN KRB EE RN E RS
EHER IS - TENTahERgYORES - A2 R
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B EREREEHIRR SN YRR - SERSUERY EE RN
Buaft -
#JE (W. Tierney, 1988) ¥ SEE = EH MM UEET T
R —FRVIRAE R - fei 7 — (TR B KRB SRR S AE 28
(p. 2-21) - @370 MR - BILMEERENEE - FoMEET G
BAE EREB RS S S AR 2T - WF5eE mE % R H g/ i E
BEER - NI GBS FUE e REREE © WERBEIREEEAN(T 7)) ~
fiEay CERUANTSUER ? R AR 2GRN ? ER A TE R IR RAYE
BE ) ~ kb CoriE S gt &by ? ER A g Wl ?
AL R A AR ZERE L ) ~ HER (LI REER 2
AERELEEEN 7 SRR AN RRRY ) ~ SRS (PRACE AN IEHIRY 2 AR
TRESHER ] 7 BEMFURIR 2 BRI RERANAE R T 7)) ~ SIS (RHAR
BIH R HE R ? HER 0 ? B2 S IERMIFEIERSE ?) - 5
AT LA AE ) — B R BRI I B 2 - $8E5E — MRS HEA R AT AR
XAttt 7 AR TR -

U~ BSREASUE e IR bRt

VARSI = Ry L4 TS R i S AP & QR A B L1 S E 1 /N 38
{EA7Eg 8 - S EERENRRRRIN S - & —ERiFrE
15 - ERRE LRI ARG ~ FAUAIEL R BRI BR (R 52 JTTH » =R
TEREE— SRR AL © AENTZEE b th 75 22 58 2 S ) B A e =<
FENEHT - AEERIEIT - T — S MR ER AR ZE TAF -
R LU G R E R

(—) KRBV LR P SUIUBERE - R H L SLAL Gy
REBE AN R R E—ERBRAEY) - HIEEACHRLE > K
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Bk — E A Ry —E U (btE (Hackney, 1999 5 HHZEZE » 2000) - [
EilGarIRRE - MERSEFHE R AU B B oK
EEAE Ry SRR M B A2 A 0# » 1 HEPRE - ThREFIfE ay
SEIRE S ~ RRABA - 76 S & 25 h 4 3 ek B E 2
MITER » ZRIEF BB EZEN b d (E£34: > 2007 » H1-7 -
90) < fER SUALBERERIRER: » HoUbRIBE dyeiEhAE £ A BIA LT %
A (GEEIT ~ S£E{- > 1995 ; F 24 > 2007 » H1-7 > 90 ; JEJE
B > 1999) :

L SUAERER SR - KRR EUR - MR SUEREZES AT - B0
AR - RIS E - LAY R RIE R TR
AR A o

2. AL ERR BB - R ESEEE R EHM - KEBAERE A
FITRIERY SR SCLIRE - Erip— e A8 - Bhandne  — 7wk
ARSULATRRBS R GREL ~ /AL > SB— R Ry TR R A
{LZARVERIRTER TR SALRIBRAL ~ 2200 ~ 24Hh -

3. LM AIH B BI 40 - KEBAE B CSUE R R h g R
SEFEEFIRVERZIR L —AE RN K B SULAIRTHIDIRE - KA E
EERHERE H RS SRR - T H B i A3 -
BB EMERIANE ) > ARIEE EEA SR a - KEERAI
EFTUERY L > SBES [FSUERYEAAE - SEFETIAE FE RIS
SEHE R B BB TSI S ~ EEE R e S R ST L RTRI 3 if
BE T | SRR S S E T -

(=) REUEnI i REARER e 5

FE A HAC  CHEAR - 2 B A A SR B S TR RS B AG S L AERH
MR hPEE A AR TR HAR > SR EEHRRAEE ~ FHEE
IGH B - fE —miE > OBl — e e e TR R B
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FHRRCGEATEUS RIAHR R TR - fEm 5 H80E Sk - RESERSE
G TAHEIRIEEE - SRR SR SO B AR A B2 B BSR4 Y
ni ALK~ AR BB G A FEARE (Clark, 1970; Reisman,
Gusfield, & Gamson, 1970) - [ & X BH#4A B K22 S0 8 K 2248
R MR ER » DURCAR A B9 STAL T R BT RE ~ B et A i 11 5 2 55
(Birnbaum, 1988; Chaffee & Tierney, 1988; Hearn, Clugston, & Heydinger,
1993; Peterson, Cameron, Jones, Mets, & Ettington, 1986 ) - KE7{LiF
FeFE T —HEE KR REE TR B FrVHI X (Peterson & Spencer,
1990) » HAMATHE A LA AE g ey 25 PR g A B A A O A

FFLEERI  RESUEE R HIR B THI TR ~ 2% - RRELL
ERERSRRESF 2 T B B - A1 > RfgRE (K. S. Cameron,
1991) S5 AN ELLSEBI334FT M R iR AS » FERH AR SR Hh By = flal f B
— B LBy — 5 ~ SREERIEAY - 30T T ORER AL B R B Y
SO o R AR B SUEA — BRI - KBS LRy T
HRSEA EEER P - AIRAKENETHEN UL - X%
S AR I TS 1 i i 2 A B A AT (A E R R IR G (Cameron &
Freeman, 1991) -

RESAZ P ARES A R ER R A AR i 2 » R R KRB AL BB
g B TR~ Bt REBEEMES - Rt B ET R iy HEE
3% (a sense of common) #Efit#EiE (Evan, 1993) - A% S TAEE
(B ~ (3 S FIRBRESE ST THIZRBL AR — 8k - AT DR R ERSAE—it
R M B A ARER T SRR - EEERRE R EE - 7 — 8k
BRI ER(E Rt - E TR SRR - oo UE TR ftiE
R B — 2 - ERBI S E M TR RS - MFE EEI TR S
{RAEEE > DUBERE KBRS LB R B A S SRS AH UG RD - SE S b ny
HEEE Ry TESIRBZ A RN —20E - 80 2 THINEB -
CGHEHUR 5 TR ELIIHESRK -
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(=) RELUERHEEN RS A AIBANE AP A I R 2P

REREATE R — (A BN BT ? EEFHE R —HFES
MARERF L - B0 - GLeBaadl - REEAE FRR TR B
TREFRUFFBG R R IRFF EE R Ry B 2R - BRI (C. Kerr, 1982)
MiaH - IS - SRR AL AR LIRS - fIRIBFZESE
BL o PG T FUA L5204 B R AR AE I AR FEARELTRE - [RIRFAERE 2
R R A8 AR - AT E SR - HAth15E 2 — i
TFHAHENHIRER -

Nl EAE R BRI A - — LB © MBI
Ak SRR AR R - B R T AN 2 A Y S DA
FER - R R BT P RE LB © TR RSBt ~ BT ARG
B - MR BTy AT REME S (Hage & Aiken, 1970) -
IR KRB A E R R E T REA T RERIFFE B UL - AL - 0
{ERIRERE - TARZR TOERIRERE M A B I B R e I i HY
FY B AR RS « (KL > B — e LG - KRB AR Ry
B2 G FIREEETY (Levine, 1980) -

vefirve (1983b) thElhy - AFTE AR —EEE BR R, o RERAYFT
ZAFNEE @R KRR SR - A EEEEEARYESE
IEEhREEE H sk (Clark, 1983b) -

s KA 2 507 R 45 AT 46 9h O ) 0 He B F oF 4 R R
FOGE B -AAE AR EB A RILE THARMS
WAIHT ARG o LB EEARILRRT KA R
A8 B B4 de A PR A SRR AL T A R AR
KAZJE E AR B T B B A B O A G R
B E 2 7 4 S AR T 5 o LR 60 R 3T A I B4
BEHK - (p.113)
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HRREBZ R RERRy— I EAA R AUFTHIRER - AR DL BRI
A& IR ERE EERRESTEN - HEE ARG RE
WY —EE - 5 BRI R RS - RSB AT 2
KA 5 EIERGEEAE R R, - (IS AT RS PR EE R FF IS )
Fo RETHENEE > DUR R ER S 2 B BRI 5 B e Aot T o
71 SEREERIHT AR AR BRI B R ER TR i e LRI -

AE LA EFAHRMER ~ ARG TR SRR T TAT B o B Re G
IEHIRGE T IS BIR B B 2 S IR IR - RS
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